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COEXISTENCE OF A THYMOMA AND HODGKIN'S
DISEASE OF THE THYMUS

A Case Report

B RIDELL and S LARSSON

The Departments of Pathology 1 and Thoracie Surgery Sahlgrenska sjukhuset, Umversity of Gotehorg

Rudell B & Larsson S CoeXistence of a thymoma and Hodgkin s disease of the thymus A case report.
Acta path mcrobiol scand Sect A 88 14, 1980

A case of simultaneous occurrence of a2 thymoma and Hodgkins disease of the thymus is described
Key words Thymoma Hodgkins disease of the thymus

B Ridell Department of Pathology Sahlgrenska sjukhuset 413 45 Goteborg Sweden
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In most nstances thymic tumours have a
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charactensic mode of gfowih and microscopical x’?)ﬁ‘ ? 4 G n

LH A
pietre Some tumours of the thymus however |7 é" Ry sy RN
have Jong been a challenge to pathologists owmngto 4 % - é_{:}{,.:‘“}“i . 3‘“{:_ N \?‘,‘ o'l
therr granulomatous appearance and have been AN Ty . .
oonsidered variously as a varant of thymoma or . ooy b [
Hodgkin s disease of the thymus The present report [

deals with a fhymic mass that contained two distinet.
tumours one of which was a thymoma and the
other Hodgkin s disease of the thymus

CASE HISTORY '

A Styearold man was admied to Sahigrenska
syukhuset 10 1972 owing to severe pruntus His general
condion Was good and no abnormaliues were noted at |, °,
the physwcal examimations A Tadiotogical examination of
the chest Tevesled an abnormal shadow at the level of the
arch of the aorta which was constdered (o be a tumour
of medasnal ongin At mediastnoscopy a few enlarged
lymph nodes were found under the canna Histologt
cally these lymph nodes were anthracotec and without
e T WO

Fig | Wodgkins Gisease of the thymus Tumour
nodules surrounded by scleronc bands (Onginally
panftinembedting Spetimen re-embedded 1n metha
crylate May.Grunwald Giemsa x 30)




IRDS aruficial veniilation bronchiolar epitheltal
lesions hyaline membrane disease premature
newborn rabbit

Iron overload liver ultrastructure histochemtstry

Larynx carcinoma vanance component models
histological grading

Liver bropsies eirrhosis alpha ! anutrypsin defict
ency alpha | anutrypsin globules

Liver 1ron overload ultrastructure histochemistry

Liver tissue alpha | antitrypsin immunohistoche
mstry fixation

359
341

225
341

299
26%

Plasma cells muttiple myeloma  ultrastructure
nuclear/cytoplasmic asynchrony
Prostate carcinoma transurethral resectates husto
logy overlooking
Proteoglycans nucleic acids granulation tinsue
rats
Pulmonary blastoma frequency
Pyel s
logrcal study pathogenesis
Rapeseed o1l fish ol cardiac triglyenides heart
lesions pigs

clhinicopatho

cl

Mahgnant melanoma cutancous oot classifica
tion

Methoxy substituted  glycerol  ethers  tumour
growth and metastases lipids chemotherapy

Microfilaments X trradiagon cultured  human
cells transmission electron microscopy cell
motility mucrotubules

Microtubules X irradintion cultured human cells
transmission electron miicroscopy  ¢cli mot
ity mucrofilaments

Mineralization lag time bone histomorphometry
tetracycline double labeling

] hy  enzymecytock

immunchistochemistry

Myeloma multiple plasma cells ultrastructure

nuclear/cytoplasmic asynchrony

pl; cervical

mouse adenylate cyclase estradiol

terone

Nephriis  hypertension
complexes rat

Nephrouc syndrome  glomerulonephritis
biopsy survival

Nerve transection horseradish puroxidase axons

Non lymphoid tumours inflammatory cells

Nuclerw auds proteoglycans  granulation ussue
rats

Old Enghsh sheepdog  genetic inner ear depencra
uon menngitis labyrninth

Osteoarthrius  artiular carulage glycostminogly
cans

Osteoarthrius cartilage immobilization  scanntng
eleciron microscopy

Osteogenic sarcoma breast

try

A

proges
DOCA NaCl  smmunc

renal

275

244
319
195
187

143

6!

291
161

Rap d o1l fish il heart lesions rats

Renal biopsy  {ine needle asprration  glomerular
discases

Renal biopsy glomerulonephritis nephrotic syn
drome survival

Silver gold histochenucal techmque muscle soft
tssue (umours

Silver stainmg technrque thyrod parafollicutar C
cells

Sperm defect tail stump stertlity in bulls spermio
genesis  distal controle wdnse granules
centriolar adsunct

Suspension culture tumour culls vacuoles TLN
microtubules

Swedish Cancer Registry
mour diagnosis

Teratoma malignant established cell line

Thymoma Hodghins disewse thymus

Thyrod parafollicular Ccells  silver  stunmg
technique

Thyrod (umour malignant diagnosss Swedish
Cancer Registry

Transurethral resectates prostate carcinoma hite
logy overlooking

Tubular ctranoma breast carunonia  scierosing
lestons classificatton

Vacuoles twmour culls suspenston cuftare TEM
microtubules

Varmance component models histological grading
farynx carcinoma

mahignant thyrond

s climce
pathological study pathogencsrs

X rrradation cultured human cefls  transmission
electron microscopy cell motiny  microtubu

s mucroftlaments

SUPPLEMINTS

Supplement 272

Supplement 273

Discase Moduds Pp 56 1980 (Section C)

41
179

7
e
12§

339

397

251

n

19

307

39

Linctt Fotke Lungbers, Otto and Apdorsson Ingrar Breast Caranoma Aspects of catly
stages progresston and related proplems Pp 13 1980 (Section \J .
Nictsen Henrsh Circulaung Immune Complexes  Properties Methods for Detecuion ane



7,

XFia s
AT

-

.,A\@.'

ad s
-4

Q‘

Ld

x®

“w,
ALY

%

<

8y
I’." '
?
1, "
I

e

3

‘

)

[ PR

P R}

60) Lacunar grant cell (eft nset) and
3 Accumulations of large atypical cells 1n a mediastinal lymph node ( x 4
gfcd ‘Sternberg cell {right 1nsér) in the same node { x 720) (Orignally pasalfin-embedding Specimen re-cmbedded 1n

methacrylate May Grunwald Giemsa)

tumour and supplementary radiotherapy 15 an
efficactous mode of therapy n Hodgkin s disease of
the thymus (Bergh e af 1978 b)

It has been stated that a second malignancy 18
found 1n 21 per cent of individuals with a thymoma
when followed up over a 20 year period {Soadjian et
al 1968) In our matenal of thymomas (Bergh et al
1978 a) there has not been any other case of a
second maltignant tumour duning a mean observa
uon period of 10 years The coexistence of a
thymoma and Hodgkin s disease must be considered
a pure comadence

‘The present case provides an interesting contribu
tion to the discussion about granulomasous lesions
In the thymue region The simultaneous occurrence
of an epithelial thymoma and Hodgkun s disease of

the thymus as separate tumours supports the view
that Hodgkin s disease of the thymus 15 a distinct
: thymomas
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Fig 2 Reed Sternberg cell tn thymic tumour (arrow)

(Onginally paraffin d S e dd
n methacrylate May.Grunwald-Giemsa x 720}

signs of tumour Bronchoscopy did not reveal any
primary lung tumour At thoracotomy the tumour was
dgcated o the aredastnmomr ¢ panty enclosed te Rt
subclavian and common carotid arterses The tumour
reached the posterior surface of the sternum and
the per: and the left y vem
and vagal nerve The tumour was removed, together
with the remnants of the thymus The anonymous vein
the vagal nerve and parts of the pericardium and pleura
had to be resected The postoperative course was
1 after the the patient
spontaneously remarked that the pruritus had completely
disappeared
The operation spectmen wetghed 275g The cut
surface of the tumour had solid nodular areas surroun-
ded by thick fibrous bands with a vague demarcatton in
the periphery Remnants of the upper thymus horns
were seen 1n the upper part of the specimen On the left

the cells were small lymphocytes but thymic epithelja]
cells and occasional eosinophtls and plasma cells Wery
also present In the nodules there was an ITregular
distnbution of large multnucleated cells, some of whicy
were Reed-Sternberg cells (Fig 2) In the periphery of
the tumour remnants of thymic tissue were found [y
some areas, thymic epithelium was idenufied 1n the
tumour A lymph node taken at the pulmonary artery
contained vaguely nodular tumour ussue with scattered
atypical giant cells, some of which were lacunar cellg
others Reed Sternberg cells (Fig 3) The picture here was
considered to be consistent with Hodgkin's disease
nodular sclerosis

Three other lymph nodes taken from the vicmuty f
the trachea were normal The separate, well-demarcated
tumour was mucroscopically an epithelial thymomg
(Fig 4)

The patient received full-course radiotherapy postope-
rauvely He s ahve and well, free from clinical disease
six years after the operation

COMMENT

The present case was found 1n a retrospective
analysis of patients with primary tumours n the
thymuc region operated upon at Sahlgrensha sjuk-
huset during the period 1954-1975 (Bergh et at
1978 a & b) This series comprised 43 thymomas
and 17 cases of Hodgkin's disease of the thymus

A thymic ongin of the present tumour seems
likely judging by findings of thymuc tissue m the
periphery of and mn the tumour, and the macroscos
pic findings of two separate tumours with different
MCroscopic patterns were nterpreted as evidence
that the mediastinal mass was composed of two
duferent umiours

The controversial problem of the classification of
some tumours of the thymus as granulomatous
thymomas or Hodgkin's disease of the thymus has
been debated for many years (Lowenkaupt 1961,
Bloodworth 1975, Rosar 1976) However, reviews
of these tumours have established that there 1s often
recurrent disease 1n other parts of the lymphatic
system, which microscopically 1s Hodgkin s disease
(hatz and Lattes 1969, Keller and Castleman 1974)
The traditional reluctance 1o use the term Hodgkim's
disease rmight partly be due to the fact that otherwise
charactenisuc thymomas have been reported to
contain granulomatous areas (Thomson and Thack-
ray 1957) without sclerosts and that the localized

lateral sude of the a separate, well

soft tumour with a drameter of 4 cm was seen
Microscopically, the large tumour was nodular with

the tumour nodules surrounded by sclerotic bands of

varying breadth (Fig 1) The nodutar areas had a varying

cell density with a muxed cellular composition -Most of

witha g Dr had a
better prognosis than Hodkin s disease usually has
Some reports have established, however that the
pragnosis for Hodgkn s disease limited to one site 1
good (Burke et al 1967} Surgical removal of the




Fig 3 Accumutations of lasge atypical cells 1 a mediastinal Iymph node { x 460) Lacunar gtant cell (et inser) and

Reed Sternberg cell {r ght mset) in the same node { x 720) (Onginally paraffin-embedding Specimen r¢-embedded 1n
methacrylate May Grunwatd-G emsa)

tumour and supplementary radiotherapy 1s an
efficacrous mode of therapy 11 Hodgkin s disease of
the thymus (Bergh et al 1978 b)

1t has been stated that a second malignancy 1s
found 1n 21 per cent of individuals with a thymonma
when followed up over a 20 year period (Soadpan et
al 1968) In our matenal of thymomas (Bergh et al
1978 2) there has not been any other case of a
second malignant tumour duning & mean observa
ton period of 10 years The coexistence of a
thymoma and Hodgkun s disease must be considered
a pure comnaidence

“The present case provides an (teresting contribu
tion 10 the discussion about granulomatous lesions
10 the thymic region The simuftaneous occurrence
of an epithelial thymoma and Hodgkun s disease of
the thymus as separate tumours supporis the vigw
that Hodglan s disease of the thymus 1s a distinct
e - hymomas
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Fig 2 Reed Sternberg cell in thymic tumour (arrow}
(Origmally paraffin emb ded

e
1 methacrylate May Grunwald Giemsa x 720)

signs of tumour Bronchoscopy did not reveal any
primary Jung tumour At thoracotomy the tumour was
located to the mediastinum It partly enclosed the left
subclavian and common caroud artertes The tumour
seached the posterior surface of the sternum and
snfiltrated the pericardium and the Jeft anonymous vein
and vagal nerve The tumour was removed together
with the remnants of the thymus The anonymous vein
the vagal nerve and parts of the pericardium and pleura
had to be resected The postoperative course was
after the the patient
spontaneously remarked that the prunitus had completely
disappeared
The operation spectmen weighed 275g The cut
surface of the tumour had solid nodular areas surroun

the cells were small lymphocytes but thymic epithehal
cells and occastonal eosinophils and plasma cells were
also present In the nodules there was an wregular
distrib of large cells some of which
were Reed Sternberg cells (Fig 2) In the persphery of
the tumour remnants of thymic tissue were found In
some areas thymic epithelium was tdentfied i the
tumour A lymph node taken at the pulmonary artery
contained vaguely nodular tumour tissue with scattered
atypical guant ceffs some of which were lacunar cells
others Reed Sternberg cells (Fig 3) The picture here %as
constdered to be consistent with Hodgkins disease
nodular sclerosis

Three other lymph nodes taken from the vicity of
the trachea were normal The separate well demarcated
tumour was mucroscopically an epithehal thymoma
(Fig 4)

The patient recetved full course radiotherapy postope
ratively He 1s alive and well free from clincal disease
Six years after the operation

COMMENT

The present case was found i a retrospectiie
analysis of patients with pnimary tumours i the
thymic regton operated upon at Sahlgrenska sjuk
huset during the period 1954-1975 (Bergh et al
1978 a & b) This series comprised 43 thymomas
and 17 cases of Hodgkin s disease of the thymus

A thymuc ongm of the present tumour seems
Iikely judging by findings of thymic tissue 1n the
periphery of and n the tumour and the macrosco
pic findings of two separate tumours with different
mucroscopic patterns were interpreted as evidence
that the mediastinal mass was composed of two
different tumours

The controversial problem of the classification of
some tumours of the thymus as granulomatous
thymomas or Hodgkn s disease of the thymus has
been debated for many years (Lowenhaupt 1961
Bloodworth 1975 Rosar 1976) However reviews
of these tumours have established that there 1s often
recurrent disease in other parts of the lymphatic
system which microscopically 1s Hodgkin s disease
(Karz and Lattes 1969 Keller and Castleman 1974)
The traditional reluctance to use the term Hodgkin s
disease right partly be due to the fact that otherwise

ded by thick fibrous bands with a vague n
the periphery Remnants of the upper thymus horns
were seen 1n the upper part of the spectmen On the left

istic thy have been reported to
contain granulomatous areas (Thomson and Thack
ray 1957) without sclerosiy and that the localized

lateral side of the a separate well d
soft tumour with a diameter of 4 cm was seen
Microscopically the large tumour was nodular with
the tumour nodules surrounded by scleratic bands of
varying breadth (Fig 1) The nodular areas had a varying
cell density with a muxed celtular composiion Most of

with a granul e had a
better prognosts than Hodkin s disease usually has
Some reports have estabfished however that the
prognosis for Hodgkin s disease limited to one site 15
good (Burke et al 1967} Surgical removal of the
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Dunng recent jears an impreysion has grown
3mong chiticians as well as among pathologists that
some basal cell carainomas of the head and neck
TERION are more aggressine than most other basal
cell carcinomas and that these were uswally located
u the middle of the face and on the ear These
tumours also seem to have a higher rate of
recutrence

In the lterature these problems have been
discussed 1o some extent Mora and Robins (1978)
found basal cell carcnoma growing 1n she triangle
of the face (formed by hines drawn from the outer
nthi 10 the phattrum of the 11p) tended 1o be more
mvasve more destructve more recurrent and
more difficult 1o treat than those 1n other sites Bart
et al (1978) noted a higher rate of recurrence 1n
furmours Jocated on the ear and lips (very few cases}
penocularly and on the nose and scalp than on othes
sues Jackson and Adams (1973) demed any
2lferences according to the location but their tables
wndicate a sheht rendency towards more hoteifying
P2sal cell carcinoemas located on the Kalp ears hds
sad canthi and nose compared with other Sifes

Some reports have touched upon the correlatron
briween prognosis and tustology Thackrgy {1951)
made up 4 classficiuon Systern and found a
correlation only with infiltrative growth Telok
{1953} postulated that the only two sigmificant
factors were the degree of lustology snflammatory
reaction and the degree of histolngical nasion
Jackson and Adams (1973) could not find 2ny
correlation between the histologieal piiture 2nd the
brological behaviour Sloane (1977) also devised a
classification system 2nd found a correlation be
tween wfilranve growah and cutcome  Dellon
(1978) showed that the more aggressive tumours
bad a greater differentiavon to the SquUamaus
epithelmm and more rrregular palisading than less
aggressive

Theaim of the present study 15 firstly to create a
histological classification System of basal el

suewtliouls,



Fig 4. Epitheltal thymoma (Origtnally paraffin-embed
ding  Specimen re-embedded in methacrylate  May-
Grunwald-Giemsa X 310)
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A scoring system for judging the aggressiveness of basal cell carcinomas of the head and neck 1s
devised based upon 258 tumours from 123 patents This sysiem 1 discussed and Be SURRTSL USING.
the depth of growth the degree of palisading and the narrow epubehal strand formauon (narrow
strands) as a scoring basis It 1s shown that tumours located on the ear are more aggressve than
tumours 1 other places Tumours on the nose often recur even though their histological picture 1S not
that aggressive Thns phenomenon 15 alsa discussed For praper scoring 20 excisional hiopsy should ke
pecformed untess the tumour 1§ very small Recurrent tumours and temours treated With X ray also

have a higher score
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Dunng recent years an impression has grown
among climcians as well as zmong pathologists that
some basal cell carcinomas of the head and neck
fe1on are more aggressive than most other basal
celt carcinomas and that these were usuatly located
in the muddle of the face and on the ear These
fumours also seem to have a hgher rate of
recurrence

In the lteratyre these problems have” been
discussed to some extent Morg and Robuns (1978)
found basal cell carcinoma growng 1n the triangle
of the face (formed by lines drawn from the outer
canti to the philtyum of the Lip) tended to be more
VSIVe more destructive more recurrent and
more difficult to teat than those 1n ather sues Bart
et al (1978) noted a higher rate of recurrence n
tunouss located on the ear and hips (very few cases)
peniocularly and on the nose and scalp than on other
snes Jackson and Adams (1973) demed any

differences aeened == ta L y
ndica - R .
basal ¢ - .

. .
and €« 1 iy nose compared with other sues

Some reports have touched upon the correlation
between prognosss and hustology Thackray (1951
made up 2 classificaton system and found 2
correlaton only with mfiltrative growth 7Telolr
(1953} postulated that the only two sigmficant
factors were the degree of hustology mflammatory
reaction and the degree of histological 1avasion
Jackson and Adams 11973) could not find any
correlation between the histologteal picture and the
biological behaviour Sloane (1977) also devised a
classificauion system and found a correlation be
tween mfiltrative growth and outcome  Peffon
{1978) showed that the more aggressive tumours
bad a greater differentiation to the squamous
epithelium 2nd more wregular patisading than less
aggressive

“The aim of the present study 15 firstly to create a
bustological  classtfication system of basay cefl
carcinoma and secondly on the basis of this system
to discuss the stological varagion of the tumours
related 1o Jocatiort recurrence and X ray treatment
thurdly to give some guidelines

for the trea
such tutmours itment of



MATERIAL AND METHOD

The material consists of 123 patients treated for basal cell
carcinomas of the head and neck during a 6 year period
(1971-1976) at the ENT Department Umversity Hosp:
tal Lund Sweden Sixty per cent of the pattents were
males and 40% females The total number of tumours
was 258

This 15 a retrospective study consisting of patients
referred to surgery for primary treatment and patients
previously treated surgically and/or radiologically with
recurrent tumours

Eight of the patients were treated many years ago with
radiotherapy to the head and neck region for other
reasons mostly tuberculosts The head and neck region
was divided 1nto 7 Jocations ear —ear and | ¢m around
1t front — the forehead from the scalp down to and
mcluding the eyebrows eye — the eyelids and canthi nose
—the nose and ¥ cm around 1t except the canthi mouth —
the lips and 1 cm around cheek — cheeks with a lower
margin at the lower part of the mandible the other
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Fig | a Basal cell carctnoma with well defined borders well developed palt:

the stroma score |
Haematotylin and erythrosin X 125
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the rest of the head and neck

All histologrcal examinations were carrted out on
sections from paraffin embedded formalin {ived ussue
stained with hematoxylin and erythrosin

The excised specimens were revised by one of us (H\}
and a scoring system was created In this scoring system
the depth of the growth (using Clark s system {1968}
for 1 ) focall pahsading
amount of squamous epithelial differentiation cell differ
entiatton (Broders 1941} degrees of fibroplasia of the
stroma and growth n narrow epithelial strands (narrow
strands) were judged (Table 1 Fig 1 A B) Recurrences
were defined as new tumour growth n the old operation
site after radical surgical excision or adequate (according
to ICRU report 29 {1978) X ray treatment

For statistical analysis of the difference between the
different scores the non parametric Mann Whitney U
test was used and the calculations were carried outon a
Compucord computer (327)
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sading score 1 and shight fibroplasia tn

Fig 1b Basal cell carcinoma infiltrating in narrow epithelial strands showing nearly complete loss of basal cell
palisades score 3 Marked fibroplasia in the stroma score 3

Haematoxylin and erythrosin % 125



TABLE | The Different Parameters and Thewr Respec

e

twve Scores

-
Parameter Score range*)
Depth of Growth 1-5
Loss of Palisading 1-3
Fibroplasia 0-3
Narrow Strands a-13
Mulufocality 0-1
Squamos Epithelial Differentiation 0-3
Celt Daffesentation 1-4
Maximum score 22

*) Increasing score with increasing degree of change

RESULTS

The most common location for the basal cell
carcinoma was on and around the ear, foffowed by
the nose {Table 2) This table also gives the mean for
hifferent parameters in the sconng system and the
wmean of the total score from the different locations
Tumaurs lacated tn the ear region have a signufi
cantly {p < 0 01} hsgher score than tumours from
the other locations

It 15 shown 1n Table 3 that the scoring done on
the whole excised tumour 15 fugher than on the
biopsy

TABLE 3 The Mean of Total Score for Bropsy and Whole
Excised Tumours 1 Different Locanions

Biopsy
Locauon Limuted Excision
Ear 120 153
Nose 105 1238
Eye 199 120
Cheek 102 104
Front 1ns 1n?
Mouth 99 ne
Muscell 109 "

Thirty two recurrences were noted in the mate
mal Most of the recurrences were found in the ear
and nose locations and occusred vnostly after X ray
treatment (Table 4) The mean score for the
recurrences 14 6 1s sigmuficantly higher (p < 0 01)
than the mean score for the non recurrence group,
108 Even the mean score for the biopsies taken
before the recurrences gives a Migher but not
significant value 11 6 The tumours from the ear
and nose locations were further analyzed mn order to
find parameters in the scoring system of importance
i predicting recurrences The depth of growth the
narrow strands and the degrees of fibroplasta and
loss of palisading were found to be most relevant
(Table 5) These 4 parameters have sigruficantly
higher scores {p < 001) on the ear n the
recurrence group than i the non recurrence group
Concermung the nose the differences are not that

TABLE 2 The Mean Score for the Dfferent Parameters in the Scoring System the Number of Tumours and the Mean
of Total Score n the Dyfferent Locations

Location . Mouth
3 Nose E;

N ye  Chesk  Front  lp  Miscellaneous
Depth of growth 35 36 0 30 32 30
Loss of pahisadung 2 2 oo 22 )y ;g
FEibroplasia te 14 3 12 16 12 13
Narrow strand 16 10 2 08 14 10 1o
Mulvfocaliry [ 2 6 07 06 05 07
Squamous epitheliat
¢ Merentianon 09 08 10 g3
Cell diflerensiation nonon

| 24 2 1222 g9 gy gy
Mean tow score B2 W1 w05 ms o192 qq
Number of tamours I L T P M=




TABLE 4 Number of Recurrences after X-Ray and
Radicaf Excision in Dyferent Locations

Number of recurrences after

Location X-ray Radical exaiston Total
Ear 4 3 7
Eye 1 1 2
Cheek 3 1 4
Mouth-lip 1 1] 1
Front [ 0 o
Nose 10 1 1]
Miscellaneous s 2 7
Total 24 8 3

convineing, except for narrow strands {(p < 0 01)
In the tumours prior to the recurrences the scores of
these parameters were shightly higher than for the
non-recurrences, except for the depth of growth m
the nose region All except one of these recurrences

TABLE S Toral Mean Score for the Different Parameters

in the Scoring System for Twmours Prior lo the

Recurrences (Prior) the Recurrences (Rec) and the Non-
Recurrences (Non-Rec) in the Ear and Nose Locations

Location
Ear Nose
Parameter
Prior 39 32
Depth of Rec 44 37
gro Nonrec 36 36
Prior 26 22
Lassol Re 30 23
palisading Nonrec 23 21
Prior 18 L
Fibroplasia Rec 23 14
Non-rec 15 10
Prior V7 it
Narrow strand Rec 26 16
Nonrec 14 09
Prior 09 05
Multifocality Rec 10 06
Nonrec 08 [UE]
Squamous Prior D6 v7
epithehial Rec 10 a8
differentiation Nonree 09 07
Prior 21 20
Cell Rec 23 11
differentiation Nomrec 25 30

came after X-ray treatment and diagnoses were
made on limited biopsies

It seems as 1f X.radiation makes the scores
higher. In 24 tumours scoring was made before and
after X-ray. The mean score before X-ray was 11 |
and after 136

DISCUSSION

The impetus for this study came from the
ampression 1hat some basa} cell tarcinomas of the
head and neck region were more aggressive than
others and that such tumours were preferably
focated around the nose and ear We searched for a
scoring system to make it possible to judge the
aggressiveness of each tumour The lerature 15
rather confusing on this tssue and previously no
definitive scoring System has been published We,
therefore, suggest a system covering all the tmpor-
tant parameters 1n the histological assessment of the
basal cell carcinoma

1t 15 1mportant to create a scoring System €asy 1o
use by every pathologist As each interpretation ofa

D 15 50 } ) 1t would be
advantageous o have many criteria On the other
hand an extensive System can be too impractcal for
the pathologist and thus not be accepted i the
routine work

Qur scoring system 1s constructed of parameters
which express the growth pattern of the tumours,
sucht as depth of growth, multtfocality, narraw
strands, loss of palisading and degree of fibroplasu.
and by parameters reflecting the cell appearance,
such as the cell differentiation and degree of
squamous epithelial maturity The last parameter
was chosed i order to detect the so-called
metatypscal carcinoma (Sefidam et al 1974}

The material 1s to some extent selective, 1n that
only a part of 1t constsis of new untreated cases,
great number are recurrences after earler treatment
with surgery and/or X-ray This fact makes i
mpossible to estimate the frequency of recurrence
10 this material, consequently no comparisons with
other case materials can be made 1n this report

On the basis of our sconng system it 15 evident
that tumours on and around the ear are the
Histologically most aggressive In accordance with
this there are many recurrences seen on the ear

What 1s the reason for this? The structure of the
tessue 1n this very spectal localization” A longer ¢ase
history? The thikness of the skin on the ear 1s
sparse and pracucally no subcutaneous fat 1s
present These facts can contribute to a higher Clz{k
score The location as such can mcrease the patient’s
delay, and the ume factor could be a reason for the
more aggressive behaviour of the tumour The




medical records unfortunarely often do aot record
adequate mformation about the 2g¢ of the neoplasm

The localzation with the greatest problems from
a climcal pomnt of view most ofien recurrences) 18
on the nose Tumours Jocated there had however 2
score not significantly different from the material as
2 whole The explanaucn may be techmeal reasons
the margins are often narrower than 1n other places
where a good cosmeuc result can be achieved even
though ample margun 1 taken.

The evaluation of the scorug perameters i Table
§ clearly shows that the parameters concermng the
cell appearance have no wnfluence on the recurren
ces This finding 15 10 accordance with Headingtor
(1974) The parameters of growth pattern espect
ally depth pahsadimg fibroplasa and marrow
strands are the most important factors m the
development of 2 recurrence The last two parame
ters are well correlated and used by some amthors 1.
the morphea concept (Caro and Howell 1951)
Mulufocality thought to be of importance for
recurrence (Sloane 1977) = 2 somewhat obscure
concept, since it s dependent on the secnon
techruque It was pot found relevant 1n this study

To make the scormg system more conventent T
could be restricted to the three parameters mepbo-
ned above and our propesed sconng syst=m would
then be based upon a score with 2 maumum of §1
(depth ~ 5 loss of palisading ~ 3 and narrow
swands - 3)

It thus seems that 1 our matenal the following
conclusions an be drawn. basal cell carainoma
focalzed on the ear should generally be regarded as
potentaally more malignant than on other locatons
1n the head and neck region In accordance with this
we advise more evtensive €XCSton margus like
those taken around i of
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TABLE 4 Number of Recurrences afier X Ray and
Radical Excision in Different Locations

Number of recurrences after

Locatson X ray Radica) excision Total
————
Ear 4 3 7
Eye 1 1 2
Cheek 3 ] 4
Mouth lip 1 [ 1
Front 0 0 0
Nose 10 1 4
Miscellaneous 5 2 7
Total 24 8 32

coavincing except for narrow strands (p << 0Q1)

In the tumours prior to the recurrences the scores of
these parameters were shghtly higher than for the
non recurrences except for the depth of growth i
the nose regron All except one of these recurrences

TABLE 5 Total Mean Score for the Different Parameters

in the Scoring System for Tumours Prior fo the

Recurrences (Priar) the Recurrences (Rec) and the Non
Recurrences (Non Rec) in the Ear and Nose Locations

Location
Ear Nose

Parameter
Depth of Prior 3 9 32
Erowth Rec 4 37
Nonrec 36 36
Loss of Prior 26 22
palisading Rec 30 23
Notieee 23 21
Prior 18 I
Fibroptasia Rec 23 1K
Nonree 15 10
Prior 17 )1
Narrow strand Rec 26 L&
Noniree 14 09
Prior 09 0s
Mulufocality Reg 10 06
Wonrec 08 05
Squamous Prior 65 07
epithelial Rec 10 08
dilferenyation Nonrec 09 97
Prior 21 20
gt;;.‘ Rec 24 21
ifferentration Nomree 25 20

came after A ray treatment and dragnoses were
made on hmited biopsies

It seems as if X radiatton makes the Scores
higher In 24 tumours scoring was made before and
after X ray The mean score before X ray was || |
and after {36

DISCUSSION

The mmpetus for this study came from the
impression that some basal cell carcinomas of fhe
head and neck region were more aggressine than
others and that such tumours were preferably
located around the nose and ear We searched for 2
sCoring system to makeé 1t possible to judge the
aggressiveness of each tumour The lterature 1s
rather confusing on this 1ssue and previously no
definitive scoring system has been published We
therefore suggest a system covering all the impor
tant p mthe al of the
basal cell carcinoma

It 15 important to create a scorsng system €asy to
use by every pathologist As each mterpretation of a
specimen 15 somewhat subjective it would be
advantageous to have many criteria On the other
hand an extenstve system can be too impractical for
the pathologist and thus not be actepted In e
routine work

Qur scoring System 1s constructed of parameters
which express the growth pattern of the tumours
such as depth of growth mulufocality narrow
strands loss of palisading and degree of fibroplasiz
and by parameters reflecting the cell appearance
such as the cell differentiation and degree of
squamous epihehal maturty The last parametec
was chosen in order to detect the so-Calld
metatypical carcinoma (Seftdarm et al 1974)

The material 1s to some extent selective m that
only a part of 1t consists of new untreated cises a
great number are recurrences after earher treatment
with surgery and/or X ray Ths fact makes it
tmpossible o esimate the frequency of recurrence
10 thus material consequently no comparisons Wwith
other case matenals can bu made 1 this repart

On the basis of our scoring system It Is evident
that (umours on and around the ear are the
histologtcally most aggressive In accordance with
thts there are many recurrences Sce of the ear

What 1s the reason for this® The structure of the
fissye 1n this very special localization” A longer case
history? The thickness of the skin on the ear 15
sparse and pracucally no subcutancous fat is
present These fauts can contribute to a migher Clark
scote The lacation as such can increase the patient s
delay and the ime factor could be a reason for the
more aggresstve behaviour of the tumour The




medical records unfortunately often do not record
adequate imformation about the 2g¢ of the neoplasm

The localization with the greatest problems from
a cluucal pomnt of view (most often recurrences) is
on the nose Tumours located there had however a
score not significantly different from the material as
a whole The explanation may be technical reasons
the margins 2re often narrower than 1a other places
where a good cosmetic result can be achieved even
though ample margin 1s taken

The evaluation of the scoring parameters in Table
§ clearly shows that the parameters concerning the
celt appearance have no influence on the recurren
ces Thus finding 13 1 accordance wWith Headingion
(1974) The parameters of growth patiern espect
ally depth pahsading fibroplasia and narrow
strands are the most mportant factors mn the
development of a recurrence The last two parame
ters are well correlated and used by some authors 1n
the morphea concept (Caro and Howel 1951}
Multfocality thought to be of importance for
recurrence (Sloane 1977) 1s a somewhat ebscure
concept since it 1S dependent on the section
techmque It was not found relevant 1n this study

To make the scoring system more conventent 1t
could be restricted to the three parameters mentio
ned above and our proposed sooring system would
then be based upon a score with 2 maximum of 11
(depth = 5 loss of palisading = 3 and narrow
strands — 3)

It thus seems that n our matenal the followmg
conclusions can be drawn basal cell carctnoma
localized on the ear should generally be regarded as
potentrally more malignant than on other locations
1 the head and neck region In accordance with this
we advise more extensive excision margins hke
those taken around 1 of
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L al § S OPULLILeOUS Ietastasts

formanon from Melanoma B16 and two MCA sarcomas was mhubyed
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Y lipids methory

glycerol ethers tumour growth and fmetastases

B Boeryd Department of Pathology I Regional Hospual 58) 35 Linkoping Sweden

Acoepted 2s submuted 7 vat 79
Lipnds are essential consututents of all cells and

major components of all cell membranes Among
thaestl T ade han  on
. f « .

Fatty acids bave a centra) role 1n the nutritton of
tumours and for ther growth  The metabolic
Ppathways of bipids 1n tumour cells are essentaally the
ame as in normal cells These crrcumstances have
taised the question whether chemotherapy interfe
ning with fatty acid metabolism could be 2 possible
means of cancer control (Spector 1975) However
ants tumour acuvity by Iipids has been reported
Boersd et at 1971 Weutvel et al 1972 Andp er of

1972} ft has atso been possible to alter the fatty acd
COMDOSION af 2n avee —

.
fuw 174))

In previous studies the mixture of 2 methoxy

substituted glycerol ethers 1solated from Greenland
shark Iiver on Hallgren and Sratiberg 19671
wmhibited metastasis formauon from 2 \CA

wduced sarcoma Boenyd er af 1971) and 1
prelununary studies the synthetic compound | 042

raethoxy bexadecyl) glycerol (MGE 16 0) 1nhibired
the growth of some expennmental tumours {Boery ¢
et af 1918) Funhermore the methoxy substituted
glycerol ethers have been shown to sumulate the
plague forming cell response (PFC) agamst sheep
7ed blood cells (SRBC) and fo inerease the abihy of
Pparental spleen celis to ynduce graft versus host re

action (GVHR) (Boeryd ey af 1975 1978) The stu

dies of the effect of racthoty-substytuted glycerol
ethers (MGE) og expenmental tumours hase 0w

beert extended 1o ynclude Several tumour host
Systems The compounds tested have been manly

syntheue | 6.2 methoxy hexadecy 1) glycero}
)h\lglé :6;) 1-042 methoxy hexadecenyl) glycerol
1 6



MATERIAL AND METHODS

Ammals and tumours AR strains of mice used were
mnbred In the separate experiments the animals were of
similar age and of simular weight, varying between 22—
28 g 1n the different expeniments Each group comprised
10-20 mice

The tumours used were in CS7BL/6J mice Mela-
noma B16, Mammary carcinoma Ca 755, Lewis Lung
Tumour LLT, Myeloid leukemia C1498 and MCA-
nduced sarcoma MCG101 (Boers d and Suurkiila 1973),
1 DBA/2J mice Leukemia L1210, Leukemia P388 1n
asciic form and Lymphatic leukerma P1534, 1n A/Sn
mice lymphoma LAA, in CIH mice Spontaneous
mammary carcinoma MaCal, 1n CBA muce MCA-
induced sarcoma MCG1 1n its sofid form, MCG1-SS, 1n
us ascitic form, MCG1-AA, and 1n its solid asciuc form,
MCG1-AS {Mellgren et al 1966), MCA-induced sar-
coma MCG12 and the MCA-tnduced epidermord carci-
noma EpCal (Suurkila and Boersd 1975)

Ca 775 and P388 were obtained from Dr 4 Goldin
Natiopal Institute of Health, Bethesda, MD, USA,
L1210 from Dr T Connors, Chester Beatty Research
Institute, London, England, and LLT from Dr X
Hellman, Cancer Chemotherapy Department, Impersal
Cancer Research Fund, London, England, LAA from
Dr G Klein, Institute of Tumour Biology. Stockholm,
Sweden, P1534 and C1498 from The Jackson Labora-
tory, Bar Harbor, Maine, USA

For the transplantation of the tumours standard
procedures were adopted The solid tumours and C1498,
P1534 and LAA were transplanted with a small prece off
tumouy tissue subcutaneously 1nto the flank The ascitic
tumours P388 and MCGI-AA were transplanted
ntraperstoneally with 0% and 2 X 106 cells, respectively
For transplantation of L1210 the spleen of a donor was
minced and diluted | 10 1n saline, of ths suspension 0 2
ml was given subcutaneously nto the flank When the
intention primanly was to study influences on sponta
neous metastasts formation, the solid tumour was trans-
planted subcutaneously to the @il (Hagmar and Boeryd
1968} By amputation of the @il with the tumour the
survival ume of the animals could be prolonged Tail
tumours 1ncluding 2 cm of the tail were weighed at
amputation

In two tumour-host systems, MCG101 1 C57BL/6J
mice and MCG12 in CBA-mice, an immunization
transplantation resistance test was performed in mce

y fed during {See Tables 7 and 8)

cells to induce GVHR was increased by MGE 16 0 s
concentration of 0} per cent in the feed given to the
donors 44 days before the test (Boenyd er al 1978)
Therefore, 1n some experiments MGE was given about
1 4 month before tumour transplantation and during the
whole observation period Furthermore the substance
was given intermitiently i a few experiments

The controls were given pelleted feed with the same
composition as the test feed but without the glycerol
ethers Water was available ad hibium

At the end of the observation period the ammals were
killed by ether The solid tumours were carefully
dissected out and weighed In mce transplanted with
C1498, P1534 and P388 the survival ume was noted
The growth of the asanc tumour MCGI-AA was
determined by measuring the total packed cell volume
(TPCV) (Tarnovsht and Bross 1958) At autopsy of
ammals transplanted with solid tumour, lymph node
metastases were noted From some experiments the lungs
were prepared for histological investigation according 10
Boenyd (1965), and the incidence of metastases was
determined

Dafferences 1n tumour weight between groups were
tested according to Wilcoxon's two-sample rank test
D i tncid of between groups
were tested by 2 2 conungency table test P < 005
was accepted as sigmificant In the tables, only the
expeniments which resulted 1n a change tn tumour
growth or 1n spread will be presented

RESULTS

Melanoma BI6 The growth of melanoma B16 was
mhibited by 0 5% MGE 16 0 1n the feed given day
+1 and tended to be inhibited by 2% of the
pound given tnter Inaco

of 01%, MGE 160 given day ~43 tended to
stmulate the tumour growth Furthermore, MGE
16 1 and MGE 12 0 1n a concentration of 0 5% 1n
the feed 1nhibited the growth of B16, but at the
same tme the average body weight of the mice
decreased However, feed restriction resulting in 2
similar body weight change did not nfluence
significantly the tumour growth (Table 1) Sponta-
neous metastases (o the fungs from melanoma Bl

lanted to the tarl tended to be inhibited 1n mice

The investigation also included
with MGE 16 0 and Cyclophosphamide, Methotrexate
and Thiotepa of B16, MaCal P388, MCGI-SS and
C1498

All antmals were observed during the whole observa-
tion period Weight changes and deaths were noted

Feed The methoxy-substituted glycerol ethers were
given 1n the pelleted feed in a concentration of 0 1%
025 050,10 15 or 2 per cent The treatment was
usually started the day after tumcur transplantation (day

+ 1) and continued durtng the whole observation period
1f not otherwise stated

In a prelimumnary study, the ability of parental spleen

transp
given 0 1 % MGE 16 0 for 43 days before tumour
transplantation (Table 2}

LLT The growth of this tumour was mhibited by
MGE 160 given 1n a concentration of 0 1% 43
days before tumour transplantation while 1n a
concentration of 025% 1t had no effect The
werdence of pulmonary metastases was not nfluen
ced by the substance m eiher concentration {Table
3) Treatment of the ammals with the substance the
day after tumour transplantation did not affect the
tumour growth {results not given 1n tables)

~



TABLE | Effect on the growth of

Metanoma BI6 by different Methoxy subsututed gheerol ethers

Cbsery Average Average
Groups and Noof  Testdiet rnod ™0 Of IO pody weight  tumour 3
treatment ammals fdaysiV (days) dead changefg)  weight{a)
1 +04 09
Controls 10 14
oosngomat 160 10 +1 14 -07 052 <005
- 36
15 18 (] 0
%’:ﬁ;’gmeo 3 +14 18 2 -13 021 <015
813
5 161
Conwrols 20 21 1 +1
OI“%MGEISO 20 -43 21 2 +05 Z;é <010
025% MGE 160 20 -8 7 +12 3
Controls [H] 17 +03 116
025% MGE161 15 1 17 =95 g:{l) <005
05% MGE1I6 1 15 \ 1) 1 =32
Feed restriction 15 17 -27 091
25g/day
Controls 15 17 +13 [}
025% MGE120 13 +1 17 =03 0%
¥5% MGE 120 15 *1 17 -29 [ <005

1) Indictation of one day only means the day the treatment started and that 1t lasted for the whole observation perod
2) Muce dead before terminauon of experiment

MCGI0! The growth of this sarcoma tended to
be inhibited by 1% MGE 16 0 1n the diet given the
day after tumour transplantation {Table 3)

LA4 The local growth of this tumour was
sigmificantly inhitated by 1% MGE 16 0 given the
day after tumour transplantation Interval treatment
with 2% was also effecuve (Table 3)

Naral Tm L

won of 2% given wtermuttently whibied the
growth of the carcinoma (Table 3) The synthetic
compound, MGE 16 0 given intermittently during
the last 2 weeks of the observauon period tended to

s

TABLE 2 Effect of MGE 160 on Spantaneaus Metastasts Formavon from Melaroma BIS and MCGI S Ampusation
of Tail Tuntours after 30 and 13 Days Respectnely
Average incidence of metastases
Groups Mo Test  Observ Average tumour
Tumour and of diet  period  body Wwesght  to lymph nodes 10 hungs Total
weatment  ammal  {days)  {days) weight with 2em
change of the tal Gluteal Lumbar
Conyols 25 56 ~02 070 12
816 /23 3/23 15723 1542,
OI%MGE 252  -45 56 +08 068 12/21 ooy n§2§
MCG!  Comyols 2D 24 +18 020
15/20 10720 10/
s 05% MGE 20 +1 4 +11 ale 81209 5520 512?) I;Zg
12 2908 3 mice respectivel

ly died before the end of of
NEA2#15/23P = 010 Pervanon perod
4)8/20 # 15/20P = 040



MATERIAL AND METHODS

Animals and tumours All strains of mice used were
mnbred In the separate experiments the amimats were of
similar age and of similar weight, varying between 22—
28 g 1n the different experiments Each group comprised
10-20 nuce

The tumours used were in CS7BL/6J mice Mela-
noma B16, Mammary carcinoma Ca 755, Lewss Lung
Tumour LLT, Myeloid leukemia C1498 and MCA-
induced sarcoma MCG101 (Boery d and Suurkdla 1973),
1n DBA/2J mice Leukemta L1210, Leukemia P388 1n
asate form and Lymphauc leukemia P1334, 1n A/Sn
mice lymphoma LAA, in C3H mice Spontaneous
mammary caranoma MaCal, n CBA mice MCA-
induced saccoma MCG1 1n 1ts sold form, MCG1-SS, in
uts ascitic form, MCG1-AA, and tn uts solid asciuc form,
MCG1-AS (Meligren et al 1966), MCA-induced sar-
coma MCG12 and the MCA-tnduced epidermoid carci-
noma EpCal (Suurkiila and Boeryd 1975)

Ca 775 and P388 were obtained from Dr 4 Goldin
Natonal Insttute of Health, Bethesda, MD, USA,
L1210 from Dr T Connors, Chester Beatty Research
Institute, London, England, and LLT from Dr X
Hellman, Cancer Chemotherapy Department, Impenal
Cancer Research Fund, London, England, LAA from
Dr G Klen lnsutute of Tumour Biology, Stockholm,
Sweden, P1534 and C1498 from The Jackson Labora-
tory, Bar Harbor, Maine, USA

For the transplantation of the tumours standard
procedures were adopted The solid tumours and C1498,
P1534 and LAA were transplanted with a small prece of
tumour tissue subcutaneously into the flank The ascitic
tmours P388 and MCGI-AA were transplanted
ntraperitoneally with 105 and 2 x 108 cells, respectinely
For transplantation of L} 210 the spleen of a donor was
minced, and dituted 1 10 1n saline, of this suspenston 0 2
ml was given subcutaneously into the flank When the
mtention primanly was to study influences on sponta-
neous metastasis formation, the solid tumour was trans
planted subcutaneously to the tl (Hagmar and Boeryd
1968} By amputation of the tail with the tumour the
survival ime of the amimals could be prolonged Tart
tumours ncluding 2 cm of the tml were weighed at
amputation

In two tumour-host systems, MCG101 1n C57BL/6J
mice and MCGI12 in CBA-mice, an immunization
transplantation resistance test was performed 1 mice

y fed during (See Tables 7 and 8)

cells to induce GVHR was increased by MGE 1§01
concentration of 0 1 per cent 1n the feed given 10
donors 44 days before the test (Boend er af 197
Therefore, n some ¢experiments MGE was gnven
1 /4 month before tumour transplantation and dunng!
whole observation peniod Furthermore the substar
Was given intermittently in a few expertments

The controls were given pelleted feed with the sa
composition as the test feed but without the glyce
ethers Water was avatlable ad Iibitum

At the end of the obsenvation period the animals wen
Ailled by ether The solid tumours were carefully
dissected out and weighed In muce transplanted witt
C1498, P1534 and P388 the survival ume was noted
The growth of the ascinc wmovr MCGI-AA wa
determined by measuring the total packed cell volume
(TPCV) (Tarnovski and Bross 1958) At autopsy ol
ammals transplanted with solid tumour, lymph nodt
metastases were noted From some experiments the lungs
were prepared for histological investigauon according &
Boeryd (1965), and the incidence of metastases wat
determined

Differences 1n tumour weight between groups wert
tested according to Wilcoton's two sample rank test
D in of between groups
were tested by 2x 2 contingency table test P < 005
was accepted as sigmificant [n the tables only the
experiments which resulted 18 a change 1 tumout
growth or 1n spread will be presented

RESULTS

Melanoma BI6 The growth of melanoma Bi6 was
inhibited by 6 5% MGE 16 0 1n the feed given d3y
+1 and tended to be miubited by 2% of the
compound given inter iy Ina
of 01%, MGE 160 giwen day —43 tended 10
stumulate the tumour growth Furthermore, MGE
16 1 and MGE 12 0 1n a concentration of ¢ 5% 1t
the feed wnhibited the growth of B16, but at the
same time the average body weight of the muce
decreased However, feed restriction resuftng 1 2
similar body weight change did not mfluence
sigmificantly the tumour growth (Table 1) Sponta-
neous metastases to the lungs from melanoma Blb
lanted to the tail tended to be inhibited in mice

The invesugaton also 1ncluded treatment
with MGE 16 0 and Cyclophosphamide, Methotrexate
and Thiotepa of BI6 MaCal £388, MCGI-SS and
Cl498

All amimals were observed during the whole observa-
tion period Weight changes and deaths were noted

Feed The methoxy-substituted glycero] ethers were
given 1n the pelleted feed tn a concentration of 0 1%
025 050 10,15 or 2 per went The treatment was
usually started the day after tumour transplantation (day
+ 1) and continued during the whole observation period
if not otherwise stated

In a preltminary study, the abifity of parental spleen

gnven 0 1% MGE 160 for 43 days before tumour
transplantation (Table 2}

LLT The growth of this tumour was inhibited by
MGE 16 0 given n a concentration of 0 1% 43
days before tumour transplantation, while mn a
concentration of 025% 1t had no effect The

d of Yy was not influen-
ced by the substance 1 either concentration (Table
3) Treatment of the ammals with the substance the
day after tumour transplantauon did not affect the
tumour growth (results not given in tables)

—



h MGE 160 Animals Alfowed 0 Dic
& Spontaneous Metastasis Formation from MCGI2 after Treatment it 4
TABLE.;/ M:;‘;:;:n until Day 156 Amputation of Talt Tumour afier 18 Days Treasment Day + 1 - + {8

Iscidence
Average of metastasés at
G::\;ps Noof mee  tumour wgelgh( 4 025"?"““”“1‘:& autopsy after of ':::lsl‘;‘“”
treatment with 2 cm of the tyf 9534 of mews 156 days
Controls 3 on 348 s 448
01% MGE 8 1040 3/8 115 418
05% MGE 7 0257 0/7 0/7 0/7

DI04 #07IP<OIS
3025 # 0T P<OOS

stmulate the tumour growth Tins occursed 1n mice
whose average body weight decreased (Table 4)
MGE 16 0 given the day after tumour transplanta
tion did not affect the tumour growth (Results not
given 10 the table)

P1534 Some prolongation of the survival ume of
mice transplanted with this tumour was noted after
treatment with 1% MGE 160 (Tatle 5) Lower
concentration of the substance had no effect

TABLE 7 Immuni=ation = Resistance Test with MCG 101

MCGI-SS The local growth of this tumour
transplanted subcutaneously to the tal was not
affected by MGE 160 However, 05% of the
substance 1 the feed tended to inhubit the sponta
neous metastases to the regiona! lymph nodes from
tail tumours (Table 2)

MCGI2 MGE 16 0 1n a concentration of 0 5%
mhibited the growth of MCG12 transplanted to the
tail None of these mice died of metastases withsn an

with Tumours Tr fe

10 the Tail

Amputation of Tail Tumours 17 davs and challenge 25 Days after Tumour Transplantation Tesi Diet Days + [~+ 25

Incidence of takes after challenge

Challenge cell dose  Nommmunized Immunized! 1% MGE Immunzed? + | % MGE
107 s/$ 515
106 314 575
108 s/8 3/4 sI5 55
108 515 3/5 515 1/5
10 515 1/5 4/a 0/5
102 515 25 414 25

'y g»ﬁ;age weight of tail tumours ncluding 2 cm of the tasl 045 g and 033 g respecuvely 045 4 033 P <

TABLE 8 Immunizanon ~ Resistance Test with MCGI2

with Tumours Transple
Amputauon 21 Days and Challenge 30 days after Tumour Transplantanon Test Diet Days + ?2’7' Ted
Tncidence of takes
Challenge - . I ol I »
call dose +0 1% MGE +05% MGE
108 33 "7
/3
:g; 78 6/7 78 7K§§1
: 3 0/4 37
10 613 /6 17 o

38

1 2 31 Average wesght of 1a) tum 15 1nciud,
prerge ours including 2 cm of the tul 0 73 g 054£and 033 respectively 073 4 033



TABLE 3 Effect of MGE 160 on the Growth of LLT, MCG 101 and LAA

Average
Groups and No of Test diet Observ body Average
Tumour treatment mice (days) period weight tumour P
(days) change werght
Controls 200 17 +37 1 482
r 0) % MGE 20 ~43 17 +35 097 <00l
025% MGE 20 ~43 17 +36 1364
Controls 10 14 +23 184
McGiol 05% MGE 10 +1 14 +29 143
1 0% MGE 10 +1 14 -07 16 <010
Controls 10 is +15 137
LAA 035% MGE 10 +1 15 +17 106
1 0% MGE 10 +1 15 ~-04 078 <005
Controls 15 17 +21 163
2% MGE 15 + 1-5 17 -03 104 <00l
8-12
15-16
1) 3 muce died before the end of the observation period
2341 of pul v was 13/17, 18/20, 17/20, respectively

TABLE 4 Effect of the Mixture of MGE Isolated from Greenland Sharé. Liver Ouf and MGE 160 on the Growth of

MaCal
Groups No Test Observ No of Average Averge
and of dret period mice body weight  tumour P
treatment mice (days) (days) dead change weight
Groups 20 29 =01 060
20% MGEmn 20 +1-14 29 +02 022 <002
16-21
Controls 10 3 +20 034
15% MGE
160 10 18-22 3 1 -12 069 <015
26-31
15% MGE
160 10 15-18 3 2 +12 038
22-26
15% MGE
160 10 18-31 3 1 -25 071 <010

TABLE 5 Effect of MGE 160 on Survnal Tume of Mic Transplanted wath PI534

Average body

Groups and treatment Noof mice  Test duet (days) weight change on Average ume (days}
18th day
-07 158

Controls 10

305
1% MGE 0 +1 -13




Anderson (1977) demonstrated a higher content of
ether linked phospholipds 1n human brawn tumaur
than 1 normal bram gray matter Howard et al
(1972) found a correlauon between growih and

of lanted and levels
of ether linked Lipids The most rapudly growng
tumours had the hrghest levels and the less rapudly
growing and more highly differenuated ones had
progressively Jow er levels of ether Linked tipids The
authors also generally found an mverse relationshup
between the levels of ether lipids and the levels ofn
glycerol phosphate dehydrogenase

Unsubstituted alkoxylipids bave been described
as having bacteriostatic properties hematopoetic
¢ffects and protectrve properues agamst radiauon
damages {Mangold 1972) The effect of methoxy
substituted glycerol ethers on biological systems 1S
however totally unknown (Afangold 1972) The
substitution of the glycerol ethers by a methoxy
group mught change the actmity of the glycerol
ethers  Unsubsttuted glycerol ethers have been
described as stimulating certan bactena (Brohult
1960} while methoxy-substtuted ones have an
antibiouc affect agamst several bactena (Boerd et
al 1971)

There are probably several mechamsms behind
the effect of the methoxysubsututed glycerol ethers
on tumour growth and spread, but they cannot be
decded on the basis of the present resulis The
substances included i the feed are adjuvants
(Boeryd et al 1978) and may influence the tumours.
by immune medimted mechamsms However 1
some of the experiments discussed above non
immunological effects on the tumours seem more
reasonable  Methoxy substituted  glycerol ethers
occur pormally tn man, eg In bone marrow
although 1n trace quantities It might be that the
supply of MGE 1n the feed interferes with host
fesistance against twmours but not necessanly by
immune tmechamsms

The host hpd metabohism can be profoundly
altered dunng the growth of tumours both I
ammals and man (Costa 1977) Alterapon of the
fatty acid compositton of experimental tumours
cells by changing the content of fat in the diet has
also been described (Rao and Abraham 1975) The
methoxy substituted glycerol ethers may possibly be
icorporated o the temour cell Uipids and/for
membranes phosphobpids (Friedberg and Halpert
1978) and thereby change the abihity of the tumour
cells 1o grow

In conclusion ¢ has been possible to demonstrate
wiluences although not dramanc ones on tumour
gfowth or spread by Lipids normally octurnng 10
man when these substances are ncorporated nto
the feed Depending on the treatment schedules and

concentration of the substances the effect vanied In
a few expenmennts the growth of the tumours
tended 10 be stmulated but 1 most systems
affected the growth or spread of the tumours was
mhibited.
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observation pertod of 156 days and at autopsy none
of the rce had metastases (Table 6) The growth of
MCG12 transplanted subcutaneously into the flank
was not influenced by MGE 16 0 1n concentrations
of 01%, 025 or 05% (Results not given 1n
tables)

In the wmmumcation-resistance st with
MCG101 the C57 mice were treated with 1 0%
MGE 16 0 until challenge The average weight of
the tail tumours tended to be 1nhibtted by MGE but
the resistance against the challenge tumour cells 1n
these preimmunized mice was not wmcreased Pre-
treatment with the same concentration of MGE but
without immunization did not affect the incrdence
of takes from the challenged tumour cells compared
to controls In the similar 10n-7

The PFC response to SRBC was stimulated 1n
CBA mice by MGE 16 0 1n concentrations of 0 §%
in the diet for 4 days before SRBC myection and in
C57BL/6J mice 1 a concentration of 0 1% ghen
for 14 days before SRBC The ability of parental
spleen cells to induce GVHR was stmulated by
O 1% MGE 6 0 given for 44 da55 o spieen cell
donors before the spleen cell transfer (Boend et al
1978) The PFC response 1s T cell dependemt
(Canror 1972) and the GVHR 15 medsated by T cells
(Gowans et al 1965) Pre-treatment of muce with
0 1% MGE 160 for 4345 days before tumour
transplantation and during the whole observaten
period snhibited the growth of LLT, tendad to
stimulate the growth of B16, but tended to mnhibit
the d of B16 transplanted 1o the 1l

test with MCG12 in CBA-mice treated with 0 | %
or 0 5% MGE 16 0, the growth of the :immunizing
tail tumour was ihibited by 0 5% of the com-
pound However, the resistance agamst the chal-
lenged tumour cells 1n these pre-tmmunized mice
gwen MGE was, 1f anyttung, decreased compared to
the preimmumized mice not given MGE

The combimnation treatment with the different
chemotherapeutics and MGE 16 0 did not accentu-
ate the effect of any drug included

The twmours not mfluenced by MGE were
Ca?55, C1498, L1210, P388, MCG1-AA. MCG1-
AS and EpCal

DISCUSSION

For the evaluation of the anti-tumour effects of
synthetic methoxy-substituted glycerol ethers, a
broad spectrum of temour-host systems has been
used, 1ncluding car sarcomas, ly
and leukemias on different inbred strains of mice
MGE 160 has been tested on all tumour-host
systems included, MGE 16 1 on Bi6 and Ca?55,
and MGE 12 0on B16 MaCaland P1534 Of these
compounds, MGE 16 0 was most effective and less
toxic, and 1n vartous concentrations and treatment
schedules inhibited the growth of several tumours,
although to different degrees Of the systems
affected by MGE there seems to be no preference
for any type of tumour However, none of the two
aseitic tumours tested was influenced

The spontaneous metastases formation tended to
be mhibited by MGE 16 0 1n three systems In a
previous study the muxture of methoxy substituted
glycerol ethers inh ly sp
metastases to the lymph nodes from MCG1-SS
(Boersd et al 1971) In the present study, the
synthetic MGE 16 0 tended to mhibit the dissemi-
nation of the same tumour to regtonal lymph nodes

This low concentration of MGE 16 0 was effecine
only when 1t was ginen for about )] months
before tumour transplantation In view of the effect
of MGE 16 0 on the GVHR, 1t seems probable that
the effect of the substance on B16 and LLT, at least
n part, 15 immune mediated

On the other hand, mn the mmunustion
transplantation resistance test with MCG101, treat
ment with 1 % MGE 16 0 during immunuzation did
not wcrease the transplantation resistance against
MCG101 challenged cells Similar expenments
with MCG12 resulted, if anything 1 a decreased
transplantation resistance 1n mice treated With
0 1% and 0 5% MGE 16 0 duning immumzation
In these expeniments, however the treatment
started the day after transplantation of the immuni-
2ing tumour, 7 ¢ similar to most of the expeniments
m which the antiumour effects by MGE were
studied Thus the results of these transplantation
resistance tests do not mndicate that the effect of
MGE 160 on MCG10! transplanted sc m the
flanl. (Table 3) or the protectne effect aganst
MCG12 metastases from tail tumour (Table 6) 1s
mmune mediated

Fatty acids are required for the growth and
dniston of tumour cells (Henderson and Lefage
1959, Spector 1975) The sources of tumour fatty
acids can be 1) biosynthesis by the tumour ssell
(Medes et al 1957} n)the host {Mays 1969)and m)
the diet (Lurman er al 1966)

Non substituted glycerol cthers afhyd and afhl-
enyl ones occur 1n membrane phospholipids
(Horrocks 19720 Smder and 1 ood (1968 1969
found that alkyl- and atk-1-eny1 glycerol ethers were
sigruficantly higher m several expertmental tumours
and in human (umours studied than mn normal
ussues, 1n which these glycerol ethers occur 1n
munor amounts The amount of ether-linked phos-
pholipids was also igher . the umours than 1n
most normal ssues Furthermore dléere and



fndersan (1977) demonstrated 2 higher content of
ether linked phospholipids 1 human brain tumour
than s normal bran gray mater Howard et of
({972} found 2 correlation beftween growth and
d o fanted and fevels
of ether linked Lipids The most rapidly growing
tmeours had the highest fevels and the less rapidly
growing and more highly differentsated ones had
progresswvely lowef levels of ether hinked lpds Toe
authors also generally found an mverse ritaponshp
betw een the levels of ether ipids and the Jevels of «
glycerol phosphate dehydrogenase
Ugsubstututed alkoxylpids bave been described
25 having P
effecis and protetlve Droperuss agamst radmtion
damages (Mangofd 1972) The effect of methoxy
substtited glycerol ethers on biological sysiems 18
fhowever totally unknown (Mangold 1972) The
subsutution of the glyoerol ethers by a methory
group mught change the activity of the gycerol
ethers  Unsubstumted glycerol ethers have been
Qescribed as sumulating certam bactena Bromat
1960) while methoxy-substituted ones have an
antbouc affect agamnst several bactena {Boend ¢f
at 1910
There ate probably several mechamisras behind
the effact af cte methoxysutstituted glyceral ethers
o tumour growtf and spread but they cannot be
dectded ont the basis of the present results The
substances meluded 10 the feed are agjuvants
(Boeryd et af 1978)and may nfluence the tumours
by immune medated mechamsms However wm
some of the expenments discussed above non
immunological effects on the tumours seem more
reasonable  Methoxy substituted  glycerol etbers
occur normally 18 man &g i bone marrow
Although 1n trace quanties It nught be that the
supply of MGE 1n the feed mterferes wath host
fesistance agamst tumours bur not pecessarily by
1mmune mechanisms
The host Ipid metabolism can be profoundly
altered during the growth of tumours both 1
w2imdls snd man {Cospr 1977} Adeeravon of the
fatty acd composition of experimental wmours
¢elis by changing the content of fat 10 the diet has
also been described (Rao and Abrakam 1975) The
methoxy subsututed glycerof ethers may possibly be
mcotporated into the tumour cell hipids andfor
membranes phospholipids Friedberg and Halpert
19787 and thereby change the ability of the tumouy
ctlls to grow
In conclusion »t has been possible o demonstrate
mfluences alihough not dramatic ones on fumoyr
growth o spread by hpds normally oceurneg
man when these substances are mcorporated iato
the o Depending on the treatment schedules and

concentration of the substances the effect vaned n
2 few expenmentits the growth of the mours
teoded o be sumoulated but m most systems
affected the growth or spread of the wmours was
mied
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SENSORINEURAL HEARING LOSS IN A
SCANDINAVIAN OLD ENGLISH SHEEPDOG

A Case Report

MATTL ANNIKO

Department of Otorhinoleryngology, Karohnska Sjukhuset and King Gustaf V Research Insurute,
Karolmska fosututet Stockholm, Sweden

Sensormneural hearing 10ss n a Scandmavian old English sheepdog A case report. Actd path
microbuol scand Sect A 88 19~23 1980

nner ear disesse 1s extremely rare 1n the old English shespdog The present case would consutute the
sicond knowst case 11 Scandimavia and the first one observed n Norway The morphological

revealed complete of the argan of Cors A single layer of cells was covening
the anstomucal location of the stria vasculans The dog did not show chucal signs of vesubular
dysfinction Hair cells were present un the cristac ampullares and macula utricult The hustopathological
features suppott a genctic basis for the seosorineural hearmg loss though other (rare) causes of
croptnically 1nduced innier ear desenerauos canmot be complewly excluded on the morphologial

findings alone The bram revealed signs of chfonie meningts

Key words Old English sheepdog gemeic inner ear degeneranon memngits fabyrinth

M Anmko Department of Otorhurolaryngology Karolinska sjukhuset, S 1040) Stockholm 60 Sweden

Accepted as subrmtted 11 v 79

Inper ear deafness occurs both 1n 2nimals and in
man and 1s caused ewher by geneuc defects or
environmental factors A detaled analysis of the
eualogy 18 often difficult 1 ndividuat cages la
maternal Ife, disease (viral infections erythroblas-
tosts foetalis and others) czn be diagnosed early
whereas the identification of genetic penetration of
various character1stics requires thorough investiga
ton and an extenstve material 1t is well established
hat genetc dealness oocurs in many ammals,
mcluding the mouse, gumeamg cat and dog
Whtman 1950}

Anderson et al {1968) described 1 detad the

th patern and b i
ture of cochlear deafness i the Dalmatan dog A
corresponding study was performed by Erastson
{1972) concernmg the waltzing guinea pig, n which
the sesubular part of the imner ear was also
tncluded  Otherwise, several reports have been
published deakng with various aspects of inner-ear

dysfunction 1n ammals and man (Lure 1948,
Bgfl):le/ and Hallpke 1965, Mair and Elerland
1977)

Inner ear disease is ertremely rare 1 the old
Fnglish sheepdog Anniko e of {1977) analysed the
first case of mner ear deafness 1n Sweden and
stispected 1t 10 have a heredytary background The
present case was found m Norway and weuld
therefore, according to my knowledge, consymute
only the second old English sheepdog th Scandina

vi2 with cinseal manifestauons of complete deaf-
ness

MATERIAL AND METHODS
Matenal

The 013 Englsh sheepdog subject o thss si
ot o re nor hully grown at the u!::yovrnfb;
wvesugauon  Pror o sacrifice for morphological
analysis of the temporal bones the dog was clinseslh
nvestigated With regard to the Stantle refles signs n’;

10
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RESULTS

Cl n cal Obsenations

At the veterinary examination the ammal was
found to be healthy except for 1ts hearing defect The
hearing was tested with short sound chicks at
frequences of | 2 4 and 8 kHz following
stmulation with intensit es of 85 100 125 and 140
dB respectively The startle reflex could not be
provoked with any of the smuli The animal had a
normal balance There were no signs of nystagmus
at rest or other signs of vesubular dysfunction but
nystagmus could be provoked by caloric testing
(both sides) The muddle ear cavity was morphologi
cally normal prior to further handling

Morpholog cal Invest gat on

The nner ear Sections were taken from each
vest bular organ of the ammal and four sect ons
from each oo 1 of the two cochleae
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D n2es (arTows) reveal a m 1 ag

Cochlea

In several sections Ressners membrane had
collapsed narrowing the lumen of the cochlear duct
Tt was adherent to the stnia vascularis and lay over
the remnants of the argan of Corti (Fig 1) In some
specimens the degenerated organ of Cortt/scar
tissue was loosened from the bas lar membrane
The tunnel of Cortt was collapsed and the tectoral
membrane distodged from the organ of Cort Harr
cells could not be idenufed at any Jevel m the
cocklea The type of supporting tissue 1n general
could not be identified Gangl on cells were present
in great numbers as also were myelinated nerves
between the cochlear ganglion and the habenula
perforata The stna vascularis conststed of a s ngle
cell layer devoid of blood vessels (Fig 2)

Vestibular Organs

Haur cells type 1 and type 11 were both idenufed
and without obvious s gns to decrease 1n number

\CCumulat
5100 of b st ocyt ¢ cells 1nd catve of chron ¢



and of atrestand after

caloric testing

Metkods

Following an intravenous overdose of barbiturate the
animal was decapitated and the temporal bones removed
The inner ear was reached through an access via the
mastord process and tympanic cavity The basal coil of
the cochlea was bulging slightly into the middle ear
{containing the auditory ossicles} and 1t could be easily
wdenufied The stapedial footplate was extracted and the
round window membrane was removed allowing a
gente perfusion of the perilymphanc space with the
fixaive a techmque often used in inner ear research
(Wersall 1956 Anmko 1978) Thereafter the bone wall
of the cochlea was taken away 1n 1/3 of

ear For both temporal bones this procedure took fe
than 5 munutes before fixation a period of ume pe
causing post mortem artefacts even at the ultrastrucyy
level (Hersalt et al 1965 Anniko and Bagger-Spman
1977)

A soluuon of 3% glutaraldehyde in 0 133 M sodyyg
phosphate buffer (pH 7 4) was used as the imual fivyyy
(2 hours) follow ed by postfixation 1n 2% osmic tetraygd
(2 hours) during which the fixatve was gently perfysed
several times through the membranous fabyrinth Afier
dehydration in alcohol to 70% the specimens Yere
dissected separating the cochlear and yvestibular pang of
the nner ear The cochlea and each vestubular otgan (3
cnstae ampullares utricle and saccule} were separdely
embedded in epon mixture and sectoned for light
py (staiming toluidine blue)

each coil removing also the stria vasculanis to allow a
direct flow of the fixative into the endolymphatc
partition A hole was drilled 1n the honizontal semicircu
lar canal to perfuse also the vestibular part of the inner
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The remaining part of the animal underw ent ordinary
autopsy including fitation of the brain and meninges
with 4% formaldehyde (pH 7 4)
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Fig 1 Light micrascopy (LM} Ist coil of the cochlea

membrane {(indicated by arrows) 1s depressed obstructing the en
vescularts (SV) The region between the nner hair cell and the outer

Complete degeneration of the organ of Cortt Reissners

dotymphatic space and 1yng close 1o the Stha
hare cells 1s marked with a filled arfow 140
Tair cells cannot be idenufied 320 x

Inser Higher magmfication of the lacauon of the organ of Cortt |
A single cell layer covers the anatomical location of the siria

Fig 2 LM 2nd coil Stria vascularis of the cochlea o ans 320%

vascularis RM Resssner s membrine SP spural promunence SV stra v
——
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Morph 1cal were not used
The secretory/re absorptive region around the
vestibular organs revealed a normal morphology

The Brain

The brain underwent ordmary autopsy Gross
morphologic/ pathologic changes were not found
Fifteen pieces comprising bramm and adjacent ma
ninges taken from different parts of the cerebrum
were analysed at the light mucroscopic level All
spectmens revealed an increased thickness of the
menimges and also a slight to moderate degree of
histocytic cell proliferation mndicative of a chronic
menmngitis (Fig 3A & B)

DISCUSSION

The present study reveals a selective degeneration of
the auditory partition of the inner ear leaving the
vestibular organs intact This 1s in agreement with
the previous report by Anntko et al (1977)
describing 2 sumilar type of histopathology

According to chnical observations the animal was
deaf from barth thus indicating a pre natal inner ear
damage but without vestibular dysfunctton The
stria vascularss was composed of a single layer of
undifferentiated cells Such a feature can be
observed erther 1n genetic disorders or 1n iner ear
disease later n life (4nderson et al 1968 Schuk-
necht and Jgarashi 1964) However the correspon
ding epithelium around the vestibular organs and
also most of the vestibular harr cells had a normal
appearance Independent systems for endolymph
turnover {prodaction/reabsorption) occur n the
cochlea and vestbular organs (Dokiman 1964
1965) - which thus can explain 2 normal/suffictent
fanction of balance

Durmng embry and cytodifTe
bair cells develop completely mndependently of other
structures (Anniko et al 1979) A morphologically
developed organ of Cortt may precede 1ts degenera
tion at a later stage before or after the phystological
maturation and function of the organ as a whole In
the present case there occurred no signs of partial or
complete aplasia of the mner ear thus indicating
that the labyrmnth has passed s organogenests
before damage took place Lither the cochlea had
fatled to develop hair cells and spectalized cells tn the
stria vascularts duning cytodifferentiation or these
structures had undergone a regressive degeneration
after morphologic differentiation Such a transfor
magion can occur both pre natally and after birth
Independently of the stage at which injury took
place such inner ear pathology s frequently

connected with heredwary disorders (Suga and
Hattler 1970 Rebilfard et al 1976)

In the present case the whole organ of Cortt hat
disintegrated at the time of mvestgation so the
question of where 1n the cochlea the process b
started cannot be solved A large number of genetc
hearing defects begin in the middle range of hearing
both 1n antmals and 1n man Ushansson et af 1964
Anggdrd 1965, Bosher and Hallpke 1964) m
contrast to hair-cell degeneration caused by exoge:
nous agents (¥likoskt 1974 Wersall 1978 personal
communtcation) with primanly a high frequency
loss with damage of the harr cells 1n the basal partof
the cochlea Primary lestons at the apex are
extremely few {(4nmko 1976)

The occurrence of meningttis m the present
ammal (s obscure and mught be comeidintal
However, memngitis with or without molvement
of tnner ear physiology/morphology has been
reported (review  Schuknccht 1974) 1t appears
unlikely that an infection of the labyrinth would &
restricted only to the cochlear partitton espectally 2
there are no anatomical or physiological barreers
between the auditory and vestibular paris On the
contrary, the endolymph 1s 1n continuous contxt
with both parts of the mner ear

In cc the h holy p
the present case strongly supports a genetic basis for
the sensorineural hearing loss

ce of
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MATERIAL AND METHODS

The entera used for the dizgnosis multiple myetama
wece as follows (18) 1) Presence of at least 3 per cent
arypical plasma cells in 3 bone marrow smear Of 2
tstotogical proof of a plasmacytoma or cither of these
conditons combined With a high concentration of a
serum M component {e 18G Z 30 g/1 (2 373 vans/
ml) TgA Z 20 g/1 (2 1190 umts/mi) of combined
ytth excreuon of high concentrauons (> 60 ma/1) (9 of
light chans in the urine 2) Presence of at least 3 per cent
3typical plasma Cells i 2 bone marrow smear or a
tistological proof of a plasmacytoma or eithes of these
conditons combrned with the presence of osteolyue bone
lestons on an X ray photograph

> Quaitaive
analysis and determunavion of the concentrauons of the
serum M components were carried out as described
previonsly {6)

Potients

€l meal and Laboratory Findings

Thigteen patients (S wen 2nd 8 women) with multiple
myeloma were studied (Table 1) The average age of the
men was 53 years (cange 41~70) and that of the women
61 years {range 43-76) Five of the patients had an M
component of the 1gG1 type lambda® four an IzG1
kappa one an 1gG lambda, one an IgA kappa and o
patents hag Bence Jomes protein of the type kappa m
their serum

Seven of the patients (54 per cent) were found to have
osteolytic bone lesions when the multiple myeloma was
dagnosed The first sign of the disease in two of the
patents (OB ES} who had M components of kappa hght
chaas i their sera was a plasmacytoma localized (o the
tumbar vertebra A plasmacytoma was also found 1 a
third patient (GH) but m that case it was present i the
macdible The tamours ware sargically removed from
patiznts OB and £S who were subsequently treated by X
@y wsadiagon W hen the plasmacyloma was discovered
10 thest three pavents the disease had dissemunated to the
bone marraw

Bone marrow materiat from 2 patient with 1o sign of
muluple myeloma was also studied 1n order to obtam

wlrlne control plasma cells for companisont with plasma
celle fonm b .

»a

for .= vty s mmotsy {normal range 82~109
Mol 1) A sfevated serum creatimune concentration
*as found tmaaly 1 31 et cemt of the patients with 2
mean of 178 umol/1 (normal concentrayon <. 120
WMot/ Inwial servm albumn CONcentrations were
decreased 1n 77 per cent of the pauents with a mean

ool tange 0 §
mmol/ 1) The values for fhe gorp «r{tm :‘_comxr:
concentration aftef correction for the kawered concenty.
Bons of serum afbumin were found (o be ncitased i )a)

The 12G subclasses were ky

indly deter
Skeant Bern Swizerland 4 Tined by Dr 5

per cent of the pauents but only one (UN) showed 2
definute hypercalcaema with 2 value of 4 13 mmot/1
{normal range 2 27-2 55 mmot/1)

The Period of Obsenation

The pauents were examined at iniervals dunng the
course of therr disease (Table [} Two patents are sull
alwe During the persod of observation a total number of
65 bone marrow aspiratons (range 2-{5 per patent)
were etamuned The first bone marrow sample from a
patient was taken prior 1o the 1nruation of treatment wath
cytostatics {melghalan or cyclophosphamide) Although
one patient (EH) had been treated with melphalan before
the first biopsy was t2ken she was included sn the study
because she had Russell bodies 1 her plasma cells {67

Methods for Electron Microscopy

‘The methods used for fixation and further preparation
for electron microscopy of the bone martow aspirations
are described previously (6) Sections were made of three
or more marfow pariicles from each of the 65 biopsies
The number of plasma cells on the mdividual micro-
graphs of our suney fields at a magnification of
15000x varied from specimen to specimien but a
mean number of 25 different plasma cells from each
biopsy was chosen for evaluaton A total number of
1600 plasma cells was selected from this matersal for
further evaluauon The cells were selected o that they
contained an of the rough
reticulum and were Sectionied through their central
region 1n such a way that the nucleus was included 1o the
section In most cases the Golgs complex was also present
in cells sectioned 1n this way The selecuion of cetls Jor
the evafuation was made by a technician considered to be
Ievs biased than any of the authors Evaluauon of the
muicrographs was carried out by one of the authors UB)
Who was unaware of the resulis of the isboratory 1ests a1

this Stage of the study Approumately 5000 electron
mecrographs wmere esamuned

Plasma Ceft Exofuaron

Each plasma cell mcluded 1n 2 section was evaluated
4t 2 magnificauon of 15000 x and for more derailed
study at 90000 x The following parameters were
uk:vn MO accouRL

. . . . o 1
- . -
. e
vsiinze of the rough endoplasmic retculum was
tegistered a5 2 PS
Rough endoplasmic rencutumt (ER) 1t was noted
whether the reticulum was of lamellar or glabular type
ntracisternal bodies {Russel! bodies) were registered
Muochondria Number was counted and length and
diameter measured when possible
Cyioplasmuc inctusions
diameer measured
Golgl complexes Number of
centriol
Completes was regisiered i m Golg

Contact zones Number of these between plasma cells

Number was counted and
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and dendritic bone marrow macrophages was counted  1n individual plasma cells from untreated and treay
(see ref 8 for details) patients and for the evaluaton of slight asynchrony
Shape of the nucleus Round ovoid or trregular

Nucleoli Number was counted and diameter measu
red RESULTS

Nuclear inclusions and nuclear bodies Numbers were
counted (for a detatled defirution see ref 15 and later 1n Iél:eu:::’l:vm;? &‘; 116_.? 0 ;;:f::ace;;s":;(;m‘:l.

the text) and structures exanuned 1n detail

Nuclear/cytoplasmic asynchrony Bernier & Graham studied according to the principles mentioned ar
(3) have described nuclear/cytoplasmic asynchrony of considerable variation from pattent to pattent w:
plasma cells at the ultrastructural level and ther found In contrast, the morphology of the cel

{shight d or marked asy y) appeared 1o change very little for each mdvidw
has been used throughout this study patient during the clinical course of the disease
For the nd; I patients the of the Most of the cells had a round or ovord shape wit

different parameters was registered tn all the plasma cells slender, thin microvilli hike extenstons (MV) on th
sclected and for each bmp;y the percentage of each  gurface (Figs 2, 3, 17) and frequently also a sma
was d an with the result o
number of blunt cytoplasmic projections or pseudc
btained

obtamned for the other biopsies pods (PS) (Fig 2) In one patient (OB) > 30% ¢
Statistics the cells showed PS 1n every biopsy and on thes
The Wilcoxon test for pair differences was used (14)  Cells the PS were more frequent than the MV Fo

for comparison of the numbers of nuclear bodies found  this particular patient — who 1s stil alive ~ the M
of the serum was found to contam ligh

Text to Figures chains only

Except for Fig 1 all figures show electron micro
graphs of sections obtained from bone marrow spect Rough Endoplasmic Reticulum
mens from patients with multple myeloma The bar on The cisternae of the rough endoplasmuc reticulun
each mucrograph represents 100 nm unless otherwise (ER) 1n the plasma cells from individual patient
stated usually presented one of two morphological types

Fig I A survey of a bone marrow plasma cell from a patient without any sign of multiple myeloma The nucleat

(NC) shows a istic pertpheral and a small lus (NU) A parallel arrangement of the
asternae of flattened rough endoplasmic reticulum (RER) 1s seen im the cytoplasm There 1s no evidence of nuclear
cytoplasmic asynchrony On the cell surface a few d like (PS) of the cytopl are seen DB
denotes a dense body 7 500 x

Fig 2 A survey of a plasma cell from patient AS The nuclear chromatin (NC) shows small areas of condensation
distributed through the nucleus and only slight aggregation at the periphery An intranuclear melusion (IN) 1 also
present This 1s given in higher magmification 1n Fig 16 The cytoplasm contauns parallel cisternae of the rough
endoplasmic retculum {RER) and several mitochondria (M) are seen around the well developed Golg complex (G
This cell d slight nuclear cy asynchrony Microvill like (MV) as well as pseudopod Iike (PS)
extensions are present on the cell surface 7 500 x

Fig 3 A survey of a part of a plasma cell from patient VS The nucleus 1s very irregular and the nuclear chromaun
(NC) 15 well dispersed with litle or no aggregation A small eccentrically located nucleolus (NU) 1s present. The
cytoplasm contains parallel cisternae of the rough endoplasmic reticulum (RER) and several mitochondria (M) are
seen This cell 2 nuclear cy MV denotes mucrovillt ike extenstons
7500 x

Fig 4 A survey of a part of a plasma cell from patient EJ The nucleus appears immature with well dispersed non
aggregated A large (NU) 1s present The mature well differentiated cytoplasm
contans an abundance of dilated cisternae of the rough endoplasmic reticulum (RER) Russell bodies (Rb) are found
1 a few of the RER cisternae A well developed Golgy complex (G) is seen together with several mitochondria ™)
This cell demonstrates marked nuclear cytoplasmic asynchrony 7 500 x

ngitudinal section through a concentric arrangement of the
rough endoplasmic reticulum {RER1) 1s seen This structure 1§ situated close to the Golgi complex (G) A similar
structure (RER ) 1s shown 1n cross section close to the nucleus A nucleolus (NU) of moderate size ts present in the
shightly irregular nucleus The cell presents shight nuclear-cytoplasmic asynchrony 7500 x

from the plasma cell shown Fig § Note filaments (F} between the
(RER)and their contact with the ribosomes (R) of the retculum

Fig 5 A survey of a plasma cell from pauent OB A loi

Fig 6 High power view of part of the RER|
parallel cisternae of the rough endoplasmuc reticulum
90000 x
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Fig 9 Part of a plasma cell from patient FH showing an abnormal mitochondrion with a concentric arrangement of

cisternae of the rough endoplasmic reticulum {(RER) AN denotes the annuli formed where fusion of the paired
the cnistae 90 060 x

Fig 8 Part of a plasma cell from patient ES The cisternae of the annulate lamellae (AL) are continuous with the
membranes of the cisternae of the annulate lamellae has occurred 90 000 *

reticulum (RER) 15 seen Note the filament (F) located tn the cytoplasm between the cisternae and 1ts contact with the

Fig 7 Part of a plasma cell from patient OB A concentric arrangement of two cisternac of the rough endoplasmic
ribosomes (R) of the RER at certamn pounts (arrows) 90 000 x

——

Fis, 10 Partof a plasma cell from patient AS showing a dense body (DB) limited by 2 unit membrane {UM) The DR

15 an mhomogeneous siructure omposed of an amorphous and a crystalline region (CS) together with a hpd like

sncluston (L} RER denotes rough endoplasmic renculum 90 000 X



= e atapma nall from patient MN The celf —g-'.?-‘s NPT R'P’";-,' -."."1&",.}_"’!. 3
. H .- _pre ot

wmina Diated exsternag ol the rougn endupias: ue
euculum (RER) are also seen 7 500 X

4 12 Wighponer view of pant of the plasma cell

he plasma cell and the endothelial cell bote the preseine
of vesicles (V) 1 the endothetial celi and the rough
ndoplasmic reticulum (RER) with dilated cisternae in
the plasma cell 9D 000 x

Fig 13 Partof a plasma cell from patient JN A contact
one (CZ) between the plasma cell (PC) and 2
cytoplasmuc extension of a dendnuc bone marrow
macrophage (DBMA) 15 seen Note the dense layer (DLY
attached to the 1nner teaflet of the cell membrane of the
plasma cefl 1n the contact fegion RER denotes rough
endoplasnuc retculum 90 000 x

LI o)

regular array of paralle], flattened cisternae (Figs 2
3 5 17) or a globular (ype with dilated cisternag
(Figs 4 11) The former was the most common
whereas the latter was found in most of the celle
from four patients (MN, EJ, EH, OB) and in thres
of these (EJ, EH, OB) the cells contasned Russel
bodies (Fig 4), 1 ¢ electron-dense structures situater
within the cisternae of the yough ER (6)

in addiuon to the rough ER some plasma cell
contatned different unusuay structures situated 1
the cytoplasm close to the ER Some cells from tw
of the patents (MN, ES) showed structure
resembling annulate lamenae (2)) (Fig 8) they
were ofien found 1n direct continuation of the fough
ER Infour patients (KC CB OB AS)there wasan
vnusual cireular arrangement of the rough ER (Fig
$) which was seen both 1n cross sections (Figs § 7)
and in longitudinal sections (Figs 5, 6} In the
cyloplasmiC matrix betw een the individual cisternae
of the rough ER one 10 threg filaments were seen 10

be 1n contact with the nibosomes of the rough ER
Figs 6 7

Muochondria

The mean number of mitochondnia 1n the plasma
cell sections of ndividug) biopstes varied from
pattent to pauent with a range from 7 to 39
whereas the variauon fram biopsy 1o biopsy from
exch patent was very small Any correlagon
between the number of mutochondrua and chinucal o
bochem:cal findings was not apparent However 1t
sfioufd be noted that (wo of the paents (OB AS)
have Iived for a long peniod after confirmation of the



diagnosis and both show a low mean number of
muitochondria, /e 7 and 14, respectively The
diameter of the mitochondria was rather constant,
between 03-04 pm, whereas the length varied
from 05-20 pym Only five of the patients (GH,
VS, CB, EH, ES) showed morphological abnorma-
littes n a few mutochondria 1n therr plasma cells,
where 1 parallel or 1C arrange-
ments of the cristae were present (Fig 9) These
changes were found throughout the clinscal course
of therr disease

Cytoplasmuc Inclusions

Electron-dense bodies surrounded by a smooth
membrane were observed 1n the cytoplasm of
numerous plasma cells from nearly all patients (Fig
17) The diameter of these inclusions varied from
05-10 pm Often the dense core of the bodies
presented a regular or crystalloid substructure and
some lipid like material could also be seen (Fig 10)

Golgl complexes
A well-developed Golgi complex was found 1n
most of the plasma cells (Figs 2, 4, 5) The usual
- stacks of f]. d sacs, vesicles and
vacuoles — were seen together with granules of
variable size, shape and density One or more
centrioles were observed in about one third of the
Golgi complexes studied

Contact Zones

As previously published (7, 8), a number of
contact zones between plasma cells and dendnitic
bone marrow macrophages were seen in biopsies of
all of the patients with multiple myeloma (Fig 13)
Only one patient {VS), 1n whom the nuclet of the
plasma cells were markedly trregular (Fig 3), had a
low number of such contact zones In some patients
(MN, LB, CB, OB) contact zones were seen mn
association with a strip of basement membrane or
lamina densa like material instead of the contact
with a macrophage extension (Fig 11) Plasma cells
presenting this type of zone were often situated 1n
the perivascular compartment of the bone marrow
(Figs 11, 12)

Nuclei
Seventy-five per cent of the plasma cells studied
had round or ovoid nucler most of which were
eccentrically Jocated 1n the cytoplasm (Figs 2, 4,
17) In three patients (VS FH OB), more than 50
per cent of the cells in the first biopsy showed a
markedly irregular shape of the nucleus (Figs 3, 5}
These cells were often characterized by having
many cytoplasmic filaments and microtubules
{ized to the cytopl in of the

nucle1 (Fig 14) Binucleate plasma cells were seen 1s
2 per cent of the cells

Nucleolt with a diameter from 0 7-1 9 pm were
found in about 40 per cent of the plasma cells (Figs
3,4, 5) Neither morphology nor size of the nucleoh
could be correlated with any of the climcal or
biochemical parameters studied

Nuclear inclusions were found m the nucler of
cells from four of the patients (EJ, EH, OB AS)
Plasma cells from three of these contained Russell
bodtes n the nuclet as described earlier (6) Such
Russell bodies were characterized by their homoge
neous structure and therr being surrounded by a
single umit membrane (Figs 10, 11 i ref 6) The
cells of the fourth patient (AS) had two kinds of
intranuclear nclusions fe a crystalline and a
fibrillar type (Figs 2, 15, 16), both without 4
Iimiting membrane These types were found in all of
the 15 biopsies obtamned from this patient The
crystalline type (Figs 15, 21} appeared as a lattice of
tubular structures each with an outer drameter of
1112 nm The fibriliar type consisted of a bundle of
almost parallel fibrils, each with a diameter of 9-11
nm (Fig 16}

In this report the term »nuclear bodies« 1s used
to describe a group of intranuclear globules with
different types of substructure (15) The diameter of
these globular structures varied from 0 3-0 7 pm
In most nucler they were easily recogntzed because
of a surrounding clear halo (Fig 17) Three
morphologically distinguishable types were found
1) a type composed of fibrils arranged m 2
concentric formation (Fig 18) 2)atype of a fibrillo-
granular body conststing of a few small granules
surrounded by randomly arranged fibrils (Fig 19)
and 3)a type with a dense core surrounded by fibrls
(Figs 17, 20) All fibrils found in the nuclear bodies
were 6-8 nm n diameter The two first types were
the most common Some plasma cells contaimed two
nuclear bodies which generally belonged to the same
morphological type The nuclear bodies did rot
seem to be structurally related to the nucleol
although a nuclear body and a nucleolus were often
found within the same nucleus Occasionally,
nuclear bodies were seen to surround the crystalline
(Fig 21) or fibrllar nuclear mclusions previously
described to be present in the cells of the patient
AS]
‘ T)able 2 shows a comparison of the percentage of
nuclear bodies 1n the plasma cells obtarned from the
patients before and during their treatment During

this p from 7 to 16

which 1s sigmficant (2P = 0004) The three
different morphological types of nuclear bodies
were seen 1n the cells from the patients both before
and during ther treatment and no difference in size

—
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Fig 14 Paniol a plasma cell from patent 'S who had very lobulated nucler (e Fig 3) The peruclear space (P\S)
1s shown a1 a region of two lobules Note the transversally cut filaments (F) and microtubules IMT) present 1n the
cvtoplasm within the lobules \C denotes nuclear chromatin 30 000 x

Fig 15 Paniof a plasma cell nucleus from pauent AS The crystalline type of an intranuclear mclusion 1s shown NG
denotes nuclear chromatn 90 000 x

Fig 16 High power view of part of the plasma cell pucleus shown 11 survey 1 Fig 2 The fibnllar type of an
wtranuclear incluston 15 shown wn detart 50 000 x

Fig 17 A survey of a plasma et from patient AS This el shows shght nuclear-cytoplasmic as
h
microvilly ke extensions (M) of the cytoplasm are observed and a dense body (DE) and several ):ncmrc‘:g,div:?&

are present in the cytoplasm Note the auclear body INB) surrounded by a clen
NG 7500 x Y 7 halo within the nuclear ehrotnaun
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Fig 18 Partof aplasma cell nucleus from patient OB A nuclear body composed of fibrils arranged concentrically 15
shown 90 000 x
Fig 19 Part of a plasma cell nucleus from patient JN A nuclear body composed of small granules surrounded by
fibrils 1s shown 90 000 x
Fig 20 Part of the nucleus of the plasma cell seen 1n Fig 17 A nuclear body with a central electron dense mass
surrounded by fibrils 1s shown 90 000 x
Fig 21 Part of a plasma cell nucleus from patent AS A nuclear body surrounding a crystalline intranuclear
nctusion (CL) 1s shown 90 000 x

the following figures A plasma cell without

was observed 1n relation to survival ime Further
asynchrony 1s shown 1n Fig 1 The cell contawns a

more the presence of nu ecar bodies had no

relationshuip to the degrec of nuclear/cytoplasmic — mature Jooking nucleus with chromatin clumped

asynchrony 1n a cartwheel like arrangement Paralfel cisternae
of the rough ER are seen in the mature appearing

well organized cytoplasm Occasionally nucleott of

moderate size are scen 1n the cells without

asynchrony Plasma cells with slight asynchrony

Nuclear Cytoplasmuc Asynchromy
Asses ment of the asynchrony by the cniteria
described n Material and Methods 1s 1llustrated by



TABLE ? The Frequency of Nuclear Bod es 1n Flasma Cells from Pauents before and during Treatment

Plasma celis from Totaf number of

% nuclear bodies
of plasma cells

Number of sections of
plasma cell nucler

12 patieats plasma oclis with nuclear bodies {ranae)
7( 0-133)
Before treatmentd 298 20 6
~23 9
During trestment nue 192 158(32-232

$0ne patient (EH) 15 omutted due to treatment at the bme. of the Tirst iopsy _
Th: \&lmxon test for pawr differences was used unieaied versus eated (141 (2P = 0004)

(Figs 2 5 17) have a wmature appearing well

orgamzed tytopiasta with parallel stacks of rough

ER and a nucleus with scattered small aggregates of

chromatm Nucleoft of moderate size are seen sn

Toany of these cells Cells with moderate asynchrony

{Fig 3) show a nucless vath small amounts of
and 2

the plasma cells of the patients and the climcal
values of the magor tests with prognostic signufi
cance obtaned at the time of diagnosis e the
of serum h lob
serum albumin and serum calaum Al the patems
were treated with alkylating agents {melphalan or

stacks of Oatiened rough ER In some cells with
moderate asynchrony a aucleus with similar distrl

ution o chromatin 15 present togethes wuth ddated
rough ER i the cytoplasm Cells with marked
asynchrony (Fig 4} show a nucleus with evenly
distntuted vather elertzon Weent chromatin and a
cywplasm contaning dilated cisternae of the rough
FB Demre mam - he

- e
evaluated with respect to nuclear/cytoplasmc asyn

chrony ft was found that cells without asynchrony
were seen onfy occasionally i the patients Marked
asyachrony however was found m cells of the first
biopsy from seven of the patenss {GH MN CB

EJ JN EH AS) After treatment was inutested
masked asynchrony could be found only in 2 small

N [
that the cisternae of the rough ER were dilated and

acchrdingly the plasma cells were moast Trequently
classified as cells with marked asynchrony Shght
asynchrony (Figs 2 5 {7) was seen 1n 34 per cent
of the cells from the unireated patients A total
number of 298 cells were studied An equal number
of cxiis £292) obtamed from the last biopsy of the
samie patents oblained dunng treatment shawed
that this percentage had tncreased to 54 1e a
sigmficant ncrease (29 = DORN

Chin cal Staging and Course
No correlation could be found between the
Yaravon withis the intraceltular structures found in

but the schedules used for
mdmdual patients differsd to some evtent Nine
patients had a lower M component concentration In
serum samplés taken dunng the treatment than at
the time of dmgnesis This decrease was most
evident for pattents with 2 short survival tume N
LB VS KC) as deserbed previousty (17) For fne
patients the irregolar miervals 2-26 months) at
which blood samples were obtained did not permita
ume related evaluation of changss m e M
Component concentraton Serum Samples from
three pavems (KT AS GC) showed a marked
increase n the serum concentration of the M
component duniag the course of the disease Plasma
eells from pavents who developed either a decrease
or an wncrease of the M component showed no
evrdenit morphiological changes as compared to the
plasma cells obtauned at the ume of diagnosis except
for the descnibed increase in the number of muclear
bodes

Six of the savents (MN VS XC, G IV a8
were treated internuttently with Cytostatics intrave
nously i doses which were caleulated 1n relation to
the body werght of tie patients 1 e mejphalan 30~
50 mg cyclophosphamide 1000-3000 mg The
plasma cells obtained from these patents [ to 30
days after treatment were evaluated and these
?:L.m’fl'fuc:ur.e was compared with that of cells fram

” ML UL Piasma eells showimng shght
;::::r/maprlasmnc asynchrony Anincrease in ga
ta

peres ze of cells with nuclear bodies was also
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Fig 18 Part of a plasma cell nucleus from patient OB A nuclear body composed of fibrils arranged concentrically Is
shown 90000 x

Fig 19 Part of a plasma cell nucleus from patient JN A nuclear body composed of small granules surrounded by
fibrils 15 shown 90 000 x

Fig 20 Part of the nucleus of the plasma cell seen 1n Fiy 17 A puclear body with a centra) electron dense mass
surrounded by fibrils 1s shown 90 000 x

Fig 21 Part of a plasma cell nucleus from patient AS A nuclear body surrounding a crystalline intranuclear
inclusion {CL) 1s shown 90 000 x

the following figures A plasma cell wuhout
asynchrony 1s shown in Fig 1 The cell contains 2
mature looking nucleus with chromatin clumped
1n a cartwheel ke arrangement Parallel cisternae

was observed 1n relatton to survival time Further
more the presence of nuclear bodies had no
relationship to the degree of nuclear/cytoplasmic

asynchrony
of the rough ER are seen in the mature appearing
Nuclear!Cytoplasmuc Asynchrony well-organzed cytoplasm Oocasionally nucleoh of
moderate size are seen In the cells without

Assessment of the asynchrony by the critena
descnibed 1n Material and Methods s ustrated by  asynchrony Plasma cells with shght asynchrony

-a



TABLE 2 The Frequency of Nucleor Bodses in Plasma Cells from Patients before and during Treatment

Number of sectsans of

% nuclear bodies

Plasma cells from Total number of Plasma ce nuckes of Plassa cells
12 pauents plasma cells with mciear bodies (sange)

Before treatments 298 20 67( 0-133)
Duang Ueatment 117 192 158(82-233)

biopsy
20e patient IEH) 1s omutted due 10 reatment a the ume of the first _
The Wikoxos test {or pawr diffecences was used untyeated versus treated Q4 (2p = 0004)

(Figs 2, 5, 17) tiave a mature appeanng, well-

arganized cytoplasm wich parallel stacks of rough

ER and 2 nucleus with scattered small aggregates of

chromaun Nucleolt of mioderate size are séen I

many of these cells Cells with moderate asynchrony

(Fig 3) show a pucleus with small amounts of
and a

the plasma cells of the pauents and the chmcal
values of the major tests With progrostc $ignifi-
cance obtained at the ume of dugnosts, fe the
of serurm & k
serum albumin and serum calaum Al the patients
were treated with alkylating agents {melphalan ot

stacks of flattened rough ER In some cells with
moderate asynchrony a nucleus with simlar distt-
buteon of chrgmatn 1S present together with ditawed
rough ER i the cywoplasm Cells with marked
asynchrony (Fig 4) show a nucieus wath evendy
distributed, father electron lucent chromatin and @
cytoplassm contantag ditated cisternze of the rough
ER Promment nucieol are seen frequently to the
cells showing modérate and marked asynchrony

When all the plasma cells avafable were
evaluated with respect to nuclear/cytoplasmic asyn-
chrony 1t was found that cells Without asynchrony
were seen only occasionally 1n the patients Marked
asynchrony, however, was found 1n cells of the first
biopsy from seven of the patients (GH, MN CB
BJ IN EH, AS) After treatment wes itiated
marked asynchrony could be found only 1n a small
percentage of plasma cells m four of these seven
patents (MN, CB, EH EJ) Cells from two of them
(EB. ED gontamed. Russl], ndies. wihich. means.
that the cisternas nftha ve ~C 0 PRI
Us Uie cells from the untreated pattents A total
fiamber of 298 cells were studied An equal number
of celis {292) obtained from the last biopsy of the
same patients obtained dunng treatment, showed
Wat s percentage bad icreased w 54 e a
signuficant increase (2P = 003)

Climeal Staging and Course
Mo correlauon could be found between the
Varaton w tthin the intraceliufar structures found in

de), but the schedules used for
mdrvidua) patents differed to some extent Nue
pauents had 2 lower M component concentration sn
setum samples 1aken duniodg the wratment than at
the ume of diagnous This decrease was most
endent for pauents With 2 shors Surviva) ime (MN,
LB, VS KC) as described previously (17) For five
patients the rcegular wntervals (2-26 months) at
which blood samples were obtained did not permit a
ume related evaluaton of changes i the M
component ¢oncentration Serum samples from
three patients (KC, AS, GC) showed 2 marked
mcrease m the serum concentratton of the M
component durmng the course of the disease Plasma
cells {rom patients Who developed either a decrease
ot an tncrease of the M component showed no
evident morphological changes as compared 1o the
plasma cells cbtamed at the time of diagnosts, except
for the escribed merease a the aumber of nuclear
bodies
Ur R, b prtertn Y, S, KT, T, TN, A
“were treated intermittently with cytostancs mtraves
nously n doses which were calewlated 1n relation o
the body weight of the patients, i & melphalan 30~
50 mg, cyciophosphamude 1000-2000 mg The
Plasma cells obtaned from these patients | to 30
days after wreatment were evaluated 2nd theyr
ultrastructure was campared with that of celts from
the first biopsy The only common morphological
ifference observed, irrespective of the tme terval
after isutiauon of treatment, was a defimte wncrease
In the percentage of plasma celfs showng stight
nucteat/cytoplasmic asynehrony An ncrease i the

::r:maa: of cells with nuckear bodies was also
101¢
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Fig I8 Part of a plasma cell nucleus from panent OB A nuclear body composed of fibrils arranged concentrically 18
shown 90000 x

Fig 19 Partof a plasma cell nucleus from patient IN A nuclear body composed of small granules surrounded by
fibrils 1s shown 90 000 %

Fig 20 Part of the nucleus of the plasma cell seen 1 Fiy 17 A nuclear body with a central electron dense mass
surrounded by fibnls 1s shown 90 000 x

Fig 21 Part of a plasma cell nucleus from pa
snclusion (CL) 1s shown 90 000 x
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tent AS A nuclear body surrounding a crystathne ntranuclear

the followmg figures A plasma cell wathout
asynchrony 1s shown 1n Fig 1 The cell contains 2
mature looking nucleus with chromatin clumped
10 a cartwheel like arrangement Parallel cisterna¢
of the rough ER are scen in the mature appearng
Nuclear! Cytoplasmic Asynchror, well organized cytoplasm Occastonally nucleol: of

Assessment of the asynchrony by the cntena moderate Size are <een in the cells without
described 1n Material and Methods 1s Jllustrated by~ asynchrony Plasma cells with shight asynchrony

was observed in relation to survival ume Further
more the presence of nuclear bodies had no
relationship to the degree of nuclear/cytoplasmic
asynchrony

aA



shown that thetr ocourrence s not Testsied 10
myeloma cells as contact zones bave been found
plasma cells from panents without a serum M
component {Blom, unpublished work) Our earhier
hypothesis that fhe coptact 0DES wefe YRSt
frequent 1o the bone marrow of pauents at the
termunal stage of therr disease (8) could not be
corroborated 1n this study Another type of contact
z0nes was observed berween booe marrow plasma
ctlis and a strip of basement membrane of 2 laquna
densa bike matenal Plastma cefls with such contact
20mes were often seen close 1 a small vessel A
strucwrally sidar mumate contact with small
vessals has been described in pervascular plasma
celis of bram tssue (rom patients with multiple
sclerosts {26)

Qnly a few myeloma cells 1n this study showed
nucley with markedly isegular contours It has been
suggested that such a nuclear lobulation 15 produced
bya of the. fibeds and b
Jes which are accumulaged 10 close aSsociation With
the nucleus at the region of 2 nuclear lobulation
Q24

Three different morghological types of tntranu
clear nclusions were observed 1n the biopsies from
four of our patents and 1 showld be noted that
these pattents aff had a rather long survival ime
The tntranuclear Russell body was seen 1o three
patients and tus observation has been described
deta previousty (6) A fourth patent (AS) had two
fonds 1

digesuan of plasma cell sections that the fibriffar
component of nuclear bodies contams RNA, whe-
yeas the dense graoular component contans DNA
Recens studies by means of high resolution
autoragsography have shown that nuciear bodies i
spleen cells of immunized mice sncorporated stgmfi
cantly more tadipactive matenal thag the surroun
ding nucleoptasm (13) Drewnko eral (11} and Sal-
mon {27 have performed growth kuneue studies on
myeloma cells They measured the labelling index
{L1) of bone marrow myeloma cells as an indication
of the fraction of cells which synthesized DNA and
thus could be considered o be a prohfesaung
subpopulation of the myeloma cells 1t was found
that the LI of the myeloma cells increased from
approxumately 3 per cent before treatment 1o withi
the range of 1540 per cent after admimnsstyation of
alkylating agents to the patents In a later paper,
however, Drewinko & Alexaman (12) concluded that
the Ul may not accurately reflect the growth
fracuon of the tumour mass In patenis with
multiple myeloma On the othér hand, that study
showed that the LI for patients observed dunng the
first 3 months of treatment was sigmficantly higher
than for untreated patients but after longer periods
af treatment the LI deckned In our maenal we
noted an increase n the rumber of nuclear bodses 1n
the plasma ¢ells dunng treatment of the patients
{Table 2) Therefore 1t seems Iikely to us that it s the
plasma cells with puclear bodies whih are 1n a

of 2 anda
fibnllar The fibridlar type has been descnbed 1o
myeloma cells by Smetana ¢t af (30) who called
them rodlets and by Oikana (25) The arystalline
type has to the best of our knowledge not been
deseriied before 1n any plasma cell The nature and
significance of these nuclear inclusions are un
known
Nuclear bodies were first described by De Thé et
aof (10} 1n sumour eelis from a rabhat Since then
these structures have been observed in several
different sypes of hote mermal and swcawr sells
(15} Some papers have described these globular
Structures 1n plasma cells (19 29) but only a few
observatons on thewr presence 11 myeloma cells
have bees made (1 31) The morphoiogy and size of
the nuclear bodses found 1n our study were ideptical
1o those 2lready found{e g ref 1 15) Expernmenss
with anugenically sumulated mice showed that the
percentage of secuons of lymphnode plasma eells

ContAIning one Or more muclear bodies increased
paraflel to the aptibo.

phase If so 1t should be possible to
demonsirase a cosrelation berween the number of
nuclear bodies and the LI of the myeloma cells
Snapper & Kahn (32) have considered that the
mmmaturity of the nucleus w relation to the
cytoplasm seen 1o myeloma cells 1s of diagnostic
value Graham & Bermer (16) classificd nuclear/
cytoplasmic asynchsony from ultrastructural stu-
dies on plasma cells and concluded that this
asynchrony s the most consistent and reliable
crienon for distinguishang myeloma cells from
Hosme @ obtmnad Som patents without any
sign of mutuple myeloma They also found that the
degree of asynchrony correlated well with the
climcal score they determuned for their

trent
Our results sunpart thace ~f o ¢ pa’ ts
o6 .
an .
160 seguvuid eus we studied were
shghtl
markedly asychronous satly o

With respect to chincal stage versus degree of

of
dies (19 29) This tesult led to a presumed
celagonshuy between the vusmber of nuckat bodies
n plasma cells and the concenmration of serym

anvbodies Srmar 199 demonstrated by enzyme

we have compaced the surviya)
ume
ith thte degree of asynchrony Except for patent
gﬁ; v.::q s ns;xﬂ azv; 2nd m whom most myeloma
¢ only shghtl;
e & 12l ay” yai}'acnmmus We WMete

fel:



DISCUSSION

Thus paper describes the ultrastructure of myeloma
cells, 1 plasma cells from patients with multiple
myeloma Consecutive bone marrow specimens
‘were obtamned from 13 patients during the clinicat
course of their disease A total of 65 biopstes were
avalable for study, and from these 1600 sectioned
plasma cells were examined

The clinical course of multiple myeloma varies
from patient to patent and 1n most cases 1s
unpr Several 1n (1, 3, 5 16)
have attempted to correlate a number of ultrastruc-
tural charactenistics of myeloma cells with different
bioct 1 and clinical of the patients
in order to achieve a reliable prognosts for the
disease The present time-related investigation of
samples from 11 patients during thewr survival
period 1s a further attempt to evaluate this
possibility

The morphological analysis of the plasma cells
from the individual patients was carried out dunng
the course of the disease In addition, 1t was
considered valuable to compare the morphology of
plasma cells from the first biopsy of untreated
patients with that of cells from biopsies of the same
patients during thetr treatment We can thus
confirm earlier described morphological differences
between myeloma cells (16, 23, 28) obtamed from
different patients However, each individual patient
presented a characteristic and rather constant »mye-
loma cell picture«

The size of the myeloma cells varied considerably
between individual patients Most of these cells
possessed microvilli-like extensions on therr surface
together with a varymng number of pseudopods and
1t 1s tempting to specufate whether the pseudopods
partictpate 1n the movement of the cell (4) or 1f they
represent the morphological basis for the secretion
of immunoglobuhns, clasmatoss (33) On the other
hand, since only one patent (OB) showed a

12l number of my cells with pseudo-
pods 1n all biopstes, these structures do not seem to
be absolutely necessary for the secretion of the
immunoglobulins produced by the cells

The man part of the cytoplasm 1n the myeloma
cell 1s occupied by cisternae of the rough ER
Several investigators {1, 23, 28) have grouped the
myeloma cells 1nto as many as six different types
based on the morphology of the rough ER The
results of an attempt to correlate these morphologi-
cal differences with the class of M component
produced have been of limited value In our study,
the lamellar type of the rough ER was the most
common 1n the myeloma cells Apart from the
patients with Russell bodies (EH, EJ, OB), only one

patient {MN) had plasma cells where most of the
rough ER was of the globular type This patient had
a very short survival time

Annulate lamellae (21) were found 1 clowe
relation to the cisternae of the rough ER m plasma
cells from two patients (MN, ES) Such lamellae
have been described previously in myeloma cells
(16), but therr significance and origin have not been
clanified (15}

Circular arrangements of the rough ER with one
to three filaments interposed between the cisternae
were occastonally found n plasma cells from four
of the patients (KC, OB, CB, AS) This type of
structure has been described by Krull et al QD
bone marrow plasma cells of 2 patient who secreted
Bence Jones protein of the kappa type Fig 121nthe
paper of Graham & Bermer (16) shows a longitudy
nal section of a similar structure 1n a plasma cell
from a pauent secreung monoclonal IgG type
kappa These structures bear some resemblance to
the »ribosome-lamellae-complex« described i hary
cells (20) and myeloma cells (25) In contrast to the
last mentioned complexes, those 1n our study
always presented their filaments interposed between
two cisternae of the rough ER Neither did we find
a regular } of nb to the
membranes of the rough ER, as described for the
hary cell complex (20) Similar filaments were
found between the cylindrical arrangement of
cisternae of the rough ER 1n some plasma cells of 2
patient with a serum M component of the 13G type
lambda (Blom, unpublished work) This M compo-
nent was shown 1o possess antistreptolysn O
activity (24)

Some mitochondria with an abnormal morpho-
logy were observed 1n the myeloma cells of some
pattents, but their presence could not be correlated
with presence or absence of other characteristc
structures  However, the mean number of mito-
chondna 1n the sectioned plasma cells was very low
for the two patents Who are stll alive This can
probably be taken as an indication of the low
activity level of these myeloma cells This agan
could be a sign of a better prognosis but a
sigmificant correlation could not be found between
the survival tme and the mean number of
mitochondria m the myeloma cells of the other
patients

The ultrastructure of comtact zones between
plasma cells and dendritic bone marrow macropha-
ges 1n patients with multiple myeloma has been
described previously (7, 8) These contact zones
were found 1n plasma cells 1n all the biopsies, except
11 cells with very irregular nucler where they only
occurred occastonally The sigmificance of the
contact zones 1s still unknown However, it has been




hown that their occurrence 15 not restricted to
syelamua cells, as contact Zones have been found 1n
jasma cells from patients without a serum M
ompozent (Blom, unpublished work) Qur earhier
wypothesis that the contact zones were most
requent w the bone marrow of patients at the
erminal stage of thewr disease (8) could not be
wrroborated in thus study Another type of contact
zones was observed between bone marrow plasma
wells and a sta1p of basement membgane or a lamina
densa ke matersal Plasma cells with such contact
1ones were often seen close to a small vessel A
structurally stmiar intimate contact with small
vessels has been described 10 perivascular plasma
cells of bram tissue from patients With muluple
sclerosts (26)

Only a few myeloma cells t this study showed
muctes with markedly wrregular contours [t has been
suggested that such a puclear lobulation 1s produced
bya of the and b
les which are accumulated 1n close assocuation with
the nucleus at the region of a nuglear lobulatton
Q4

Three different morphalogical types of ntranu-
clear inclusions were observed mn the biopsies from
four of our pateents and w should be noted that
these patients all had a rather long survival ime
The ntranuclear Russell body was seen wn three
pauents and this observation has been descnbed 1n
detaul previously (6} A fourth patient (AS} had two
kinds of mtranuclear inclusions, a cfystalle and a
fibrllar The fibrdlar type has been described 10
myeloma cells by Smetana et al (30), who called
them rodlets, and by Qukawa (25) The crystalline
type has 1o the best of our knowledge not been
described before i 2ny plasma cell The nature and
sigruficance of these nuclear inclusions are un-
knowo.

Nuclear bodies were first descnbed by De Thé ef
al {10} 1n tumour cells from a rabbit Stace then
these structures have been observed in several
dilferent types of both rormal and tumour cells
5} Some papers fave deserded’ (ese gioduar
structures 1o plasma cells {19 29), but only a few
observations on thetr presence m myeloma cells
have been made (1, 31) The morphology and size of
the nuclear bodies found 1 our study were 1dentical
1o those already found (e g ref |, 15} Experiments
with antgenscally stmulated mice showed that the
percentage of secuons of lymphnode plasma cells
contaiuing one or more nuclear bodies increased
paraliel to the antbo-

digestion of plasma cell sections that the fibrillar
component of nuclear bodies contains RNA, whe-
reas the dense granular component contains DNA
Recent studies by means of high resoluuon
autoradiography have shown that nuclear bodies
spleen cells of immumized mice mcorporated sigmuli-
cantly more radicactive material than the susroun-
ding nucleoplasm (13) Drewnko et al (11)and Sal-
mon (27) have performed growth kinetic studtes on
myeloma cells They measured the labelling 1ndex
(LY) of bone marrow myeloma cells as an indication
of the fraction of cells which synthesized DNA and
thus could be considered to be a proliferaing
subpopulation of the myeloma cells It was found
that the LI of the myeloma cells increased from
approximately 3 per cent before treatment to Withun
the range of 1540 per cent after admumstration of
alkylating agents to the patients In a later paper,
however, Drewinko & Alexanian(12) concluded that
the LI may not accurately reflect the growth
fraction of the tumour mass in patients with
muluple myeloma. On the other hand, that study
showed that the LI for patients observed during the
first 3 months of treatment was sigruficantly bugher
than for untreated patsents, but after longer periods
of treatment the LI declined In our materal we
noted an increase n the number of nuclear bodies 1n
the plasma cells dunng treatment of the pauents
(Table 2) Therefore 1t seems likely to us that st 1s the
plasma cells with nuclear bodies which age w 2
proliferative phase If so, st should be possible to
demonstrate a correlation betheen the number of
nuclear bodies and the LI of the myeloma cells
Srapper & Kahn (32) have considered that the
immaturity of the nucleus m relation to the
cytoplasm seen 1 myeloma cells s of diagnostic.
value Graham & Bermer (16) classified muclear/
from stu-
dies on plasma cells and concluded that this
asynchrony 1s the most consistent and relable
critenon for distinguishing myeloma cells from
plasma cells obizumed from patients without any
sign of multiple myeloma They also found that the
degree of asynchrony corselated wefl wah the
clinrcal score they determned for their patients
Our results support those of Graham & Bermer
concerming the puclear/cytoplasmic asynchrony 2s
a relable entenion for myeloma cells Most of the
1600 myeloma cells we studied were shighily 1o
markedly asynchronous
With respect to chnucal stage versus degree of

of
dies (19 29) Tws result led 0 2 presumed
Telationship between the number of nuclear bodes
n plasma eells and the concentration of serum
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However, our study has shown that plasma cells
with slight asynchrony constitute a sigmficantly
greater fracuon of the cells n patients under than
before treatment

In nine of the patients where the serum contained
monoclonal IgG, the response to chemotherapy was
associated with a reduction of the concentration of
the serum M component as well as of the degree of
nuclear/cytoplasmic asynchrony. This observation
15 10 agreement with the findings reported for two
of the patents studied by Graham & Bernier (16)
and 1s compattble with the conception that cells with
a high degree of asynchrony are especially suscep-
tible to chemotherapy
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Laursen and Miss Anne Grethe Overgaard are thanked
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Prineas J W & Wrnght R C Macrophages
lymphocytes and plasma cells 1 the pervascular
compartment wn chronic muluple sclerosis Lab
lovest. 3§ 409421 1978

Salmon § E Expansion of the growth fraction in
muluple myeloma with alkylaung agents Blood 45
119-129 1975

Shigematsu T The fine structure of various types
of myeloma cells as revealed by electron micro
scopy Arch Histol Jap 30 375-400 1969

Siman [, § Ultrastructure et consttution des corps
Bucl&res dans les plasmocytes Z Zellforsch 99
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Smetana K Gyorkey F Gyorkey P & Busch H
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CYtes Cancer Res 33 2300-2309 1973
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However, our study has shown that plasma cells
with slight asynct a i ly
greater fraction of the cells 1n patients under than
before treatment
In mune of the patients where the serum contained
lonal IgG the to ch apy Was
assoctated with a reduction of the concentration of
the serum M component as well as of the degree of
nuclear/cytoplasmic asynchrony This observation
1s 1n agreement with the findings reported for two
of the patients studied by Graham & Bermer (16)
and 1s compatible with the conception that cells wath
a high degree of asynchrony are especially suscep
tible to chemotherapy
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MORPHOLOGICAL CHANGES AND
FATTY ACID COMPOSITION IN HEARTS FROM PIGS
FED RAPESEED OIL, FISH OIL,
PARTIALLY HYDROGENATED FISH OIL,
PARTIALLY HYDROGENATED SOYBEAN OIL AND LARD

H SVAAR! F T LANGMARK? G LAMBERTSEN? and J OPSTV EDT*
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Svaar H langmark F T Lambertsen G & Opstvedt J Morphological changes and fatty acid
tomposition 1 bearts from pigs fed rapeseed ot fish o1l partially hydrogenated fish o parually
hydrogenated soybean oil and lard Acta path microbiol scand Sect A 88 4148 1980

Female pigs fed diets 1n which 42% of the caloric mtake came from either rapeseed o1l fish ol par
tially hydrogenated fish o parually hydrogenated soybean oil or lard were kifted after one week, five
weeks six months and one year Type of fat or length of feeding did not affect the cardiac content of
total fat which was normal i all ammals The fatty acid pattern of ussue triglycenides only partly
reNected the fatty acid pattern of diets The relative amounts of C22 1 and C20 1 were greatest afier stx.
months and levelled off during the following six months The content of C22 1 10 cardiac triglycenides
never exceeded one fifth of the dierary concentralion Microscopic liprdasis was found ta some pigs
after one week five weeks and six months Minor heart lesions consisting of focal necrosis of muscle
cells were found after one week and more frequently afier six months and one year No refationship

betneen incidence and severity of (he heart lesions and any parucular type of fat 1 the diet could be
found

key words Rapeseed o1l fish ol cardiac triglycendes heart lesions pigs

U Svaar Pawlogisk anatormsk avdelng Sentraisykehuset 1 Akershus 1474 Nordbyhagen Norge

Receved 10v 79 Accepted 25 vir 79
When moderate to high levels of rapeseed ol are

mcluded in expenmental diets certamn myocardal
effects may occur depending on the species
employed and the length of the feeding period Most
experiments have been carried out with rats but
some also with ducklings nunature prgs gerbils
and monkeys(1 2 3 6 7 15} In the weanhing rat
the injual effect 15 an accumulation of fat 1 the
heart eauscle cells whach appears after a few hours
and veaches 2 manimum after one week Later st
dechines gradually 1n spite of contnuous feeding
With rapesesd ol The myocardial lipidosis 1s dose

related 10 the erucic 2cd content 1n rapeseed on
when eruac acid constitutes more than 2% (w/w)
of the dit (6] When rapeseed o 15 given
conuauously 10 weanling rats for weeks and
months increasing numbers of focal myocardial cef]
necrosis and cardiac fibrosis are found The seventy
of the cardiac lesion may be dependent on the
detary level of erucic acid but dentical changes
have been found 1n rats receiving rapesesd o with
low erucic acid content (15)
It 15 of interest to exammne w
contzining small amounts of emml:‘ :lg:{agl;hug]‘:i



long~chain mono unsaturated fatty acids cause the
same heart changes as rapeseed o1l

In the first screntific report on cardrac effects of
rapeseed o1l Ronte et al (13) deseribed the findings
in rats and pigs In rats cardiac lesions were found
after 2-8 weeks In pigs, the changes were much
less pronounced, and stmilar changes were observed
when soybean ol was the fat source Pigs are
ommvorous like humans and they are fairly similar
to man as regards plasma lipoproteins (10) and
coronary circulation (17)

In the present study, domestc pigs were fed fat
rich diets containing rapeseed oil fish oil, partially

of the drets gives 3330 keal per kg dret in metabolizable
energy of which 42 % comes from fat Proten
constituted 17% (w/w)of the diet and the concentrations
of lysine and methionine were 0 9% and 0 5% (w/w)
respectively

The rapeseed o1l was obtained 1n an unrefined form
The unrefined (raw) and partsally hydrogenated capelin
oils were prosessed from wanter caught capelin (Mallotus
villosus) under commercial conditions The partaally
hydrogenated soybean oil was also a commercial sample
and lhike the partially hydrogenated capelin ol Was
hydrogenated to a melting point of 31-33 °C

Hydrogenated soybean o1l was ncluded sn the study
for 1ts content of trans fatty acids as a control for the
hyd; d fish oils Lard does not contain C22 fatty

hydrogenated fish o1l partially hydr d soy-
bean oil or lard for 1, 5, 27 and 52 weeks, and their
hearts were examined at each stage for evidence of
Itpidosis and cardiac lesions and for alteratrons m
fatty acid composition by chemical analysis

MATERIAL AND METHODS

Antmals and Experimental design

Female piglets of the Norwegian landrace breed aged
between 40 and 80 days (body weght range 10-17 kg)
were obtained directly from local breeders A total of 42
piglets came from 8 Iitters Two piglets were Kifled
before the start of the expeniment The remaining §
piglets from each lter were randomly allocated to the
five experimental groups to a total of 8 piglets per group
Piglets 1n each experimental group were kept 11 two
separate pens of four piglets 1n each Pen temperature
and humdity were controlled

Deets

Prior to the experiment the piglets had been nursed by
their mothers and n addition received a commercial
creep feed given ad ik and consisting of 2% dried skim
milk 3% hernng meal (1% soybean meal (5%
maize 25% barley 24% wheat 12% molasses | 5%
sugar 4% grass meal and 2 5% munerals and vitamins

The pigs were fed the experimental diets without an

acids or trans fatty acids and served as a control fat

Table 1 gives the composition of the fatty acids
extracted from the feed Batches of feed were preparedat
the start of the experiment and again after 150 180and
240 days Immediately after mmung the diets were
stored 1n sealed polyethylene bags at ambient tempera
ture {0-20 °C) Each bag contained feed for 2 manmum
of 3 days consumption

During the first two weeks the piglets had access 10
feed twice a day each of one hour duration Later 3
feeding schedute based on live weight was mtrodu
ncreasing from 1 kg per pig per day at 35 kg to 3 kg per
pig per day at 100 kg and above Individual feed intakes
were recorded daily Water was avadable ad ik Live
weights were recorded on arrival once a week and prior
to killing Two pigs per treatment group were slaughte
red after | S 27 37 (treatment group CO only) and 52
weeks

Complete autopsies were performed and all orgaas
were weighed after dissection of attached fat Tissue
samples were taken from the heart liver Kidneys lungs
adrenals spleen small and large intestines skeletal
muscle (from the left thigh) adipose tissue (from belo¥
the right shoutder) and aorta The hearts were CUt
transversally in § mm thick sections from the apex 10 the
base Every second section was fixed for morphological
cxamnation the rest was frozen for chemical bpid
analysis

£

adaptation period The five different diets
16% (w/w) [rom the following fats rapeseed oil (RO)
parually hydrogenated ¢apelin oul (HCO) or capelin ol
(CO) parually hydrogenated soybean oil {(HSO) or lard
(L) The composition of the diets was {all figures n %
(w/w)) barley 39 solvent extracted soybean meal 26
ground oat hulls 15 sunflower o1l 1 5 fat 16 muneral
mixture 3 potassum monophosphate 05  vitamm
mixture 045 The mincral mixiure consisted of {all
figures per kg of the dict) Ca 75g P 18g NaCl
473g Fed48mg Mn60mg ZnSImg Se01mg 122
mg The vitamn muxture consisted of (a1l figures per kg
of the diet) Vit A 28001U Yy D3400JU Va E
100 {U Thiamine HC1 26 m, Riboflavin 6 mg
Niacin 44 mg Pantothenuc aud 26 mg Choline CI 15
mg Vit B12 0044 mg Pyndoxin Cl 3 mg Ethoxy
quine 300 mg DL methionine 400 mg The composstion

The hearts were examuned by light microsoopy for
presence of lipidosts and for cardiac lesions Standardt
zed blocks from the left anterior wall were frozen
sectioned and staned with Oyl Red 0 for demonstration
of fat and the findings were graded as fofiows 8 =
negative grade | ~ fipud droplets i fess than 25% of
the muscle cells grade 2 liptd droplets in 25-50% of
muscle cells grade 3 ~ fipid droplets 1 50-75% of
muscle cells and grade 4 — lipid droplets in more than
75% of the calls

Three complete transverse sections from cach heart
were embedded in parallin and stained with Hematoxy
11 Phloxine Saffron(14) This method was chosen (0
make a good distinction betweer connective ssue and
other cardiac structures Carduac lestons consisted of
muscle cell necrosts accumulation of mnfNammatory cells

-



TABLE | Fatty Acid Composition of the Dietary Fats Extracted from the Feed
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4 areas of connsctive Scar tissue The cardiat findmgs
®ere graded as follows grade | ~ one focal lesion
Consistng of necrotie Muscle cells and inflammatory
Celis or a small focal scar grade 2 = two or three focal
tesions of grade 1 1ype grade ) = more than three focal
frxons or Yarger confluenting kesions govering more
an one high power microscopical field Frozen sections
Trom the inner adrenals skeletal muscle kidneys angd
*pleen were stunod for fat with Onf Red 0 Secuions from
AN argans were staned with Hematotytin Eosin A
Specimens were studied independently by two pathola
£ists without prior know Jedge of the dietary group

Method of Anah sis

Chemical analysis of Teed mgrediems was done by
nventonal methods Each diet was sampled and 3
Composite was stored 1 ~20 °C tn a sealed box pending
mnatysis The samples were extracted with chloroform/
medhanol 1o give wul hipids from which fatty acd
fethy( esters were prepared and analysed by gas boud
thromatography

Pieces of 5 ¢ were taken from (rozen samples of eacy
heart Iner and skeletal muscte and pooled for each
expenimental group hus 10 g samples were Processed
Per drgan per group

Lopds were exwracted from the ground samples with
shloroform/methanol (73} The bpid extracts were

sukane o give a $% saluton for gas chromatogeaphy
These samples were stored 1 closed vialg 2t ~20 °C unpl
pnalveed [ae ~hr =~
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long-chain mono unsaturated fatty acids cause the
same heart changes as rapeseed oil

In the first scientific report on cardiac effects of
rapeseed oil, Ratne et al (13) described the findings
1n rats and pigs In rats, cardiac lestons were found
after 2~8 weeks In pigs, the changes were much
less pronounced, and similar changes were observed
when soybean ot was the fat source Pigs are
ommvorous {tke humans and they are fairly similar
to man as regards plasma hpoproteins {10) and
coronary circulation (17)

In the present study domestic pigs were fed fat-
rich diets contatning rapeseed otl fish o1l partially

of the diets gives 3330 keal per kg diet ;n metabolz
energy of which 42 % comes from fat Pro
constituted 17 % (w/w)of the diet and the concentrau
of lysine and methionine were 0 9% and 0 5% (v
respectively

The rapeseed il was abtatned 1n an unrefined fo
The unrefined (raw) and partially hydrogenated cap
oils were prosessed from winter caught capelin (Mall
villosus) under commercial conditions The part
hydrogenated soybean ol was also a commercial sam
and like the partially hydrogenated capehn ol
hydrogenated to a melting point of 31-33 °C

Hydrogenated soybean o1l was ncluded in the st
for sts content of trans fatty acids as a controf for
fish oils Lard does not contan C22 {

hydrogenated fish o1, partially hydr d soy-
bean ol or lard for I, 5, 27 and 52 weeks and therr
hearts were examined at each stage for evidence of
lipidosis and cardiac lesions and for alterations 1n
fatty acid composition by chemical analysis

MATERIAL AND METHODS

Animals and Experimental design

Female piglets of the Norwegsan landrace breed aged
between 40 and 80 days (body weight range 10-17 kg}
were obtained directly from local breeders A total of 42
prglets came from 8 litters Two piglets were killed
before the start of the experiment The remammng §
piglets from each hitter were randomly allocated to the
five experimental groups (o a total of § piglets per group
Piglets 1n each experimental group were kept i two
separate pens of four piglets in each Pen temperature
and humisdity were controlied

Drers
Prior to the experiment the prglets had been nursed by
their mothers and 1n addition received a commerctal
creep feed given ad itb and consistng of 2% dried skim
mik 3% hernng meal 11% soybean meal 15%
maize 25% barley 24% wheat 12% molasses 15%
sugar 4% grass meal and 2 5% mnerals and vitantins
The pigs were fed the experimental diets without an
d

acids or trans fatty acids and served as a control {21

Table 1 gwes the composttion of the fatty 2
extracted from the feed Batches of feed were prepare
the start of the experument and again after 150 180
240 days Immediately after miung the diels ¥
stored In sealed polyethylene bags at ambient temp
ture (0-20 °C) Each bag contawned feed for 2 maurm
of 3 days consumption

During the first two weeks the piglets had acces
feed twice a day each of one hour duration Late
feeding schedule based on live weight was 1ntrodu
ncreasing from | kg per prg per day at 35 kg to kg
pig per day at 100 kg and above Individual feed 1wt
were recorded daily Water was available ad Jib 1
weights were recarded on arrival once a weekand p
to killtng Two pigs per treatment group were stavg
redafter | 5 27 37 (treatment group CO only)and
weeks

Complete autopsies were performed and alf org
were weghed after dissection of attached fat Tis
samples were taken from the heart fiver kidneys lur
adrenals spleen small and large intestines skek
muscle (from the Jeft thigh) adipase ussue (from be!
the right shoulder) and aorta The hearts were
transversally 1 § mm thick sections from the apex to
base Every second section was fixed for morpholog
examination the rest was frozen for chemical B
analysis

501,
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adaptation pertod The five different drets
16% (w/w) from the foltowing fats rapeseed oil (RO}
partially hydrogenated capein ol (HCO) or capehn oil
(CO) partally hydrogenated soybean oit (HSO) or tard
{L) The composttion of the diets was (all figures 1n %
(w/w)) barley 39 solvent extracted soybean meal 26
ground oat hulls 15 sunflower ol 1 5 fat 16 muneral
mixture 3 potassum monophosphate 05 viamin
mixture 045 The muneral mixture consisted of (alf
figures per kg of the diet) Ca 75g P 18g NaQ
473g Fed8 mg Mn 60 mg Zn 5l mg Se01mg 122
mg The vitamin musture consisted of (a1 figures per kg
of the diet) Vit A 2800 1U ‘u D3I 400IU Vit E
100 1U Thiamine HCI 26 mg Riboftavin 6 mg
Niacin 44 mg Pantothenic acid 26 mg Choline s
mg Vit BI2 0044 mg Pyndoxn C1 3 mg Ethoxy
quine 300 mg DL 400 mg The P

a

The hearts were examined by hght microscopy
presence of liprdosis and for cardiac Jesions Sanda)
7¢d blocks (rom the left antertor wall were Troz
sectioned and statned with Oul Red 0 for demonstrat
of fat and the findings were graded as follows ¢
negative grade | = lLipid droplets in fess than 25%
the muscle cells grade 2 ~ lipid droplets 1 25-50%
mascle cells grade 3 = lipid draplets in 50-75%
muscle cells and grade 4 ~ irpid droplets in more t
75% of the cells

Three complete transverse sections from each he
were embedded 1n paraffin and stained with Hemato?
fin Phioxine Saffronti4) This method was chosen
make a good disunrction betweer connective ussue 2
other cardiac structures  Cardiac tesions consisted
muscle cell necrosts accumulatton of inflammatory ¢e...
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TABLE 2 Number of Pigs with Micrascopical Lipidosis and Heart Muscle Mecrosis

Liprdosis Heart muscle necrosis

Dietary fat
1 S by $2 \ 5 n 5

(wecks) (weehs)
Lard 0 0 0 0 0 0 i i
Hydrogenated soybean ot 0 o [ 0 1 0 i H
Hydrogenated capeln o1l | 0 H 0 0 [ ! ?
Raw capelin o1l 0 1) 0 -~ 0 0 0 -
Rapeseed ol ! 2 1 a ! 0 ! 2

2 pigs per sampling and group Al posstive hearts had grade 1 lipidosts or grade 1 heart muscle necrosts except those

marked with a * * » one beart with grade 2 findings

RESULTS

General Conditions and Growth

In general all pigs showed normal appearance
throughout the experimental perjod and had adequ
ate growth rate and feed consumption In the snitral
part of the expertment a few episodes of diarrhoea
occurred At the later stages some cases of hmb
weakness were seen None of these conditions are

lesion with necrosis of
inds idual muscle celts and mfilration  { leucocytes and
hsucytes HPS 400 x

Figure | Grade | cardwe

14

unusual among pigs and there was no relationship
between the condiions and the tets Afer 31
weeks the remaimng two pigs in the CO group
suffered from mechanical bone fractures and had o
be killed earlter than planned All diets Were readily
consumed although the pigs fed RO and HSO had a
shghtly lower feed consumption compared to (he
other pigs dunng the first 2 weeks when they had
free aceess to the feeds The s fed rapesced ol
grew at a lower rate compared to the other groups
(p < DOI) the first haif year conswmung V3%
more feed per kg Ine Weight gamn than the other
groups In the last half year no dilferences W
growth rate were seen The weight range afier one
year was 178-257 kg

Morphotogical Results

Heart No macroscopic changes wer¢ found at
autopsy In pigs hilled after 1 or 5 wechs The
amount of epicardtal fat was markedly ceased
after 27 and 52 (or 37) weeks 1n all groups

Table 2 gnes the result of the histotogrest
examunation  Lipidosis was found m indivdual
heart muscle cclls 11 all parts of the heart wahs tut
more {requently 1n the sub epicardul areas The
lupud droplets were small also n grade 2 hearts In
the hearts taken at one year no hipidasts was found
Cardiac lestons were all small and focal and
consisted of individuat muscle cell necrosis with
focal accumulation of leucocytes and histiocytes
(Fig D) Some muscle cells wath vacuolization and
disintegration of myofibnils could be found around
the festons Large groups of mature Tat clis
surrounded by atrophic muscle fibers were scen In
all gpacts of the heart walls This lipomatosts
appeated niore frequently (n the older pigs and was

und 10 all dctary groups
foomez ofgans in the aorta small. (oc:ﬂc( r:,u‘r{
streaks were found 1n most . -
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%C221 and Ca201

15 27 37 52 15 2r a7 52 15 27 37 52
WEEKS ON DIET
Heart Skeletal muscle Liver

Figure 2 The relative amounts of C22 1 and €20 | 1n the heart, Iiver and sheletal muscle The amount of C22 | an

C20 1 1n the drets 1s given as 100% —— = C22 1
capelin ol O ® = Parually hydrogenated capelin pil

weeks Fibrous or advanced lestons were not seen
No relation was found between appearance or
number of fatly streaks and dietary fats_ In skeletal
muscle, trace amounts of lipid droplets were seen i
all groups No sigmificant morphological changes
were found 1n the lungs, kidneys, hivers, spleens,
adrenals, ntestines or the adipose ussue, and the
relative organ werghts were similar 1o all groups

Liped 1n the Hearts

The amount of total lipids extracted varied
somewhat al different periods without any tendency
to increased accumulation n any particular diet
The average amount extracted from all hearts was
48 1 mg/g heart

Fatty Acd Patterns in Hearts

Table 3 gives the fauy acd composition 1n the
heart triglycerides as weight percentages

The levels of C22 | and C20 1 were of primary
mterest m this study Both C22} and C201!
mereased 1n the hearts, but the peaks were not
reached before 27 wecks on RO or fish oils Fig 2
shows the relative amounts of these acids in the
hearts, DIivers and thigh muscles at different
samphing imes The values are the concentration of
C221 and C20 1 1 the heart triglycerides as a
percentage of the concentration of C22 1 and C20 1
In the respective dietary fats Much higher levels of
C20 { than of C22 { were evtdentn all tissues The
C22 | was never found in the ussue hpids
concentratons above 25% of the dietary Jevel The
telative concentrations of both monoenes were
higher 1 the tissue triglycerides from the rapesced
ol group than from the two fish oil groups Heart
muscle and skeletal muscle ussue had strilar fevels

46

---------- = C201 [IW = Rapesced ol AA = Rav

of the two acids during the experiment Th
concentration of 22 | and C20 1 increased throug)
the first half year and showed Jower values at tht
one year sampling aompared to the value at st
months

The essential fatty acids, C18 2omegab (imolex
acid) and C20 4amegab {arachidonic acid), were
found as major acids 1n most of the samples of the
heart, iver and skeletal muscle

C18 1 was hugher in the hearts in the fish oil and
RO groups than m the other groups The average
tissue levels (all sampling periods together) were
7% higher than the dictary levels of C18 1 m these
groups CI8 | was the major aced n HSO aud L.
and although the tissue levels of this actd were high
they were lower than the dietary levels n HSO -
26%)and L (~10%) Similar results were found s
the hver and thigh muscle samples Detmied
analytic data of the fatty acid patterns in skeletal
muscle and fiver may be obtaned on request (G L}

DISCUSSION

The pigs fed rapeseed o) had a lower growth fate
and a poorer efficiency of feca conversion than MEs
fed the other fats, winch 1 n hine with previous
findings (5) The digesubility however was not
determuned and #t 15 therefore not possible 10
conclude whether differences 1n absorption of In
metabolism of the absorbed fatty acids accoum for
this
There was no increase n total fat content m the
hearts 1n any dictary group Bug bpwdosts of grade
1-2 {shght to modesate) was found in mgs fed
rapesced otl or hydregenated fish o) The lipidosis



probably reflects an altered distribution of the ipids.
1n the heart muscle cells with formation of larger
ipid droplets than pormally present

The type of rapeseed ol used caused a grade 4
Iipidosis m rats afier one week, and the findings
ndicate considerable species differences berween
pigs and rats (12)

The fatty acid composiuon of the triglycendes of
the hearts livers and skeletal muscles of the pigs
partly reflected the fatty acid composion of the
dietary fats Heart triglycendes from pigs fed fish
otls and rapeseed o1l contatned on an average 2 4%
and 80% of C22 1 respectively which 1s about
1/5-1/6 of the concentrations in the respective
dietary fats On rapeseed oul the content of C22 1 in
the heart triglycendes after 5 and 27 weeks of
feeding was about twice that found after | and 52
weeks Thus protracted peaking m C22 1 content 15
tn agreement with other observations 1 pigs (7 16}
Further the maximum levels of C22 1 found 1
tnglycerides of the heart and other tissues mn the
pigs were much fower than those found 1n rats after
one week of feeding on rapeseed ot (12} On fish oil
the content of C22 1 1n heart triglycerides showed
no Clear-cut relation to the time of feeding

1a general the concentrauons of €22 1 2nd C20 1
n tssue triglycendes as a percentage of the
corresponding  dietary Lipids were hugher on the
rapeseed ol than on the fish oils Thes result may
anse from differences in double bond position in the
monoene fatty acids in rapeseed o1l and fish oil In
rapeseed ol 100% of the C22 1 1s erucic aad
(C22 tomega9) while hydrogenated fish o1l contains
awide range of positional and geometrical 1someric
forms of C22{ fatty acds of which erucic aad
constitutes approximately 1/10 (11) The concen
traiion 1n tissue triglycerides as a percentage of the
dietary concentration was hugher for C20 | than for
€221 1t 1s possible that the absorption rates of
C221 and C20 1 are different 1n the pig but this
does not seem very lkely The data probably
wndicate that C22 | ts more readily metabolized 1o
ws lower homologues 1n the pig than n other
ammals studied The relative tugh content of C18 1
n ussue triglycerides compared with that of the
dietary fat in pigs fed rapeseed o1 and fish oils may
also support ths assumption

It1s fairly welf established that the continuous
feeding of rapeseed oif rich 1n erucic acid like that
used 11 this study Causes extensive and numerous
heart muscle lesions mn rats when fed for periods
loniger than 6 months In this study on pigs definite
<ardiac lesions were found i all dietary groups and
mote frequently afier 27 and $2 weeks than afrer
shorter feeding periods The appearances of the
lesions were identcal with those found 0 Tats fed

stmilar fats but the relatvely low incidence and
muldness of the lestons contrast with the findings 1n
at expenments (3, 8)

1t 1s noteworthy that identical lesions were found
1 the lard and soybean oil groups (1e the controls)
as those found 1n the rapesced ol groups Roure et
al (13) described nmyocarditss Like« lestons 1n pigs
fed 28 % of calones from rapeseed ou for 2 months,
‘buy found the same amount and severity of lesions.
m pigs fed soybean ol as control fat Simuar
findings have been reported by Friend et af (9) and
Aherne et al (4) The pathogenesis of these lestons
remains unknown but at the present ime it seems
more probable that they are caused by factors other
than the consumption of C22 1 fatty acids by the
pigs

In the present study the dietary concentrations of
C221 fany acids were 74% and 32% 1n the
rapeseed o] and fish ol diets respecuvely and only a
mad degree of hpidosis was found The data from
this study as well as other studies on pigs cited
above do not suggest that dietary C22 1 and €20 |
are cardiotoxIC 1n pigs

This work was supported by grans from the Rojal
Narweg an Counail for Scientfic and Indusiriaf Research
and the Norwegian Research Association for Edible Fats
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Acta path mucrobiol scand Sect A 88 49-53 1980

CARCINOEMBRYONIC ANTIGEN IN FETAL TISSUES
AND IN MATERNAL SERUM

JAN LINDGREN

and

Unyversity of Helsink: Finland

Lindgren ] Carcinoembryomic antigen i fetal nssues and m maternal serum Acta path  microbiol
scand Sect A 88 49-53 1980

“The occurrence of CEA was studied by radioimmunoassay and the triple bridge immunoperozidase
technique 13 ussues of human fetuses and by radioummunoassay 1 fetal and maternal serum The
antiserum 10 CEA was extensively adsorbed to elimimate cross reactions with CEA related antigens
Aler the first timesser of pregnancy CEA was found throughout the gastromtesunal tract by both
chnuques whereas the other Tetal hissues and fetal serum did not coman detectable amounts of CEA
The CEA level of al) 69 sera of pregnant women was below 2 5 ng/mi The excretory nature of CEA
was suggested by the tocalizauon of CEA 1n the luminal border of the alimentary tract and by the
finding that the CEA concentration in the content of fetal gastrointestinal canal was higher than i the
surrounding ussue Gel filtrauon on Sepharose 4B showed that molecular weight of CEA
immunoreactive material of the fetal gut was sumilar to that of CEA punified from colon cancer but a
ohnor component with a higher molecular weight was efuted 10 the soid volume When tested 1n

the CEA material tn bath peaks gave an tahubiton curve paraliel
w that of punified CFA

Kty works Caroinoembryome snbgen feal ussue matermal seram

J Lindgren Department of Bacteriology and Immunotogy Unnersity of Helsinky Haartmamnkate 3
00290 Helomlu Firdand

Receved 15vi 79 Acoepted 9 v 79
Casernoembryoruc antigen (CEA) was orginally

described by Gold & Freedman (1965) m the
<arcmomatous and fetal colon The expression of
CEA m ussue and blood of pauents with mahgnant
and ponmalignant disease has been widely docu
menwed (for review see Burtin et al 1978}

CEA appears also 1 normal gastrointestinal
ussues (Go et al 1975 fsaacson & Judd 1977
Shely et at 1978) Fyrthermore adult normal
human ussues contain glycoproteins that cross react
ymmunologically with CEA (Burun ef af 1978)
One of these the normal cross reacting antigen
INCA von Kleist et al 1912 Mach & Pusztoszen
$972) has been well characterized and the mfluence
of NCA m the CEA assay must by ehminated
Other cross teacting anugens such as NCA 2

Burtin et al 1973) bihary glycoprotetn 1 (RGP |
Svenberg 1976) and CEA Tike antigen of gastne
secretions (CELIA Vuento et af 1976) 2re closely
related 10 CEA 2nd hence may nterfere with the
CEA assay Afier the oniginat papers on CEA were
E:Ix;sw \1}\&: bas been done to establish the
rTe
o a;?:: :‘ CEA 1n fetal tissues and serum durmg
In ths report the expression of
organs was studied both
andbv esd A mem -~

CEA m fetal
T\m\mcb:s\ochemmnv
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CARCINOEMBRYONIC ANTIGEN IN FETAL TISSUES
AND IN MATERNAL SERUM

JAN LINDGREN

Department of Bactertology and Immunology Umiversity of Helsinki Fintand

Lindgren J Carcinoembryomic antigen m fetal ussues and in maternal serum  Acta path microbiol
scand Sect A 88 49-53 1980

The occurrence of CEA was studied by radiotmmunoassay and the tniple bridge immunoperoxidase
techmque m tssues of human fetuses and by radiounmunocassay m fetal and maternal serum The
anyserum to CEA was extensively adsorbed to eliminate cross reactions with CEA related anugens
After the first trimester of pregnancy CEA was found throughout the gastromtestinal tract by both
techoiques  whereas the ather fetal tissues and fetal serum dig not contain detectable amounts of CEA
The CEA level of all 69 sera of pregnant Women was below 2 5 ng/ml The excretory nature of CEA
was suggested by the locahzauon of CEA i the juminal border of the alimentary tract and by the
finding that the CEA concentration in the content of fetal gastroimtesunal canal was higher than o the
surrounding ussue Ged filtranon on Sepharose 4B showed that molecular wemht of CEA
immunoreactsve matenat of the fetal gut was simaar to that of CEA punfied from colon cancer but a
misor component with a highef molecular weight was efuted in the void volume When tested 1n

the CEA
to that of purified CEA

matenal 1n both peaks gave an ntubition curve parallel

Key works Carcincembryonic antigen fetal ussue maternal serum

J Lindgren Department of and

00290 Helsink Finlend

Recened 15vi 79 Accepted 9 viu 79

Carcinoembryonic antigen (CEA) was ongnally
descibed by Gold & Freedman (1965) n the
ranomatous and fetal colon The expression of
CEA 1n ussue and blood of patients with malignant
and nonmahignant disease has been widely docu
mented {for review see Burtin ef al 1978)

CEA appears also 1 normal gastromtestial
ussues (Go er al 1975 Isaacson & Judd 1977
Shiely et al 1978) Furthermore adult normal
‘human tissues contan glycoprotemns that cress react
tmmunologically with CEA (Burnn er al 1978)
One of these the normal cross reacting antigen
(NCA von Klesst er af 1972 Mach & Pus tasvers
1932y has been well charactenzed and the influence
g{ NCA 1 the CEA assay must by eliminated

v ns such as NCA 2

Unversity of Helsinks Haartmamnians 3

{Burtin et al 1973) bihary glycoprotem I (BGP |
Svenberg 1976) and CEA ke anugen of gastnic
secretions (CELIA Vuento er a 1976 are closely
related to CEA and hence may interfere with the
CEA assay Afier the original papers on CEA were
Published htde has been done to establish the
occurrence of CEA tn fetal tissues and serum durmng
development

Vo s yeport the expression of
nrza:s was studied both 1
and by radiimmuncessay The presence
maternal serum at different stages of gm:usﬁ:lz
2lsa determined Molecular weight and immunofo-
&1c2l properties of fetal CEA Teactsse matenal were
studied and compared Witk the CEA punified from
biver metastases of human colon cancer

CEA i fetal
mmunohustochemically
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Lsndgren ] Carcinoemnbryomic antigen sn fetal tissues and 1o maternal serum Aca path  mucrohiol
sand Sect A 88 49-53 1980

The occurrence of CEA was studied by radioimmunoassay and the triple bridge 1mmunoperoxidase
techruque 10 tessues of human fetuses and by radioimmunoassay 1a fet2l and maternal serum The
antiserum to CEA was extenssvely adsorbed to ehiminate cross reactions with CEA related anugens
After the first trimester of pregnancy CEA was found throughout the gastromtesuinal tract by both
tchuques whereas the other fetal ussues and feta) serum did not contain detectable amounts of CEA
The CEA fevel of all 69 sera of pregnant women was below 2 5 ng/m! The excretory pature of CEA
w2s suggested by the localization of CEA 1a the lumtnal border of the alimentary tract and by the
find ng that the CEA concentration 1 the content of fetal gastromntestinal canal was higher than in the
surtounding tissue  Gel filragon on Sepharose 4B showed that molecular weight of CEA
immunoreacuve material of the fetal gut was similar to that of CEA punfied from colon cancer buta
mior component with a higher molecular weight was eluted 1n the void volume When tested
tadic mmunoassay the CEA rmmunoreactive material in both peaks gave an mhibition curve parallel
1o that of punfied CEA

Key works Carcinoembryonic antigen feral ussue maternal serum

J Lindgren Department of and
00290 Helsinks Fintand

University of Helsinkt Haartmaninkans 3

Recened 1579 Accepted 9 vun 79
Carcmoembryome antigen (CEA) was onginally  (Burnin et af 1973) bilary glycopratem 1 (BGP 1
described by Gold & Freedman (1965) m the Svenberg 1976 and CEA Lke antigen of gastric
Gronomatous and feal colon The expression of  secretions (CELIA Vuento ef of 1976) are closely
CEA 1 ussue and blood of patents with malignant  related to CEA and hence may interfere with the
and nonmatignant disease has been widely docu  CEA assay After the onginal papers on CEA were
mgnle: {for review see Burnn er af 1978) published lutle has been done to establsh the

appears also tn normal gastromtestnal occurrence of CEA 1n

ussues (Go et af 1975 fsaacson & Judd 1977 development e pssues and serumm durng
Shoely e¢ af 1978) Furthermore adult normal
human tissues contatn glycoprotemns that cross react
gnnmunnlogmlly with CEA Burnn et ol 1978)
(\é Ao these the normal cross reactng antigen
w1 h:Z" Klest et al 1972 Mack & Puswiasven
of NE been well characterized and the mfluence
A 1 the CEA assay must by elimmated
T Cross reacting antroens ouch as NCA 2

In this report the expression of CEA i fetal
ofgans was studied both immurohistochemycally
and by radiimmunoassay The presence of CEA tn
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Fig 1 Demonstration of CEA on the <esretory border of the fetal stomach a Immunaperotidase saming with
anuserum to CEA b Staming with anuserum to CEA adsorbed with CEA ¢ Hematotylin-cosin

tussues did not contain detectable amounts of CEA
{Table 1) 1n fetus No 4 the contents of the intestine
at different sites were studied separately The
tighest CEA concentrations up to 283 ng/mg
protemn were found 1 the luminat contents of the
Jejunum and colon (Table 2)

CEA n feral and maternal serwn No demon
strable CEA (< 1 0 ng/m!) was found wn any of the
seven serum samples from fetuses between the 21st
and 32nd weeks of gestauon In one out of the 6%
sera of pregnant women between the 8th and 42nd
Wweeks the serum CEA level was | 4 all the other
levels being less than | 0 ng/ml

Immunoperoxidase staring of CEA After the
12th week of gestauon a positive stajmng reaction
s seen & tne luminal ‘vorder of ali parts of the
gastromntestinal tract from the esophagus to the
rectumn No cytoplasmic staining was seen and the
goblet cells were consistently negatve (Fig 1)

Molecular weight of CEA Immunareactive mate
rial The main peak of CEA reactivity eluted 1 the
same volume as punfied CEA when chromato
graphed on 2 Sepharose 4 B colomn A minor peak.
of CEA immunoreacuvity appeared 1n the voud

volume (Fig 2)

Immurological characteri-anon of the CEA
reactine materal A precipitation ine of complets
wentity was seen 1n smmunodiffusion when concen

tested with punfied CEA against the absorbed
antiserum 10 CEA Gel filtrauon fratuions contz
nming high CEA concentrations gave sntubion
curves parallel to that of punified CEA in radiom
munoassay (Fig 3)
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MATERIALS AND METHODS

Antigens and anusera The purification of CEA and the
generation and charactenzation of anusera have been
described (Wammarstrim ef al 1975, Lindgren et at
1979) CEA was punified from liver metastases of colon
caromoma usmg jon eschange chromatography, gel
filtration and affinity chromatography The antiserum to
CEA was raised n rabbits with punfied CEA To
elimmate reacuvity with cross-reacttng antigens the
serum was adsorbed with A, B, and O human red blood
cells, normal human serum coupled to CNBr-actsvated
Sepharose 4B {Pharmacia, Uppsala, Sweden) and with
Sepharose-coupled 1 M perchiorsc acid (PCA}-extracts of
normal human spleen {NCA), meconum (NCA 2), and
gastric juice (CELIA)

Fetal tissue specimens for radiommunoassay Tissue
samples including the rectum, colon, small intestine,
stomach, esophagus, pancreas, hver, spleen lung,
kidney, thymus muscle, bram, and adrenal gland were
dissected from four apparently normaf fetuses legally
aborted at the J0th, 13th, [8th, and 20th weeks of
pregnancy (numbers 1, 2, 3, and 4, respectively) Fetus
No $, born at the 31st week of gestation, presented with
an adrenogenital syndrome and died at the age of one
week The specinsens were taken tnto phosphate buffered
saline, pH 7 4 (PBS) After freezing and thawing the
specimens were somcated at 70 W for two munutes,
centrifuged at 1000 x g for 15 minutes and the
supernatants collected for CEA and protein determina-
tions

Serum samples Serum samples were taken by cardtac
puncture from seven styjjborn fetuses between the 2lst
and 32nd weeks of gestation 69 maternal serum samples
were obtained from pregnancies between the 8th and
42nd weeks All sera were snactivated at 56 °C for 30
munutes and Stored at =20 °C unt tested

Radioimmunoassay for CEA Double antibody assay
was used as described {(Ruranen er al 1978) Superna-
tants from tssue sonicates were difuted 1 2 with normal
human serum and serum samples 1 2 with PBS Greater
dilutions were done wuh | 2 diluted normal human
serum The sensitivety of the assay was 1 0 ng/ml

Determination of protein The protein content of ussue
sonicates was estimated according to Lowry cral 11951)

Immunohistochermical staimng of CEA Tissue spect
mens of the rectum Golon small intestine  stomach
esophagus pancreas liver spleen lung kidney, thymus
muscle brain and adrenal pland were taken {rom esght
apparently normal legally aborted fetuses between the
12th and 18th weeks of pregnancy Tissue samples were
fixed with formahin and embedded 10t pacallin The
triple-bridge immunoperoxidase method was applied as
described (Lindgren el al 1979) Bricfly after deparalfi-
mzation and refiydraton the fssue sections were ncubat-
ed sequenuially with the adsorbed antiserum to CEA
sheep anti-vabhut [gG  rabbit antt horseradish perov
dase peroudase and finally the substrate To munimuze
nonspecific stuning the sections were first treated with
cold t 05% hy peroxtde and
wth 2% normal sheep scrum between cach step Two
adjacent control >ections were siamed erther with the

L0

same antiserum completely adsorbed with purified CEA
or with hematoxyhn-eosin A posuive reaction for CEA
was a brown colour which appeared 1n the test shide but
not in the adjacent control sectton The stitnng
charactersstics of the antiserum have been described
{Lindgren et at 1979)

Gel filtration Colonic and esophageal extracts of fetus
No 4 were chromatographed on a Sepharose 4 B column
(82 % 25 em, Pharmacsa) equilibrated with 0 05 M 115
HC1 bullfer, pH 7S The column was calibrated with
human IgG, albumin {Kabs, Stockholn, Sweden) and
P8laabelied pusified CEA The CEA concentraton of
Iractions was measured by radioimmunoassay as descri-
bed above For radioimmunoassay the fractions were 5=
1G times concentrated By Iyophilization

RESULTS

CEA concentration in fetal ussue CEA was found
by radiormmunoassay throughout the fetal gastro-
ntestinal tract sn ail fetuses studied, whereas other

TABLE 1 The CEA Content of Fetal Tissues ngimg

Frotetn

No of fetus 1 2 3 4 5
Age* 10 1318 20 3t
Esophagus 1 o210 475 14
Ventricle 16 143 37 02
Duodenum 5o 08 24 18 06
Jejunum 21 200 237 46
Colon 25 83 12 170
Rectum 105 NT'ee 125 192
Other

ussues**** <05 <05 <05 <05 <05

. weeks of gestatton

**  tested altogether

***  not tested

**°* pancreas liver spleen Jung Kidpey thymus
muscle brain and adrenal gland

TABLE 2 CEA Conceniranon in the Lumnal Contents
and the Carresponding Tissue at Dyfferent Sites of the
Fetal Gastromvesunal Trace The Values are nglmg

Froteirn

Tissue Lurmal content
Esophagus 475 NT*
Veatricle 37 85
Duodenum 18 163
Jejunum 237 240
Colon i2 283
Rectum 125 455
~ not tested



Mack J P & Pus tas eri G Demonstration of a partal
1denuty between CEA and a normal glycoprotemn.
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Hartn F & Daamt J Carctnoembryomc antigen 1n
normal human sahva J natl Cancer Inst 50 1375—
379 1973

Rutanen £ M Lindgren J S pponen P Stenman U
H Saksela E & Seppala M Carcinoembryonic
anugen 1n malignant and nonmalignant gynecologic
tumors  Circulaung levels and tissue localization.
Cancer 42 581-590 1978

Shiely JE Todd CW Go VL W &Fgan M L
Am no terminal sequence of a caranoembryomc
antigen like glycoprotein isolated from the colomc

lavages of healthy ndividuals Cancer Res 18 503-
505 197
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of human bile Jsolation and parual charactenzation
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of an antigen from normal human ussue that cross
reacts with the carcinoembryomic antigen. Proc nat
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Vuento M Engrall E Seppals M & Ruoslaht E
Isolation from human gastric juice of an antigen
closely related 10 the carainoembryomic anugen Int.
J Cancer }8 156-160 1976




CEA ngimt
Fig 3 Inhtbition of the gel filtration peaks presented in
figure 2 1n the radioimmunoassay for CEA @ ——@
punfied CEA ¥——¥ feal colonic CEA main peak
A——4 letal colonic CEA voud peak O-——O
fetal esophageal CEA man peak

DISCUSSION

CEA 15 3 normal constituent of the fetal gastrointes
tmal tract after the first ttimester of pregnancy Like
mn adult tssues (Go et af 1975 Isaacson & Judd
1977 Martin & Devamt 1973) CEA s found
throughout the fetal gastr ! tract from the
esophagus to the rectum However high amounts
of CEA were found m the esophagus and the
Jegpunumm dunng gud pregnancy whereas the colon
and the rectum became more domunant sues of
CEA synthesis duning the latter half of gestation

The logical properties lecular weight
and the immunohistochemical staning pattern
suggest that the fetal CEA reactive matertal s
closely related if not identical to the CEA from
colon cancer and different from the known cross
reacting substances

Gold & Freedman (1965) and Khoo et al (1973)
reported the occurrence of CEA like actvity in the
fetal colon pancreas and liver This was not
confirmed 1n the present study and the discrepancy
may be due to differences m the specifictues of the
antisera used

The excretory nature of CEA (Go et al 1975)

A munor high molecular weight CEA reactiy
€omponent was seen n gel filtration This has als
been found by other workers {Keep of af 1978
Kimball & Brattain 1978) The absence of th
matersal from purified preparations of CEA 1 likel
10 be due to excluston dunng punification ulizing
molecular sieving and selection of the major CEA
peak only

This work was supported by a grant from The Finnsst
Cultural Foundation 1 thank Mss § Kutsma and H
Aurppa for excellent technical assistance and Drs M
Seppala and P Sipponen for discussions
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Fig 3 Inhsbiton of the gel filtration peaks presented 1n
figure 2 1n the radioymmunoassay for CEA @ ——9
punified CEA ¥——V¥ fetal colonte CEA main peak
A——A4 fetal colonic CLA void peak O——0O
fetal esophageal CEA marn peak

DISCUSSION

CEA 15 a normal constituent of the fetal gastrointes
tinal tract after the first trimester of pregnancy Like
m adult ussues (Go er al 1975 Ispacson & Judd
1977, Martin & Devam 1973) CEA 15 found
throughout the fetal gastrointestinal tract from the
esophagus to the rectum However, high amounts
of CEA were found 1n the esophagus and the
Jeyunum ducing mud pregnancy, whereas the colon
and the rectum became more domsnant sies of
CEA synthests ducing the latter half of gestation

The if ! properties lar weight
and the ymmunohistochemical stamming pattern
suggest that the fetal CLA reacuve matenial 15
closely related 1f not identical to the CEA from
colon cancer and different from the known cross
reacting substances

Gold & Ireedman (1965) and Khoo et al (1973)
reported the occurrence of CEA like acuvity in the
fetal colon pancreas and liver This was not
confirmed in the present study and the discrepancy
may be due to differences tn the specilicities of the
antisera used

The excretory nature of CEA (Go et al 1975) 15
suggested by the fact that the CEA concentration of
the mtestinal contents w s higher than that of the
corsesponding tissues Therefore 1t 1s not surprising
that the CEA level 1n fetal and maternal serum 1s

ney ligivle

52

A munor high molecular weight CEA reactn
component was seen in gel filtration This has als
been found by other workers (Kecp ¢f al 1918
Kimball & Bratrain 1978) The absence of the
material from purified preparations of CEA 1s likel
to be due to exclusion during punficatton utin;
molecular sieving and sefection of the major CE¢
peak only
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CONGOPHILIC SUBSTANCE WITH GREEN DICHROISM
IN HIP JOINTS IN AUTOPSY MATERIAL

CHRISTIAN LADEFOGED and HANS EWALD CHRISTENSEN

Odense University Institute of Pathology Denmark

Ladefoged C & Christensen H E Congophilic substance with green dichroism n hup jomnts i
autopsy matenal Acta path microbiol scand Sect A 88 55-58 1980

Cartilage and fibrous capsular ussue from the hup joints of 30 unselected autopsies have l>ee:e en‘(z:;'":::
for the presence of congophilic substance with green dichroism {(CS GD} Ninety three :er o the
cases had CS GD 1n the josnt carulage and 43 per cent contained amylotd deposits 1 the capsu! er N
felation of these substances to age and the relanon of CS GD 1o the upper and lower parts or Cse
femorat head cartilage have been studied as well as the inter relationship between the presence of

GD in the carutage and amyloid deposits n the capsule within each joint

Key words Mup jounts congophilic substance autopsy material

Chstian Ladefoged Universuy Insutute of Pathology Odense Sygehus Dh 5000 Odense C Denmark

Receved 27 14 79 Accepted 28 vin 79

We have previously reported upon the presence
of amyloid substance 1n the fibrous capsule of the

P jomt 1 approximately one third of patients
Subjected 10 plastc reconstruction for arthrosis
xae (Christensen & Sorensen 1972) A rather
€onstant association between pyrophosphate crystal
kne arthnus and amyloid deposition has been
Teported (Tegibjerg et al 1979)

The aim of the present study was to determine
the qumber of the above mentioned amylod
dtposits 1 the fibrous capsule exceeding that
€xpected in an unselected autopsy series Further to
¢lucidate the frequency of arucular cartlage of the
hip joint being the site of CS-GD deposits

MATERIAL AND METHODS

Fat ent Material

The patent material comprises 30 foutine aviopsies
caried out at a County Hospral serving as 3 University
Hospital Post moriem examunation 15 performed 1y
seprotmately 90 per cent of the deaths 1o this hospitaf
The present 30 autopsies were randomly selected among
e 223 soune autopsies pecformed in January ang
Februscy of 1978 o cases of generalized amylontops

arthnius or
found 1 the material
The distribuuon according to age can be seen from
Table 1 The mean age for the whole matenat was 72 7
years (range 42-97 years) The mean age for the I3
women was 73 3 years (range 54-86 years) and that for
the 17 men 723 years (range 42-97 years) Hip jount
arucular carulage from the upper as well as the lower
pant of the femoral head was taken for histological
eraminaton as were pieces of the joint capsule
The matenal for histological eamination was only

taken from the right side n the first 10 autopsies but
from both sides 1n the last 20

were

Histologscal Techn que
€ ussue samples were prepared using routine
methods Sections were stained with hematoxylin-eosin

and the alkaline Congo red method described by Puch for
et ot fAnin S

senr

v v €~ uosign
=+ moderate ~ ++ and pronounced <

4

RESULTS

The articutar carudage of the hup joyng contas
GDmn 28 of the 30 autopsies 1e 1 93 pcxm:ednisc;‘

55






TABLE | CS DG in Cartage (Cart) and Amylod Deposition in Capsule (Caps) in Different Age Groups

Grade of deposits

Age (years} 0 + ++ 4 Totat

cart caps cart caps can caps cart caps crt caps
] 1

41-50 1 1

51-60 1 3 2 g ;

61-70 i 7 4 1 4 1

71-30 3 2 2 4 1 3 3 9 9

81-90 2 1 2 2 3 2 6 6

91-100 ! 1 | ) 2 2

Total 2 17 7 4 14 4 7 s 30 10

TABLE 2 CS GD in Articular Carnilage at the Upper and Lower Parts of the Femoral Head (Right + Left Side)

0 +

++ ++4 Total
Upper pole 1089 21 (52 17064 saoy 50
Lower pole 5€10) 23346) 17034y 500 50
Total 12 4 34 10 100

The figures in parentheses are per cent

the cases The deposits were mostly seen as a
narow nm just below the outer hmut of the
articular cartilage (Fig 1 and 2) Single chondrocy
tes and small facunas of atrophic chondrocytes
often surrounded by a zone of the material (Fig 3
and 4) were another charactenistic feature In some
Cases 1t was seen as round or irregular masses mn
the outer zone of the articular cartilage At times
these show ed confluence between the superficial rim

TABLE 3 CS GD 1n Articutar Cartilage Versus Amylodd
Substance in Capsule (Right + Lefs Side)

(Fig | and 2) and the congophilia surrounded
chondrocytes (Fig 3 and 4) This phenomenon 1s
tlustrated in Fig §

Amyloid deposits were found 1 the fibrous jont
capsule 1n 13 of the 30 cases 1¢ 1n 43 per cent of
the autopsies often bitaterally (Fig 6)

Relation 10 age The CS-GD m the cartilage as
well as the amyloid deposits 1 the capsules were
larger the higher the age of the patent This 15
shownin Table 1 Theressa significant age relation

:v:th Spearman's Rho test (0 001 < p <00Dm
Wt s .

Capsule ) T
amylod amyloid Lhe relationship between the presence of CS GD
pos neg Tota) in articular cartilage and amyloid deposits 1n the
. capsule s 11 1n Table 3
;‘5 CSGD Notice that when amyloid was found in the
5 pos 17 29 48 capstle cantlage always contaned CS-GD
CS-GD
o o . A _ DisCussioN
— < Irequency of amylod posiyve f
Totat 17 13 50 10 2 previous work {| oS capsules

Christensen & Serensen 1972)

Was 37 per cent Thys figure 152 htyle lower than the

<



Fig ! Czongophlhc deposits seen as a narrow rim just betow the surface of the articular cartilage (Alkatine Congo
red x125)

Fig 2 The same area as 1n Fi1g | showing green dichroism using polanized light (Alkakine Cong

ored x125)

Fig 3 Lacunas and stngle hondrocytes surrounded by a zone of congophitic material {Alkaline Congo red x 350)

Fig 4 Thesameareaas 11 « 3 showing green dichrorsm using polanzed light {Alkaline Congo red % 350}

F1g 5 Congophilicdepo nund or 1rregular masses in the outer zone of the articular cartilage ( \lkatine Congo
red x 250)

Fig & Amylod deposits in the brous joint capsule (Alkaline Congo red % 250)

e
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BRIEF REPORT

BREAST CARCINOMA PROGRESSION OF TUBULAR CARCINOMA
AND A \EW CLASSIFICATION

F Linell and O Lyungberg

Insytute of Pathotogy General Hosptal Aalmo Sweden

Linell F & Lpungberg O Breast carcnoma

Progression of wbular carcmoma and a new

classificaion  Acta path mucfobiol Scand Sect A 88 59-60 1980

On histologic and statistic basts a pew classification of ductal breast carcinoma 1s proposed One group
consists of five types represenung different stages yn a continuous progression from tubnlar rcmoma
to pure «ductal type Anothér group 1s comprised by tnvasive comedoc carcinoma which 1s denved
from traductal carcinoma The development of tubular carcinoma from scierosing lesions 1s Stressed

key words Breast carcinoma classtficayon tubular carainoma  sclerostng Jesions

F Linell Institute of Pathology General Hospital § 214 01 Malmo Sweden

Accepted as submitted 511 79

“The most common classification of breast caranoma
was devsloped by Foore & Stewart (6) 1n the 1940s In
most materials of iavasive carcinoma the infiftraung
dobutar carctnotma compnises approtumately 10 per cent
The remaining 90 per cent represerit ductal carcinemas
of which 65-80 per cent are not otherwise speaified
INUS) Fisher er gt \4) The rare tubular ductal
carcnoma occurred tn about | oper cent i the large
matersal of Fisher eral (4) based on 1000 cases Also m
Rosen s (12) material from Memorial Hospial (941 cases
from 19761978} wubular carcinoma comprised only
one per cent

We hase studied a)) breast caranomas from the oty
of Malmo duning the period 1976-1978 The materia}
vansists of 390 cases Fifty seven of these were non
mvasive Of the remaiming 533 invasive carctnomas 35
were fot classified for varous reasons (inadequate
Amount of ussue or derangement of histologic styucture
Sue (0 Preoperauve radiation) The study thus comprises
493 cases of nvasive carcimoma We have studied them
Personaity maero- and ficroscopically and the histologie
xamination has been ¢xtensive Owing to mammogra
i sCreeniing of a large proporuon of the population of
Malmo during 1977-1978 a relauvely Large nucder of
smail tumoury were recenved for diagnosis

T cassfioton and relawve Irequency of the
QUANOMAS 1t #wen m Tahia 1

TABLE |
—
Tubular carcinoma U %
Duct carcinoma N 0§ 562%
Medullary carcinoma with lymphosd
stromal wfiltraton 56%
Mucinous carcinoma 42%
Lobular nhiteaung carcinoma 129%

FPatchefsky et al (1) 1n a mammoy

graphic screens
study found 9 per cent tubular carcinomas A m;:
Srequency of txduize carcinoma 1 screened matenal j5
also reported by Andersson ¢ g W

During this study ample hystolo,
2c endence .,
obtamed Winell et ar (10} that wubutre rarem o

R :I'he h!gh {mqucncy of tibutar carernoma 1 our sertes
asenbed 1o the fact ghar 4 large

£



Irequency found 1n the present publication, which
was 43 per cent A possible explanation of the
difference 1s that the patients tn Christensen and
Sorensen’s material had a lower mean age than the
autopsy material 1n the present study (63 1 against
727 years)

Amylord substance 1n the surface layers of

that the substance 1s conveyed by the synovial flud
The observation that amyloid matenal i the
capsule was never found when the joat carmilage
was negative for CS GD, may also be of some
importance with regard (o the relattonship beta een
the two substances
Electron microscopic investigations as well a

arucular cartilage was briefly recorded by Ge k
and Netto (1959) 1n a case of prmary amylotdosis
Bynaters and Dorling (1970) made the same
findings 1n two cases exhibiting primary amylotdo
sis and multiple myeloma respectively These are
the only reports of the presence of amylod
substance in artrcular cartilage

It 1s not surpnising that amyloid substance could
be found 1n the joint cartilage m these two reports,
where the dragnoses were primary amylosdosis and
muluple myeloma

In our study, no known predisposition to
amylowdosis was present 1n any of the cases and
therefore we prefer to use the term CS GD for the
compound found 1 the joint cartilage, at least until
the results of histochermucal and electron mucrosco
pic studies of the compound are avaslable

The tabulated relation to age indcates that CS-
GD accumulates n articular cartilage with age
However the same characteristic age relatton has
been described for amyloid disease 1in many earher
reports (Thung 1957), (Buerger and Braunstein
1960) (Wright er al 1969), (Firam 1976) The age
relation 1s as mentioned statistically sigmificant
000l <P <001)

The fact that there 1s no difference between the
content of CS GD 1n cartilage from the vpper and
lower parts of the articular surface of the femoral
head pr bly d that the sub: 15
equally distributed all over the cartilage surface and
that stresses such as pressure and friction cannot be
1fat all, the only factors in 1ts pathogenests Further
the diffuse spreading mstde the jomnt and the typical
deposition yust below the articular surface mndicate

t ! analysis d d to clanly this problem
are mn progress 1n our laboratory
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DIFFERENTIAL HISTOCHEMICAL STAINING OF
GLYCOSAMINOGLYCANS
IN THE MATRIX OF OSTEOARTHRITIC CARTILAGE

STEEN BACH CHRISTENSEN and INGE REIMANY

Depactment of Orthopaedic Surgery Calaified Tissue Research Laborawry Rigshospitaley Copenhagen
Denmark

Chrstensen § B & Reimann [ Dilferenual stammng of
matrix of osteoarthritic catufage Acta path mucrobiol scand Sect A 83 6363 1930

n the

The distribution of chondrown sulphate and Keratan Sulphate wn oswoarthniue caryjage i analysed 1 2

istochem caf study using Safranih O Alcian Blue-CEC and Toludit Blue O at dufferent pH values

The material consisted of six femoral heads obtained dusing replacement surgery from patients with

osteoarthritis and §it conirol femorat beads from patrents #ho were operated on beszuse of etther

fracture of tumour The heterogeneous distribution of - .

from the ostecarthntic and control pauents is described

cans which first was setn at the surface osteoarthr .

wrntorsal stiming of chondromn sulphate especially atound the celf clusters This was 2 constant

finding even n caruldge wath only shght ostesastbrtie changes In the comtrdd pavenis this

phenomenon was found only 1t the weightbearing area in very old cartifage or 1n cartilage with

morphological signs of osteoarthrius Funally the carulage of osteophytes contamned pracucally only
sulphaie These findings are 1

With the tacrease n the rae of

#5501 incorporauon despitz the loss of glycosaminoglycans i1n osteoarthring as described by others and

they Teflect probably an ferated symhesis of

hey words Arttular carilage ostesarthntis glycosamunogiyeans

Steen Bach Chnistensen Department of O;
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Hyatine arucutar carutage 15 a lughly specialized
connecuse uissue characterized by the matrie
content of collagen and proteoglycans These
protedgiytans are composed of a cemra) core 1o
which a large number of negatnely charged
Polydimenic sugar chans are amtached  grang
macyomolecules suffly extended in space with 2n
cnormous neganve field (Rosenberg et ai 1970
McDevins 1973) Aggregates of proteoglycans linked
together by byaluranate and subilized by a ghuco-
protein component Uardingham & Ve 1972 Ha
scall & Henegdrd 1973 Henepdrd & Hascall
19735 are responsible for he resiliency  and
fessience ta deformauon of the carilige Thes
bty of the cartlage 10 act as 2 shock absorber

Dh 2100

becormes weakened when glycosamunoglycans are
depleted seswlung in an umparred bomechame
function of the yoint (Kempsont et of 1970 Harnis et
al 1972)

1o osteaarthnitts biochemucal studies haye detec
ted a decrease 1 glycosamunioglycan levels on dry
wergth hexosamume concentration (Matthews 1953
Manlin & Lippietio \97¢ 1971 Brefle ef af 1972
Lust & Pronsky 19121 bt 2l with the
reduction an tacreased producion of glycosam

(28 . ‘



TABLE 2

Carctnoma type No of Mean Per cent with
cases diameter cm auflary metastases
Tubular carcinoma ++ 4+ 39 108
Tubular carcnoma +++ 56 14 Kl
Tubular carcinoma ++ 50 17 36
Tubular carcinoms + 70 20 51
Tubular carcinoma 0 47 25 52

graportion of the tumours were small 1t 1s well known
that pure tubular carcinoma 1s always a small lesson
(Taylor & Norns (18} Carstens (2)

The fow frequency 1n old materials can be explained 1f
the tubular carcinomas progress to another type
Carstens (2) has emphasized that the larger tubular
caranomas have & component of a different histologic
type We have found that more than half of the wbular
carcinomas have 8 more or less promnent zone of a
more undifferentiated (xductale) type sn their periphery
We call the pure tubular cascmomas stubular carcinoma
++++« and the latter type » tubular carcinoma +++«
Further fustologie studies disclosed a third type which
was mamly »ductal¢ but contamed a dsstinct small
proportion of tubular structures {subular carcinoma

These data strongly suggest that the histologic
grouping really describes & progression to imours wih
size and hugher of nodal

In our ongnal group of ductal carcinomas NOS
there rematns 112 cases (22 5% of the whole matersa!)
which cannot be 1ncluded sn the aforementioned groups
This remainder Tepresents tumours which we designate
as invasive scomedo ¢ carcinomas They ase charactert
zed by rather large atypical cells Wwidespread intraducta)
growth and out growth 1n the lobules (scancenisation of
lobules ) Elastoid stroma! tssue 15 incopspicuous of
absent 1n these tumaurs and they evidently progress from
intraductal carctnomas This type of duct carcmoma 1S
clearly defined by Hulsborn & Tornberg (8)

R, rd

] I Andrén L & Linell F

++«} and a fourth type with only 1onl tubules
mostly located in the central part of the lesion (stubular
carcmoma +«) The tumours described above have 2
rather disttnctive histologic structure with comparatively
small relatively tnconspicuous cribriform or sohd
wntraductal proliferates and a striking sclerotic central
part with abundant elastord tissue On these grounds we
were able to discern sull another type of »ductal«
carcmoma Which was devord of tubules (mtubular
carcinoma  O«) yet probably denved from tubular
caranoma

We thus believe — on histologic grounds ~ that the
different types of tumours desctibed here represent stages
1n a gradual to a less di )
(e tubular carcinoma ++++ — tubular carcinoma 0)
This is further supported by statistic evidence A
grouping of the cases according to the afore mentioned
principles 1S given 1n Table 2

e/
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12b S¢ 9 144-186 1979 - 13 Semb C Acta Chir
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Christensen S B & Reimann [ Differenual ] staining of
matrix of oslepanhnvic carulage Acta path mucrobiol scand Sect A 88 61-68 1980

n the

The distribution of chondrown sulphate and keratan sulphate 1 osteoanthnuc caruilage 15 analysed 1 a
hustochemical study using Safranin O Alcian Blue CEC and Toludin Blue O at different pH values
The matersa) consisted of six femoral heads obtamned during feplacement surgery from pauents with
osteoarthritis and s1% controt femoral heads from pauents who were operated on besause of either
fracture of tumour The of gl 1n the matnx of cartilage
from the osteoarthritic and control patents 1s described In addition to the depletion of glycosamnagly
cans whith first was seen at ¢he surface osteoarthruc cartilage was characierized by increasing
teratoral stang of chondiowm sulphate especially around the cell clusters This was a constant
finding even an cartilage wuth only shght ostecarthric changes In the control patents this
phenomenon was found only In the weightbearing area In very old carulage of in carulage with
morphologcal signs of ostecarthnitis Finatly the carulage of osteophytes contamned pracucally only

sulphate These findings are 1n accordance with the increase in the rate of
3550, moorporation despite the Joss of glycosaminoglycans It osteoarthniis as described by ethers and
they reflect probably an accelerated synthesis of glycosagunoglycans

hey words Arucular carulage ostsoarthnits glycosaminoglycans
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Copenhagen Denmark
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becomnes weakened when glycosaminoglycans are
Hyalne arvcular cartitage 1s 2 highly specialized

conneclive nssue chafacterized by the matrix
tomen of collagen and proteoglycans These
proteoglycans are composed of a central core to
wheh 2 large number of negatvely charged
polydimenc sugar chains are atiached gwing
macromolecules suffly exiended 1n space with an
enormous negative field (Rosenberg et al 1970
McDewrs 1973) Aggregates of proteoglycans Linked
together by hyaluronate and stabilized by a gluco-
erotein component (Hasdingham & Muir 1911 Ha
scall & Heincgdrd 1974 Hencgdrd & Hoscall
1974) are responsible for e restiency and
fesistence 1o deformation of the carubage This

- shack, absotbes

depleted resultng 1 an impawred biomechamc
function of the yaut (Kempson et af 1970 Hasyy o1
at 197

In osteoanthnus biochemical studies have detec
ted @ decrease 1 glycosamtnoglycan levels on dry
weigth hexosamune concentration (Aagrhew s 1953
Mankin & Lippeello 1970 197) Bielle et at 1972
Lust & Pronsky 1972) but paraflel with the
reduction an increased production of plurnea—

+

il



reduction was found to be proportional to the
sevenity of the disease (Mankin ¢t af 1971)

The histochemcal reaction 1n these studies Was
based on the total amount of polyanions 1n the
cartilage

The intention of the present study was to appl to
osteoarthritic  cartilage  hustochemscal  methods
which permus differential stanming of chondraitin
and keratan suiphate sulphated and carboxylated
glycosaminoglycans

MATERIALS AND METHODS

Cartilage specimens from 12 lemoral heads were used
In the osteoarthriuc group six heads were obtaihed
during replacement surgery (mean age 64 range 5079
years) In the control group five heads were obuified
from pauents with fractuse of the femoral neck and one
from a patient with a tumour 1n the knee who %as
exaruculated at the hip joint This pateent {age 22 years)
was ncluded 1n order to increase the range of age (mean
age 69 range 22-88 years)

The specimens were fixed 1n 4% neutral buffered
formaldenyde for 8 weeks and decaloified 1n 22 formic
acid with 10 ¥ sodium cutrate for 3 weeks (orse 1945)
Following decalcification the specimens were washed 1
running tap water dehydrated in graded alcoho! cleared
1n methylsalicylate and double embedded 1n cellowdin
paraffin Sections were cut at 6 micra

The paraffin sections were deparaffinized in vylene
hydrated through graded alcohols to distilled water
stained hydrated again through alcohols cleared 1»
xylene and mounted n Eukitt

Staunng Mcthods

1 Safranin O fast green iron haematoxylen (Liffie
1965) In permanently mounted sections this dye IS
transformed to the orthochromatic form where it obe¥s
Beers law and can be used tn quantificayon ©of
polyanians (Roscnberg 1971} The Safranm O stamed
sections were used to classily the degree of osteoarthratic
changes n an area 1 the cartilage according to the
histological fustochemacal grading system of Afankin ef
al (1971)

2 Alcian Biue with the critical electrofyte concentr
tion {CEC) principle (Scotr and Dorling, 1965}

Sections were stained with Alcian Blue 8GX (IC#)
005 per cent in 0025 M acetate buffer pil 58
containing 04 or 09 M MLCl2 In control studies
concentrations of 005 07 05 06 08 10 12and
15 M MgCla were also usca The sections were stained
for 24 hours at room iv perature [n cartilage \lciaD
Blue 04 M MgClz wi! tan both chondroin 4/6
sulphate and keratan sulphate wh leat 0 9 M MgCl2 only
statning of high molecu ar + e ght Keratan sulphai®
remains (Lawrens & Scots 19¢4 Scott 1967)

3 Metachromatic stau ¢ W th Tolwdine Blue 2t
afierent Ph valoes Sernons it mtb Son one v
1n 001 per cent Toludine Blue O (Merck) i Walpole

s

buffer (pH 10 20 30 40 S50) The imteracuon
between cationic dyes and polyantons ts of electrostatc
nature and as the pK values of the carboxy! group and
the sulphate group are different the reaction will depend
on the hydrogenic 1on concentration 1n the medum
Metachromasia persisung at pH 1§ indicates the
presence of sulphated glycosammoglycans while car
boxyl groups will loose their metachromasis at pH 3
(Anygier & Raspronk 1961 Spicer 1963)

Chenucal Modification Experiments

1 Active methylation in 0 1 N HCI tn methanol for 4
hours at 56 °C (Lulfie 1958) This procedure should
abolish the metachromasia $ince methylation remoses
the sulphate groups with formation of free methyl
sulphate esters and since carboxyl groups become
estenified

2 Methylanon sapomification sequence Methylated
seatens, wara nRthatadon, |, 90 et W T gen raan,
alcohol at 22 °C for 30 min (Spicer 1960) The methyl
esters are removed and metachromasta Is now based only
on carboxyl groups

3 Ouidauve dearination with manhydrin {0 § per cent
m absolute alcohol} at 37 °C for 30 mun (Pearse 1960
Yosuma & Ichikawa 1953) This was done to elucidate
any competiuve effect of proten especially at low pH
values (Andersen & Ehlors 1967)

4 Enzyme digesuon experiments Secyons were

digested with O | per cent bovine testicular hyaluron:
e L&KL

sulphate but not keratan sulphate dermatan sulphate
and heparitin sulphate (Meyer ¢f al 1956 Leppt & Stow
ard 1965)

In order o control the effect of the fixaton and
decalafication procedures on the different St ng
methods spectmens from non calcified costal cartiface

obtained post Mortem from o youna person were summ;
oad ol

3

3

weeks decalcification

The sptercellular matrix 15 divided into zones aceor
ding to the relation 1o the cell lacuna In this paper the
area surrounding one cehl s named terrtonal and the
\nterterritorial Matrix is the area between teritortal
zones In gross terms the arucufar cartilage 15 composed
of the tangenttal layer at the surface the intermediate the
radrate and the calcificd layer beneath the tidemark

RESULTS

Ostecarthriie Cartilage

The degree of cartilage degeneration evaluated on
the basis of the Saframin O stamed preparation
varied considerably from site to site within the same
femoral head Pronounced changes were scen in



Fgure! A Safranm O B Tolu dine Blue pH | € Al
sections) Magnif cauon x 100 Osieoarthriuc cartage e
Superf'tial oss of stamng wensity by Safratin O and aa witense tecritarial
pH 1 stain ng of sulphated glycosamnoglycans 15 present (B) and by Alaan Blue 04 M MgCl thus staimng of
territorial glycosam noglycans 1s seen espectally high around cell clusters (Arrows) However with Alcuan Blue 09\
N1gC1{DYhe st Tung has Swsappeared indicating the tersioral glycosarmunaglycans (0 be chondra ta sulphate

weightbearing areas whereas less severe changes
were present in non weightbearng areas The
reduction 1n the stainung atntity was first seen and
most disunctly at the surface (Fig 1A 4A)

The osteoarthnuc cartifage was characterized not
only by loss of statrung for glycosaminoglycans but
aba by wncreasing termtonal stamng with Alcaa
Blue 0 4 VI MgQl; especrally around cell clusters
(Fig 1C 4B) This was also seen 1n carlage with
shight osteoarthting ¢hanges.

By stumng wih Alcan Blue 09 M MClh
mostly imterterntonal stuning was seen except for
the most basal part ol the radial zone and the
calaified cartilage where terntorial Staming was
present (Fig 1D) The area around the cel} ¢lusters
Showed insiymficant stuning with Alctan Blue 09
M MgCl bat contarned suiphated glycosammogly
ans as shown with Toltidne Blue at low. pi values
Fig 1B

Furthermore 1s was otserved that the carulage on

the osteopbytes was hardly stuned a2t gl with
Alran Riua MO AT s

-~

\cian Blue 04 M MgClz D Aluian Blue 09 \f MgCla (serial
(grade 8) from the femoral head of a pabent aged 50 years

stamung 18 seert (A By Toluidine Blue at

Control Carniage

The distnbution of lycosamtnoglycans in matrx
varied 1n this group two different patterns were
observed

One group (cartitage from 3 pauents aged 22 69
and 73 years) showed the followng features By
Safrasin-O statung the histological hustochermical
grading showed no sigruficant signs of osteoarthrins
and especially no loss of statrung ability (Grade 0-2)
g 3A)

Staiming with Alcian Blue 0 4 and 0 9 M MgCl+
confirmed these findings the Highest Stamung
infensity was Seen interterntortally at the surface
and in the termitoral zone i the basal part of the
casulage (Fig 3CD) Howeser stumang at 09 \(
MgCl differed from staming at 04 M MgCl, Ay
09 M MgQly 1t was seen that the area with the
fughest intensiry was tocated more ‘basally than by
smng 21 0 4 \ MOy, iFig 3CD) Staiung by
Toludine Blue showed at pH [ the degree of

suiphated glycosaminoglycans wag ncreased ba
sally
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Fuyure 2 A Saframn O B Tolurdine Blue pH 1 € Aleran Blue 04 M MgCls O \lcian Blue 09 M MgCl
Magmficauon % 25 Osteophyte cartilage from a pauent aged 68 years The glycosaminoglycans in the osteophytes
cartilage are maimly chondroitin sulphate as metachromatic statning with Toluidine Blue at pH 1 {B) d sappeared afier
hyaluronsdase digest on and stasniny, w1th Alc an Blue showed very tow mtensiy at & 9 M MgCli (D)

In the other group of control cartilage (from 3
panienis aged 72 87 and 88 years) the staiming With
Alctan Blue 09 M MgCl; did not differ from the
group mentioned above but in the weightbearing
arca there was increased terntonal staming with
Alcian Blue 04 M MgCl: The carulage from the
patent aged 72 showed a smaller area with
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unmistahable degeneratne changes (grade 5) m
Safranin obtained preparation

Chemcal Modificanon Expcriments

Following active methylauon the metachromatic
reaction with Tolwidine Blue at pH § disappeared
After sapomfication no colour reaction »as seen
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d Alcian Blue 0 4 M MgCly D
+ 4 A Saframn O £ Aliad Blee 0 4 M \MgCly € Hyaluromdase digestion ang

\|:$;lauon and saponification Tolwidine Blue pH 5 Magmification x 100 Ostecarthritic cartitage from a patsent
sged 68 {grade 4) By Safrantn O a superficual foss of stasn ng 1 Secn (A} By Alcian Blue 0 4 M MgCly an increased

lesritorial staining 1s shown even 1n the superficial area unstamed by Safraaun O Ths terronal staimng disappear —
exccpt basally  after digestion with hyaluronidase prior 10 s1aIINg With Alcan Blue 0 4 M MgC (C) this indicates

the tesritorial

10 be sulphate Afier

hylat

and

sequences anly
rihachramate taenecaoral staineag 1s present (D) Thus stamning was unaffecred by hyaturonidase digeston and 1s

probably duc to collagen stasming

with Toluidine Blue at pH values below 4 butat pH
5 only interterniorial orthochromatic staing was
~een both in ostevarthritic and control cartlage

In osteoarthntic cartilage some superficeal foss of
sanng was also seen afier these (Fig

The myestigations to control the effect of fixation
and decalaification showed that the frozen sections
had the highest stamng intenstty especially with
Alcun Blue The critical electrolyte concentration

AD) and this stumng Was not altered by preceding
hyaluronidase digestion

Onidauve deaminauon with mohydrin was follo
wed by stightly incressing metachromasia but the
distribution of the reaction was the same

It was confirmed by digesion with bovine
fesucutar hyalurordase and subsequent staning
wath Atcran Blue 0 4 M MgCl  that the glycosam
noplycans localized ternitorially i osteoarthniuc
Qartilige $as manly chondrotun sulphate since
Joss of staning was seen following enzyme diges
tion tF1ig 4BC) After hyaluronidase digesuon no
metachromatc stauung with Tolurdine Blue pH |
#as found 0 the osteophytes indicating that the

sulphate groups in osteophyres carulage (Fig 2B)
dernved from chondroun sulohate

for ¢h sulphate in the & sequons
was found at the same level as i the formaln
fixated sections (between 06 and 08 M MgCl )
The distribution 1n matrit was not changed and no
difference was seen 1 preparations fixed for 8 days
or 3 months After stamning wuth Alcian Blue the
decalaified preparations showed only 2 shin hight
staining at all surfaces both normal surfaces and
surfaces cut during the prepataton This surface
statning was unaffected by high salt concentrayons
(15 M MgCl)and active methylauon

DISCUSSION

Histechermucal methods with selectve precipiation
of the potyamons by catiome dyes such as Alcian
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Blue are relatively specific to characterize and locate
h in and keratan sulphate 1n cartilage Thus
Alcian Blue as used m this study will stamn both
keratan sulphate and chondroitin sulphate at 0 4 M
MgCl; but only keratan sulphate at 0 9 M MgCl,
Hyaluronic acid may only contribute to the
metachromatic reaction at pH above 4, but as the
relative content 1s only about one per cent (Harding-
ham & Muir 1973, Hascall & Hemegard 1974) the
metachromasia of hyaluronic acid 1s poor and as
fixatton with formalin probably will extract some
hyaluromc acid as shown mn other tissue (Hale
1946) 1t was suggested that hyaluronic actd did not
contribute to the metachromatic reaction

In the present study increased territorial stainng
of chondroitin sulphate was found especially around
the cell clusters n osteoarthritic cartilage This 1s tn
accordance with a production of glycosamnogly-

reason for this is probably dimimshed charg
density after desulphatation where the necessa
intercharge distance 1s exceeded (S) hen 1958)
As further hyaluronidase digestion prior
methylation and sapomification did not change 1l
orthochromatic reaction at pH 5 1t 1s agreed wit
Spicer & Lilhe (1959) that the reaction 1n cartilag
was based on stamng of collagen However 1t
remarkable that some superficial loss of stamm
was seen 1n osteoarthritic cartilage (Fig 4D)
Biochemcal studies on normal and ostecarthriti
cartilage have first of all shown that hyahn
cartilage undergoes striking changes with mcreasia,
age (Raplan & Mayer 1959 Mathews & Glago
1966) In neonatal cartilage chondroitin 4 and 6
hate are the only glyc lycans present
pp ly in equal proportions During deve
lopment stage the composition changes from a low
degree of 1on towards a degree o

cans resembling that which 1s seen 1n
carulage as described 1n biochemrcal studies on
osteoarthritic cartilage (Manhin & Lipprello 1971
Bayliss & Al 1978) and 1t 1s consistent with the
increased frequency of mutosis of the chondrocytes
n osteoarthritis (Hulth et al 1972 Telhag 1972)

In normal cartilage a distribution of chondroitin
sulphate and keratan sulphate corresponding to the
one found in this study has been described (Stock
well & Scort 1965) However by staimng aging
cartilage with Alcian Blue 0 4 M MgCl, they found
the most intense staiming territorially In the present
study this was only seen 1n cartilage from very old
persons (aged 87 and 88) in the weightbearing area
and from a patient with mciprent degenerative
changes Normal cartilage from patients of an age
corresponding to »ostecarthrinic age« (50-75 years)
seemed o have the same distribution of glycosam
noglycans as younger adults Probably the increased
terntorial content of chondroitin suiphate 1s a very
early sign of degenerative changes but not specific
for osteoarthritis and 1t may perhaps occur n other
Joint diseases

Stockw cli (1970 reported that the staimng of the
tangenual layer by Alcan Blue 09 M MgCl,
increased with age and degenerative changes and
attributed 1t to substances similar to keratan
sulphate The tangental staming by Alcian Blue
found n this study was suggested not to anise from
polyanions as tlis staming was unaffected by
methylation

The mterpretation of the methylated and sapont
ficated sections (Fig 4D} 1s not clear The metachro
matic reaction after these procedures may be based
on carboxyl groups and as only nterterritorsal
orthochromatic staining was seen ta all layers of the
cartilage carboxyl groups of chondrowin sulphate
were not thought to wonirtbute to the reacion The

Ve

sulphatation of chondroitin sulphate and from ¢
high ratio of 6 sulphate 10 4 sulphate periods to ¢
rauo of 0 25 or less in the fourth decade Keratan
sulphate 1s found in cartilage within a few years
afiter birth and 1ses to a plateau value 1 the fourth
decade remamning approximately constant there
after

In osteoarthritis the monomers are found to bee
smaller primanly due to alterauons 1n the protein
core The chondroin sulphate rich region 1s smaller
and the monomers appear to lack the hyaluromc
acid binding region These monomers have lost
thetr ability to bind to hyaluronic acid and form
aggregates This results m a looser network of
proteoglycans (Inerot et al 1978)

The decrease 1n glycosaminoglycans m osteoar
thritic cartilage has been described as a loss of
mainly chondroitin sulphate (Bollet et al 1963 Bol
let & Nance 1966) heratan suiphate (Mankin & Lip
piello 1971 Benmaman et al 1969 McDevitt et al
1973) or both (Belle et al 1972 Auhn &
Leppelmann 1958 Lust & Pronsky 1972) This
discrepancy mught be explamed by the problems
connected with tissue sampling In cartilage with
munor degenerative changes and only superficial
depletion of glycosaminoglyeans primanly chon
drottm <ulphate 1s lost while n cartilage with
severe depletion clusters of chondrocytes with tigh
ternttorial contents of chondroitin sulphate the
chondrowun sulphate/keratan sulphate ratios will be
high
gSamples from cartitage with shight and severe
osteoarthntic changes might therefore have diffe
rent chondrottin sulphate/heratan sulphate ratios

It 1s stll not known whether the changes in the
proteoglycan contents of osteoarthritic cartilage are
due to mncreased degradation of normal nrnteacly



cans by hyaluromdase (oltet 1967 Bollet & Nance
1966) Catepsta D {Dingle ef al 1971 Sapolsky et
al 1973 4k & Evans 1973} or neutral proteases
(Sapalsky er al 1974) or whether the synthesized
proteoglycans are altered {Bayhss & Al 1978y

From the present study 1t 15 suggested that the
synthesis mosdy 15 characterized by an atempt 1o
repate with 2 production modus of more immatare
mawre
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PATTERN OF INTIMAL FOLDS AROUND INTERCOSTAL
ARTERY ORIFICES IN RABBIT AORTA

A Reftection of Fattern of Blood Flow?

EINAR SVENDSEN

fnsutte of Medwcal Biology Umnversiy of Tromss Morway

Svendsen E Pattem of saumal folds around intercostal artery onifices i rabbit 20n2 A reflectton of
pattern of blood flow? Aca path microbiol scand Sect A 88 69~74 1980

mumal folds was studied around 1ntercostal artery onfices 1 rabbit aoria by scanning
Ehe:u?r:u;?c::swpy and Iight microscopy The area Just protimal and distal to the onfices revealed 2
smooth surface lackmg folds reflected by a stretched internal elasuc membrane which showed po
wndulauon Lateral as well as further proumal and distal welt preserved folds were obsenved It s
feasonable 1o suppose that the patiern of sumal folds 1n (s area reflects the specal flow conditions

prevailing n and at the ntercostal artery onfices

hey words Inumal folds intercostal artery onfices rabbit zorta

E Svendsen Insutute of Medical Biology Bot 977 Universuy of Tromso 9001 Tromss Norway
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Easlier reports bave shown that there 1S reason to
beheve that blood flow has an influence upon the
pattern of the numal folds created by the internal
elastic lamina 1n human and rabbit arteres (2 14)
Flaherty et al (4) showed that even onentstion of
the endothelal cells depends on the local flow
situauon Crawford et al (2} observed that the
formatnve influence of blood flow upon the folds
aneries of man was most striking at branching sites.
and bends

Srendsen and Jorgensen (14) showed compres
sion of folds and shallow puts in the distal part of the
wunor curvature of the aortic arch and fateral 1o the
tercostal artery orifices In the area betwesn two
intercostal artery onfices on the same ©ide how
o1 2 regular patiern of folds was seen (14 15)
They suggested that the puts could be imprints of
eddies

The am of the present stwdy was to obtan
further information about the possible formative
1fluence of blood flow upon the folds of the
‘et fasuc lamina. For that purpose & study of
the patiern of folds around the intercostal artery

onfices i rabbit aortas as seen by Light mucroscopy
and scanning electron mucroscopy seemed appropn
ate smce the {low 1 2ssoqanon with such orfices
15 known from model studies (5 9)

MATERIAL AND METHODS

6 Aew Zealand white male rabbits wesghing about 3 S kg
¢ach were Used The ammals were rased on a low [at diey
without addmon (Kanmn Pellets Felleskyopet Trond

‘e Sacnifice was made by 3 perfusion techmque
described earlier (15) The blood »as washed out %uth
buflered Ty rode sotution with pH 7 4 and osmolahty of
300 mOsm/kg follow ed by perfusion ®ith 2% buffered
glutaraldehyde pH 74 {or S minutes ata pressure of 30
mm Hg 3t coom wemperature Then the aortas were
carefully dissecred free and postfized by Immerston 1o
buffered glutaraldehyde 2% for 2 hours detiydraed 1n

ncteasusg concentraons of aloohol and dried by the
- . . O
- oot
[ “ra . . 5
et » o
HH;’Z‘;! MusLPy was performed with a Hygachs

scannng electron mycroscope Aftef the scan
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Fre 1 Schematie representation of a specimen from the
area around mercostal artery onfices prepared for
scanning electron microscopy The dotted lines indicate
how the specimens were secttoned for hight nucroscopy
after removal from their stubs The bars indiate the
sampled arcas for hight microscopy

ning electron mucroscopy had been accomplished the
specimens were carefully removed from their stubs and
samples for light mucroscopy were taken out With a
sharp razor blade 1n a standardized manner from the sites
shown in Fig 1 The samples were embedded 1n Epon
and semithin secuons were cut The sections were staned
for elasun with Furorrr dhue and evamuned and
photographed 1n a Zaisy photomucroscope

RESULTS

Grossly the same pattern of folds Was seen 1n the
second pur of the intercostal artery orifices (Fig 2}
as 10 the eight pur (Fig 3

Immediately proximally and distally 1o the
ntercostal artery ostty the mumal folds were
lacking (F1gs 2 and 3) 1he proximal arca gave an
mp of a smooth mtundibulunt wich lateral
folds which curved towards the ostam: In proximal
direction thys area continued mto regularly paraitel
folds (Fiy 2 and 3) The extent of the smooth area
downstre 1m to the osua could vary somewhat The

smooth area merged With an arex of regularh
parallel folds sull further distal (Figs 2 and 4) In
some cases the folds just distal to the smooth arey
Were somewhat wavy (Fig 3)

Light microscopy showed that the intma) folds
were mainly dependent on folds in the memal
elastic [amina In the smooth areas proumal and
distal to the osua the internal elastic lamna revealed
almost no vndulation (Figs S and 6) Lateral 1o the
ostia, however, where marked folds appeared on
scanming electron mucrographs (Fig 4) a distinat
undulation of the 1nnermost elastic membrane was
obsened (Figs 5 and 6)

DISCUSSION

The present study has shown that the intimal folds
are maimnly created by the folds of the internal elastye
lamina This 18 m agreement with previous work
(14) Itappears that the folds provimal and lateral to
the ostia merge towards the ostwm, following a
stream-line pattern w hich shoutd be expected in this
area {9} The central part appears smooth This may
reflect a disturbed flow situatron possibly vortiees
which Jevel the folds Flow experiments wath model
tubes have indicated this type of flow disturbance at
such sites (7, 12)

Just distal to the ostra s an area where the special
flow condition suggested at this site creates a small
angle between the vessel wall and the tangent of the
velocny profile This means increased dragaing
forces parallel with the vascular mterface expressed
as shear stress i the work of £ (6) At thns e
folds scem to be laching Further distally and
proximally to the ostta the flow 15 expected to be
regular and lanunar {9} wluich may by reflected by
regular parallel folds as shown wn this paper ané
previous work (14} Crawford of af (1) she
suggested formative mfluence of blood flow upon
mtmal folds demonstrated by casts of arteries 1n
human bodies

There has been conflicting evidence as to whether
ntimal folds eust (I 2 10 13)or not (3, 81 m o
This work does not gne any definite answer to that
question However, the pattern of the intimat fold
sugeesung an anfluence of blood flon upen the
height and direction of the foldy may be an mdirect
indication that sntimaf folds do exntmino Results
obtained by Svendserr & Tandall (13) wath artersal
casts during conttnuous monttoring of the drameter

Fig 2
distance tuiween the ostia it ths level

<een No | 13y are present just provnial and dintat to the osttam The arro?

180

70

2 S nmine dectron mufonraph of onc ostum from the second pawr of interconta) arterses There gs a Jonger
than for the 8 pair Latera] to and between the ostia wellpresenied folds are

W iaduates the dueetion of blood flow
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8th parr of ntercostal artenies The very proximal and

distal area to the ostuum reveal a smooth surface Further ‘//,
proximally and distally as well as laterally wellpreseried
folds are seen the distal ones somewhat wavy The
arrow indscates the direction of blood flow NOX

Fig 3 Scanning tlectron mucrograph of osttum from the H{W ,’
!
//"

of the abdominal aorta of rabbits under anesthesia
however, strongly indicate thewr existence at leastin
the diastohc phase

Endothelial cell tnjury 15 commonly found at the
fosver Iip of intercostal artery ostia (15 16) This
area merges with the smooth area dow nstream to
the osta In the same area early deselopment of
atherosclerosis 1s seen (17) Mechanical stress may
probably be gne factor in introducing atherosclero
sis (1)

In conclusion this work makes it reasonable to
assume that the pattern of the wtimal folds around
wntercostal artery onfices reflects the special flow
conditions prevailing 1n and at the intercostal artery
onifices

1 owe my gratitude to Prof Leif Jorgensen and Dr Alex
Tindall for professional advice and for reading the
manuscript Mrs Anne Gro Grothe for technical assis
wnce and Mrs Dagm Madsen Faushe for typing the
manuscript
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DIAGNOSTIC VALUE OF MODIFIED FINE-NEEDLE
ASPIRATION BIOPSY OF THE KIDNEY
IN GLOMERULAR DISEASES

HEIKKI HELIN

Department of Biomedical Sciences Unrversuy of Tampere Tampere Finland

Hehn H Diragnosuc value of modified fine needle aspiration biopsy of the kidney in glomerular
diseases Acta path microbiol scand Sect A 88 75-81 1980

43 renal fine needles aspirates oblained with a modified sampling techmique were subjecied 10
ultrastructural examinauon with the aim of assessing the diagnostic value of this method n various
glomerular diseases Findings in the aspiration specimens consisng of solitary glomerult were
regarded as diagnostic 1n 35% of the cases W hen considered together With chinical data the fine needle
aspiration biops es were suggest ve of diagnosis or provided valuable mformaton in a further 49% of
the cases Due to the small outer diameter of the fine needle 07 mm complications following this
kind of biapsy are pracucally negligible Thus 1t offers a safe alternative to the conventional renal

biopsy methods unlizing large bored cutting needles n cases where biopsies with thess methods are
contraindicated

ey words Fine needle aspiration renal bropsy glomerular diseases

Heikks Helin Depariment of B omedical Sciences Unuwversit

10 Finland

Recened 233179 Acoepted 1 ¢ 79

\ modified fine needle aspiration method for
biopsy of the kidney has recently been introduced
for use 1n the diagnostics of plomerular diseases (8)
Wah s technigue single glomeruli can be
obtained for electron mrcroscopscal exammnation
The advantage of the fine needle method 15 1ts
atraumatc nawre for due to the small outer
Sameter of the biopsy needle (0 7 mm) it can be
used without fear of clinscally relesant comphica
Uons in situations w here conventional biopsy with
one of the large bore needles ts contratndicated

To assess the salue of the morphologreal
information obtained by this method 43 fine needle
Espanon biopsies (FNA) from 42 patients were
subyected to ultrastructura) etamination The resul
ung information was correlated to that provided by
data from clincal and Liboratory investigations and
029 out of the 43 cases to findings in paralle)
conventional biopstes

y of Tampere Box 607 SF 33101 Tampere

MATERIAL AND METHODS

43 consecutive FNA specimens from 42 patients with
various chinical signs of renal disease (Table 1) were
avaitable for morphological evaluation The ages of e
patents ranged from 5 to 74 years (T 34) \ine patents
were under 15 years of age In 29 cases a control
specymen from a conventional repal biopsy was exams
ned

The PNAS were performed according to 2 previously
desenbed techn que 13) using 2 modified fine needle of
07 mm outer dumeter The aspirates were processed
:cc?r:img 10 a technically simple rapid sched te 111

wuoourougnt
microicopy and stuned with toluidine biue and Jones

nd uranyl acetate and
eunined in the JEM 100C electron muicroscope The
N4 specimens were euamined independently withous
knowing the resuls of g

he conventional biopsies
performed stmultancously i

15



The conventional biopsies were carnied out with the
Tru Cut® needle (Travenol Laboratories Inc Decrfield
liinois USA) One portion of the biopsy specimen was
embedded i paraffin and secuioned far light mucroscopy
and another processed for immunofluorescence examina
ton

RESULTS

Indications of the biopsies are shown in Table |
The diagnostc information on the FNA specintens
was divided into four categories (Table 2) each of
which 1s considered 1n greater detail i the
following

TABLE 1 Indications of 43 Renal Fute Needle Aspir
aton Riopsies

nephrotic syndrome

acute renal fadure

chromic renal fature

protetauria

hematuria

diabetes with protethunia
transplantation with renal failure
systemic lupus erythematosus

P R 7 r

Total 43

FNA establishing the diagnosis (15 cases) In thi
group the FNA as such was considered conclusiv
as to diagnosis These diagnoses were venfied by
light and fl micy | exame
nation of the conventional biopsy specimens
available 1n 9 cases Moreover a more preci
morphological analysis was 1n some cases made
possible by ultrastructural exammation of the FNA
specimens In the cases of membranous glomerulo
nephrius for exaniple the stage of evolution of the
membranous process could be accurately assessed
{Fig 1) In 2 out of the 6 patients subjected to FNA
only glomerul hrius was diagno
sed Both patients presented clinically with SLE and
marked protemuna The FNA of a dibetr
biopsied for proteinuria and renal fatlure showed
the characterisuic alteration of nodular diabetc
glomerulosclerosis In a patient with rheumatoid
arthntts  heavy protemuria and moderate rendl
failure the FNA revealed glomerular amyloidosis
(Fig 2) FNA was performed on a renal transplant
with moderately dechined function 1 two patients
In one of them the FNA finding was regarded as
dagnostic of chronic rejection (Fig 3) In the other
patient with Goodpasture s syndrome before trans
plantation alterations conststent wth this 0iagnosis
were seen in the FNA specimen

TABLE 2 Dragnostic Information Provided by 43 Renal Fine Needle Aspiration Bropsies (FNA)
{gn = glomerulonephritis)

Diagnosts or essential finding

biopsies  FNA with Tru Cut needle biopsy FNA only
Diagnosts established by FNA 1S membranous gn 4 membranous gn in SLE ?
mesanglocapiliary gn ) nodular dubetc
minmal change 1 gtomer I
acute > poststeeptococcal gn 2 chranic rejection !
nodular diabetic gn 1n Goodpasture s
glomeruloscleros « 1 syndrome !
glomerular amylodosis )
Diagnosis suggested by ENA 14 IgA nephropathy 6 residual changes after gn ]
focal and segmental gnin SLE | focal glomerutar sclerosis {
diffuse diabetie mesangioproltferative gn 1
glomerulosclerosts 1
focal and segmental gn i
restdual changes after
» poststreptococcal < gn i
focal glomerular sclerosts 1
FNA providing useful 7 normal uI(mslrucl:re ~: minor segmental changes b3
runor segmental changes
g’l\rlohr:::\‘";mg nitte 7 normal ultfastructure 3 normal ultrastructure k]
or no informatton unspecific scarrmng !
Total 43 29 14
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Fig 1 @ Poruon of glomerular capiliary wall in membranous glomerulonephnus i stage 11 This ficld of view
chaws subepithelial eleciron-dense deposits (D) w1th spikes Garrow) U'=unnary space CL=capillary humen
%22 400

1 b Secuon from a repeat fine needle sspiration biopsy of the same pauent after 21 months A stage [V alterattonss
shawn with deposttion of electron lucent (D) and occastonally electron-denise {arrows) matersal within the widened
basement membrane U = urinary space CL = capillary lumen X 16 800

FN suggestne of ¢ diagnosss (14 cases) Exama the 11 patents woth 2 paraliel conventional biopsy
nation of the FNA specimens in these 14 patients  a good correlation between the findings in thesz and
provided information which when considered  the FNA specimens was obsened Again the
together with the chmical data was suggesine of 3 electron microscopical study of the FNA specimens
histopathological diagnosis Thus a mesangual scle  allowed 2 more accurate analysts (R some instances
rosing and prohiferatn ¢ glomerulonephropathy with Three patients were biopsted with FNA only
characterisiic electrondense deposits suggtsted the  One of them had a single kidney with moderate
preence of IgA nephrogathy in 6 pauents %k falure Tnihe FNA specimen restdual changes after
either microscopsc hematuria or recurrent macro-  glomerulonephrius suggested a previous  acute
scopc hematura following nfections (Fig 4} 1n - glomerulonephnus agreeing well with the history
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The conventional biopstes were carried out with the
Tru Cut® needle (Traveno! Laboratories Inc Deerfield
Tlnots USA) One portton of the biopsy specimen was
embedded 1n paraffin and sectioned for hight microscopy
and another processed for smmunofluorescence exanina
uon

RESULTS

Indications of the biopsies are shown i Table 1

The diagnostic snformation on the FNA specimens
was divided 1nto four categores {Table 2) each of
which 1s considered n greater detarl i the
following

TABLE | [Indications of 43 Renal Finc heedle Aspir
auon Biopsies

nephrotic syndrome

acute remal {fafure

chromic renal fatture

protetnuna

hematuria

diabetes with proteinuria
transplantation with renal failure
systemic lupus erythematosus

DR VR VA N

Total 43

FNA establishing the diagnosis (15 cases) In ths
group the FNA as such was constdered conclusnt
as to diagnosis These diagnoses were verified b}
light and mic examt
nation of the conventional biopsy specimens
available 1 9 cases Moreover a more precist
morphological analysis was mn some cases mad®
possible by ultrastructural examination of the FNA
spectmens In the cases of membranous glomerula™
nephnitis for example the stage of evolution of th
membranous process could be accurately assessed
{Fig 1) In 2 out of the 6 patients subjected to FNA
only, glomerulonephritis Was dragno
sed Both patients presented clnically with SLE and
marked protemuria The FNA of a dibenc
biopsied for protemuna and renal fature show
the characteristic alteration of nodular disbeté
glomerulosclerosis In a patient with rheumatod
arthriis  heavy protemnuria and moderate rent
farlure the FNA revealed glomerular amyloidost
(Fig 2) FNA was performed on a renal transplant
with moderately declined function m two patients
In one of them the FNA finding was regarded 2
dagnostic of chronic rejection {(Fig 3) In the othet
patient with Goodpasture s syndrome before trans
plantation alterations conststent with this diagnoss
were seen in the FNA specimen

TABLE 2 Diagnostic Information Provided by 43 Renal Fine Needle Aspiration Biopsies (FNA}
(gn = glomerulonephriis)

Diagnosss or essential finding

brogsies

Diagnosis established by FNA 15

Diagnosts suggested by FNA

FNA providing useful
nformation

FNA providing httle
or no information

Total

FNA with Tru Cut needle biopsy FNA only
membrarnous gn 4 membranous gn in SLE 2
mesangiocapillary gn i nodular diabetic |
minimal change ncphropathy I glomerulosclerosis .
acute poststreptococcal gn 2 chronic rejection
nodular drabetic gn in Goodpasture s |
glomerulosclerosis 1 syndrome \
glomerular amyloidosts

IgA nephropathy & residuat changes after gn :
focal and segmental gnin SLE | focal glomerular sclerosts .
diffuse diabetic mesangroproliferative gn
glomerulosclerosis 1
focal and segmental gn |
residual changes after
» poststreptococcal gn 1
focal glomerular sclerosts 1 3
normal ultrastructure 4 munor segmental changes
munor segmental changes I 3
normal ultrastructure 3 normal ultrastructure
unspecific scarring 1

29 14
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shows subepithelial electron-dense deposyts (D) with sptkes {arrow) U= uninary space CL = capillary lumen

x 22 400

1 b Section from a repeat [ine needle aspiration biopsy of the same patient after 21 months A stags IV alterauon is
shown with deposiuon of electron tucent (D} and cccasionally electron-dense (arrows) material within the widened
basement membrane U = uanary space CL = capiltary lumen % 16 800

FNA suggestve of a diagnosis (14 cases) Exame-
nation of the FNA specimens 1n these 14 patients
provided information which when considered
tagether With the cliucal data was suggesuve of a
histopathological diagnosts Thus a mesangtal scle
sosing and prohferative plomervionephropathy with
charactenistic electron-dense deposits suggested the
Presence of 1gA nephropathy n 6 patients with
tither microscoptc hematuna of fecusrent macro
scopic hematuna following infections (Fig 4) In

the 31 pavients with a parallel conventional biopsy,
a good corTelation betw een the findings in these and
the FNA speoimens was observed  Agam the
etectron mucroscopieal study of the FNA specimens.
allow ed a more accurate analysis 11 Some instances

Three patienes were biopsied with FNA only
One of them had a single kidney winth moderate
fatlure In the FNA specimen residual changes afier
glomerulonephrues  suggested a previous  acute
glomerulonephnys, agreeing well w1th the tstory
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Fig 3 This section shows a glomerular capillary loop 1n a 2 year-old renal atlograft showing chronic transplant
nephropathy Marked widening of lamtna rara interna (arrows) of the basement membrane contanng lametiae of
newly formed lamina densa and endothelial cytoplasmic projecttons Capillary lumen (CL) considerably narrowed

En =endothelial cells x 11 600
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Fg 4 Secion from a I'ne nesdle aspiraton biopsy suggest ng IgA nephropathy tn a patient with recurrent
macroseopic hematunia The field stlustrates a glomerutar me<anglal 2¢ea w ith large electron-dense deposits within the
mesang al matrie (D) and beneath the glomerylar basement membrane (arrows) X 6930

of the patient The remaming two pauents both
children 32 years of age were bopsied for
proteinuna {n on¢ of them with a chromc course
of corticord resistant heavy protemnuria the FNA
findings were suggestive of focal glomerular sclero
15 and i the other with relauvely mild proteinuria
changes fitung well wath the diagnosis mesangio
proliferative glomerutonephnitis were observed

FNA provid ng useful snformation (7 cases) This
category conswsted of cases 1t which the FNA
finding offered an explanauon for the chmcal
setung without having features specific enough to
suggest 2 thagnosis Four of the § patents i this
group biopsied with both methods had acute renal
failure clinically In all FNA specimens the glome
rular morphology was essentially normal Two of
these four were suspected of epidemic nephropathy
and 10 the other two the chinwal data spoke 10
favour of tubulo intersitial sather than glomerular
discase The conventiona) biopsies showed changes
of acute tubvlomterstitral nephritis tn all 4 patients
In the fifth case the FNA of a patient with
theumatotd arthrius and muld protenura revealed
muior segmental changes 1n the mesangium includ
g matnx increase and small deposits Focal and
segmenta) glomerufonephritis Was diagnosed mn the
control Tru-Cut biopsy

In two cases FNA was the only bropsy available
Both Lal
comparable to those described above The indication
of the biopsy in both cases was puld asymptomatic
proteinurna

FNA providing little or no informat on (7 cases)
Included 10 this group were biopsies wuh nosmal
morphology from 3 patients two of whom
presented clinically wath slight asymptornatic prote
myria and one with asymptomatic MICroscopic
hematuria Out of these 3 patients only one a girl of
14 years with protemuria showed muld segmental
changes w less than 0% of the glomerult in the
conventional biopsy The glomeruli in the FNA of a
fourth patient showed unspecific scarring Unclassy
fizble chromic glomerulonephnitis was diagnosed 10
the parallel bopsy in this pauent with chran renal
faiture

In three children of 9 10 and 15 years with
asymptomatic proteinursa fess than | 0 g/24 h the
FNA performed as the only biopsy disclosed a
normal glomerular ultrastructure This though

expected (3} did not add 10 the information gained
by clinical examinatons.




DISCUSSION

Percutaneous renal bropsy, though a relauvely safe
procedure (2, 13), 1s not without risks and should
therefore be performed only when med:cal contramn-
dications are not present Of equal importance are
ethical imitations, whereby biopstes for such as
pure nscientfice purposes are not acceptable {11}
To overcome the disadvantage of lacking morpholo-
gical wnformation i the cases mentioned, the

performed with a fine needle of the same caliber
were not followed by any noteworthy complica
tions

The present FNA method 1s not meant to concur
with the techmiques generally used utihzing large
bore needles It 1s however a safe alternative whea
the last-mentioned can not be performed without
€xposing the patient 10 an undestred sk An area of
application of both clinical and scientific nterest 16
repeat follow-up bropsy to assess the histological
of a diseas¢ process Conditions without

present method has been de ped for adop m
the study of glomerular diseases

Accordiag to previous expertences (7, 8) the
modified FNA method provides an adequate sam-
ple, consisting of | to 12 glomeruls, usually | to 4,
n 79 1% of cases It 1s preferably used in diffuse
glomerular diseases, which are known to affect all
or nearly all glomeruls stmultaneously (5}

As indicated by this study the information gained
by the m of FNA was
diagnostic n 35% of the cases These tncluded
diseases which present a charactenistic ultrastructu-
ral picture A further 49% proved of value when
the morphological information was correlated with
that of chinical data Correlation like this 1s also a
hnown prereqursite for the successful use of fine-
needle aspiration biopsy 1n diagnostic cytology (14)
Normal findings 1 FNA specimens must be

or with only mmor renal symptoms following
glomerular njury are seldom clartfied by renat
biopsy but are of undoubted nterest Such condi
tions are for wnstance malignant tuntors or nfee
tious diseases With sccondary asymptomatc renal
nvolvement

REFERENCES

Berger, J Yawera I Nabarra B & Barbonel €
Recurrence of mesangal deposiion of IgA afte
renal transplantaton  Radney Int 7 232-N1
1975

Diaz-Buxo J 4 & Donadio J '} Complications ¢
percutaneous renal bropsy Climical Nepheology 1
223-227 197§

3 Hahb R Value of rcnal biopsy mn diagnoss
of glomerular dreases

~

interpreted with care, because of the hty of
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modified fine needle with an outer diameter of 0 7
mm and with a sharp nner edge of 043 mm
compares favourably with th. commonly used
latge bore peedles of | 4~1 9 mm diameter In 37
pagents so far biopsted with the modified fine-
needle only. no complications except transient
nucrohematurta have been seen This agrees well
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renal aspiration biopsy with a fine needle 07 mm
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DISCUSSION

Percutaneous renal biopsy though a relatively safe
procedure {2 13} is not without risks and should
therefore be performed only when medical contran
dications are not present Of equal importance are
ethical limitations whereby biopsies for such as
pure »screntifice purposes are not acceptable (11)
To overcome the disadvantage of laching morpholo
gical information 1n the cases mentioned the
present method has been developed for adoption
the study of glomerular discases

According to previous experiences {7 8) the
modified FNA method provides an adequate sam
ple consisting of 1 to [2 glomerulh usually | to 4
n 79 1% of cases It 1s preferably used in diffuse
glomerular diseases which are known to affect alt
or nearly all glomernlr simultaneousty (5)

As ndicated by this study the information gained
by the examunaton of FNA spectmens was
dragnostic 1n 35% of the cases These included
diseases which present a characteristic vltrastructn
ral picture A further 49% proved of value when
the morphological mformation was correlated with
that of chnscal data Correlation hke this 1s afso a
Known prerequisite for the successful use of fine
needle aspiration biopsy 1n diagnoste cytology (14)
Normal findings 1n FNA specrmens must be
mterpreted with care because of the possibihty of
obtaing unaflected glomerul 1n focal conditions
When electron microscopy 1s used however some
diseases appearing focal 1n hight microscopy in fact
show diffuse alterations Thus for mstance the
lesions 1n IgA nephropathy a disease accounting for
more than 25 % of all cases of primary glomerulo
pathies in several materials published {(6) show
diffuse distribution i electron microscopy (1)
Diffuse ultrastructural changes have also been
reported 1n focal glomerular sclerosis {10} As 0> the
electron mucroscopical analysis in general it has
been found to increase consideribly the precison
and objecuvity of renal biopsy mformauon (12)

The risk of complications involved 1n percutane
ous renal biopsy has heen shown to relate to the
caliber of the needle used {15 16} In tius respect the
modified fine necdle with an outer diameter of 0 7
mm and with  sharp mner edge of 043 mm
compares favour tiy with the commonly used
farge bore necdles of | 4-1 9 mm dameter In 37
patients so far bropsied with the modified fine
needle only no complications except transwent
microhematuria have been seen This 1grecs well
with Soderstromss (14} experiences concerning
renal aspiration biopsy with a fine needle 07 mm
outer diameter) 1n cytodiagnostics These biopsies

ke the [82 described by Pasternach et al (92 and

80

performed with a fine needle of 1he same qliv
were not folloned by any noteworthy compli
tions

The present FNA method 1s not meant to conc
with the techniques generally used utilizing lan
bore needles It 1s however a safe alternatne wh
the [ast mentioned can not be performed witho
exposing the patient to an undesired nish Anarea
application of both climcal and scientific waterest
repeat follow up biopsy to assess the histoloarc
evolution of a disease process Conditions witho
or with only munor renal symptoms follown
glomerular imury are seldom clanfied by ren
biopsy but are of undoubted interest Such cond
tions are for instance mahgnant tumors or infe
tious diseases with secondary asy mptomatic ren
mvolientent
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TRABECULAR BONE MINERALIZATION LAG TIME
DETERMINED BY TETRACYCLINE DOUBLE-LABELING
IN NORMAL AND CERTAIN PATHOLOGICAL
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ble
Melsen F & Mosekilde L Trabecular bone 1ag time by dou
lzbeling 1n normal and certain pathological condiuons Acta path microbiol scand Sect A 88 83-38
930

Quanuatve hustomorphometric analyses of ihiac crest biopsy specmens were performed after
tetracyclne double labeling tn 41 normal mdviduals 20 hyper and 10 hypothyrowd patients 18
pauents with primary hyperparathyroidism 20 epilepuc patients recerving long term anticonsutsant
erapy and 17 pauents after jeyunonteal bypass for morbid obesity The minerattzation g ume in
trabecular bone of the period of ume between apposition and subsequent mneratization of osteoid was
caleulated from the bone formation rate at BMU teve (Basic Multcellutar Unit) and the mean w1dth of
o8teoid seams The meneralizaton lag ume was 8-52 days (median 21 days) 1n normal individuals and
showed no variation with sex or age The mrneralization lag ume was shortened 11 hyperthyroidism
normal 1n anuconvulsant bone disease and 1n primary hyperparathyroidism and markedly prolonged 1n
hypothyroidism and following jejunoileal bypass Among all individuals an inverse hyperbolic refanon
(& 094 p<00D1) was found berween the mineralization lag ume and the average cellular actvity of
the ostecblasts
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lag time bone Y double labeling
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thickness the rate of apy
Unmineralized bone matns 15 lad down by

Posttion of osteoid equals the

rate of muneralzation because any systematical
OSteoblasts s osteord seams on the bone surfaces  change m this pronart an 3 1 one .
That the osteond seams have a certan thickness 1.
::ws that there 15 a delay between the formaton of T

€ matrix by osteoblasts and the subsequent
Duneralization During this period a
t?;nge 0 the stning properies of the osteord 1s od
Observed A distinct band which lies adjecent to the The aim of the

Glafied matnx and stasns with acid dyes has been  describe ths u!cu\au‘:nﬁ:‘ trl:mgailf;; Msd It
‘e1med the calcification front Watrays er al 1967)  report normal values Furthermore th, i
and has been taken as evidence of early mineraliza  tiop lag ume has been caleula o
ton Tetracycline antibioties will deposit it 1inon - culated an e
\hese sites of actve muneralization Whlch e a1
1958 Frost 1969)

N a steady state situation with regard to osteoid

© @uLdlUll lag time or the ime interval between
2nd subseqy

of oste
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Melsen F & Mosekutde L. Trabecular bone fag ume b double
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labeling 1n normal and certain pathologacal conditons Acta path microbiol scand Sect. A 88 83-88
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Quanttative histomorphometnc analyses of 1hac crest biopsy spcamens were performed after
tewacycl ne double labeling in 41 normal individuals 20 hyper and 10 hypothyroid pauents 18
Pauents with primary hyperparathyroidism 20 epilepc pauents recewving long term anuconvulsant

therapy and 17 pauents afier jejunoileal bypass for morbid obestty The mineralization lag tme 1n
AEDEUAT hns e o a AA € ca b an e DI .

VUl B0 variation with sex or age The mineralizaon lag ume Was shortened m hyperthyroudism
pormal in anticonvulsant bone disease and w primary hyperparathyrodism and markedly prolanged
bypothyroidism and following sepunoileal bypass Among all mdwidusls an inverse hyperbolc

relation
(£ 093 p<<0001) was found between the minefalization lag ume and the average cellutar acuvity of
the osteoblasts
hey words M, lag ume bone

Y double labeling
F Melsen Unversity Insucute of Pathology Aarhus Amissygehus 3000 Aarhus C Denmark
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thickness the rate of apposi

Unmineralzed bone matrix 15 lad down by rate of . uo:s:f:;(;o et he
Osteablasts as osteoid seams on the bone surfaces  change in this pronart an w 1 .
That the osteod seams have a certan thickness rance or ’
;::'Ns that there 15 a delay between the formation of  This assu " )

€ matriy by ineral
Mineraizauon During this :enio:ih ea a mug {xme o menanalbets
thange 1n the saming properties of the osteoid 5 oid of este
:s;_ved A disunct band which lies adjecent to the e am of the

ied manix and stans with acid dyes has been  describe ths becy
caleulatton fe
‘:f;m‘d the calaificauon front (Marrayt er af 1967) feport normat valuﬁl ;_1“:; 1:3 e o and 0
“" has been taken as evidence of early mineraliza  yop 22 tme has been e‘;lnoreh o mumeralua
lhﬁn Tetracychine antibiotics will deposit 11 w0 1n Pathological conditrons 1nc} di ' byper e
(958 Fron e minerslztion (Hilch e af  thyrordim pros gyl 118 BYPeT_and bypo
Tost 1969) reon
vulsant
Ina steady sate sytuanon with regard (o osteord ]e’lmmle:;o :;n‘::’?:: o::;sxemdm (olonang

Present investigation was to







NORMAL PORULATION

mmerahzation lag time tm days

o
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N-12 N-29
medan 200 days
fange (5% 84 522days

Frg 1 Mineralization lag time (tr days)in pormal males
and females Median and normal range (95%) are
mdicated

width of the osteod seams (*Wp was normal
because of an increase in the apposiwonal rate of
osteond { = *Vpury and 2 simultantous decrease 1
the mineralzation lag time {tw) The osteoblasuc
actpty was decreased 1n the hypothyyoid patents
both at actyve cellular Jevel and at BMU level The
mean width of the osteord scams was reduced
because of & marked decrease m the appossonal
rate of osteord and 1n spite of a prolongation of the
nunesalzaton lag ume

The asteoblastic acteviey was shightly decreased in
the hyperparathyroid patients at celiular level and at
BMU level The mean osteond seam %xdth was
normal The osteaid appositonal rate was shightly
reduced and the mineralzation lag tme was
shightly but insignificantly, prolonged (p<0 10)

‘The epileptic patients fecetving anticonvulsants
showed a normal osteoblasic acuvity ap acune
celfualar tevel whereas the actmvity at BMU tevel
was slightly mcreased The mean osteord seam
width was ncreased  because of the mereased
appositonal rate of osteoid and m spite of the
normal mineralisaton lag ume

The osteoblasic acuvity was reduced g the
miestinal bypass patients at both active cellular level
and BMU level The mean width of the osteod
seams was mncreased because of a marked prolonga
o0 of the mintralizaton lag Ume 2nd 10 spre of a
reduction 1n the appositional rate of osteord

TABLE 1 Measured and Catculated Histomorphometric Values in Normal Indniduals and in Certain Fathological

Condinons
Sfraa(n Stame)  8M/L Viavy) W o
Enlfpm?  wlfpm?  pmfday  pm¥ymifday pm days
‘Nosmal o0 2ns 085 050 96 235
wdividuals SE gou 0010 002 002 04 25
Hyperthyrod T o0m 0134 0D93™) Dby 93
‘patients SE 0019 0013 005 008 06
Hypathyraud Toale 0Q3*") 0036 [ ¥
) . e
patents SE 0020 0009 o0t 005 g }l ’ gé : '
Hyperparathyroid i Q281°)  0204*") 056"
041°
patients SE 001 6019 003 0 olj ’ 9096 2§ ﬁ
Epilepucs 08I 0247*°) 046
055" ..
SE 0014 0012 002 0&) ‘gi g IH;
Tatestnal bypass To02un 0w o
048 2 v
patienty SE 0032 0014 003 > 83; ’ lf: ’

Sigm canse of difference from normal mean

*}p<005 **)p<0 0! (W sleoxon test for two pairs )



MATERIAL AND METHODS

The investigation comprised the following classes of
normal individuals and patients who had all given
informed consent to participate

41 normaf volunicers 12 males aged 23 1o 56 years
(mean 32) and 29 fernales aged 19 to 53 years {mean 29)
Eniry into the investgation was based on normal
thyroid parathyroid kedney and fiver functon None
recetved tranquilizers anticonvulsants or other chromc
medication

20 patients with untreated hyperthyrotdism aged 24 to
46 years {mean 33) and 10 patents with untreated
pnimary hypothyroidism aged 33 to 75 years mean 54)
The diagnosis was based on chinical symptoms and signs
measurements of total scrum thyroxine serum tn 1odo
thyronine uptake test serum TSH and 132 sodine
uptake

1 dectmal fraction of the total trabecular bone surfaes

Appositional rate (“M /1) pm/day ~ the mean distanee
between the limes 1n all zones double labeled wun
tetracychine (“M) divided by the nterval of days @
between the labelings This value expresses the bone
formation rate at active cellular level uncotrested (u) for
fortuitous obliquity of the plane of section®*}

Mean widsh of osteoid seams (W) um ~ the mean of
four extreme almost equally spaced measurements in all
surfaces covered wuh osteord uncorrected (u) for
obliquity of the plane of section

foll

tated

g were call
Bone formenon rate BMU level surface referent
(Vi) pm ¥/ pm?/day as
_Steagtats X ML

Wigwy = St

18 pavents with d primary hyperp
dism aged 29 to 74 years (mean 46) The diagnosis was
based upon deter of serum tive
parathyroid hormone {(Ch 1976) and total
calcium  corrected for individual varations m serum
afbumin In all cases a parathyroid adenoma was later
found by neck exploration

20 adult epifeptic outpatients aged 20 to 52 years
(mean 29) who all recerved diphenylhydantoin some of
them in combination with other anticonvulsanes All had
been treated for more than 10 years The patients were
selected from a group of 60 epieptics in whom bone
biopsy was performed (Mosekilde and Melsen 1976) The
selection was based on the occurrence of an increased
amount of osteord and/or an increase in the mean size of
the pertosteocytic lacunes None of the papents had
symptoms of bone disease

17 pauents aged 29 to 64 years {mean 38) who 3 to 8
years {mean 5 2) p Iy had 1 \
bypass for morbid obessty The mean preoperative
wevplt nas 128 kg Lmawge WI=172 kgh Doveg apere
ton 35 em of jeyunum was anastomosed end to side 1o
15 cm of the distal tleum The average weight loss was
39 kg (range 20-77) None of the patients had bone pains
or bone tenderness

Transcortal 1hac crest biopsies with a diameter of
8mm (Bordier er al 1964) were obtamed after
doublelabeling with tetracychine (600 mg of demethyi
chiortetracycline given ofally 14 13 4 and 3 days before
bropsy) The bone specimens were embedded undecaics
fied 1n mechylmethacrylate 8 | m thick sections were Cut
and stained with Masson trichr e Frr quantification of
osteoid (Melsen et al 1978) and 20 um thick unstained
sections were mounted for quanufication of dymamc
by (Melsen and
Mosekilde 1978) The following measurements were
performed in trabecular bone usmg the point count
principle and simple measurements with a micrometric
eyepiece®)

Eractional formation surfaces (S facn} pm?3/ pm? = the
extent of osteord covered surfaces i dectmal fraction of
the fotal trabecular bone surface

Fractionat labeled surfaces (S fraat)) pm®/pm? = the
extent of single and double tetracyclme labeled surfaces

84

which exp; the amount of new bone mineralized ;n
unit time per umit osteord covered surfaces 1n a steagy
state situation with regard to os1e01d thickness *Vrigwyy
1s numerical dentical to the appositonal rate of osteor]
(%Ot By, um/day) defined as the average thickness of
osteord laid down 1a unit time and reflecting the averige
activity of active and active osteoblasts
AMinerali.ation lag ume (Ly) days (Borvhnk o o

1970) as

e W

B TS

This calculation 1s based on the relations
SW g = X *0f@vUL *OtaMY) = FVrBMU

which express that the mean width of osteord seams at
steady state equals the mean thickness of osteoid 1ad
down per day multiplied by the average number ol aapy
with osteoid farmation before mineralization starts

RESULTS

The 1ndividual values of the mineralization lag (ta)
from the normal males and females are shown !
Fig [ No sgmficant differences were found
between the sexes (p>>0 10 (Wilcoxon test) and by
was unrelated to age (R =0 28 p>>0 10 (Spearman

ad A tnonal

Table | gives the anthmetric mean values {£ bk}
of tm and of the parameters involved m i
calculation of tm in the normal individuals and 39
the different panent groups The distribunon of tht
ndividual ty, values 1n the different groups 15 showf
w Fig 2

'ﬂ:ge hyperthyroid patients showed an increased !
activity of the ostecblasts both at active cellulat
(uM/t) and at BMU level (*Vrgwiy) The mean ]



Among all mdwiduals a heghly sigmficam
1averse hgperbohc relation (r =0 94 p<0001) was
found between the mineralizauon Jag time and the
actty of the osteoblasts at BMU leval (Fig 3) A
smlar but less sigmficant relauon =975,
<0 01) was found betmeen ihe mineralization 14g
tme and the osteoblastc acuvity at acuve celiular
fevel

DISCUSSION

The present study has demonsirated that the
uneralization lag me 1 trabecular bone i normal
wndduals s 8 to 52 days wath 3 medan of 21
days Thus peniod of tme 15 longes than the 10 days
previcusty veported by Lacrarx (1970) who analy
2ed actwve bone farmation surfaces 1n cortal bone It
shoutd however be notsced that the mneralization
lag, ume mn the present study represent an averuge
value for both active (terracychne labeled) and
mactve (osteand covered unlabeled) bone

and, ¢he Yonges We span of bane foroung sites el
sen eral 1977, Meumer ez af 1978)

“The observed pormal mperaluation lag ume n
anuconvulsant bone disease and the markedly
prolonged lag rme 1n intestnal bypass patents
supports the concept that anuconvulsant bone
disease dullers from viamm D defiment stas
(Schultz and Delling 1974 Mosekilde e1 af 1977)
This 15 1n accordance with (ne findings of low levels
of | 25-dihydroxycholecalafesol the ulumate meta
bolocally acuve vitamin ) metabolite 1 ntestng)
bypass yavents (Lund er af 1979) and shghtly
increased  values 1n epllepic pauents rectiving
anuconvulsants Ukbiz er al 1977)

In the present study a high celtular actiaty of the

was 4 with 2 shon §
ton lag tme and vice versa This supponis the
concept that the osteoblasts on the bone surface are
n some way assocaied with the deposiwon of
muneral 21 the calaficavon frones Urnor and
Paurard 1987 Bunucci 1971

surfaces because both the bone formation rate and
the mean width of osteoid seams are averaged over
the total surface covered with osteord This calcula

The of the Jag tme 15
based on a steady state sitnanon wath regard 1o bone
remodelng The bone remadeling period (sigma) of
the period of tme bermeen the acuvation of new

VOR ZIVES mORe abar the

of variations in the observed mean wdth of osteod
searms than at active bone

surface alone

Both the sppostaonzl ate (ML) and the tean
width of osteord seams (VWb 9 were uncorrected for
fortustous obliguity of the plane of section This
carfection nvolves however a multiphication of
both parameters by 0 73**Vand wil} therefore not
change the calculated mineralzation lag time

Tt appeass from the present study that excess
thyroid hormonels) shortens and deficient thyroid

prolongs the 1 Yag vme
Thus 15 1n accordance with the finding that thyrosd

hovemanad §

nowever contribute to the shoriened mimeralization
lag ume by indunng meneralization a1 an earher
stage of the maturation of osteord

The bone changes 1 prmary hyperparathyron
dism are among other factors charafterzed by an
wcreased amouns of osieoid (Mefsen et af 1977
Meumer et al 1978) because of an increased extent
of oseaid covered sutfaes The increase m she
amount of ynmineralzed bone 15 not due fo a
muneralzation defect because of U normal mean
osteoid seam width and the noreial mmeratizauon
lig ume The wcreased extent of bone formng
surfaces may be explamned by the gh bone turn
over with an increased number of remodeling uruts

deling unu and yts comp! of the
and subsequent formatve phases equals the shorrest
ume following 2 stmulus that a new steady siate
charactensuc for that sumulus can exsst Frost
1969) The normal bone femodeling penod 1n g
crest trabecular bone can be estmated to about 4
months from the mean thickness of completed
remodeling vons {Lips er af 1978) the bone
Sormavon rate at BV tevel Welsen and Rosenkilde
1978) and the proportion of formative 1o resorpuve
surface (efsen ef ol 1978) Thus period of ume 1n
trabecular bone equals the previously reported

5 -

r

Oawanu 2t afid less rapud 3t the end (Frose 1962

Lacrorx Y9Y0) 1n order to avord sampling erfors a
felatively farge number of osteord seams should
therefore be examined 1n each individual or 10 cach
1est group

We conutude that the mineralization 1ag time 1s a

Y ——
) The symbols and notations used ia the paperaretoa
&reat extent sdenucal with those suggested by
Fross (1973 gg YoM
BMU - Basic Mulucellutar Unit The Tunctional
eptity of wlls vesponsible Sor the wrmeover of 4
N Temodeling unit of bone (Frosy 1969)

Y An ouentauon correcuon fastor (0 73) has
compued by 5 M Fron —
berween varable boun
65 program

(Cosine_integration
ds) on Hewdery Packard $p



Mineralization lag time, t days
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Fig 2 Distribution of tm values m nofmal individuals and 1n vanious pathological conditions The dotted haes
indicate the anthmetric mean values

Mtneralization

lag time, I
y=527-x1+1067
ty, days e
1201 p <000l
1004
3 1 Hypothyrordism
2 Intestnal by pass
80 3 Hyperparathyroidism
4 Normals
5 Epieplics receiving anti
604 convulsants
6 Hyperthyrordism
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Bone formatton rate, BMU level, *Vy(gayyy #m®/ pm?/ day

n between the mineralization lag trme and the bone formatron rate at BMU level in normal and

1.
:ﬁh;o;z]‘:;l: Mcan and standard error of the mean are mdicated for the different groups mvestigated
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X ANTHOGRANULOMATOUS PYELONEPHRITIS

A Clinico pathological Study with Special Reference ta Pathogenesis

JENS CHR MOLLER and INGRID B RRISTENSEN

University Insutute of Pathology hommunehospitalet  Aarhus and the Tnstwte of Pathology
Centralsygehuset Randers

linco
Mol C F & hnstensen 1 B A Al
v.:h"spejga.l reference to pathogenesss Acta path microbiol scand Sect A 88 89-66 1980

Nineteen cases of xanthogranulomatous pyelonephritis (XP} were studied There was a close relauion to
pyonephrosis and unmary tract obstruction %as present in alf cases but one which represented the
tumorous variety of XP The degres of xanthogranulomatous molvement was correlated to the
seventy of the acute inflammatory affecion as evidenced by the chimeal findings and the urographical
excretory function The topography of the xanthogranulomas was refated to the fevel of vrinary tract
obstruction 1n accordance with the pattern of reacuon common to obstructine pyelonephrits
Haemorrhage and conswerable fibrous tuckeung and stenosis of artenes surrounding the xanthogranu
tomatous focr were conspicious features Based upon a morphological staging it was shown that the
structural changes {towards fibrosis) were parallelled by a series of celtular esents indicatng removal of
inteaceliular lipids 1n xanthoma cells by transformatton fo hipofusan and transport 1n PAS-posune
ntersuual macrophages This wazs comparable 1o the findings 1n expenmental \P suggesung a simutar
and simple way of pathogenesis Tt 1s concluded that XP — with the possible exception of the tumorous
variety — can be ascribed to local resorpuon phenomena caused by concurrent factors usually imvolved

m pyelonephnus unnary ract obstruction beng the essential preconditon focal haemorrhage and

1schaemia contributary elements
Key words

study

1 C F Moeller Patologisk Anatagusk lastutut, Kommunebospitalet, DR 8000 Arhus Denmark

Accepred as submitted 9 x 79

The term xanthograntlomatous pyelonephrius
(XP) denotes a morphological sub-type of pyelo-
vephnus which 1s characterized by the presence of
yéliowish nottes and pencalyceal streaks of
granulation tissue the essential feature of which 15
1 Jaden macrophages 1n spite of the unusual and
often impressive appearance which may cause
confusion %1th renal carcinoma (Sef-er et af 1957)
1t appears from both casuiste reports and large
retrospective senes (Gingell er af 1973 Gammull ef
al 1975 Molek & Elder 1978) that the chmcal
findings and the pre-disposing factors are not
fundamentally different from those of suppurative
nephans 0 general The nvolved mn

unnary tract obstruction have been suggested as the
most lkely causal factors (Sefzer ef af 1957,
Friedenberg & Spyur 1963)

The present work was undertaken in order to
further mvestgate the basis for the xanthogranulo-
matous feaction by 1) correlating climcal and
pathological findings and 2} comparng the morpho-
logiceal changes 1n the xanthogranulomas with

sl‘;‘dl\q 1n expentmental models (Povy stf & Komckona
72

MATERIALS AND METHODS

Nineteen cases representing one awtopsy and eighteen

the 2anthogranulomatous reacton are not known it
detail but prolonged suppuratton 1 addition [

'Y specimens were studied Thirteen of these
been previously duagnosed and recorded at sig
institotes of pathology An additional six cases were

89



characteristic feature of different metabolic bone
diseases and that observed changes 1n the mean
width of osteord seams may be explatned by
varations 1n the appositional rate of osteord and 1n
the mmneralization lag ttme
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collected prospectsvely representing 5 4 per cent of a)l
nephrectomies performed during one year

The extent of xanthogranulomatous involvement was
mac graded to the foll
criteria

1 Slight degree of involvement

focal changes 1n
the pericalyceal
renal tissue
diffuse pericaly
ceal changes
(te hmued to
the renal me
dulta)
changes involy
ng the whole
kidney

Paraflin sections were staned with haematoxylin
cosin van Gieson PAS Perls Prussian blue and Zieh!
Neelsen modified for stumng of hpofuscin

For comparison with experimentally produced XP a
morphological staging was done based upon the well
known pattern of nflammatory reactions in general and
upon the presumed dynamics of human XP in parucular
(Tonelly & Ganoni 1969 Putschar 1934)

11 Moderate degree of mvolvement

111 Severe degree of 1nvolvement

Stage I11 xanthoma cells closely packed 1n a wel
vascularized stroma (Fig 2)
Stage IV decrease and splitting up of xanthoma cells

due to fibrosis (Fig 3)

In each stage the stamng reaction for PAS postse
substances lipofuscin and iron was given a score from§
to +++ 0 representing no or doubtfy] posit
reaction + + + maumal reaction

RESULTS

Clinical obsenations Relevant data are recorded m
Table | There was a shight female preponderance
(119 /8J) and a mean age of 56 years at the ume
of nephrectomy

Eight patents had no previous symptoms of
urmary tract disease and nephrectomy was perfor
med after a relatively short pertod of acute ilne
with septic fever and flank pam In 9 patien
nephrectomy was preceded by several years
urinary tract disease and signs of acute pyelon
phnitis were present in only half of the cases

S 4 locytic nfil
et :‘:r: lm;(a:::;: a:eﬁlgralt‘;;?y calrr:alnlgr:d Three patients had or developed malignancy ¢
(Frg 1) the urogemtal tract (carcinoma of the cerviv ute
Stage It xanthoma cells orgamzed 1n more solid (1) carcinoma of the bladder (1) and u;anox]x;z;
formauons along capillaries Sporadic ne  the ureter (1) One patient developed XP 1n re
croses to pregnancy and one patient was diabetic
TABLE | Xanthogranulomatous Pyelonephritis Chnical Summary
Case Age Chronie Acute Obstructive Bacteriologica!
Sex urologtcal disease I findings (ursne)
no tyears) disease (duration) sston
1 73 M + 6 weeks Ureteral stone Unknown
1 64 M - 3 months Ureteral stone Grasm = rods
11 55 ¥ + - Pelvic stone Gram = rods
v 12 M + - Carcinoma of Gram + rods
the bladder
58 F + - Pelvic stone Proteus
xl 81 M - 5 weeks Pelvc stones Proteus/E colt
vi 30 M - 4 weeks - Gram + coccl
Vil 0 N + - Pelvic stone Gram - rods
IAY 22 F - 4 months Petvic stone Unknown
79 F - 2wnecks Pelvic stone Unknown
. 69 F 4 ? Uteteral stone Unknown
X b1 F - 4 weeks Ureteral stone E colt
z\(::l 40 M - 4 months Aberrant vessel Unknown
+ 4 weeks Uretero pelvic E coli
xn ¢ F stenosis
+ 3 months Pelyic stone E colt
X o H Pelvic stone E coli
65 ¥ + 3 months
X B F ? ” Ureteral carcinoma E colt
X E F + - Petvic stones E coh
Xy - 4 weeks Petvic stope Gram —rods
XN 26 M
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Fig 4 Part of kidney with typical penicalyceal
Aanthogranlomatous foct

changes Note h h n refavon to

Fy 5 Focal wumelactives type of XP

F g 6 Marginal area with
) pofusin

of grmg ihe Ted brown B 5% reaction of

F¢ 7 Section of xanthogeanuloma with afeas of haemorrhage and comspicious amounts of hacmosiderin 1
xanthoma celis and other macrophages \Perls Prussian bluey

I Stanmg ntensiy between central and marginal

TABLE 2 Quannaine Xamhopranutomarus Changes
areas tn Relatron to Climcal Coursc of Urological Disease
The vanous stamng reacuons as torvelaed 10
stage are tllustrated in Fig 8
Chnico pathological relations From Table 2 1t \‘:Xmitlxg:‘d
appears that n 3 groups of patents diffecing 25 w0
chacal course m most cases the presence of the ! n "
acute phase was correlated to a mgh degree of Acutedu .
xanthogtanulomatous imolvement and vice verss ¢ <m .; y:ﬁ:‘:‘" Yy ° 3
No correlaon was found between the chmaal oo B0 R 3
coutse (the duravian feom onset of ehnkal YW e prasela ° ' 3
toms to hephrectomy tn particular) 2nd the MUCTO  Chuneic disease withoul
seopic stage of xanthogranulomatous change acute phase () 3 1 §
Seventy five per cent of kidneys with moderate
and severe degree of xanthogranulomatous tvolve  Unknown climical course () 1 1 i
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Fig ? Advanced xanthogranulomatous reaction (stage 1V ) Scattered xanthoma cells 1n a fibriltary stroma

Bacteriuna was present 1n the majorsty of cases
and £ colt was the organism most frequently
1solated  Sigmificant bacteriunia (> 1 x 108
colontes/ml) however was present only m a minor
part of the series Uninary tract obstructon was
demonstrable 1n all cases but one This was usually
due to pelvic and ureteral stones (74 per cent)

An excretory urogram (IVP) was obtained
only 8 cases since [ kidneys showed no function

On account of the radiological findings renal
tumour was suspected mn 6 cases

Pathotogreal findings Typically the xanthogranu
lomatous hidney was enlarged |7 cases presenting
varving deptecs of pyonephrosis The xanthogranu
lomatous changes vanied from focal festoon hhe
yellowish streaks o easily missed small podules 1n
the penicalyceal 1un f tissue to more generalized
lesions H temorrhage m relation to the xanthogra
nulom 11 ws foct was a wonsprcious feature of several
cases (big B

One case (no  VII) represented the localized
tumourous form of XP (Fig $}

Microscopic examnation of renal tissue adjor
ning the xanthogranulomatous foci showed signs off
acute and chronic interstinal nephrtis 1 all cases
There wa in obvious predilection of the xanthogra
nulomas | <egments with the most severe
inflammat es on— especially m relation to the
pelvic fornices and renal papillae

an

Vaning and at tmes pronounced degrees of
lumma) parrowing due to ntimal thickenng and
fibrosis were observed in arterics situated at e
periphery of the xanthogranulomas Veadus
changes or thromboses were not seen

The xanthogranulomas showed only shight mu
tual structural variation which made a merpholo
cal staging of the individual case possible

Imtially (siage I) the xanthoma cells appearsd
\acuolated and contamed mostly smafl PAS
posive granules and partly degraded cellular

{mamty polymor fear | y1es)
Later (stage 1) the PAS posiuvity and (e
phagocytized elements disappeared, and the cyi@
plasm app d more hom {compare Fig
and 2)

Macrophages differing from (ypical xanthora
cells due to a shghily smaller size absence of
cytoplasmuc vacuoles and a more pronounced PAS
positine reaction were obsenved sporadically ¥
stage I and mainly 1n the central xanthogranulom?
tous area These cells made up a more conspiciol
feature of stage II At stage lII macrophages of 3
simylar type appeared mn clusters at the periphery 0f
the xanthogranulomas and showed the stamng
reaction of hpofuscin (Fig 6)

In some cases striking amounts of haemosideria
were present 1n both xanthoma cells and smaller
macrophages (Fig 7) often with a #anal diffarence




{Hooper et al 1962) This1s1n accordance with the

pattern of inflammatory Teaction in both human
1 s G

and

matory changes m the kidney Consequently 1t
seems jusufied to beleve that the pathogeme
1

11 1969)
Inthus connecuonrlhe tumorous or locatized form of
XP presents a special problem since urinary tract
gbstrucuon seetns o be the exception rather than
the rule 1n these cases {Sel er et ol 1957 Noyes &
Palubinskas 1969) Microscopically nothing ndica
tes a morphogenesis basically different from that of
the diffuse form and theoretically some sort of
intrarenal obstruction might be at work Ths could
not however be substantiated from the present
study
In three cases with staghorn pelvic calculi {cases
1o 11 V 2nd XVIID) nephrostomy with dratmage of
pus was done prior 1o nephsectomy This aught
explain the ly shight 1
matous reaction 1n these cases indirectly pointing to
the possible sigmficance of varying degrees of
unnary tract obstruction to the quantitative xan
thogranulomatous response
‘Vascular changes mostly i the form of iumat
and medial thickenung have been observed 1n a
number of cases (Tonellt & Granott 1969 Hooper et
al 1962 Clay et al 1969 Schopfer 1967) The
possible significance of 1schaenuc necrosis has been
emphasized by Hobib et al (1968)1n a paper dealing
with 4 paediatnic cases characterized by an almost
selectve affection of the renal papidiae This would
be 1n agreement with both experymental and chcal
observatons that increased intsapelvic pressure {due
10 unnary wact obstruction) and narrowing of
vessels (tn relaton to chrome pyelonephrius of
diabetes) seem to favour the development of
papillary necroses {Sheehan & Davis 1969 Hepnn
stall 1974) Ths might explatn the high weidence of
diabetes mellitus 1n some senies (Gammill et al
1975) Papillary necrosts however 1s probably not
the tngger mechanism of xanthogranuloma forma
tion since XP so far has not been described
relation to so-called analgesic nephropathy
©

w s Ule ime-correlated structura) transforma

tion was accompatned by a serses of celfular changes
NGEAL 7o v .

daty

e v
xpelunental hindings and the present observations
strongly suggests that they are of basically wentical
character the only difference bemng a tmore 1ncon
Stant presence and irregular distnibution of PAS
Positive cells This mught be due to differences in
Tespect to route of infection or preexistent mflam

and rather simple ones with
emphasis on urinary tract obstruction Ths 15
funber dlustrated by the fndings of Tan &
Heptinstall (1969) who under stmilar experimental
conditionss using however temporary occlusion of
ureter found an inflammatory reaction with 2
corresponding time-correlated change In guantity
and stamung reactions of PAS posiuve interstitial
cells but no formation of typical xanthomatous foct

Ultrastructural investigations have guen some
evidence that the PAS positive interstitial cells are
m some way lnked with (meffectne?) bactenal
‘break-down (Fan & Hepnnstall 1969) As 10 the
yanthama cells these are not specific to XP but may
be present anyw here inflammation and obstruction
coexists = wobstrucve pneumonia« being the
classical example The ongim of the fatty substance
1s disputed Cholesterol esters which make up part
of the hipids (Saeed & Fine 1963} muight dernve from
Iysis of erythrocyies 1n refation to hasmorrhage
which applies to the macroscopic appearance and
the presence of great amounts of hacmosidenin in
some cases of the present series

Provided the xanthoma cell and the PAS-positive
interstital cell represent different functional states
of the same cell the series of events m the
established xanthogranuloma can be explained
simply 1 terms of a normal macrophage response
with transformation of intracetlular lipids to Iipofu
san Povysil & Konuckora 1972 Tan & Heprnstall
1969)

In conclusion 1t seems obvious to consider the
xanthogranulomatous reaction 2 post snflammatory

b a possible

stage 1n the course of suppurative nephritis (Tonellr
& Gianoitr 1969) As to pathogeness both the
present and previous clinical observations n addy
tion 1o experimental findigs pamt to factors which
may tncrease locally the need for or interfere with
<isposal of inflammatory waste products As far as
unnary tract obstruction haemorshage in the renzl
Pelvis and focal renal ischaema represent common
d m ascending 1nfl ¥ kidney
disease one might consider the xanthogranuloma
tous reaction a matter of concurrence and varying
degrees of these factors Considenng this and the
Various morphological expresstons of the ndisease «
and is temporary character (as ndicated by both the
present observations and the fact that XP 15 a very
Tare autopsy finding) it 15 not surpnising to find
overt xanthogranulomataus changes only 1 a
punor part of cases of suppurative nephnus
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In one case (no XVIII) partial resection of t
kidney was followed half a year later by to
nephrectomy In the resected part obvious xanit
granulomatous changes were present In the nep
rectomy specimen however, no such changes cou
be d (

Stage Stage I Stage it Stage v
100 {4 6) _ ey (7) {2
) H D H j
= S T

Ziehi Neelsen

LO0 DI T0 bR

Perts Prussian biue

DISCUSSION

In spite of an increasing number of reports ¢

h pyel hratis 1t 1s still cons
dered a rare affection (Chutkara & Singh 1976) Tt
frequency reported vartes constderably dependr
on the type of material (nvestigated Thus @
series of 3000 consecutive biopstes with chron
pelonephrinis Malek et al (1972) found xanthogr:
1 changes n only six per thousan

LON RS

per cent wihes
200 se r93ct00

Frg & Semiquantitatively estimated statning reactions tn
central and marginal areas of xanthogranulomas as
carrelated to marphotogical stage

€ contral o marg nat

ment showed no function on excretory urography,
the excretory function bemg largely nversely
proportional to the degree of xanthogranulomatous
affecuon

The type and degree of xanthogranulomatous
reaction was found to some extent correlated to the
level of urinary tract obstruction, obstructions distal
to the renal pelvis bemng associated with more

lized h changes as com

pared with obstructions above the ureteropelvic
junction (Table 3)

TABLE 3 Quanntaine Xanthogranulomatous Changes
i Relaton to Tipe and Lewel of Urman Tract
Obstruction

Concernung pyonephrosis Wart & Roplance (197¢
1n a series of 40 cases found XP in almost 25 ¢
cent The fact that one third of the present series
cases) was diagnosed prospectively during a rel2t
vely short period indicates that the »frequency (¢
XP to some degree depends on the attention padt
1t This t0o, s illustrated by the series reported b
Hooper et al (1962)

The chnical appearance, age and sex distributio!
and bacteriological findings as well as the assotd
uon of single cases with drabetes pregnancy %
obstructive malignant lesions of the urogenital trad
are 1n hine with previous observauons (Malek
Elder 1978, Hooper et al 1962, Fricdenberg &
Spyut 1963) and point to a common aetiological ané
pathogenic basis for XP and pyelonephrus @
general

The close connection with pyonephrosis o
suppurative nephritts suggests that the xanthog?
nulomatous reaction 15 a sequel to local necrosis 2
abscess formation This 1s further supported by !¢

observed concordance between different degrees ¢
I and the severty

Macroscopic degree of
renal involvement

1 n n

Pelvic stone(sH9) 3 4 2
Uretero pelvic stenosis

aberrant vessel (2) i} 0 2
Ureteral stone

ureteral carcinoma (6) I i 4
Carcinoma of the urinary

bladder t1) 1] Q 1
No obstructive lesion o 0 -

demonstrated (1)

* Tumourous form of XP
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% of
fan

of inflammatory kidney disease as indicat
chpcal and radiological findings The lacl
correlation between the microscopic stage of
thogranulomatous change and the duratton of the
clmically acute stage however indicates that the
xanthogranulomatous reaction 1s probably not
direct consequence of tissue break-down but 10
some extent depends on additional factors

Calculr predommantly of the staghorn typ¢
represent a potent obstructive factor 1 a hgh
percentage of cases (Clutkara & Singh 1976 Maleh
& Eider 1978) which 15 1n agrecment with e
present findings The observatton that the xantho
granulomatous changes are to some extent topogr2
phically correlated to the level of calculous (and
noncalculous) obstructton has been made by others
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DISTRIBUTION OF ATHEROSCLEROSIS IN
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A morphometnc study of
of

thoracic zoria A

49 randomly selected human aortas 15 reported with regard to the

lesions 1n the

thoracic aorta (DTA) The intercostal artery area

(ICA area) revealed a higher degree of atherosclerosis compared with the remaming past of the DTA
The difference was more striking at overall lower grades of atherosclerosis of the DTA The venural
aspect of the DTA n the proums! and caudal turds showed a higher degree of atherosclerosis
compared with the muddle tird The atherosclérotic indices of the proumal and distat areas correlated
sigmficanly wnh imereasing heant weights but not for the mddie third The explanauion of this 15
presumadly trregufar flow cond uons For the distal part a possible effect of contauous pounding of
an enlarged heart upon the ventral aspect of the descending thoracic 20ria 1s discussed

Key words Atherosclerosis thorani¢ aona

E Svendsen Insutute of Medical Biology Umniversity of Tromse Box 977 9001 Tromse Norway
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E: induced m the
20rta has shown a focal occurrence (2 21) The sites
of to sites with lial

eelimyury (27 28 29) increased permeability {16)
mncreased platelet deposition (3 11) as well as
increased rephcation (32) and presumed flow
disturbance (7 10 18 26) In the fterature there
are mdications that also 1n the human aorta certain
areas are more susceptible 1o atherosclerotic deve
fopment {0 3 4 12 20 23) Fany sireaks occur
carly 1n the proxsmuty of iatercostal artery onfices
{23 Tt1s widely accepted that raised blood pressure
increases atherosclerotic development and heart
weight Alteration of the flow sitation may occur
€513 14) and the entarged heart gets a closer
relation to the ventral aspect of the zora As all the
eperimentally recorded phenomena have been
demonstrated 1 the descending  thoracic aorta
{DTA) a more detailed morphometne study of the
atherosclerosis i human DTA seemed 2ppropriate

The foliowing questions were asked

1 Are there differences in the occurrence of
atherosclerotic lesions 1in the intercostal artery
area (ICA area) versus the remarmng art of the
DTA? If so are the diferences consistent at
different overall degrees of atheroscieross in the
DTA”

2 How 1s the distnbution of atherosclerosis 1n the
non intercostal artery area” Does the heart
weight influence thes distribution®

MATERIAL AND METHODS

Forty mine aorias all from males were
selected from autopsies at the Department of
e . - -

1

randomty
Pathologv

v 4 XS Al Wwe uorsal aspect, pinned out
and fixed 1n 4% buffered formalin
sighdy dried photographed {dias)

on a cork board
The aonas were
and subjected 1o 2
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The authors are indebeted to the chief pathologists at the
departments of pathology at Skive Sygehus  Veyte
Sygehus  Sonderborg Sygehus and Aarhus County
Nospital Tor placing specimens at our disposal
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Fig 3 Graphical representation of the atherosclerouc
‘esions in the non ICA area of the DTA {uppermost
diagram) and the ICA area (lower diagram) comprising
all cases Each of the twenty-one columns represent the
mean atherosclerotic index at the actual leve! of the aorta
} ICA - first intercostal artery CE = cehac trunk

mddle thud however no significant correlation
was found In the same figure the mean atheroscle
rouc indices for each of the non ICA areas are
esumated for four groups based on heart weights
(200~299 300-399 400~499 and 500 grams and
above) The most marked tcrease of atherosclerosis
ts observed between the first two groups 1n 21l three
areas In the group with heart weights above 500
grams there 1 further marked increase of atherosc
lerosis i the distal area In the protimal and muddle
area however the increase 1s shight

Table | shows the mean systohic pressure of the
highest blood pressure encountered m the chmeal
Journal of those with heart weight above and below
425g Mean pulse pressure mean heart weight
mean age the number of cases tn each group as well
as the atherosclerouc indices of the proximal
middle and distal thirds of the non ICA area of the
DTA are given 1n the same table The mean systolic
pressure and the pulse pressure are somew hat
bugher 1n the group with heart weght above 425 ¢

DISCUSSION

We present strong evidence that the ICA area 15
more prone to ath than the

200 300 400 500 600 700 800
Hwg
Fig 4 Duagram of the atherosclerotre extent 1n the
cranial middie and distal thirds of the non ICA srea of
the DTA plotted against the cortesponding heart wesghts
‘The tnangles represent mean atherosclerouc index within
€ath of the four groups based on heart Weights in gram
(200-299  300~-399 400499 500 apd sbove)
ATI - atheroscierotc tndex AWg=heart weight m
8ram r=correlauon coefficient PR

MI and DI as 4n
Fig 1
atherosclerosts are described 1y the. samearea() 15
21 22) Acoord:

pantof the DTA This finding 1s 11 agreemens with
the work of Bhagwat er af (3) The dufference 1s
more striking in the groups with overall less
aherosclerosss This fact may indicate that the
atherosclerotic process starts n the ICA area
Experimentally the ICA area 1s a site of increased
permeablility (16) plateler depostiion (9 11) and
endothetial cell myury 27 28 29) Increased celf
rephicauon (32) and the nception of expenimental

g (0 most quthors the particular
flow condstsons 2t the 1CA area are of 1mportance
for the predominance 1n s area of all tpe
mentoned pheromena

distal thirds compared 1o the middle turd The
degree of atheroscierosts in the non ICA area of the
proxamal and  disga) Pats of the DTA was
significantly correlated with the hear weight

aa



morphometric point-countng procedure in which each
duas photograph was projected on a screen with regularly
arranged points

The rehablility of the morphometric method had been
controlled 1n a study comprnsing 22 aortas [ntra- and
tnter observer comparisons showed a high reproducibi-
Ity by using staustical tests The correlation coeffictent
ranged from 096 to 098 tn both inter- and intra
observer comparnsons The standard deviation of the
random measurements error expressed 1 per cent of the
mean value of the replicate measurements ranged from 8
to 12 per cent, and the slope of the regression coefficient
did not differ from unity by more than 0 045 1n any of
the comparisons (6)

By adjusung the distance from the dias-projector to
the screen each DTA of all 49 aortas comprised a
standardized number of 21 pont-rows from the |
sntercostal antery onfices to the celiac trunk  All points
fatling upon fauy streaks, plagues and complicated
lesions (ulcerations, hemorrhage, calcificaions and
mural thrombus} were counted as atherosclerotic lesions
and mapped on graph paper together with points falling
upon normal areas The DTA was divided into three
equal fields each comprising seven point-rows and was
also divided into [CA-area and non intercostal artery
area (non-ICA-area) as shown tn Fig 1 The points
falling closest lateral to the intercostal artery orifices and
points falling at the dorsal wall n between the intercostal

5
o ol pr
o o
g g

£lo of M1

o
of o
oo
of o] o1
of o

<]
o
o o

ematc representation of the opened aorta
g";,&’: gi:cendmg m‘;raclc aorta, PR = proximal part of
DTA, MI=middle part of DTA, DI=distal part o;
DTA The haiched fietd represents the nop ICA-area ol
(he DTA, the unhatched field of the DTA the ICA area
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artery onfices were allotted to the ICA area All oth
ponts falling upon the DTA were allotted to the no
ICA-area which represented the lateral and ventral asp
of the DTA A mean atherosclerotic index for the % ho
{CA-area and the whole non ICA-area was esumate
Also a mean atherosclerotic tndex for each of the |
point-rows 1n the [CA-area and non ICA asea of all ¢
dortas was Furthermare mean

indices of the proximal, middle and caudal third of ¢
non ICA-area of the DTA were estimated A correlatc
analysis between the heart werghts and atherosclerosis|
each of the latter-mentioned areas was made

RESULTS

In the descending thoracic aorta the ICAare
showed consistently relatively more atheroscleros:
than the non-1CA area The difference between
two arcas was greatest in the groups with low tot
atherosclerosis and less in the groups with hightot
atherosclerosis (Fig 2)

A mean atherosclerotic mdex based upon all 4
aortas for each of the 21 point-rows 1n the ICA art
and non-ICA-area of the DTA was calculated |
the non-ICA-area more atherosclerotic lesions %¢f
found 1n the proximal and distal thirds compare
with the muddle third (Fig 3) In the same ared
caudal increase of atherosclerosis at the ver
beginning of the DTA and 2 decreast whe
approaching the celiac trunk was observed (Fig 3.
In the ICA-area, however, the distributton had 2
opposite pattern (Fig 3)

Fig 4 shows the heart weights plotted agamstth
respective atherosclerotic mdices for the proumal
muddle and distal thirds of the non-ICA-area of W
DTA In both the proximal and distal thurds ther
are statistcally sigmficant correlations betweer
heart weight and degree of atherosclerosts In

060

3% 3% 35 o4

Fig 2 Extent of atherosclerotic lesions in the ICA are?

(filled bars) versus non ICA-area of the DTA foper

bars) Four groups based on increasing overall athero

sclerotic index of the DTA are arranged The bars ex-
press mean values ATI=atherosclerouc index
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TABLE | Climucal Parameters, Mcan Heart Weghts as well as Atherosclerotic Indices of the Non-Fntercostal Arien

Area of the Descending Thoracic Aorta in Groups with Heart Weight above and below

q25¢

Heart weight 2 425 g Heart weight < 425 ‘

Number

Mean age (years)

Mean heart weight {g)
Mean systolic BP (mmHg)
Mean PP (mmHg)

Mean ATI of non-
intercostal artery area
of the descending
thoracic aorta

Proximal third
Middle third
Distal third

29 20
682 644
518 340
1676 1505
668 623
041 022
034 027
040 027

BP =blood pressure PP = pulse pressure

Knieriem & Hueber (12) found a diffuse, 1n some
cases, patchy thickening of the aortic intima,
especially of the distal thoracic aorta, with increa-
sing age, and the weight of the aorta increased with
increasing heart weight

The preponderance of atherosclerosis In the
proximal third of the non-ICA-area compared to the
middle third of the DTA may be explained by the
occurrence of boundary layer separation with
vortices This area blends with the lesser curvature
of the aortic arch where this type of flow
disturbance 1s supposed to occur (7, 10, 15 26)
Hypertension may leave the cardiac output unalte-
red (8) Labile hypenienston, however, 1s attended by
increased cardiac output (5, 14) Further reduced
distensibality of large arterses {19, 31) and increased
pulse wave velocity (32) may occur 1n hypertension
Thus, raised blood pressure may produce a more
intensive flow disturbance in the distal area of the
Jesser curvature of the aortic arch

The preponderance of atherosclerosis in the distal
third compared with the middle third of the non-
ICA-area of the DTA may also have a similar
explanation This sie however, has hitherto not
been suspected 10 have more flow disturbance than
the middle third Hydrostatic pressure may play a
role The fact however that the atherosclerotic
process decreases when approaching the celiac trunk
may be an argument against this assumption If we
can take 1t for granted that the hearts with more
than normal weight have a larger than normal size,
an alternative explanation may be that the increased
presence of atherosclerosts 1n the non-ICA-area of
the distal third of the DTA 1s a direct effect of the
cntarged heart The enlarged heart ts located closer
1 the ventral aspect of the aorta It 1s possible that
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ATI = atherosclerotic index

the beats of an enlarged heart may potund against
aorta to a greater extent than normal and thus aof
the aoria This explanation s mn accordance ¥
Solberg & Eggen (24) as well as Palma (11):
Stephanson et al {25) who put forward
hypothesis that atherosclerosts may occur 2sa e
of mechanical influence on the vessel wall ft
outside

In conclusion, thts work has shown a consist
predominance of atherosclerosis m the ICA2
versus the nion-ICA-area of the DTA at all degr
of atherosclerosis

This p 1S more pi
patients with a small or moderate overall deg
atherosclerosis of the DTA

A 15 more prevalent 1n 1he U
and lower thirds of the non-ICA-area of the D1
compared with the muddle third The two form
mentioned areas in contrast with the latter corrék
sigmficantly with increasing heart weight

ced

We owe our gratitude to Peof L Jargensenand Dr L
Solberg for professional criusm Dr Alex Tendall
reading and Mrs Dagny Madsen Fauske for typing L
manuscript
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OF ENKEPHALIN AND p-ENDORPHIN IN ENDQOCRINE
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A Suney of 27 Colo Rectal Carcinoids
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L d of hatin and B-endorphin in endocrine tumors of the rectum
A survey of 27 colo rectal caranotds Acta path microbiol scand Sect. A 88 103-109 1930

Ina 1 and study of biopsy and/or operation specimens from 27
patients with endocrine umors of the colon and rectum { hind gut carcinoidsa) enkephatn immurore
actuve tumor cells %ere phserved 1n two cases Both patients were obese women about 50 years of age
with a hustory of consupaion The tumors were situated near the anus 1o the dorsal wal) of the
rectum One tumnor had metastasized 1o a lymph node and the other showed vascular jnvaston The
tumor cells were non argentaffin some were argyrophil One tumor contaned only few enkephatin
immunoreacuve cells but had numerous P-endorphin immunoreactve cells which were disunct from
the former The other conuined large numbers of enkephalin mmuroreactive cells but no B-endorphen
cells Both tumors also harboured glucagon immunoreacuve cells 1n one there were also cells
contamming tmmunoreactve pancreauc polypeptide These cells were disunct from the enkephalin-storing
ones No 5 hydroxytryptamine could be detected i the two tumors

frendorptun 5

Sture Falkmer Professor and Charrman Department of Pathology University of Lund Matmo General
Hospital $-214 01 Malmo Sweden

Key words Rectal carcinoid muxed eadocrinie tumar enkephall
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The pentapeptide enkephalin first 1solated from
bran ussue by virtue of its potent opiate receptor
agomist acuvity {1} OCCUrs .t two Vanstes ooe
having leucine (nleu-enkephalin <) the other methio-
nne (»met-enkephalind m COOH termmal gosu
uen (1) By immunocytochentistry enkephalin like

tumors (5) Another endogenous opioid peptude is B
endorphun which occuss in high concentrations i
the prtutary gland including Puuttary adenomas
(6 So far Sendommiir dov o dear Gumd r
peripheral tumors

The findings of 1mmunoreattive enkephalin 1

material has been demonstrated in nerve fibres and
nenve cell bodies of the gut wall and in endocnine
cells of the antrum and (2 3) The

gut endocrine cells and m bronchial carcnoids

prompted a scarch for enkephalin 1n endocrine

wmors of the digesuve tract Ve stared by
3

endocrine cells demonstrated with antiserum 232
st ley-enkephahn were found to be of the §

27 cases of col ) In

all two cases were found They form the basts of
the present repont

siryptamune (S HT type (3} En

kephalin immunoreactive cells have recently been
demonsirated also 1 the exocrine parenchyma of
P18 pancreas (4) and n some bronchu! endocrine

*) The term saarcunoid 15 used here 1o mean prymary
endocrine wmors of the digesuve tract yrrespecuve of
the presence of absence of 5 HT (7)

103






- . e i ,
01“, . L0 . LoC ., .‘ Dw
2 r:J * . .,\\ . .;Q - } .
- N O.. ’ .J O,h 3 4 P
: * . < .
* : e . *
s - -
’ ‘. - Ly .\\uu X
mw. “i.,.w\ \ ! . M
&N ¢ ¢ v g &
Brpr ; & UL - WAy T LA .%.tc

&
&M

5@&%

o(
c :n{&“‘;.l » »K.h»
]

n suaned sections of the

of

rectal carcinord and adjacent mucosal crypts showing nests and trabecules of small regulas epihelial tumor cells
sutmucosa (Fig LA} and dusplaying te thbon growth

PAP immunocylochermical proceduse celts were found

7 dsplaying pendorphin immunoreactivity 1 the normal mucosa overlying the tumor (Fig 1€ atsows) 25 weltas 1

Case o & Low and medium power
the tumor rnself (not shown 1a the (igure} whereas enkephalin ammupnoreactivity occurred 1n a few scartered tumor

oelts onfy (Fig LD) XAOKUAY X25SUBY and KIOKAC ara DY

groming 1n 1he basal pacs of lam g propria 1avading the
pattern typical of this kind of wmors (Fig 1B) By the
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MATERIAL AND METHODS

The material consisted of blocks of paraffin embedded
specimens from hind gut carcinoids collected from 27
patients Twelve of these tumors had previously been
analyzed for the presence of cells containing glucagon
and substance P like immunoreactvity (8) The spect
mens were either from extirpated tumors or from biopsy
specimens they were fixed 1n 0% formalin For light
microscopic analysts 4-6 pm thick sections were staned
with haematoxylin cosin van Gieson's stain the perio
dic acid Schuff (PAS) reagent the Masson Hamper!
argentaffin techmque (9 10} as well as with the
Grimehus argyrophil procedure {11)

Deparaffinized sections from all tumors were examt

opoid peptide mmunoreactivity were then anaiynd
histochemucally for vartous other hormones and bor
mone candidates Detais of the antisera used are g ren 1
Table | Secttons from these tumors were also exam ned
for 5HT This amne condenses with formaldehyds
yielding a fluorophore which 15 detectable upon exaw
tron with UV hght {365 nm) (32)

RESULTS

Two out of the 27 examined rectal carcmois
contained enkephalin immunoreactve cells (case |
and 2 below) In addiion one of the two case 1)
 endorphin immunareactive otlls

ned for enkep and 8 d e
cells using the indirect immunofluorescence method (12)
or the p anti p {PAP) procedure {13)
Secuons were thoroughly ninsed in bufler over night and
incubated wih the anuserum for 3 hrs at room
p or for 24 hrs at
+4°C (PAP procedure) The sections were washed
repeatedly with phosphate buflered saline and the site of
the antigen anubody reactton was revealed by incubation
with 1 or non antt rabbit
IgG 1n dilution | 20 In the PAP procedure the PAP
complex was applied 1n diluuon | 320 Control sections
were exposed to anuserum Inactivated by the addtion of
anugen 1n excess (100 pg/mi) The tumors displaying

Case No | Previously healthy obese 49 yearold
woman was examined by rectoscopy because ofpamsie
the sacral and anal regions For several months she wad
sulfered from constipation A shightly protruding nodult
about ] cm n diameter was observed located on
dorsal wall 5-7 cm above the anus An A&
examination of the colon showed no other noduss
polyps or tumors A biopsy specimen was taken The
histopathological exammation (Umed 25932/76) 1 @
led a rectal carcinod About a month later 20
abdomunal perineal exurpation of the rectum was made
with a sigmordeostomy About half (he tumor rema ned
1n the estirpated rectum It was a firm nodule withan

TABLE | Sune of Antisera Used

W orking dilution

Anusera raised Code Immuno PAP Reer
aganst No fluorescence  staming  Source
Adrenocorticotropic »
tiormone (ACTH) 180 1640 Own 5
8 Endorphin 7763 20 1240 Milab Malmo Sweden o
Leu Enkephalin 170 1240 k J Chang Burroughs Wellcome
Research Triangle Pk N C USA -
Gastric mhubitory RD11/19/77 180 T O Donsio Ohuo State University
peptde (GIP) Columbus Ohio USA .
Gastnin(2 17) 4562 1 640 125000 J F Rehfeld ArhusUnrv Arhus DK®) ;0 a
Glucagon 4304 XII 180 1 2560 J J Holst Bispebjerg Hosp Dk
Human pancreatic R E Chance El Lilly Indianapolts 2
potypeptide (HPP) Indiana USA
lin LAl L Heding Novo Res Insutuie Dk 3
Ao MBRO? & t 640 N Yanahara Shizuoka Coll Pharm Jap 2 .
o HC 8 140 1 640 R E Carraway Harvard Med School USA 24
Neurotensin 5585 L 2560 1 Fahrenkrug & O B Schaffaluzky de "
Secreun Muckadell Bispebjerg Hosp DK 22
180 11280 M P Dubois lnst Nat Recherche
Somatostatin 19578 Agniculture Nouzily France 282
Substance P Ikl 1320 P Emson Cambridge University GB
Vasoactve mtestinal 1320 S 1 Sad Dallas Tx USA 3031

polypeptrde (VIP)
Dk Denmark
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appacently wtact overlylng mucosa Its cut surface was
grey white and 1t grew mainly i the submucosa and the

v . . -

constipation and no signs of the caranoid syndrome
when cxarmmned three years after the operation (n
January 1980}

The tumor appeared well differentiated and was
composed of small smform polyhedric cells with
umimorphic pucler arranged In thin trabecules whick
often were only one celf th thickness and Which formed a
marked whotled nibboat growth pattern (Fig 1) There
were no PAS posiuve cells Mitoses were inconspicuous
A few cells duspl I Like
vity were found scattered i the tumor ussue Fairly
umerous womor cells comained immunoreactve -
endorph n Such cells were also found n the mucosa

verlying the wmor Aany wmor celts also dsplayed
aoderate to intense glucagon mmufioreactivity No
urmor cells showed formaldehyde 1nduced Nuorescence
“he enkephalin mmunoreactive cells were weakly argy
optul no tumor cells were argentaffin This twmor did
10t belong 10 the previously published series (8)

Case No 2 The patient was a previously healthy
obese 33 year-old woman suffering from const:pauon.
Reciat palpation and rectoscopy revezled a large bulging
tumor situated m the dorsal wall of the rectum just
above the anal sphincter The overlying mucosa was
intact but the tumor appeared rather firmly attached to
the coccyx A bopsy specimen was taken  The
MICroscop(c exantination suggested a poorly differentia
sed carcinoid X ray examination of the colon and rectum
sevealed an expansive process between the rectum and
the sacru there were 10 signs of additonal qumors A
pre-operauve high voltage X ray therapy of altogether
3000 rad geven for 3 weeks had no effect on the tumes
mass An abdomuno perineal rectum and

10 that seen 1n the tumor 1t case No § There were no
PAS-posiuve tumor cells The tumor had nfiltrated
through all layers of the bowel ®wall 1nio the pertrectal
and penanal tissue and vens were also mvaded Certan
areas contained numerous tumor Cells displaying mode
rate to intense leu-enkephalip ke immunoreacuvity
whereas other areas were devoud of such cefls No
enkephalin immunoreactive cells Were observed n the
overlymg mucosa In addon mzay tumot cells were
found to contain ymmunoreacuve glucagon or HPP

stmng of secuons
revealed that the enkephalin sworing cells were distnct
from these two cell ypes o p-endarphin cells could be
demonstrated  Most tmor cells were argyrophil none
were argenaflin No cells displayed yellow formaldehy
deinduced Muorescence indicaung absence of 5 HT
Even this tumor was not included in the previously
published sertes (8)

DISCUSSION

The two pattents whose rectal caranoid wmors
contaned enkephalin immunoreacuye cells had the
following features in common They were both
obese women about 5O years of age wath a nstory
of constipation  Both tumors were located near the
anus i the dorsal wall of the rectum The overlying
FRUCOSA WaS 1ntact, but both tumors were obviously
mahignaot 1a one case with 2 Iymph node
metastasis Both tumors also contained well diffe

rentated areas with the features of hind-gut
crcnods (7) In case No 2 the major part of the

n
F O F A FUTTNR S DXL T

<olosiomy was made The tumor seemed 10 have invaded

the periostem of the sacrum but could be radicatly
exurpated  The gross and

lke y have (o the best
of our krowledge not been described 1 endocrine
wmors Recently we have observed immunoreac

(Halmstad 3017/78) showed 2 large solid tumor just
#dove the anus measuring 3x [0x 15 ¢m with an
intact rectal mucosa The cut surface was pink With
TRCTOUC areds m the central paris The tumor was
encansitaad. Thenmssasperdiva ontrsewas unphicsnds
by anuna requinng cathetenzauon of (he ureters
blateral nephrostomy and haemodialysis At the latast
follow up (Febr 1980 almost two years after the oper
auon the patient had no constipation and there were no
s1gns of the carcinoid syndrome

The twmor had a iobular archytecture formung nodutes
of uregutarly arranged and closely packed umor cells
surrounded by broad strands of connecuve wissue stroma
The cells displaved a marked anaplasia with rregular
#lypical nucler showing Coarse Chromatn patieen wuh
Flump nucleols and mttoses were frequent (Fig 2) In
some places there was 2 gradal sransition towards a
more differentiated wmor where 3 disunct fibbon
growth pauern could be found which was guite simnnar

uve in scattered cells of a pancreauc
wsletcell tumor This tumor contained also nume.
Fous vasoactive intestinal peptide (VIP) ymmuno-
veacive cells and was associated with watery
diarrhoea. By gersanal. sammrnnrana we Smave
been informed that enkephaltn immunoreactive
cells have been observed m a pancreatic endocrine
tumor also by others (33)

Gastro-entero-pancreatc tumors often contain
several different peptide hormone producing cell
Wpes Nevertheless many such tumors are ¢liny
cally »silent« and are often found ncdentally at
autopsy Others give mse 1o clincal symptoms
Which as 2 rule teflest overproduction of only one
such hormone (34) Although enkephalin mhibis

£W neuronal acuvity and Bendorphin has been
associated with overeating (35) we believe that the

modest chinical symptoms displayed by the twa
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Fig 2 - Case No 2 Medum powner p of lin-erythrosin stamned sections of the recd)
bserved 1n various parts of the tumor Areas of the same ribbot

carcinoid showing the wide range of differentiation ol
¢ Case Mo | occurred (Fig 2A) merging mto moderately well differentiated parts

gmwm pattern as 1n the tumor O

with rosette formations and pahissading cells 1n the margin of tumor nodules (Fig 2B) In the most undifferenuiated

parts only closely packed arregutarly distrtbuted tumor cells with marked atypia were found (Fig 2C) By the PAP
h 1 p di fairly tumor cells were display hal, o

varyimng intensity tFig 2D) The cells oceurred as single cells or as clusters X255(2A, B \XJOO(ZD)
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pattents do not necessarily reflect overproduction of
endogenous opiates
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EFFECT OF ESTRADIOL AND PROGESTERONE ON
THE ADENYLATE CYCLASE ACTIVITY IN GRAFTS
OF 3-METHYLCHOLANTHRENE INDUCED CARCINOMAS
IN THE MOUSE UTERINE CERVIX

STENER KVINNSLAND PER EYSTEIN LONNING and JOHN GUNNAR FORSBERG

Cell Bology Research Group Prechcal Insututes University of Bergen “orway

Kvinnsland S5 Lonming P E & Forsberg J G Effect of estradiol and progesterone on the adenylate
cyclase acuvity in grafts of 3 methylcholanthrene induced carcinomas i the mouse uterine ¢erviy Acta
path microbiol scand Sect. A 38 111-113 1980

Grafts from a methyicholanthrene induced mouse uterine cervical carcinoma (NVRI mice) were grown
1n neonatal female mouse hosts The hosts were treated for 12 days with estradiol and progesterone
alone or 1 combnation Controls were njected with the sofvent {olive oil) only Pieces from every
graft were used for ustological study for study of the probiferation rate and for study of the adenylate
cyclase acuvity m homogenate All the grafis were weli differentiated squamous carcinomas and the
brstological picture was the same irrespective of hormonal treatment The proliferaton rate was the
same 1n control grafis 4s wn those from hosts treated with hormones Grafis from progesterone and
progesterone/estradiod mjected hosts had sigmificantly higher levels of adenylate cyclase activity

compared with grafts from control hosts Estradiol alone resulted 1n a trend towards sncreased activity
but the difference to controls was not staustically sigruficant

Key words Cervical carcmoma mouse neoplasm transplantanon adenylate cyclase estradiol

progesterone

J G Forsberg Insttute of Anatomy Arstadvollen 19 N 5000 Bergen Norway
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‘The effect of exogenous sex steraid hormones on
the incidence 2nd latency period of chemically
1nduced uterine cervical Carcmomas In mice has
been extensively studied often wath highly contra
dictory results (for areview sce 32) For the present
study L1 enough to mention that ovariectomy
may be associated with an increased inaidence of
inyasive Wwmors while intact females have a higher
tneidence of in suu carcinoma Estrogen may mbibit
mvasiveness (26 27 30) possibly through an effect
at the differentiation level (22 33) The Histologicat
type of tumour may be dependent on hormonal
condiions  ovariectomy and progesuns promote
muan-secreung or mucoepidermord temours while

estrogen promotes squamous cell carcinomas (17,
36)

Mamfest tumours of dfferent types are Teported
o have an incveased basal actnny of adenylate
cyclase and changed sensstsvity 1o hormones or
PGE1+1(4 19 20 24 28 34 37) However there
15 3 wide varation n tumour adenylate cyclase
Tesponse o hormones and other factors (12) A
decreased mtracetiutar cAMP leved has been descrt
bedfore g colon adenocarcinoma and from tumour
:e;\)sormnsimmed celsgrown nviro (31 13 40

As both cytochemical and biochercal studies
ndicate an effect of exogenous estradiol on the
adenylate cyclase actvity 1n the neonatal normal






Calf) draming jato a newiral alumina column {Bio
Rad) The eluate (4 ml) from the alumina column was
collected tnto a scintltavon vial 16 mi of Instagel
{Packard) was added nd the radioacuvity counted in 2
Packard 2425 Tri-Carb hiqud scintillator with Separate
chanpels for H and 32P The recovery of product was
50-60% Control tncubations coataunung boiled homo
genate or bufler were incubated 1n each series

Adenylate cyclase activity i homogenates from 15
tumonrs (including turmours form olive otl and hotmonal
treated anumals) was estmated from lhinear parts of
curves relaung enzyme acuvaty either 10 incubation tme
or protein concentration  Adenylate cyclase acuvity was
‘inear with ncubauon tame (or at least 10 mun and wuth
protetn concentration between 50 and 300 pg per assay
1n the presence and absence of NaF Enzyme activity of
e other homogenates was measured 1n triphcaw
ancupation tme 10 min and protein concentration 200—
250 ng The results were exoressed as pmoles CAMP
produced per 10 min and related to mg wet weight, mg
protein of mg DNA

IH.TdR incorporation The results are demon
strated 1n Fig 2 None of the hormonal treatments
used (E; Ez + P P) mflucnced the proliferauve
activity as measured by the JH TdR ncorporation
per pg DNA Even though the vanances seemed to
be larger in the E2+ Pand P groups compared with
the control and E; groups a Bartless test for
homogeneity of varances did not demonstrate any
significant dufference 1 Intragroup eror varances

Ademylate cyclase actnify The adenylate cyclase
actraty, measured 2s the formaton of cAMP
during 2 10 min period was related t0 the wet
wesght of the preparatians studied (Fig 3} and to
therr DNA (Fig 4) and proten (Fig 5) content all
homogenates were mcubated in the absence or
presence of NaF grafts from Ej treated hosts had
higher mean values for enzyme actvity than
preparations from olive ofl injected hosts but the

T was never How

f DNA and protetn tn Part
of the homogenate from every tumour was dissolved 1n
10 volumes of 1 N NaQH and the DNA concentration
measured by the method described above using 3
diluons (each measured 1 duplicate} from each
homogenate

Proten was measured 1n the dissolved homogenate
ustng the method of Klungsapr (23} with bovine serum
albumin {Sigma) as standard Protein concentration was
measured 10 3 dilutions from each homogenate

Stanstcal method Provided (he error vanance

berween different groups t be compared did not vary
sguf~

of va

cases v .

comp .

measutements {41} The T values from the Mann
Wh tney st and significance Jevels are gtven in Figs 2~
S Sigmificance levels 005 > p > 001 (probably
significanty 001 > p > 0001°* (sigficand

RESULTS

Histology Histalogical sections of biopsy pieces

Trom the same grafts as used for studies of JH TR

meorporatton and adenylate cyclase activity all
. showed well growing cancer issye Without any
+ found cell nfiltration (Fig 1) Irrespective of the
« sections Peing taken from grafis m control or
s hormonatly treated females (estradiol and/or pro-
 gesteron) the tumour yssue had the same histology
+ cal type well

ever e of the tnzyme acuvity being
related to wet Weight DNA or protemn content
gsalis ftom E3 + P and P reated hosts had
statisueally significant higher enzyme activity than
controts and this both 1n the absence or presence of
‘NaF in the incubation medium In no case was there
any difference between the E2 + Pand P groups

‘When the adenylate cyclase acuvity per mg DNA
(Fig 3) was compared 11 homogenates without or
supplemente with NaF, it was evident that the mean
quottent {+/— NaF} was 315 for control grafis
2 85 fof prafis from E; injected hosts and 2 58 and
270 for grafts from E; + P and P treated hosts
respecuvely A variance aralysis of these quotients
demonstrated probably sigtficant higher quotients
for the control grafts than for the harmonally
reated grafts (F = 3 127 for 3and 25df 005 >
p > 001) Similar results Were obtained also when
the enzyme acuvity was related to the protein
content or wet weight

No correlation occurred between JH TdR incor
porauon and adenylate cyclase actvity nertber 1n
sontrol nor in hormonally sumutated grafts

DISCUSSION

All the tumour grafis mcluded 1n this stud

Y
belonged 1o the 10th transplantation generation of
one sigle metbylcholanthrene induced

# The histological study did not eeveal any tendensy
: 1 3 mucdeprdermoid fumor type in grafts exposed
W 0 estradol and n b or

primary
::’vul Both the pnmary tumour and

\sanspanauon generation was randomly cho-
sen for this stedy among all the transplantation

o Pproesterone alone The distribunon between the
# suomal and epithelal compartment did not see
o~ musgly differ between the different grafts studied

from defferens Primary tumours av:
a
lable at the laboratory Moreover, because of the
transplantation protocol alt the grafls in ths
material are descended from one sungle graft in the



uterine cervical epitheltum of mice (25), we found it
of :nterest to study the adenylate cyclase response to
exogenous estradiol and progesterone 1n grafts of
methylcholanthrene induced mouse cervica! carcy-
nomas

MATERIAL AND METHODS

Animals All the animals used befonged 10 a non bred
NMRI mouse strain The antmals were fed a standard
pelfet dict and given water ad !ibitum A few days before
birth pregnant females were put into separate cages {one
female 1n every cage) where they gave birth to their
young On the day of birth the male and female young
were separated and every mother allowed 1o nurse 8~10
fernales

Tumour induction Female mice 6~9 weeks ofd were

d under ether A cotton thread

preg with 3 methylchol (MCA Sigra)
1n beeswax was inserted 1110 the uterine cervix as earler
described (15 31) Beginning 3 months after nsertion of
the MCA thread and thereafter once every other week
the females were palpated and when a palpable cervical
tumour was identified the female was killed The
tumour was dissected out and put into Parker medium
199 Part of the tumour was placed 1n Bown s solution
for fixation and later histological study The remarning
part was cut mnto small preces and washed twice
Parker medium 199 with added penscithin and strepto
mycn (penicitlin 100 IU/ml streptomyctn 100 pg/mt)

Tumour grafting Neonacal females were used within
24 hours after birth They were anaesthetized by cooling
onice A small cutaneous incision was made on the left
stde of the abdomen and from this incrsion two
subcutaneous »tunnels« were made with a small forceps
Two small tumour pieces were placed in each tunnel and
the skin mciston closed with 8/10 thread on an
atraumatic needle

About two weeks (11-18 days) after transplantation
the hosts were checked for (umour growth The size of
the transplants varied but on every host it was possible to
find one or two tumour grafls showing active growth
with a several fold enlargement compared with the
nserted tumour pieces

Those grafts with an active growth were removed and
placed 1n Parker medium 199 Most of the tumour {1ssue
was frozen and stored in htquid mitrogen Before freezing
small parts were removed from different regtons of the
tumour graft and these pieces were used for biopsy One
of the pieces was cut into smaller pieces and these were
used for re transplantation 1nto new hosts according to
the same techmique as descrbed above In thus way
tumour pieces from the same PrImary tumour were re
transplanted at an interval of about two weeks From
some primary {unours we have now transplanted for 15

enerations
# Hormonal treatment Nineteen hosts carrying the 10th

le primary tumour
eneration of transplants from a sing!

%verc used Beginming on day 3 after birth L't)\eushos:
females were given subcutaneous yjections ?r7 e n;
olive oil (controls 6 females) | pg estradiol 178 (Ez2

12

females) 500 pg progesterone (P 3 females) or
combinaton of Ez and P (3 females) The hormon
were dissolved 1n oltve o1l and were both from Sigm
The host females were imjected with single da
tnyections for 12 days and killed 24 hours after the la
igection One or two well growing tumour transplan
were removed from every host for further study
Studies on 3H-thymidine (5H{-TdR) incorporatio
From every tumour transplant removed 4 smalf prece
were randomly cut out from dilferent regions of th
tumour, while the rest of the tumour was preserved ¢
liquid mitrogen for further treatment (see belos) Th
preces were ncubated 1n Lesghton tubes (3 preces in exdl
tube) tn 2 ml medium (90% Parker medium 199 10%
fewal calf serum/Gibeo} supplemented with 5 pCt ¥
TdR (sp act 5 Ci/mmol Radiocherncal Cenre
Amersham) The incubation took place in an atmosphen
0f95% Ozand 5% CO3 (non-capped tubes)at 37°Clat
1 hour After incubation the tumour pteces were #ihel
1a §% wichloroacetic acid (4 °C) for | hour (3 sifis)ant
finally for 15 min in saline The preparations %ert
solubilized 1n 1 N NaOH and the DNA content %a
measured using the indole method (2) Calf thymus DM
(BDH Brochemicals) was used as sandard To 100 ot
the NaOH hydrolysate was added | ml Luma Sohe
{Lumac Systems AG Basel) and [4 mf sintifauon hqud
(Nuorochromes in toluene) Scintllation counting ok
place 1n 2 Packard 2425 Tri Carb liqusd scintlfator The
counting efficiency was 36% The radiwactnity was
expressed as cpm/ pg DNA and ths value was takenasa
measure of cell proliferation
Preparation of homogenates The tumours were stored
n liquid etrogen wesghed on a sensitive Merzler balance
and homagentzed (Thomas type A teflon/glass homos\e
nizer 975 tpm S strokes) n 10 volumes of 2 my
glycylg! bulfer (pH 7 4) 20 mM KCI 20
mA NaCl and ? mM MgSQs The homogeaate Xepton
e was assayed for adenylate cyclase actwity withia X
mn
Adenylate orelase actuy The method descnibed bY
Salonon er al {39) was used with minor modificaons
An aliquot (50 pl) of the homogenate was incubated 103
total volume of 100 pl contammng 25 mM Trc j{e]
buffer (oM 76) 5 mM MgClz | mM adenosine 3 4
cyclic monophosphoric acid (CAMP Sigma) 20
phosphocreatine (Sigma Chem Co ) 100 Ufmb creaune
phosphoknase (Sigma Chem Co) and | mM A P
(Sigma Chem Co)2~4 x 106 cpm —32P ATP (sp 2
15-25 Ci/mmol The Radiochemical Centre Amershar)
and 1n some experiments S mM NaF The reaction »3

started with the additron of the homogenate and %35
i I neba k1700 Theenzyme

515
. mple

was heated in a boiling water bath for 4 mn Tt
samples were then centrifuged at 1200 g for 10 min T0
90D p of the supernatant was added JH cAMP =3
10 0600 cpm sp act 27 Ci/mmol The Radlochemical
Centre Amersham) n 100 i Tris HCI buffer and the )
m) sample was apphed to a Dowex column (AG 50%
X4 200-400 mesh H* form Bio Rad Richmond




5 CAMPIMg DNAHOmM n*SE
cpmt®H ToR)U0 DNA*SE pme
1000

Fig 2 The cell proliferation ’H TdR wncorporatton into
DNA) level i grafts from differently treated hosts C
controls E2estradiol P progesterone

prmotes tAMPImG wel weight O fn® SE

Figs 3-5 The adenylate £yclase actvity in grafis from
Ailferently treated hosts (€ conwrols Ej eswwadwol P
progesterone) and In the absence or presence of MaF The
enzyme activity %as relared 10 mg wet weght (Fig 33

rH
T Gt
R Liidd

C Eabper P
 mg DNA(Fig $)or mg prowin {Fig 5) For T values NaF prom
' and sigmificance levels se¢ Statisticat method
-
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Coffins P & Gray § W Regulation of 849
Jymphoma cells growth by cychic adenosine 3 5
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9th transplantation generation This confers a high
degree of cellular homogenerty on the material used,
which 1s also visible from the histological study of
bropsy pieces from the grafts The grafts displayed
an active growth 1n the neonatal hosts, without any
evidence of round cell infiltration or necross

All the female hosts were killed on day 15 after
birth, after being injected with hormone(s) or olive
ol on day 3-14 Day 15 was chosen for sacrifice
because all our previous results showed that at this
ume surviving grafts are 1 a period of active
growth The duration of the hormonal treatment
was rather long because we were more nterested 1n
Jong-term results than 1n »acute« effects

It has earhier been pomted out that there 1s an
inconsistency in the results when the level of cyclic
nucleottdes or activities or related enzymes are
expressed relative to protein, RNA, DNA, wet
weight or cellulanity (24, 29, 37) In this study the
adenylate cyclase activity was related to wet wesght,
mg protein and DNA content, and in all three
instances there was a remarkable degree of consis-

tency

Generally speaking, mcreased levels of cAMP|
a growth-arresting effect on cells in vitro (3 ¢
and exogenous cAMP can induce regressior
responsive Halker 256 mammary carciroma.
(11) Rat mammary carcinomas, induced with |
dimethyl-4-amino biphenyl, are reported to hay
mncreased acuvity of adenylate cyclase as comp
with the normal, Jactating mammary gland (3)
same holds true for the basal adenylate ¢y
activity 1n different other types of tumours (4
20, 24, 28, 34,37)

No conclusions should be drawn from
increased enzyme activity described 10 this &
about the actual intracellular level of cAMP
latter reflects both synthesmng and degra
processes, only the former 1s reported b
Increased cAMP-phosphodiesterase activity ma!

with d adenylate cyclas¢ 1
vity (8) Moreover, an increased level of cAMP
be combined with mutational changes m the tA
effector system, leading to a defect proteut kinast
12, 19)

All the tumour grafts, irrespective of ireaimer
the hosts, were well-differentiated squamovs

The most important results from this study are
the definite ¢ for a steroid ced 1nfl
on the adenylate cyclase activity, and this 1n a
tumour type where steroid effects have been
debated So far the results are 1n agreement with
those earlier described (25) from experiments using
neonatal mouse cervical preparations The general
apenson (n literature s that the adenylate cyclase —
cAMP and 1ts effector system are not 1nvolved 1n
the mechanism of steroid action (43)

Some reports, however, stress that steroids may

Neither progesterone nor progester
in combinaton with estradiol resulted m
d towards a or mucoepd

tumour type This 15 1 contrast o resulls repo!
earlier both from this (16) and other 12borato
(36) As the latter results are based on teatmee
amimals with primary tumours for longer pess
than used in this study, the discrepance may
explained by bothe the yme factor and sp
charactenistics of the primary tumous used fiett
The of the steroid mduced act

have important effects related to the cell
(1, 35) The mechanism behind the steroid-induced
activation of the adenylate cyclase in neonatal
mouse uterme cervix and cervical tumours 1s not
known Both direct and indirect effects are possible
(21, 38) The NaF induced adenylate cyclase
acttvation was less pronounced n grafts from
hormonally treated hosts compared with controls
Treatment of the hosts with estradiol and/or
did not hife

Progs the cellular p -
non n the grafts as measured from JH-TdR
ncorporation per mg DNA However an earlter

110n of the adenylate cyclase 1n the grafis can onl)
a matter of speculation before other hmks 1

cAMP-effector system have been studied Stwd
on 12 primary methylcholanthrene-induced ¢6r1
carcinomas revealed no differences mn proten kit
properties compared to normal vagmal epitheln
{4) It should not be excluded that both the neon:
mouse cervix and the tumour grafis studied b
reveal 1n a more analysable way an aspect of
sterord mechanism of action which 1s difficelt
grasp 1n normal immature and adult stages

and transtent estradsol induced prolife wave
should not be excluded from these results Nor in

This investigation was supported by grants from
Carcer Society

our earlter studies have we ob d for
estradiol alone stimulating the growth of primary
cervical tumours {16) The falure m this study to
find any hormonally induced effects on cell
proliferation argues against the possibility that ;he
increased adenylate cyclase actwity 1n the grla l:d
after pjecting the hosts with progesterone, 15( _;e T(K )
to a hormone induced tumour regresston (7,
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FORMATION OF LARGE VACUOLES IN TUMOUR CELLS
GROWN IN SUSPENSION

A L. JAKOBSEN and 1 CHEMNITZ

Winslow Tnstitute of Human Anatomy University of Odense Odense Deamark

Iakobsen A L & Chemnnz J Formauon of large vacuoles 1 tumour cells grown m suspension
Aca path microbiol scand Sect A 88 119-124 1980

In suspension cultures of JB | E cetis approumately 11% of the cells contained a single large vacuole
( balloon celfs J or signet ring cells) Such cells were rarely observed 4o monolayer cultures where the
cells were atached 0 a substrate Only a few nballoon celisc were observed In Suspension cultures of
Hela S3 cells Both cell fnes were able to phagocytze latex parucles of 57 pm mean diameter
Nocodazole significamy reduced the formaven of sbalioon celfs¢ wn suspension culures of JB1E
celts Transmission electron mucroscopy wndicated that various cytoplasmic membrane components
probably could contribute 1o the membrane matenal of the vacuales 1t 15 believed that the formation of
bafloon celis 15 due to changes m the regulauon of the ceflular membrane matertal

Key words Vacuoles suspenstion culture tamous cells TEM  mucrotubules.

A L Jakebsen W instow Insytute of Human Anatomy Untversity of Odense Campusvey 55 DK §230

Otemse ¥y Denmark

Recened 195379 Acoepled 7 79

Several observations on cytoplasmic vacuolza
1on 1n twmour cells lezding to the formapon of
atioon cells < {1e cells with a single Jarge vacuole
and a flanened exceninc nucleus) have been
Tublished (Seeger 1937 Selby er al 195556
Hesset & Bernhard 1957 Tolnar 1964 Burns 1967
Chemmt et ot 1974)

Cytoplasmic vaguolization of ascites tumour cells
has commonly been regarded 25 a Sign of cell
degeneration a cellylar degeneraive process forebo
ding cell death (Selby er al 1955-56 Wessel &
Bernhard 1957) However mutotic acuvity of the
»balloon cells« and uptake of trtated thymudise sn
he mucieus indicate that they are hving cells (Tolna
1964 1965 Chemnuz et al 1975)

The aum of the present Wmvestigation with ™o
differem cell lines grown in suspenston and

manat
2 -

1 -
oo

Our results shawed tha the JB 1 E cells grong

1 Suspension cultures contamed > balloon cells«
while they were rarely abserved among flattened
spindie shaped JB | E cells atiached ty a substrate

MATERIALS AND METHODS

Cells and Growh Medw

In the nracamr =
were
B
tumou -
B che .
the B
pursch..w uou WIBLY

“ock cultures of bath cell lines. were masntame
37 °Cin 75 em? Nunc flasks tn Eagle s mypsmal 5;::1:1
‘{‘:‘32“‘2 (‘E‘Lig\I-Fl 1) WIBCO) supplemented warh

tuiheos 1he media were aetaied with a murtyre i
95% awrand $% €O and changed every other day ot

Chemncals
Rocodasole (methyl (5 (2 toenylearbonyl) |
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Fonbs Microscopy
Jets of untreated JB | E cells culuvated for 24 hin
nsion cultures were obtamed by centnfugaton
were fixed in 4% formaldehyde pH 68 for
xunately 24 b embedded i paraffin and sections
Jets were sned with one of the following dyes

modic acid Shiff (PAS) without nuclear stauning
fcManus and Mowry 1964)

toan blue (pH 3 and pH 1) (McManus and Mowry
264}

fier 24 h of growtb the cultures were fixed using
& gluaraldehyde buffered with P buffer (poly
Zzauon mux ) introduced by Lufiig et al (1977) One
puon was made concernmg some of the spinner
is containung 20 x 108 cells of the JB 1 E cell Line
® cells were fixed with 25%  glutaraldehyde
ered wath 0 | M Na-cacodylate buffer 4% sucrose
72 (fixauve vehicle 300 mOsm} Ruthemum red
1) was added Yo the fiauve using the method of
t as described by Behnke (1968) The cells were
['xedat 37 °C for 2 h and postfixed in 1 % OsQ4 for 3
ind the further procedure is the same 2s described for
other spinner cultures.
Spinner Culrures The cells were fixed at 37 °C for 2—
1 centrifuged for 10 min and the cell pellets were
‘pended 1n agar dissolved in warm PBS After cooling
wenater small cubes of agar Were Washed 1 0 1
‘odylate buffer (300 mOsm) pH 7 2 and postfited in
5 0sO4 1n cacodylate buffer pH 72 for | nat 4 °C
ter sta rang with § % uranyl i redisolied ater for |
e cells were dehydrated 1n increasing conc of acetone
d embedded m Araldite
Monolayer Culrres After fixation 1 2 5% ghutaral
hyde 1n PM buffer for 2~4 h the cells Were postfixed
% 0504 1m 0 2 M cacodylate buffer (300 mOsm) pH
2far 1 b and pre staned with | % uranyl acetate 1n se-
sulled water for | h then dehydrated in series of
hanols and embedded 1 Araldite After polymenza
on sclected areas were cut out of the bottom of the
e flasks for sectioning
Ultra thin sections from cultures pre stained with
ranyl acetate were contrasted with 04% lead citrate at.
oom femperawsre for S min Ultra thin secuons from
ulres fied with RR were conteasted with 1%
inc urany] acetate a1 60 °C for 10 mun and 0 4% lead
Trase at room temp for 5 min
Sent tun secuons were cut and sidimed with 1%
©lu 4 ne biue and prepared for Light microscopy

RESULTS
Laght Macroszopy
Spinner and Monolayer Cultures of the JB | £
Cells Tumour celis with a targe \acuolt and 2
Nattened excentric nucleus were observed 1n Suspen
sion cultures of the JB 1 E cells (Fig fa) The
pereentage of »sballoon cellse was approtimately

11% (500 cells studied) The vacuoles were not
stamed by PAS and alcuan blue The spindle-shaped
cells attached to 2 sohd surface did not contain any
large vacuoles (Fig 1b}

Spuaner and Monolayer Cultures of Hela S3 Cells
Only a few »balloon cells« were observed
suspension cultures of Hela §3 cells {Fig 10 and
none m cells of monotayer cuitures (Fig 18)

Phagooytosis of Latex Parucles Approtumately
6-8% of the cells of both cell lines were able to
phagocyuze latex partcles of $ 7 pm mean diame
ter Only few latex parucles were found in the large
wvacuoles in »JB 1 E balloon cells«

JBIE Celfs Treated with Aocodaole The
number of nballoon cells« was significanty reduced
1 suspension culres of JB 1 E cells treated with
nocodazole Only [-2% of the cells developed large
vacuoles

TEM of » Balloon Cells ¢ in vitre »Balloon cells«
formed tn vitro resembled those observed 1 the
asates tumour  Golgt complex and vesicles were
often observed 1n the viciuty of the vacuole
membrane and vesicles often appeared to fuse with
the vacuole membrane Microfilaments and micro-
wbules were located around the vacuole microfila

ments often radizung out from the vacuole mem
brane Vesicles and endoplasmic reuculum were
found dispersed in the cytoplasm around the
vacuole (Fig 2a-b) The content of the vacuoles
was structureless and no remuants of hetero- of
autophagoecytotic matter were observed The con
tent had a flwd character In specimens staned
dunng the fixation with ruthemum red the cell
surface membranes were stamed while the mem

‘brapes of the cellular vacuotes remamed unstamed
{Fig 3

DISCUSSION

Vaguolization of tumour cells is a general phenome
non and it has been observed in a4 variety of tumour
eells Wease?) & Bermbard 1957 Totar (964
Burns 1967 Chemntt et al 1974 Bader & Bader
1976)

Intracellular cysts of breast and gastric carcinoma
cells often contain mucous material (Vevalanen &
Jand 1976} The Krukeriberg tumour consists of
meastalc carcnoma cells which are mucous
pruliuqnz; The distended Cyloplasm and (lattened
nucler of tndividual cel
earane lls produce a signet ring

W oeingts . -

[
4 1749) However the vacuole membrane was
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Fig la—d a)JB | L cells grown i spinner cultures Typ cal batloon cells are present x 400 b)JB 1 E cells grov?

as a monolayer N
grown 11 suspensi n

benzimudazol 2 yI) carbona « R 17934} was obtamed
from Aldnch Chenncal Company 1 C Nocodazole 1s a
new synthetic anticancer drug which mterferes with the
structure and function of mrcrotubules both 1n interphase
and mitosis (DeBrabander ¢t al 1976) Before use
dazole was dissolved m dr
(DMSO) The usual concentrat on used 1n the expertmen
tal stud es was 1 pg/ml culture medtum

Experin ental Cultures
After centnifugation 8 x 106 cells of the JB | E and

Hela S3 cell I nes were inoculated separately nto Bellco
$p nner flasks contain ng 20 m! culture med um The
spinner flasks were aerated and 1ncubated at 37 °C for

120

balloon cells are seen among the attached sp ndle shaped cells X 400 ¢+ d) Hela S3 cells
and as monolayer (d) No balloon cells are present 1n ¢ ther case  x 400

24 h surnng speed was set to 200-300 cpm
S multaneously with the start of the sp nner cultures
cells from the respective stoch cultures were mocula of
into Nunc flashs (25 ¢m ) contaiming 5 ml cultre
medum The flasks were aerated with a muvture of $%
€Oz and 95% arr and incubated at 37°C for 24 h
Spinner and monolayer cultures had a cell dens ty of
400 000 cells/m! medum To some of the spnner
cultures nocodazole added (I pg/ml med um) The
tumour cells were treated for 24 h

Phagooytos s of Latex Fartcles 60 x 106 latet
parucles of 57 pm mean d ameter were added to the
suspension cultures with 20 x 106 JB [ E or Hela §3

cells



1ght Microscopy
2ellets of untreated JB 1 E calls culivated for 24 b n
pension cultures were obtained by cemnfugauoh
ey were fixed 1 4% formaldehyde, PH 6 8 for
sroumatefy 34 h embedded i paraflin and secuons
pellets were staned with one of the followng dyes

Pertodic acid Shiff (PAS) without nuclear staiming
(McManus and Mowry 1964)

Alcan blue (pH 3 and pH 1) (McManus and Mowry
1964}

M

Afier 24 1 of growth the cultures were fined using
5% glutaraldehyde buffered with PM buffer (poly-
enzauon gux ) ntroduced by Luftg er af U977} Ooe
tception was made concernung some of the spinner
asks contammng 20 x 100 cells of the JB 1 E ¢ell lime
hese cells were fised with 25% plutaraldehyde
uffered with 0 | M Na cacodylate bufler 4% sucrose
H 72 Uixauve vehcle 300 mOsm) Rutheqyum red
RR) was added to the fixane using the method of
ot 38 described by Behnke (1968) The celis were
wefized a¢ 37 °C for 2 hand posifixed m 1% OsO4for 3
L and the further procedure 15 the sare as descabed for
he other spinner culwures

Spintter Cultures 'The cells were fixed at 37 °C for 2—
$h cenrifuged for 10 min and the cell peltets were
iuspended 1n agar dissolved sn warm PBS After cooling
M wewater small cubes of agar were washed 1n 01
Rcodylate buffer (300 mOsm) pH 7 2 and posifized m
1% 00411 couodytate uffer pHi 72 for ) hat $°C
Aler saiung with | % urany 1 re-disulled wager for |
¥ the cells w ere dehydrated 10 increasing cone of acetone
90d embedded 1n Araldue
MLM«:naIu)f: Cultures Aftes fixauon 1n 2 5% glutaral

St e wun At poymenz
on selected areas were cut out of the bottom of the
*unc flasks for secuoning

Clra tug secuions from culires pre stainsd wih
urany) acetate were contrasted with 0 4% lead citrate at
To0m temperature for S myn Ultra thin secuons from
Whures fied with RR were contrasted wad 1%
nc uranyl geeate a1 60 °C for 10 min and 0 4% Yead
CRrate at room temp for § min

Semi thin secuons ere cur and samed weh (%
wluidine blue and prepared for hight microscopy

RESULTS
Light Microscopy
Cfpmner and Maaolayer Cultures of the JB 1.E
“Is Tumour cells with a Large vacuole and a
1centric ucleus W ere observed 1n suspes
00 cultures of the JB | E cells (Fig 1a) The
Pereentage of whallonn eelte.. wag approximataly

11% (500 cells studied) The vacuoles were not
staned by PAS and aleian blue The spindfe-shaped
celis anached 10 a solid susface did wot contamn any
targe vacuoles (Fig 1b}

Spinner and Monolayer Cultures of Hela $3 Cells
Only a few »balloon cells« were observed in
suspension cultures of Heta §3 cells (Fig (¢} and
none 1 cells of monolayer cultures (Fig 1d)

Phagooytosts of Larex Farticles  Approxunately
6-8% of the cells of both cell lines were able to
phagocyuze latex parucles of § 7 ypm mean dume-
ter Only few latex particles were foynd in the large
vatueles 1 »IB |-E balloon cells«

JB-LE Cells Treated with Mocodazole The
number of »balloon cells« was sigatficantly reduced
1n suspension cuftures of JB I-E cells treated with
nocodazole Quly 1~2% of the cells developed large
vacuoles

TEM of nBalioon Cells« sn vitro yBalloon cells«
formed i vitro resembled those observed mn the
asaites tumour Golgs complex and vesicles were
ofien observed 1 the vicmuty of the vacuole
membrane, and vesicles often appeared to fuse with
the vacuole membrane Microfilaments and micro-
tubules were located around the vacuole, mucrofila-
ments often radiaung out from the vacuole mem-
brane Vesicles and endoplasmuc reticulum were
found dispersed yn the cytoplasm around the
vacuale (Fig 2a-b) The content of the vacucles
was structureless, and no remnants of hetero- or
autophagocytoc matter were observed The con
tent had a fluid character in Specimens stained
durning the fitaon with ruthemum red the cell
surface membranes were stamed, while the mem-

branes of the cellufar vacuoles remained unstained
{Fiz 3)

DISCUSSION

Vacuolizaon of tumour cells s a general phenome-
non and it has beent observed 1n a vanety of tumour
cells (Wessel & Bernhard 1957 Tolnar 1964,
Buras 1967 Chemmuz et al 1974 Bader & Bader
1976)

Intraceflular cysts of breast and gastrc carapoma
cells often contan mucous material (vevalamen &
Jany 1976) The Krukenberg tumour consists of
metastauc @rainoma cells which are mucous-
producing The distended cytoplasm and flagrened
fucler of indvidual cells produce 2 signet nng
20pearance

Histochemucal methods have failed 10 give a
POSUE Teaction for mucous substances of balloon
€ellsa in ascrtes tumours (Tofnar 1963, Chemmuz er
ol 1374} Howmever, the vacuole membrane ;as
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Fg 2a-b a) A secuon through part of the cytoplasm around the large vacuole (V)in a balloon cell The Gole
complex (G) and some ves cles are seen together with strands og smooth endoplasm ¢ ret culum Note the several
small ves cles in relat on to the Golg complex and the vacuole membrane x 6 000 b} A s m Jar secuon show 18
that m crof laments are present beneath the vacuole and that some apparently are n assoctaton w th the vacuole
membrane M crotubules and ves cles {arrow heads) are seen among the flaments < 78 000

suned with PAS and alcan blue (pH 25)  twmour t s o(Chemnt eral 1974) The balloon

indicating the presence of glycoprotetns (Chemnt et cells develop from regular JB | E cells ind catng

al 1974) that some of the JB I E cells are able to develop
The morphology of JB I E cells grown 1n a  large vacuoles when grown tn suspension contrary

suspension  culture resembles the JB 1 ascites 1o cells attached to a substrate
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s ¢ wiih ruthentum red added to the fixatve Note
crograph demonstrates staining of the sbatloon el
gf h]ea;‘:“:mm::mggerfhe surface membrane of the cell and the complete absence of stanng of the membrane of the

vacuole (v} %99 000

The large vacuoles are partly formed by mem
brane material accumulated tn the cytopltasm Mor
phologscal observations indicate the function of the
Golgi complex n thus process Other elements of the
vacuolar system also seem 1o contribute

Besudes the role of the Golgt complex 1 the
anabolic functiomng of the cell the organelle also
plays a substantial role n the catabolic functioning
of the cell The large vacuoles could be formed by
the supplement of membrane material to hetero
and autophagocytotic processes tn the cytoplasm
However prelminary results have faied to show
any c; reactron for acid 0
or near the large vacuoles observa

Thus study was supported by grants from Ingemann O
Buck s Fund and Carla Cornel a Storch Motler s Legat Tt
15 2 pleasure to acknow ledge the technical assistance of
Mrs £ Berg Mrs [ Holst Mrs R Lenstrup and Mr
E Fanton
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tumour i vivo(Chemmitz et al 1974) »The balloon
cells« develop from regular JB-1-E cells, mdicating
that some of the JB-1-E cells are able to develop
large vacuoles when grown in suspension, contrary
to cells attached to a s ="~~~

stamed with PAS and alcran blue (pH 2 5),
ndicating the presence of glycoproteins (Chemnitz et
al 1974)

The morphology of JB-I-E cells grown 1 a
suspension culture resembles the JB-1 ascites
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A SILVER-GOLD IMPREGNATION TECHNIQUE FOR
DEMONSTRATION OF STRIATED MUSCLE ELEMENTS

LARS GRIMELIUS and YNGVE OLSSON

Neuropathological Laboratory Insutute of Pathology Unversity of Uppsala Uppsala. Sweden

Grimelius L. & Olsson Y A silver gold

technique for

elements Acta path mucrobol scand Sect A 88 125-127 1980

A silver gold technrque for

of stnated muscle

of cross strauons in skeletal muscles 15

hemscally well characterized and easily
presented It 15 easily performed and all ingredients are
available The methiod has been successfully apphed to formalin fixed paraffin-esmbedded matenal from

human muscles and can be of vzlue 1n the

diagnosss of

tumors of muscular origin

and other

Key words Silver gold fustochemical techmique muscle soft tissue tumors

L Gnmelius lnsutute of Pathology Uppsala Unpersity Box 553 § 751 22 Uppsala Sweden

Accepted as submitted 24 x 79
For certain dugnostic purposes of

Cross-striations in mascles ts of crucial importance
and opuimal staming methods are then required
Qne evampte 15 the diagnosss of rh
mas

After clearing m xylene and
embedding in paraffin § um thick longitudinal sectons
were cut They were treated for 1 min i 0025

e have previously described a3 silver gold
mpregnation technique for atons and neurofibril
lary changes (Grimelius & Ofsson 1978) and have
noted that it could also be used for demonstratton of
SressSiriauons m muscles We have now found
that the staining 15 improved by inital oxidation of
the sections and would therefore like to present one
Procedure which t our experience EIves opumal
results for human muscles

MATERIAL AND METHODS

The cross smations were sded n small samples
Shua ned from autopsies within 24 h after the death of
the patient (m m vastus laterals gastrocnemuus bioeps
bracnd In adduon we have used mouse diaphragm
2nd gastrocnemius muscle and gained some experience
»uh buman soft ussue tumors of muscular ongin

The samples measuring about 2x4x § om were

fited 1 10% aquous formalin for 24-78 b ax reom

potassium solved in re-disulled water The
sections were then bleached 1n 20% sodwm bisulphie 1n
re distilled wager for 15 sec rnsed 1n 3 baths of re
disulled water each for 3 min and finalty impregnated
10 silver gold according to Gr mefius & Ofsson (1978)
Contsol sections  ere staimed without preoudization All
S26t0nS were mounted in Canada halsam

RESULTS

In human muscles cross striattons could easily be
visualized with the ongtnal method but oudation in
Ppotassium permanganate followed by bleaching re
sulted 1n the most disunct pictures (Fig 1) Ths
varlion s therefore our method of chorce and can
also be applied to mouse muscles and biopstes from
human rhabdomyosareomas (Fig 2)

Under low magmfication the eross-stnations i
skeletal muscles appear as alternaung dark and light
bands  Higher magmficanon feveals that siher

SIRIMINE 15 MOSt intense 1n the Periphery of the A
bands and in the Z tine i ©
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Fig 1 Longitudinal section from human skeletal muscle
Cross striations are distinctly visuahized Tissue treated
according to our proposed method

DISCUSSION

The most commonly used staming methods for
demonstration of cross striations 1n skeletal muscle

Fig 2 Tissue from a case of rhabdomyoma of adth
type The diagnosis of this rare tumor relies wter ala €
the demonstration of cross striatrons 1 tumor &l
which 1n this particular tumor type may be difficult ©
observe Silver-gold staiming according to our proposed
method reveals easily visible striattons m the cytoplas®
of a tumor cell {arrow)

described a modtfied verston of the Bodian protargt
method for the identification of striated mus

employ 1ron h ylin or gstic acd
hematoxylin Udams 1975) On the basis of our
own data and on some other observations in the

The method described by Sodran (1936) relies 0
silver protemnate (protargol) a chemical substan
not fully ly ch: 1zed The quality ¢

Iiterature we would suggest metallic
with silver-gold as an alternative when demonstra-
tion of cross-striations 1s required for diagnostic
purposes

There are only a few earlier reports on silver
methods for visualization of cross-striations in
muscle Dempsey et al (1946) n a study on the

silver protemate varies therefore often from of
batch to another As was pomted out by an &
Velde and Brown (1970) the type of protarg®
determines whether or not staning of muscle wi
be successful For routine use 1t must therefore be o
value to apply a2 method like ours in which eastl)
btarned well 1zed ch are used

istochemical properties of 1 striated
muscle noted that the Z disc 1s silver posiive when
using an ammonical silver nitrate method and the
entire 1sotropic Segment was stained by the Bodian
procedure Van de Velde and Brown (1970) also

e h
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MICROFILAMENTS IN CELLS ASSOCIATED WITH
WDUCED HETEROTOPIC BONE FORMATION IN GUINEA
PIGS

An Immunofluorescence and Ultrasiructural Study

RUNE MILSEN
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5016 Haukeland Wospital Nosway

Nisen R Microfilaments 1n Cells associated with Induced heterotopic bone formauon in guinea pes

An momshofiuorescence and lirastructural stedy  Acta path mucrabiol scand Sect A 88 129-134
1980

Sera from pauents with acuve chromc hepauus were used 1o demonstrate acun muctofilaments 1n cells
of a bone mduced modet Demineralized and freeze dned aliogemic dertine was implamed 1n the
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jound beneath the plasma membrane of many non Smooth
muscle cells and it has been shown ultrastructyrally — sernm rm—nimle anvbodies GMAY zppear tn
(Mat these mucrofilaments interact with beavy a
meromyosin Ushikawa et ol 1969 Wessells et al
1970 Pollard & ferhung 1974) The acin<ontar ¢
mng microfilaments are sugeesied 1n he rovealsac -
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Microfilaments with a diameter of 5-7 nm are  oclasts
foané bencall the plasma membrane of many non
muscle cells 2nd st has been shown ulgrastructurally
that these mucrofilaments snteract with heavy
metomyosin Ushikawa es af 1969 B essells ot af

and oste

Smooth muscle antbodies (SMA) appear 1n
serum from patients with acuve ¢k
Uohnson gr a1 1058
erat 197

roquc hegantis

N Pollard & Wething 1974) The acun-contay
fing microfilaments are suggested 1o be mvohad 1o
D mabsly (Pollard & Weihung 1974Y eytoptastme
Strearing (Palewusz ¢t al 1974) and k

& Ryan
shown that thus SM4 s diected agast actin This
feature has been used to demonstrate actun by

Wekrocder 19703 King & Holirop {1975} have
demonstrated binding of heavy metomyosin

mdirect I smooth muscle
Uohnson et al 1965)and other cell types (Grosche!
Stewart & Groschet 1974 Lazardes 1975)
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Induction of heterotopic bone formation has been
shown to occur after implantation of demineralized
allogenic dentine in the abdominal muscles of rats
and guinea pigs (Urist et af 1967, Bang 1973)
Previous electron microscopic investigations using
this experimental model demonstrated microfila
ments peripherally 1n osteoblasts (Welsen 1977)

In this study the presence and distnbunion of
microfilaments have been studted ultrastructurally

and correlated with the actin distribution as

demonstrated by indirect tmmunofluorescence
MATERIALS AND METHODS

Ten young male guinca pigs rindomly bred were used

another hour 1na | 20 dtlution of rabbit antihuman
coupled to fluorescein 1sothiocyanate (FITC) (DAK
nmunoglobulin € - .
rauo 2 3 antibody -
then washed 3 or .
immediately by meident light fluorescence microseop
{Lewz Ploem apaque tumimnator filers 3 5 mm BG!
and K 510)

Control sections Wwere treated with | PBS or nyrm
human serum 2 SMA serum neutrahized by absorptc
with homogertates of smooth muscle from rat stomadt

RESULTS

Transnussion Elcctron Microscopm
The light and electron mucroscopical study
d d three mamn types of cellular reaction'

Each antmal recensed 4 implants of all
2¢d and freeze dried denune 1n the pouches of the
abdominal muscles (Bang 1973) The ammals were fed a
standard diet (Norwegan standard for guinea pigs and
rabbits Statens Inststutt for Folkehelse Oslo Norway)
supplemented with swedes and hay

After 21 and 28 days respectively the ammals S in
each group were ancsthetized with NembutalR and the
implants were excised with sonte surrounding Jissue

Elcctron Mricroscopy
One part of each implant was divided into small preces
0

appearing consistently 1n all animals a) resorpuor
zones with dentinoclasts {multinucleated denue’
resorbmg guant cells morphologically eatieal 1
osteoclasts) and macrophages b) matrit proguctot
zones with osteoblasts  osteocytes and 3 lew
chondroblasts and chondrocytes ¢ areas consni
of fibroblasts Al three zones wer found after 2!
daysas well as 28 days At 28 days howerer ot
mineralized bone was obsered For a dald
description of these cells see Nilsen (1977} Larg¢
of new matrix were found to be produced

} and q y
immersed 1n 2% glutaraldehyde in 01 M cacodylate
buffer (pH 7 2) containing 7 59 sucrose (some at room
temperature and some at + 4 °C) and then postfited 1n
24 GsOs tn the same buffer The specimens were then
dehydrated and embedded in Epon 812 One pm thick
seclions were cut and staned with tolwdine blue and the
actual cellular zones were chosen prepared and cut al
50-60 nm with a dramond knufe on a Reichery Om U}
ultramicrotome The sections were collected on uncoated
grids and double stained with uranyl acerate and lead
catrate ind examined 1 a Philips EM 300 electron

microse pe

(1 mm3) Gl 8 ) b i}

Immunoffu seene
The other pirt of cach implant was directly frozen in

1sopentane prew Ied to =140 °C n liqued nitrogen and
stored at 80 °C Scrum was taken from a patent wih
chronic active hepati v contaimng speaific angtbodis
agamst muscles (SM \ scrum) The tire was 1/128 The
serum was also tested for numitochondrial and antt
DNA antibodics and showed negtive reacttons [n order
to test the reproducibility of the results serum with
smooth muscle antibodies from threc other patients with
chronw actiee hepauts was used on all specimens m the
same mantier Cryostat sections (7 pm) were obtained
and washed twice with phosphate buffered salmc (PBS)
before 1mmersion 1n cold acetone at +4°C for 3
muutes The sections Were incubated wath SMA serum
dituted | § to 120 1 PBS and mcubated 1 a moist
chamber for 60 mnutes The preparations Were (]}en
washed 3 tmes (n PBS for 30 mynutes and incubated for

1 alt animals

A young connective tssue which surrounded the
three zones exhbited only scattered granulomg
and lymphocytes Sheletal muscl, fibres occop!
the outer parts of the spectmens representn® the
abdominal muscles

Osteoblasts and osteoid  osteocytes regularh
showed a disinct accumulation of microfilaveos
along and parallell to the cell membrane facint the
newly formed osteod (Fig 1 These mucrafls
ments had a drameter of 5-7 nm and seemed 0
attached 1o the cell membrane and extended '&\\;
into cell projections (Fig 2) Quite a few of the &
projections of adjacent cells showed tght Junc'm“?‘
Scattered microtubules were observed fn bath &
projections and the cortical part of the mzeobm\i
and osteocytes whien the specimens were fixed 3
room temperature Tissue fixed at + 4 °C showed
fewer microtubules

Both osteord and muneralized bone showed
abundant microfilaments m the cell projetot
These microfilaments were longitudinally oret3
ted The mature osteocytes however lacked ¥
distnct accumulation of microfilaments ust ben
eath the cell membrane which was evident ¥

bl and young osteocy Deeper parts O

the cytoplasm of young matrix producing ¢cifs
showed smaller bundle= ¢ =-==Fteeamin e
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Fg ? Long wd nal section fo an extension from an osteoid osteocyte conta n ng parallel microf laments x §0 000

irranged parallel to the endoplasmatic reticulum
The dstribution of mucrofilaments was less
svident 1n the tesorbing cells than in the matrx
producing cells Areas of the ruffled border i some
of \he dentinoclasts however contatned bundles of
microf faments These mucrofilaments were found
especially i cellular euensions from the clear
sealng zone of the ruffled border (Fig 3)
Merotubules however were not found i this area
Acctmulanon of microf laments was atso found n
some Fewer were

osteord osteocytes The osteoblast region exhibited
also strong cytoplasmic fluorescence This statning
was more diffusely outhined than i osteod
osteocytes Osteocytes 1n the muneralized bone bad
just 2 weak fluprescent stamng

In some denunoclasts a strong ntracellular
fluorescence was observed 1 the ruffled border area
{Fig 4) Other dentinoclasts however had no
evident fluorescence Some macrophages tn areas of
resorption also showed cytoplasmic fluorescence
T

found 1 und fferentiated cells In a few mature
{broblasts however a subcortical accumulation of
muerolilaments was demonstrated

Immunoftuorescence

In e young und Merentiated connective Usste
surrounding the implants a bright green fluore
=Nt was only found in vessels walls A few
Tbroblasts howeser exhubited a foderate siaining
and the skeletal cmuscles had a sirong positve
mmunofluorescence ta the | tands

Al the osteoblasts and osteord osteocytes showed
STong Cytoplasm ¢ stain ng for acun (Fig 4) The
siaming appearsd mansly m the periphery of the

staiming in the matrix
producing cells as well as the posiuve staimng n
denunoclasts was diffusely outhined

Al the control preparations were negauive and
gave only low background fluorescence

DISCUSSION

The cellular reactions to the implanted allogentc
dentme cluding both osteaid and bone formauon
as well as resorpuon of dentine confirmed the
grevious reports of 3 spearfic mduction of bone
Wrist er al 1967 Bang & Urist \967 Bang 1973
Nifsen 1977) The close relationship between the

3



Fig 3 Mcrofilaments {arrow) 1n a cell extensior
ruffled border regton of a denttnoclast X 36 901

Fig ¢ Indirect immunofluorescence showing an
stamng produced by SVA positive serum N
penpheral focalization 1in osteord osteocytes (a
Strong fluorescence was seen in the ruffled border
of a dentinoclast (open arrow) lytng 1n a resc
lacuna 1n the dentne (D) x 400

different reaction zones permutted comparisc
tween the reaction zones within each section
Large amounts of actn were found u
periphery of the osteoblasts and young osteocy
well as in cell projections of these cells Sn
muscle antibodies have not previously been us
show actin 1n bone cells Actin contarnng micr
ments however have previously been demor
ted in cultured bone celis with heavy meromyo
a specific ultrastructural marker (Kimg & He
1975) They suggested that the actin played ar¢
the intracellular transport of small molecules

Microtubules were also found i the 2
contaming areas tn matrix producing cells Mic
laments and microtubules are proposed to const
the contractile part of the cytoskeleton (Hesse
al 1971)

The present study showed the greatest anio
of actin tn young osteocytes which are &
matrix producing cells with only a low mott
The accumulation n these cells may then indic
function of the microfilaments 1 the synthesis
transport of collagen precursors or other M2
companany Aawr mvaimants o0 mofl
blasts 1n granulation tissue were recently propo
to be involved 1n synthesis and transport of typ¢
collagen (Gabbiar et af 1976) Microfilaments ¢
recently (Drenckhahn er al 1977) suggested 10
mvolved 1n transport and exocytosts tn acinar &
of salivary glands
The mucrofilaments and microtubules were ¢
served (n the cellular processes which also shot
tight juncuons to other cellular processes ff0
osteocytes These findings may tndicate a posst
function of the microfilaments n the transp
between the osteocytes Other electronmicroscop
studies have proposed a possible transport funck
of the microfilaments (Stanka 1975) and mucrot
bules (Furseth 1973} 1n the cell extensions
The locahization and amounts of actin In you
osteoid osteocytes 1n the present report suggest
contribution to movements of the osteocytes with!
the lacunae These amoeboid movements may hav
a role 1 movements of the extracellular fludd ¢




teansport function on account of amoebaid move-
menss of the ostepcytes has been proposed pres
viously by Basserr (1967

Th:’ mrcromamems may then be mvoived i b
extracellular and intracellular transport of new
matrix components

The ruffled border of some dentinoclasts in the
preseat study showed a strong fluorescent reaction
and etrastructurally microfilaments were found 10
protfude nto cell projectons of the clear seating
2one The observed arrangement of microfilaments
tn the ruffled border of dentnoclasts corresponded
with ultrastructural findings i osteoclasts as
reported by King & Holtrop(1975) In keeping with
King & Holtrop (1975) mucrotubules were not
observed tn the ruffied border region The muffled
border of dentinoclasts and osteoctasts is faghly
motite and involved in active phagocytosis {Gorkhin
& Eriesson 1976) The actin distrsbution observed in
the dentinoclasts of the present study could reflect
the mobility of these cells

The ruflied border with its clear zone 1s the active
site of resosption of mineralized usswes The clear
sealing zone may have a function 1 making closed
environments around the rufiled border 1n the ac
uve resorbing giant cells This would make a re
duction of pH possible which would explain the
crystal-dissolving  funcuion of these guant cells
(Schenk 1974)

The present study shows that the microfilaments
could constitute a contracttle part of this ssaling area
of the ruffied border

The actin mycrofilaments seem to be tnvolved ma.
vartety of biological processes and this study
suggests that they are involved 1n matrix producuon
of bone 25 well as resorpuion of hard tissues

1 thank Mrs Tund Davidsen for expert techmeal
assstance [ am atsa geeatly wndebied 10 de philos Age
ftaugen for valuahle advice and discussion
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DEGRADED CARRAGEENAN
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Oben Skov P & Poulsen Seier § Stereomucroscopic and histologic changes 1 the colon of gwnea pigs
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ke stte was induced 1n Guinea Pigs fed degraded carrageenan orally By means of a
;::::SJ t‘m\mmsmmc and tustologic techmque the course of the disease was followed during 28
days The charges were primarily seen and became most prominent in the czecum The first lesions
weve observed follawtng 24 hours of treatment as small rounded foci inially with degenerauve
<hanges and w the surface hel. later forming superfical focal ulcerations
Ulderause changes gradually progressed during the experiment forming limear and later large

T the ulcerauve process was strongly related to the larger
submucosal vessels Nonulcerated parts of the mucosa were not changed uniil following T~14 days of
reaument The mucoss became bulging granulated and finally villus ke Accumulaton of macropha
ges was found under the surface eputhelium alter 7-13 days Possible pathogenettc mechanisms are
discussed espectally the development of the early lesions and the significance of the macrophages

Key words Colon carrageenan stefeomscroscopy  histology
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Carrageenan 1s a sulphated polysaccharide dert
+ed from the red seaweed Euchema Spimosum Turs
Widely used i the food industry as a stabihizer and
emulgator {5)

In 1969 Aarcus and Watr (11 20} reported thata
colitis like discase can be 1nduced in laboratory
énimals by oral adminsstration of degraded carra
geehan 1n the drinking water Undegraded (natne)
@ITageenan was found to have the same effect but
%38 less effecuse than the degraded form (20)

The cohus inducing effect of degraded carra
geenan has been confirmed by other authors (3 8
1216 19) Guinea Pigs and rabbuis are the most
suscepuble species (11 22 23) but colomsc changes
have been provoked also 1n rats and mice (1) 23}
- . 13

Severalreporis(2 3 8 12 19 20 22) have deatt
with the histopathology of the colonie lesions
induced by degraded carrageenan but the results
have been varying and 1n some cases conflictng
both as regards the development of the lesions and
their localization W arr and Marcus (22) found the
changes most pronounced 1n the Caecum but also
Severe im the rectum and moderate 1 the rest of the
colon Sharrats et a! (16 17} found the disease
almost confined to the caecum whereas van der
Boau et atf 119) observed the most severe changes
10 the distal colon Tn the same way some reporis (2
8 16) have considered the well-documented ma
¢rophage cytatotic effect of carrageenan (“hobe the
fMost important factor n the pathogensss of the
vlcerations whie other Teports (12 19) hargly
mention the macrophages
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The histopathological technique of investigating
gastry { 1S 1mp d and facilita
ted by the application of surface staning (9, 13 14
15) Following surface statming the structure of the
mucosal surface 1s visualized yn the stereomucro-
scope Changed areas can be localized and sub

1y d histols y

The aim of the present study has been by means
of the combined stereomrcroscopic and histologic
technique to investigate the development of the
colonic changes tnduced by degraded carrageenan
and to describe the early lestons and the localization
of the disease related to the duration of the
treatment

MATERIAL AND METHODS

42 smooth haired Guinea pigs average weight 560 g
were given degraded carrageenan $% in the drinking
water They were sacrified 1n groups of six after 1 2 4
7 14 21 and 28 days During the experiment the
ammals recerved Purina Lab Chow ad hbuum The
control material consisted of si¥ untreated Guinea pigs
For preparation of the colonic specimens the Guinea
p1gs were apaesthetized with Nembutal 50g/100g 1 p
The abdomen was opened and after ligation at the distal
end ol ileum and rectum the entire colon was fixed 17 i
by direct intraluminal imection of (0% formaln The
colon was then removed and placed in formalin After
fixation for 10 minutes 1t was cut open anumesenter:
cally and suspended on a polyethylene plate with fine
needles  After further fixauon for 24 hours the
specimens were washed i1n water and stained with Alcian
green 3BX 0 5% in I % acetic acid for five minutes (9)
The entire specimens were studied under the stereomi
croscope Appropriate areas were photographed and
ty taken out for histolk The
section hines were indicated on stereomicroscopic photog
raphs (o permit an exact correlayon between the
stereomicroscopic and  the tistologic findings  The
histological specimens were stained with PAS Hematox
ylia Aurentia and also with Alcran blue 1% 1n 0 In HCI
(pH 1} for 1d of
carrageenan (7}

RESULTS

In the surface stamed specimens the crypt openings
and the goblet cells clearly stand out dark greenon 2
bright green background In the controls the pattern
of crypt openings was regular (Fig 1) The goblet
cells were mainly concentrated tn and just around
the crypt operungs and were only occastonally seen
1 the surface epithelium The mucosal surface was

even

1174

Early Lesions

In the caecum and ascending colon delicate
changes were observed already after 24 hours of
treatment In the stereomicroscope they were sem
as small rounded dark foct 0 5-1 mm 11 duameter
(Fig 2a) The lummal parts of the crypt tubules
were seen in the areas as white rings while the
interjacent surface was stained dark green by the
Alcian In the caecum the smalf foci were regularly
arranged 1n longitudimal rows closely related to the
course of the larger submucosal vessels overlyng
the three tema coli In the ascending colon they were
observed along the attachment of the mesentary

Histological examunation of the small foct (Fig
2b) primarily showed a pronounced flattenung of the
surface epithehum with disorganization of the
epithelial cells lack of nuclear polanty and
wnfiltration with a few leucocytes In areas with
changes a little more advanced the crypt epithelua
was also affected The crypt tubules seemed &
degenerate being narrow and shortend leaving @
gap between the base of the crypt and the
musculans mucosae In some areas the a
tubules had disappeared completely In the lamin2
propria a moderate infiltration with leucocyles w
observed

Ulceratne Changes

Aftter 2 and 4 days epithelial defects were seen it
the small foct forming punctuate ulcerations Wi
well-defined edges (Fig 3) The romber of focs 124
increased and they had extended also along "
transverse ramifications of the longitudinal vessels
(Fig 4)

After 7 days many of these small puncrua®
erosions had become confluent formung shallo®
linear ulcerattons (Fig 4) mainly orented Tongud:
nally yet following the course of the larger yasculas
structures .

The ulcerative changes gradually progressed aﬂs
1n the fully developed stages as seen after 21 and 2
days of treatment the ulcerations were farge
irregular and confluent mvolving large parts of the
mucosal surface (Fig 5)

Histologically all the ulcerattons were superﬁaﬂl
P of the lamina 15 mucosae w2
not observed In the bottom of the ulcerations acut®

atory exudate and tssue Was

found

The Appearance of the Non Ulcerated Mucosa
Within the first week of treatment the mucos2!
surface was flat as 1n the controls After 7 days 2
local bulging was observed in the mucosa surrount
ding the ulcerations The remaimng surface was

normal
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Fi ta Stereomicroscopic appearance of the normal Guinea pig colon The

Crypt tubules are seen as whste Tings with
the dark crypt opensng 1n the center (Alcian > 20}

Fig 1% Corresponding istoogical section showing the appearance of the normal me
£ig Jo Ap eant
TAtan x 20

Fig 28 Corresponding histologreal section showing affeclion of the surface and
wfilated by inflammarory cells and the epibel

ucosa (PAS-Aurenua & 200y
ly focal fesion observed as a rounded heavily stained area with blurred outlines of crypt openings

CYPt epithelum The epithehum 15
af eells are disarranged and Nauened (PAS, Aurentia % 200)

Fig 3a Punctuate ulceration A well defined superficial lesion surrounded by a mucosa wip tnereased number of
£oblet calls 1n the surface epihelium (Alcran x 20y

£ig 36 Corresponding mistological section showng superficial ulceration Lamina muscularts mucosa 1s unaffecied
PAS Aurenng ¥ 200)

Dilfuse changes 1n the mucosat surface structure 1 the caecum where the enyre surface was bulging
Were observed 1 the caecum angd ascending colon  and grapuiaged After 28 days the bulging hag
afier 14 and 21 days They were most pronoynced the surface 2 willys like appeg.
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Fig 4 Several and hinear foll ¢ the course of the submucosal vascular structures The

mucosa sur the 1 d (Alcanx 6 3)

Fig 5 Several large ulcerations surrounded by 2 vitlus fike mucosa (Afcraa x 6 3}
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Fg 6a Villus [ ke mucasa Crypt openungs may be seen between the villus like structures Plenty of goblet cells are
seen 1n the susface epithelrum (Alctan x 10}

Fg 65 Correspond ng histological section showing villus like structures Large numbers of PAS-posiuve
macrophages are accumulated m the stroma beneath the surface epithelium (PAS-Aurenta X 200)

rance (Fig 6a) In the ascending colon the changes
were less pronounced The surface was swollen
shightly granulated often of a gyriform appearance
In the distal colon changes were observed only
around the ulcerations

Histologically the stroma in non ulcerated areas
%as normal within the first week In the bulging
and villus hike mucosa observed In the later stages
Plenty of large PAS positive macrophages were
observed mostly Jocated just beneath the surface
ihelum (Fig 6b) The accumulation of macro
phages was evident after 7-14 days of treatment
Besides there was edema and a moderate mfilira
Uon with acute and chronic iflammatory cells The
Space between the crypt tubules was increased but
the epithelial cells 1 the crypy and surface
cpithehum appeared normal

Locali_ation of Disease
Changes can be classified as focal and

morphology Punctuate ulcerations were seen 1 the
proximal colon after 4 days They gradually spread
distally and were found 1 the distal colon and
rectum after 21 days In these parts of the colon
they remamed small never exceeding 2-3 mm 1
dameter Changes 1n non ulcerated areas were only
moderately developed and were not observed 1n the
distal colon The disease mvolves the proximal colon
1 the first place and subsequently spreads distally in
continuity to the distal colon

In the rectum however diffuse mucosal inflam
mation increased space between the crypt tubules
and degeneration of the epithelium  might be
observed in the Later stages

DISCUSSION

8 ffuse fsurface contours macrophage infiltration
nd edema) Focal changes developed considerably
tarlier than the diffuse changes and 1n less affected
Areas they were still the only changes

The cacum was atways the most affected partof
the colon Small punctuate lesions were observed in
the caccum already after 24 hours quickly progres
Sing to form superficial erosions The ulcerauve
thanges gradually progressed during the 4 wecks of
\reatment from puncutate to Linear and later large
confluent ulcerations Diffuse changes in non
vloerated paris of the mucosa were not observed
untd 14 days after 1nsuation of treatment

18 the rest of the colon all changes appeared later
20d they never became as advanced as 1 the
- this they had the same

When g the develop of the cotonic
changes induced by degraded castageenan 1 15
essential to define the early lesions Applymg
simlar doses of carrageenan the eatly lesions
Ppreviously have been described after 5~7 days{2 8
12) A sequence of events preceding ulceration has

been proposed (2

1) Penetratton of cafrageenan into the Jamma
propria

DA of h:

g carra
geenan under the surface epithelium

3) Release of lysosomat enzymes from the macro-

phages inducing 1nflammation and edema in the
stroma foltow ed by

4} ¢ changes and infl m the
surface epithelium finally leading to
5) ulcerauon
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In the present nvestigation early lesions were
identified already after 24 hours The first changes
observed were
1) Focal affection of the surface epithelum
2) Affection of the crypt epithelum and acute

mnflammation i the mucosal stroma and finally
3) focal ulceration

Accumulation of macrophages was not observed
at this early stage A macrophage reaction Was not
evident untl 7~14 days after ymuation of treatment
and was mostly observed i the bulging or villus-
Iike mucosa Considering that lestons developed
within the first 24 hours of treatment the
macrophage accumulation ts hardly a part of the
primary ulcerative process but rather a secondary
foreign body reaction This1s moreover supported
by the fact that exen follow ing direct s ¢ 1njection of
carrageenan accumulation of macrophages 1s only
demonstrated after 5 days (24) Carrageenan 1s
cytotoxic to macrophages (4) It 1s taken up and
stored n the macrophages which are umable to

q the o d (2 10) Acx of
macrophages and release of lysosomal enzy mes ma;

therefore 1s exposed earlier and for a longer bme
the carrageenan than s the rest of the ool
Moreover, some of the carrageenan may -
absorbed or decomposed 1n the caecum resulting
reduced contents of carrageenan n the rest of t
colon

It has been well documented that carrageenan s
biologically very active compound (6) with sever
possible side-effects The important question s onl
whether 1t 1s absorbed or not It as been discusse
whether carrageenan mught be an etioloarcal factc
1n human ulcerative cohis (8 11 16 17 21 2
This has been rejected since there are seset
pathological differences between experimental an
human ulceratne cohns (8 16 17) Moreover onl
Guinea pigs and rabbus are sensitne to B
undegraded form of carrageenan the large molecy
Ies of which do not seem to be absorbed fo
instance by rats and monkeys (3 8 10) Onth
other hand 1t 1s possible that carrageenad 1
harmful to pavents who already suffer fron
ulceratnve cohtrs In the present paper it has b
proposed that car p the surfat
hel only When this has been domaged

be involved 1n the devel of the lized
non ulcerative changes —as the heavy bulging of the
mucosa as seen 1 the fully developed stages This 1s
1n agreement with the obsenvation 1n other studies
that the aggregations of macrophages are connected
with the bulging and yillus like mucosa (2}

It has been discussed how the large carrageenan
molecvles (MW 30 000) are able to penctrate the
intact surface epithelium (2 8) which 1s nescessary
if the macrophage reaction 1S imttating the uloera
tve process The explanation may be that the
permeability of the epithehum is increased seconda
by to the acute affection of the surface epithehum

This may also be the reason why the focal early
changes are detected 1n the stereomicroscope as
areas with increased stainabihty The Jarge Alcan
molccules are probably able (o penetrate the
damaged epithelium n the focal areas and are
retamed 1n the famma propria stamning these areas
dark green contrasting to the rest of the mucosal
surface where the goblet cells are stained selectsvely

In the present study strong topographical rela
tonships have been observed between the larger
submucosal vascular structures and the mual
ulcerauve process This relatsonship has not been
noticed In previous studies and we have no
explanation for tt Further mvesugauon will be

primarily In ulcerative colitts atrophy and necrost
are frequently obsenved n the surface epithelum
This may Increase the nisk of penetration of
carrageenan  If the widespread apphcauon of
carrageenan m the food industry should be questc-
ned at all 1t would be reasonable mally ©
concentrate on this group of patrents tn ordt 0 find
out whether carrageenan s absorbed by them oF
not andif it 1s whether it has any harmful effet
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PROTEOGLYCANS, DNA, AND RNA
IN RAT GRANULATION TISSUE, SKIN, AND AORTA
BIOCHEMICAL AND HISTOLOGICAL STUDIES

T MORK HANSEN C GARBARSCH G HELIN P HELIN B HOLUND
B KOFOD and 1 LORENZEN

Med cal Department C Gentofte Hospital and Laboratory of Histochemistry and Cyrochemisry
Anatomy Department A Unnersity of C Depaniment of P Anatomy and
Department of Medicine Section of Rheumatology Hsidowre Hospial Unverssty of Copenhagen

Hansen T M Garbarsh C Melm G Hem P Hotund B hofod B & Lorenzen |
Proteoglycans DNA and RNA 1n rat granulation ussue skin and aoria Biochemical and hustological
studies Actz path microbiol scand Sect A 88 143-150 1980

Proteoglycans in skin and 2orta and nucleic acids 1n skin were studied in rais with subcutaneous
sponge implants and In unoperated rats and compared with the Sponge induced granulation ussue
during a 42 day period In rat aorta there was a predomnance of the sulphated glycosaminoglycans 1
parncutar heparan sulphate while in skin there was a predominance of hyaluronic acid and dermatan
sulphate The subcutancous sponge implantation caused a decrease 1 the dry weights of skin and aorta
but did not 1nfluence the concentrations of the measured variables In aorta the concentranons of
chondroiun sulphate and dermaian suiphate decreased with age while in skin there was a shght fall o
e concentrations of hyaluronic acid and heparan sulphate with age The rate of biosynthess of
proteoglycans as esumated from the 35S sulphate uptake was higher in skin than 11 20rta A sequential
developmens was nouced m granulation ussue with an wilial high content of hyaluromc actd followed
by increasing amounts of chondronn sulphate and dermatan sutphate 1 older granulation ussue The
RNA/DNA rauo reached a maumum in 14 day old granulation trssue but was unchariged 11 <kuy
throughout the 42 day period [t 15 concluded that the distnibution of proteoglycans and nucleic acids
differs from tissue to lssue This may be of relevance for tissue diffesences 1 sus

and to the effects — and side-effects — of drugs The

sponge induced granulation ussue from rats was simlar 1 other o

scepubility (0 diseases

and devel, of
3pes of granulanon tssue during th

first & weeks e ke

key words Proteoglycans nucleic acids granulation tssue rats

T Mork Hansen Medical Department Section of Rheumatology Hyidovre Hospital
DR 2650 tividovre Denmark opial etieganchalie 30

Receved 17¢ 79 Accepted 91 79 treatment In a

The inflammatory process and the production of  collagen amms:::::m,: lu;);nﬁ::s en 1975} the
granulation tissue 1s part of the normal biological subcutaneously smplanted VISCOse n:r,llmil e
defence mechamism  The production of chromic Was compared with collagen of skun o Songes
granulation tissue however may alsobe oneof the  rats smplanted with sponges . fi andaorta from
p:lhogemcdnllcuuolnsr n diseases such as the  rarg '8¢ and from unoperated
theumatic diseases [nformation on the compos:
of connective tissue and granulation ussll::s :;:; m;h;‘zuﬁ of the present mvestgation was 1
promote the und: of the tissue 1 proteog]

i 'yeans and nucleic acids i
’ the undersan ue skin, and aorta of
s guidance 10 appropiate medscal 42 day period afier the inducion olta :nil::rl;ﬁ:

e
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TABLE | Dry Defatted Weight (DDW) of Aorsa (A) Skin Samples (S) and Granulation ussve

< .?/ / (g per mg DDW)and of RNA and DNA (ug Ribose and Deoxy ribose
per mg DDW) and 35504 Incorporation in Glycosaminoglhcans

Days after sponge tmpladtanon

SO Pime
0 4 8 14 2 3] 42
~0 121 150 176 n7 240 277 82
A Lo 138 162 19t 135 243 ns 37 <00
-0 185 195 a5 AT 239 38 339
oo s Ly 0 10 197 46 2 yj3 ¢ <oW
G E T T YRR T TS TS N T YRR <oof
A 02 043 02l 02 020 02 017 oM ns
HA S 044 045 048 045 039 037 040 008  <0o0S
G 054 045 040 @3t 021 02 o012  <ool
A 070 060 062 05T 046 045 044 01 <00
[< S 014 012 013 012 013 013 013 ooz Bs
G 022 034 063 048 032 035 o013 <00I
A 066 066 057 062 054 053 045 o010 <00
S 5 033 03 033 040 04l 035 040 006 ns
I 005 016 040 048 065 058 014 <00
A 076 078 077 079 089 084 g87  opo s
Hs s o011 012 009 o10 009 008 009 002 <001
G 007 008 008 010 012 013 0o5  <oos
S 382 299 261 (81 I8 157 156 pye
RN <ot
I 2% 495 68 710 693 135 <om
S 215 182 154 101 105 09  ge
D\ 020 <00
A G 42333 3% 414 445 465 om0 <po)
S 184 165 10 180 81 7y
RNA/DN 186 o1
* ¢ 070 14T 1% 1T 155 138 012 <oy
s & a 3813 <om
Som 212 <om
,‘R’ DS+ us A e 61 32 1 <00
s 193 180 Iss !
38 <oos
s+ N .
DS+ §Is ! 100 24 ns

B nyaturonsc Chs

chondro un 4/6 sulphaie DS dermatan sulphate HS
:'Delmmn with subcutaneous sponge imptantation SD standard deviauon withn lhel;erpo:r:‘n ;u‘lp:nu d_/' oo
nalys s of varance ns not substcally sigrificant (P> 05) 4-24 ammals per group) Flues demved by an
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0 aorta Ja skin the concentrations of the sul
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tissue Skin and aorta from operated and unoperated
rats were compared Furthermore hustological
studies of the connective tissue development 1n

by 1 1 d viscose cellul sponges

tonopoulos 1966) and determuned as hexosamunes (£
& Morgan 1933)

The total acuvity of 35S sufphate 1n glycosamuno
cans in granulauon tissue was determmed afier pa
4 1

y
n rats were performed Sponge tissue
from rats was compared with granulation tissue
from rabbut aorta previously described (Helin et af
1971)

MATERIALS AND METHODS

108 male Sprague Dawley rais weighing 140-150 g
werc used At the begtnning of the experiment each of 48
rats had 2 viscose cellulose spongesof | X | x 2¢m
umplanted subcutaneously symmetrically tn the infrasca
pular region (Viljanto 1964) On the same day 12 un
operated animals were killed by decapttauon On the 4th
8th 22nd and 33rd day after the operation 6 operated
and 6 unoperated amimals were decapitated On the 14th
and 42nd day 12 operated and 2 un-operated amimals
were decapitated The rats Killed at the beginning of the
experiment and on the 14th and 42nd day receved 48
hours before decaprtatton 100 pCi 35S sulphate 1 | mi
of physiologieal saline contantng 120 ¥8 un labelled
sodium sulphate

Biochemical Analyses

The subcutancously implanted sponges with their
contents of granulation tissue were removed and freed
from adherent connective tissue Circular pieces of skin
of 21 cm in diameter were taken from the lumbar
regions 1-2 cm away from the skin wound 1n the sponge
bearing rats The hair of the skin was cut with an
electnical hair cutter and the subcutaneous fat removed
with a scalpel The entire aona from the aortic valve to
the bifurcation was removed and the adventitia stripped
off All the samples were freeze dried ground with a
Wiley mull defatted with chloroform/methanot (1/3)
and dried i vacuo

The glycosaminoglycans were isolated and determined
as described by Thunell (1967) Samples were digested
with papain for 6 hours at 67° and centrifuged to remove
un digested materiat  Cetylpynidimuum chlonide was
added to the supernatant The precipitate was redisolved
i n propanol and again precipitated with ethanol as
sodrum salts This precipitate was digested with hyaluro
midase (testicular Leo Halsingborg actvity 15 000
20 000 1U/mg) overmght after which the glycosamino
glycans were fractionated on cellulose columns into
depolymenized and non depolymerized fractions In
samples from granulation ussue the salt p'r:cxpn:am
were digested with before the
digestion because of the high content of pucleic acids

The hexosamunes were liberated by hydrolysis and the
content of glucosamine and galactosamine In skin and
aorta was determined by the use of a gas Ch"’malogffph
(90 cm column 03 cr diameter SR 2300 100/120

i3 and of the
with cetylpyndinium chlonde In skin and aorta the
sulphate acttvities were determined separately i dep
merized and non-depolymerized glycosaminoglyc
after the hyaluromdase digesion All counts %
performed 1n a liquid scintitlation spectrometer (Pack:
model 3385)

The determnations of DNA and RNA were 0
performed 1 skin and granulation ussue owing I
shortage of aoruc tissue The samples were boiled for
minutes to Inactivate nucleases before digeson %
papain After papan digestion the nucleic acids %
precipitated with cadmyum and the content of DNA 2
RNA determined according to the method of Hatchet
Goldsten (1969}

Fhistological Preparanons
A 2 mm thick sltce was cut from the middle of one
the implanted sponges from each animal The tissue #
fixed 10 0 5% cetylpynidintum chlonde in 4% formal
{Williams & Jackson 1956) and the specimens #¢
orientated n the paraffin so as to allow distinctt
between the superficial and the profound surfaces of ¥
granulation tissue n the sponges )
The 6-8p thick sections were stamed USIE
following stasning methods
{ Haematoxyhin and eostn
2 Van Gieson stam for collagen fibers (Lill e 1965)
3 Orcem stasming for efastic fibers (Liflie 1965
4 Acid ghcosaminogl cans were stained with
2 03% Alcan Blue 8GX (G T Gurr)atpH 138
PH 2 5 (Pearse 1968) n order 1o distinguish berwet
weakly and strongly sufphated mucosubstanaes
b 0 1% tludine blue 0 (Merck) m 30% ethan
(Kramer & Windrum 1955) "
¢ 01% toludine blue 1n Mcllvain buffers at VHi
and pH 3 and 1n Walpole buffers at pH 2 and P
(modified after K1 gier and Rasprak 1961
5 A combined method for acid glycasammmﬂ)’““‘A
elastic fibers collagen fibers and nugles (Garbers®
1973) 1
6 The Calum red method of McGee Russel
described by Pearse (1972) for calcium deposis
The ingrowtt of ussue into the sponges was me2s
on the cross sections with a Leitz ASM Image Ambi
Systemn at a magnification of 40x The ingrowih wl
determined as the mean of the maximum ngrowth 18
dimensrons

RESULTS

Biocherical Obsenations o
The b ! results are given in Table | 2

Mesh 205 °C) after transformation of the
d ved

mn
to thewr
From granulation tissue the glucosamine and galactosa

mine were Separaled on 2 Dowex 50 microcolumn Un

144

Fig | and 2 The defatted dry weight of the aor
and skin samples was shightly smaller m spongt
bearing rats than 1n tnoperated arumals (Paots
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pond Z [ " per mg DDW) and of RNA and DA {sg Ribose and Deoxyribose
per mg DDW) and 35504 Incorporation in Gis cosaminoglycans

Days after sponge implantation
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tissue Skin and aorta from operated and

1966) and d as b (Elso

rats were compared Furthermore, histological
studies of the connmective tissue development 1n
subcutaneously tmplanted viscase cellulose sponges
in rats were performed Sponge granulation tissue
from rats was compared with granulation tissue
from rabbst aoria previously described (Helin et al
1971)

MATERIALS AND METHODS

108 male Spraguc-Dawley rats weighing 140150 g
were used At the beginning of the experiment each of 48
rats had 2 viscose cellulose sponges of § % | x 2 cm
mplanted subcutaneously symmetrically 1n the infrasca-
pular region (Vifjanto 1964) On the same day 12 un-
operated animals were killed by decapitation On the 4th,
8th, 22nd and 33rd day after the operation 6 operated
and 6 unoperated animals were decapitated On the 14th
and 42nd day 12 operated and 12 un-operated animals
were decapitated The rats killed at the begmning of the
experiment and on the 14th and 42nd day received 48
hours before decapitatson 100 uCi 35S sulphate 1n | ml
of physiologscal saline containing {26 pg un-fabelied
sodium sulphate

Biocherical Analyses

The subcutaneously mplanted sponges with thetr
contents of granufation tissue were remaved and freed
from adherent connective tissue Circular pieces of skin
of 21 cm in diameter were taken from the lumbar
regtans [-2 em away from the skin wound 1n the sponge
bearing rats The hair of the skin was cut with an
electrical hair cutter and the subcutaneous fat removed
with a scalpel The entire aorta from the aortic valve to
the bifurcation was removed and the adventitia stripped
off All the samples were freeze-dried ground with a
Wiley mill defatted with chloroform/methanol (1/3)
and dried i vacuo

The glycosaminoglycans were 1solated and determined
as described by Thunel! (1967) Samples were digested
with papain for 6 hours at 67° and centrifuged to remove
un digested matenal  Cetylpyndinium  chloride  was
added to the supernatant The precipitate was redisolved
in n-propanol and again precipitated with ethanol as
sodwm salts This precipitate was digested with hyaturo
midase (testicular Leo Halsingborg activity 15 000~
20 000 1U/mg) overmght after which the glycosamino-
glycans were fracuonated on cellulose columns into

p 1zed and non dep fractions In
samples from g ussue the sat-precip
were digested with before the
drgestion, because of the high content of nucleic acids

The hexosamines were hiberated by hydrolysis and the
of glucosamine and galactosamine in skin and
the use of a gas chromatograph
drameter, SR 2300 100/120

1zed

content
aorta was determuned by

& Morgan 1933)

The total acuvity of 355 suiphate in glycosaminogly
cans 1n granulation f1ssue was determned after papan
digestion and preciputation of the glycosamunoglycan
with cetylpyridinium chloride In skin and aortathe ¥§
sulphate activities were determuned separately 1n depoly
menized and non depolymerized glycosamnoglycan
after the hyaluromdase digestion All counts wen
performed tn a iquid scimtillation spectrometer (Packard
mode} 3385)

The determinaons of DNA and RNA were ot
performed 1n skin and granulation tissue owing 104
shortage of aoruc tissue The samples were boded for 14
minutes to snactivate nucleases before digestion %t
papain  After papain digestion the nucleic aads were
preciputated with cadnum and the content of DNA and
RNA determined according to the method of Hatcher &
Goldsten (1969)

Histological Preparations

A 2 mm thick shice was cut from the mddle of o3¢ ot
the implanted sponges from each animal The tissue 38
fixed :n 0 5% cetylpyridimum chloride 1n 4% formaln
(Wiltiams & Jackson 1956) and the specimens Rt
orientated 1n the paraffin so as to allow distinchdn
between the superficial and the profound surfaces of the
granulation tissue 1 the sponges

The 6-8p thick sections were stamed Using the
following staining methods
| Haematoxylin and eosin 5
2 Van Gieson stain for collagen fibers (Liflte 196.
3 Orcetn stamng for elastic fibers (Littie 1965
4 Aad gl cosanmnogl cans were stained With "
a 03% Alcian Blue 8GX (GT Gumr)atpH | ﬂm "
pH 2 § (Pearse 1968) 1n order to disunguish bet¥
weakly and strongly sulphated mucosubstances
b 0 1% tolmdine blue 0 (Merck) m 30% e
Kramer & Windrum 1955) s
c 01% toludme blue 1n Mcllvam buffers at P
and pH 3, and 1n Walpole buffers at pH 2 and
(modified after Krygier and Kasprak 1961} S
A combined method for acid glycosamlﬂcsl)"’“’I
elastic fibers collagen fivers and nucler {Garbars!
1973} -
6 The Calem red method of McGee Russel

described by Pearse (1972) for calcium deposits

The ingrowth of ussue into the sponges was measurt
on the cross sections with a Leitz ASM Image Anﬂ)s”j
System at a magnification of 40 x The ingrowtit “Z
determined as the mean of the maximum tngrowth 1t
dimensions

ancl

w

RESULTS

Biochemucal Observations d
Theb | results are given in Table 1 a0

(90 cm column, 03 cm
Mesh, 205 °C) after transforma
to their dissolved
From granulation tissué
mine were separated on a

tion of the
n

the glucosarmine and galactosa
Dowex-50 microcolumn (4n-
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Fig 1 and 2 The defatted, dry wesght of the 201’"3
and skin samples was slightly smaller m spon&é
bearing rats than in unoperated animals (Paoru
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Fg 4 Ingrowth of granulaton tissue imto subcutaneously implanted viscose cellutose sponges in rats doninga 47 day
petiod (Totu d ne blue x 18) Numbers refer 1o days alter the sponge implantation

that 50% of the total granulation ussue had been
produced already 8 days after the sponge implanta
ton and 90% afier 22 days

A detarled descripuion of the development of
granulation ussue in the viscose cellulose sponge
has been gven by Helund et al 11979)

The sponge consisted of irregular outined
llulose trabeculas unreactive to the stams em
Ployed

Four days after the waplantation the wmterior of
the sponge comtaned PAS positive amorphous
Material and numerous leucocytes Capitlaries and
(broblasts proliferated mto the sponge behind a
front of macrophages and a vassshing PTAH
Posiuve Mdrinous network A collagen capsule
Surrounded the sponge containing dispersed mast
@lis siained with orce:n PTAR Alcian blue 21 pH
§and 25 and metachromatically with toluidme
blue at 2l gil levels In the capsute and the

i g zane of b spots of
intercellular substance alcianophiic at pH 1 and 2 5
and below gH § Some
foregn body gant Cefls were lodged on the
peripheral trabeculas

On day § the capsule was more prominent with
arser collagen fibers and numerous artertoles
Among the prohferaung fibroblasts dispersed pra
Bulocytes and mononuclear cells were notrced The
Polymorphous leucocytes sn the sponge eshibited
Karantbmneie and Yo nehavie Taroign body grang

sbeculas appa

rently onginaung as fusing macrophages Areas
with metachromasia at pH 7 and pH 5 and
atcranophulia were observed berween the prolifera

Fgs Macraphages (0 the front of the

prof ferauon o
£rasnufat on tssue afiee 14 days of sponge xrnplaru.mcy\r
The mactophages cona n dis negrated matertal from the
1aterior of the sponge (Taluid ne blue x 320y



A marked tissue difference was noticed 1n the
glycosaminoglycan pattern (Table 1) In aorta, there

was a pred

of the sul d gly

glycans, 1n particular heparan sulphate, while the
concentration of hyaluronic acid was lower 1n aorta
than 1n skin and granulation tissue In skin, there
was a predominance of hyaluromc acd and
In granulation tissue, the
glycosaminoglycan pattern changed distinctly with
age A high concentration of hyaluronic acid was
noticed during the first week of granulation tissue
production and fell thereafter The concentration of
chondroitin 4/6 sulphate reached a maximum at 2
weeks while the concentration of dermatan sul
phate reached a maumum after 4 weeks The
concentration of heparan sulphate was small 1n
comparison with the other
gly lycans The total of the

dermatan sulphate

granulation tissue 1n

gly lycans n granulation ussue showed
the same maxima as the concentrations (Fig 1) In
aorta there was a fall in the concentrations of
chondroitin 4/6 sulphate and dermatan sulphate,
while 1n skin there was a fall 1n the concentrations
of hyaluronic acid and heparan sulphate with time
The total contents of the different glycosamunogly-
cans, however increased with ume in both aorta

and skin

The incorporation of S sulphate in the glycosa-
minoglycans per mg dry defatted weight decreased
with time 1n aorta and shin while there was no
difference 1n granulation tissue between 14 and 42
days The incorporation of S sulphate was higher
1n dermatan sulphate + heparan sulphate than in

chondroitin 4/6 sulphate n skin but not w aorta
The total ncorporation of ¥SO4 per mg dny

defatted weight was higher 1 skin than in aorta and

100

/

0o 4 8 %

ImplNAIULL 15 &
un sulphate 4 and
heparan sulphate
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Fig 2 RNA/DNA ratio m shin and <ponge nduc
granulation tis<ue In rats

granulation tissue The total 1350, uptake 1 L
glycosaminoglycans per sample decreased 1n 30t

with time but ncreased in shin and granulat

tissue

The concentrations and total amounts of DN
and RNA decreased with tme i skin and imcress
in granulation ussue There was no change ™!
ume m RNA/DNA rato in the skt while
granulation tissue the ratio increased to 3 mawmy
at [4 days (Fig 2)

Histological Obsenations

The one-dimensional wgrowth of pranulate
trssue 1nto the sponge reached a maumum after.
days of implantation (F1g 3 and 4) A calcutauan
(he three dimensional ngrowth howeser sho

mm
INGROWTH

N DAYS AFTER SPONGE IMPLANTAT
o & & u 22 B &
pbcutant

Fig 3 Ingrowth of granulation tissue mto s
usly implanted viscose cellulose sponges 1 rats duried
42 day period The bars indicate the standard deviatl

of the means



The of
t tissue 1 viscose cellujose sponges in the present
< 1mvestigation accords with that of previous 1nvests
1 gations (Thomasson ef al 1973, Pallin et al 1975)
¥ but m these studies giant cells are not mentioned
{ This lack of grants cells may be due to differences in
t sizes of pores (Sahatore ef al 1961) or other
+ physical charactenisuies of the sponges (Bing 1955)
« since the sponge material itself was the same The
« listology of the granulation tissue 1n viscose sponge
and 1n different plasuc sponge matenals (Bing 1955
Edvards et al 1957 Kelly 1962 Bole er al 1962
1 Wiener et al 1975) also corresponds mutually
1 although there are a few differences (Holund er al
1979)
. The glycosaminoglycans 1n the sponge are
. b reflected by the and
. the alcwanophilia (Bofe er a! 1962 Kelly 1962) In
 the present unvestigation however the metachro-
masia did not correspond well with the content of
Sulphated n the
substance 1n contradistinction to the alcranophiha
This may be due to the competitive protein effect on
the antons at low pH levels (Kefly 1955 Andersen
ond Ehlers 1967) and to binding of the sulphated
glycosamunoglycans to the collagen (Sugpama
191

In conclusion the content and distribution of
glycosaminoglycans and nucleic acids duffers from
ussue to tissue The sequential development of
8! and the observa
tions are similar 1n granulation tissue from different
sources although the duration of the production of
Branulation uissue may depend on the tissue and the
t¥pe of 1nduction of inflammation

This work was supparted by grants from the Danish
Med cal Research Councit and The Assoctation Agarnst
Rheumansm
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Fig 6 Fibninoid substance 1n 33 day old granulation
tissue (PTAH > 100)

ting centrally located cells besides a general weak
alcianophilia at pH 1 and pH 2 §

On day 14 penipheral giant cells filled with
pyknotic nucler seemed to disintegrate i some
places and mononuclear cells accumulated around
the trabeculas in these areas The macrophages at
the front of the proliferating fibroblasts contained
nuclear materal from the leucocytes 1n the ntertor
of the sponge (Fig 5)

On dav 22 lymphocytes and plasma cells were
observed the fibroblasts had propagated further
centratly and the number of leucocytes 1n the sponge
nterior was dimimshed Accumulation of alciano
philic amorphous 1ntercellular sucstance was ob
served, but no metachromasia was seen below pH 2

Onday 33 und 42 most of the sponges were filled
with connective tissue and the central accumulation
of leucocytes vanished Fat cells extended from the
capsule into the outer part of the loose connective
tissue 1 the sponge In some sponges »fibrinorde

tssues from different species (Stefanovich & Ak
yama 1970, Ustto et al 1971, Heln et ol 1971)
The relatively higher rate of synthes:s of derma
tan sulphate and heparan sulphate 10 skin than
aorta as estimated from the 2SO mcorporations of
these proteoglycans 1s consistent with a bt
turnover n skim than n aorta The decrease
time 1n the concentrations of hyaluronic aod
heparan sulphate 1n skin and of chondroitin
sulphate and dermatan sulphate in aorta is 1n
due to a dilution effect caused by merea
amounts of for example, collagen and ela
(Hansen 1975) as the total content of glycosam
glycans in skin and aorta increased with the
Although the cell content per skin area as estmi
from the DNA and RNA content decreased v
time, the ability of proteoglycan synthesss (%
uptake) was increased This indicates either that
decrease i cell content 15 confined to other cellty
than those synthesizing proteoglycans or that
capacity of the individual cells to synthe
proteoglycans increases with time
In granulation ussue the izl high Tevel
DNA and low RNA/DNA ratio may be explat
by a high content of leucocytes which do !
synthesize protein This is wn accordance ¥
experiments by Pallim et al (1975) who aspird
leucocytes from sponge granulation tissue 2
determined the DNA and RNA content T
maximum RNA/DNA ratio 1n granulation uss
was achieved after [4 days at the time of maumt
collagen synthesis (Lampiaho & Kulonen 1967)
The variation with time of glycosaminoglycans
granulation tissue (Fig 1) 15 1n agreement ¥/
other studies of granulation tissue (Berensor a
Dalferes 1960, Winte et al 1961, Kirchhener 196
Bentley 1968 Reid & Fliny 1974), but duffers fro
the observations by Lefitonen (1968) This different
may be explained by interference from nucleic aﬂf
(Thunel! 1967} which n the present study
overcome by digestion with nucleases
The production of granulation tissué mth
subcutaneously implanted viscose cellulose sponge
seemed to cease after 33 days (Fig | 3and4) ™
15 1n contrast to the injured rabbit aorta where th
production of granulation tissue and prothlym"‘
continued beyond 60 days (Helwn et al 1971) Thf
fYe may be due etther to the continuo¥

char 1zed by eo PTAH-
positivity and a weak PAS-positivity were observed
(Fig 6)

DISCUSSION

As for collagen (Bailey & Robuns 1973) differences
in glycosaminoglycan pattern between tissues are
greater than the differences between the same

148

haemodynamic sttmulus of the vascular wall or 10¢
different reactivity of the smooth muscle cells mj

ytrophe tissue The prod: of proteoglycant
with tme 1n sponge granulation tissue Was stmilat
to that of granulation tissue of aorta l\[m‘phulozlc‘J
studies also showed the same phases 11 the
inflammatory reaction and fibroproductive proces
ses (Helin et al 1971, Garbarsch 1973)
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Eleven cases of pulmonary blastoma are presented the largest series reported from one d:panm:m l:
date The frequency of pulmonary blastoma was found 10 be 0 S per cent of all primary l:’ng ca:;ern
The variegated histologic appearance of the mour and the diverging metastatic pattern are descr! " ;‘
detail In Tight of the complex histological picture and the biological behaviour a suggestion of the

Pistogeness of putmonary blastoma s auempted
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Pulmonary Blastoma (PB) s a very rare primary
lung tumour consisung of a mixture of immature
puthelia) and mesenchymal components The tu
mour was first reported n 1945 by Barrett and
Barnard (2) and was again reported by Barnard 1n
19521) In 1961 Spencer (25) added three further
@ses 2nd defined the tumour entity He drew
atention to the symuarites to nephroblastoma and
Suggested (he commonty used term pulmonary
blasioma Indeed based on the number of cases
Previously reported 1t would seem to be Tare
Bowerer between 1971 and 1978 11 cases were
i2gnosed from amongst the lung tumour cases at
the Department of Pathology at Bispebjerg Hospual
In view of this unprecedented number of cases we

ar¢ prompied to describe their chinico pathological
findings

MATERIAL AND METHODS

Duning the period 1971-1978 mine cases of PB were
dagnosed at Bipebierg Howtal and another 1w
_—
Department of Pathology Terley Hospial Umver
11y of Copentagen 2730 Herlev

“* Depantment of Pathotogy Frederiksborg County
Ilosputal 3400 Hillered

pual cases were revealed by a survey of the
microscopic material from afl malignant primary lung
tumours diagnosed during the same perod as sarcomas,
or mixed tumours The criterson for the diagnoss PB
s a tumour consisting of both an immature mesenchy

mal and an eputhelial component 1n accordance with the
description given by Spencer (26) Monotypic or doubiful
cases of PB were not ncluded 1n this material For
companson all malignant primary lung tumours diagno
sed @t Brspebyerg Hospual from 1973 10 1975 were
registered and recorded as to hustological type (17)

RESULTS

In Table 1 the 11 cases are
women and nine men and {
years

Ten patients had a breef durag
One patient (case 2) had had a k
seven years before sesere
Tesection despite an impaired
patient (case 8) a lung nfi

presented Two were
he mean age was 67

tion of symptoms
NOWN atelectasis for

Jung function In one
rate was fmmd
N

0 both
ater In 1

lungs  confirmed ag

AOPsy two weeks |, %0 patients (cases 10

1¢1
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1

ard 11) lung mfiltrates were diagnosed during
mvestigation of artertosclerotic heart disease which
made them imoperable

The tumours were Tight sided i seven cases and
Rieded 1o four [n aight cases the tumaur was
confined 1o one fobe 1 one case to two neighbou
ning lobes and in two cases the tumour mvolved
yans of all three lobes of the right lung

Gross Pathology

The twmours were rounded rather well demarca
ted and surrounded by a pseudocapsule of compres
sed lung ussue or bronchial wall which further
mvesugaucn showed to be wvaded by tumour
growth The tumour size ranged from 2 S em to 10
cmindameter In five cases (cases 2 3 5 8 9)the
twmodrs show ed partly intrabronchial growth part
of which appeared as smooth polypord grape ke
processes free of the bronchial mucosa In one case
{ease 10 a sumibar smooth finger hike process was
seen i a branch of a pulmonary vein extending inte
the left auricle of the heart The cut surface of the
Wmours was smooth and bulging and on 1nspec
tion was greyish white to pink with scartered
baemorrhages and necroses The concistency was
fathef soft In two cases {cases 2 and 4) a central
Pert of the tumour matched the above description
the surrcunding tumour tissue being greyish to
yellow and rather dry with a plane cut surface

M ernscoprc Tindings
Some hustologic features of the turnours are listed
0 Table 1 All wumours showed a blastomatous o
und fferentiated mesenchymal component and an
“Pithelial component The tomponents were mixed
nd present 1n varying amounts 10 different sections
O e tumours and showed several types of
Sillerentiation and varying degrees of maturation
mdtdﬁ the typical bastomatous component myx
m;rm Were seen i ten cases and chondroid
srentation 1n two one of which also revealed
cuessie bone formavon  Mawrauon m the
u":‘h‘"ﬂ component appeared as tubular forma
M;ls 1 ten of the cases and signs of epidermoid
¢rentiation were seen in seven cases
mThe variegated hustologic spectrum shown by
M:: \Wmours 5 dustrated 0 Fig 1-22 The
by OMatous areas consisted of small cells with
% nuclec and a sparse light

clearly blastomatous areas now appeared epithehal
and jn Some mstances were orented around a
central defect or a luthen (Fig 3) Reuculin positive
fibers surrounded these small rounded areas but
were not seen withim (Fig 4) The epithelal
component consisted of small cubic to box shaped
cells with small dark nucler and a light rather welt
demarcated cytoplasm The cells were arranged in
branching tubutar formations or 1n soltd cords {Fig
2 and 5) In one case there were areas ip which the
solid cords showed numerous Keratin pearl forma
uons (Fig 6) Signs of differentiaion m the
mesenchymal component were seen as cellular
elongation and arrangement i fascicles (Fig 7) or
as stellate cells placed 1n a more abundant alcian
positive intercellutar ground substance which see
med to point towards myxod differenuation (Fig
8) Collagenous fibers were sparse as were 1slands of
wnmatute cartage {Fig 9) and areas wih bone
formation (Fig 10} Evidence of myofibnls or
crossstriation was not found From areas of the
above described appearance there were transiuons 1o
areas with a marked pleomorphism of the cells

In five cases the tumours had areas of varying
size domumnated by a single tumour component
which looked Like a monotypic carcinoma {cases |
2 and 4)(Fig 11) or a monotyp:c sarcomna (cases 7
and 101(Fig 12} A constant feature of the tumours
was an abundance of vessels Infiltratve wmour
growth within and outside the tumour pseudocap
sule appeared as sslands of either mesenchymal or
epitheltal tumour components In only one case
{case 1) were such 1slands of mixed type (Fig. 21) In
two cases {cases 2 and 4) the infiltrative tumowr
growth outside the blastoma was, paruculary
pronounced according to the macroscobic findings
In both cases the rounded blastomas were laterally
and caudally surrounded by an adenocarcinoma of
mixed monomorphtc (Fiz 13) and pleomorphic
appearance (Fig 14) while medially and cranially
there were epidermoid carcinomas (Fig  15) of
several types and grades of differenuiatton some
ascas of which appeared as sofid 1slands (Fig 16)
with fransiions 1Nto a »hasalord ¢ (Fig 17 or
cnbriform pattern and in others of which the
tamour cells were box shaped with a light and wef)
demarcated cytoplasm In both cases there were
zones of collision consisung of a muture of

:?;"Wﬁm The cells were arranged without orlenta
w:«:ﬁ: ofien appeared as cuffs around thin walled
. .\r\m ned vessels (Fig 1) the intermeduate

and epidermord cargy
noma
The local recurrences appeared mucr
less ddfferentiated (Fig 18) than the cor?::::x‘!:\r:;
surgical specimens (Fig 12) and they were marnt
monatypic €ither mesenchymal or epithelial Y
The metastases were also m:

arnl;
Within the thoracic cavity they , onoiypic

were either epithe
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awd 11) lung wfilirates were diagnosed dunng
esigation of arteriosclerotic heart disease which
made them moperable

The tumours were right sided tn seven cases and
left-sided 1n four In eight cases the tumour was
confined 10 one lobe 1n one case to T o nerghbou
r1g lobes and 1n two cases the tumour involved
arts of all three lobes of the right fung

Gross Pathology
The wmours were rounded rather well demarca
ted and surrounded by a pseudocapsule of compres
sed lung tissue or bronchial wall which further
msestigation showed to be invaded by tumour
growth The tumour size ranged from 2 Scm to 10
emin diameter In five cases (cases 2 3 5 8 9 the
tumours showed partly intrabronchial growth part
of whch appeared as smooth polypord grape ltke
processes free of the bronchil mucosa In one case
fease 10) 2 simular smooth finger hike process was
3 seenma branch of a pulmonary vein extending (nto
the left auricte of the heart The cut surface of the
= tumours was smooth and bulgmng and on 1nspec
ton was greyish white to pink with scattered
haemorrhages and necroses The concistency was
mather soft In two cases (cases 2 and 4) a central
rart of the tumour matched the above description
the surrounding tumour ussue being greysh o
¥ellow and rather dry with 3 plane cut surface

¥ croscop ¢ Findings
Some histologic features of the tumours ase listed
" Table 1 ANl wmours showed a bfastomatous or
dife hymal and an
epitheliat component The components were mixed
and present 1n varying amounts 1 different sections
O the tumours and showed several types of
dilferentiation and varying degrees of maturatron
Besides the typical blastomatous component myx
08 areas were seen In ten cases and chondroid
dMerenuation 1n two one of which also revealed
iensive bone formanon  Maturanon m  the
;&:lh:llal component appeared as tubular forma
. n[xs m ten of the cases and signs of epidermoid

erentialion Were seen 1n seven cases

‘hl'hce Vvariegated histologic spectrum shown by
anlnmours 5 llustrated 1n Fig 1-22 The
by Matous areas consisted of small cells with
Tuclel and a sparse Iight

clearly blastomatous areas now appeared epithelial
and 1n some tnstances were oremed around a
central defect or a lurhen (Fig 3) Reticulin positne
fibers surrounded these small rounded areas but
were not seen wuhin {(Fig 4 The epihelnl
component consisted of smatl cubic 1o bov shaped
cells with small dark nucle and a hight rather well
demarcated cytoplasm The cells were arranged 1n
branching tubutas formattons or i solid cords tFig
2and §) In one case there were areas in which the
sohd cords showed numerous keraun peard forma
vons (Fig 6) Swgns of differentiavon mn the
mesenchymal component were seen as cellular
elongauon and arrangement in fascicles {Fig 7 or
as stellate cells placed 1 a more abundant alaian
positive intercellular ground substance which see
med to point towards myxoid differenuation (Fig
8) Coltagenous fibers were sparse as were 1stands of
immature cartilage (Fig 9) and areas with bone
formauon (Fig 10} Evidence of myofibrils or
crossstriaion was not found From areas of the
abor e described appearance there were transitions 1o
areas with a marked pleomorphism of the cells
In five cases the tumours had areas of varying
size domnated by a single tumour component
which looked Iike a monotypic carcinoma (cases 1
2 and 4)(Fig 11) or 2 monotypic sarcoma f{cases 7
and 10){Fig 12} A consunt feature of the tumours
was an abundance of vessels Infiltratve umour
growth within and outside the tumour pseudocap-
sule appeared as islands of esther mesenchymat or
epithelial tumour components In only one case
{case 1) were such islands of mixed type (Fig. 21) In
two cases (cases 2 and 4) the mfilrauve sumour
growth outside the blastoma was particulary
d according to the findings
In both cases the rounded blastomas were laterally
and caudally surrounded by an adenocarcinoma of
muxed monomorphic (Fig 13) and pleomorphic
appearance (Fig 14) while medially and cranually
there were epidermoid carcinomas (Frg  15) of
several types and grades of differentiaton some
areas of which appeared 2s solid sstands (Fig 16}
with transitions into a »basaloid« (Fig 17) or
cnibriform pattern and 1n others of which the
wmour cells were box shaped with a light and well
demarcated cytoplasm In both cases there were
zo:es of collision consisung of a mixture of

Z’o‘:plasm The cells were arranged without onenta
2nd often appeared as cuffs around thin watled
Pl ;{l\ul ltned vessels (Fig 1) the mtermediate
»as d:h: showing necroses The reticulin patern
iy te and indistinct A slight change 1n this
o1, 25 seen as small rounded areas consisting

mour cells which though of the same size as the

and cas
noma et

The local recurrences appeared micr
oscopically
less differenttated (Frg 18) than the Corrbspapndmé
surgical specimens (Fig 12) and they were mainly
monotypic either mesenchymal or epithelial
The metastases were also mamny
Ton
Wathin the thoracic cavity they wereymhcr :\pﬁhﬂ:
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F2 7 10 Pulmonary Blastoma proper mesenchymal d fferent at on

7 Fascles of clongzywd ‘mesenchymal tumour cells a few show ng mutouc act vity {Case 9 autopsy specsmen)

2 Myxod d fferenuation Stellate cells 18 an abundant myxomatous groundsubstance (Case 3 surgical specimen)

9 Chondromatous differenttauon Edge of island of fetal type cartlage (Case 5 surgical spec men)

0 Osweo d d fferentiat on Osteoclasts and osteohlasts hinng bony wrabeculae {Case S surg cal spec men)

1l (Fig 19) or mesenchymal while extrathoracic
netastases were mesenchymal of appearance (Fig
20} In only two cases (cases | and 8) were solitary
metastases of mixed type found (Fig 21 and 22)

resecuon of the Jung tumour and in each case
autopsy showed lung tumour with metastases

In the three year period 1973 through 1975
1155 cases of malignant primary lung tumours
were histologically diagnosed at the department of
pathology Bispebjerg Hospital In Table 2 these
cases a1e shown according (o the histologic type Six
these six had a radical resection while 1n one (case  of our cases of PB were diagnosed (n the same
1) tumour ussue 1 the chest wall and diaphragm  period The frequency of PB thus was 0 § per cent
remained Tn three cases (cases | 2 and 4) tymph  of all primary mahignant lung tumours
dode metastases were resected as well

Of these seven patients two died shorily after the

ration one because of rapid tumour dissernina
Z:a {case 1) and one because of an impaired lung DISCUsSION
funcuon Four survived sespectively 6 12 24 and  The diagnosss of the 11 cases of PB presented here
82 months and at autopsy all four showed recurrent  was based on the charactensuc and widely accepted
tumour ussue and/or metastases One patent (case  mucroscopic appearance a mixture of immaruere
3) was sull alive 15 months ty with a and epithelial The diffe
histolog ¢ recurrent tumour 1n the chest wall renal diagnosts would ravolve d; ¢ .

- * 7 mhout surgical treatment o Jung tumours of m opuishing other

ixed type Tumours as epider

Treatment and Follow up
1n seven pateents a resection was performed of
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Figs [-6 Pulmonary Blastoma (PB) proper epithelial differentiation

7 Most ymmature and most charactenistic feawure of a PB as registered m all the presented
oumaur cells seen as cuffs around small vessels The cuff 1n the lower right corner reveal
epithehal ke differenuiauion (Case 11 Autopsy specimen X (%))

An undifferentiated immature stroma and part of tubular formatson resembling fetal hung ssue

cases Undufferentidt
s the earliest possit

2 Classic PB
wee et
3 - (Case 8 autopsy specimen)
4 oou two islands (Case 8 autopsy Specimen St
moregnatton)
© ' mqmature box shaped epitheltal cells arranged in branching cords T#0

of tubular formauons (Case 6 surgical specimen)
cated cords of small immature epithelial cells In
Lase § surgteal specimen)

one toré abrdgt
differenuiation 1nto 3 keraun peart s s

1¢4
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ty (Case 9 autopsy specimen)
7 Fascrles of elongated mesenchymal tumour cells & few showing mitetc activi

8 Myxoud mmnnﬁmon Stellate cells in an abundant myxomatous groundsubstance (Case 3 surgixczl specumen)
9 Chondromatous differentiation Edge of 1stand of feta) type carulage (Case § surgical specimen

10 Osteond differentiation Osteoclasts and osteoblasts Liming bony trabeculae (Case S surgical specimen)

kal (Frig 19) or mesenchymal while extrathoracic
Metastases were mesenchymal of appearance (Fig
20) In only rwo cases {cases 1 and 8) were soliary
metastases of muxed type found (Frg 21 and 22}

Treatment and Follow up

1n seven patients a resection was performed of
these, ¢ had a radical resection while 1n one (case
Y tumour ssue 1n the chiest wall and draphragm
“emaned 1n three cases (cases 1 2 and 4) lymph
fode metastases were resected as well

Of these seven pauents two died shortly after the
Operation one because of rapid tumour dissemma
Bog (case 1) and one because of an imparred tung
function Four survised respectvely 6 12 24 and
82 months and at autopsy all four showed recurrent
Wmour tissue and/or metastases One patient (case
3 was sull alive 1S months with a

resection of the lung tumour and 1n each case
autopsy showed lung tumour with metastases

I the three year pertod 1973 through 1975
1185 cases of mahgnant pumary lung tumours
were diags at the of
pathology Bispetyerg Hospital In Table 2 these
cases are shown according to the histologic type Six
of our cases of PB were diagnosed 11 the same
period The frequency of PB thus was 0 § per cent
of all pnmary malignant lung tmours

DISCUSSION

The diagnosis of the 11 cases of PB presented here
was based on the charactenstic and ‘wrdely accepted
MICTOSCOPIC appearanice 2 mmture of immature

istologic recurrent tumour 1n the chest wall
Four patients died without surgical treatment or

and eputhelral The diffe
fential diagnosts would avolve dlsungubhmg other
lung twmours of mixea type Tumours as epider-
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Figs {~6 Pulmonary Blastoma (PB) proper epithetial differentiation
1 Most immature and most charactenistic featurc of a PB as registered in all the presented cases Undyfetent sted
tamour cells seen as culfs around small vessels The cufl in the lower right corner reveals the ear] est poss

eprthelial ke dulferentiation (Case 11 autopsy speamen X 63)
2 Clasye PB An wadi(ferentiated tmmature stroma and part of tubular formattan resembhing fetat long ussue 17
weeks gestational age {Case 2 surgwal speamen)
3 Two 1slands of small tumour cells of epithelial Iike appearance {(Case 8 autopsy specimen)
n Siver

7 Same area a5 Fig 3 Reticulin poswve fibers surround the two islands (Case 8 autopsy specime
lmprcgmhon)

5 Dbvious epitheliat differentiation Smalt immature box shaped epithelial cells arranged 1n branching tords W8 of
‘winch show necrotic centers as 10 Yegsmag of whular formations (Case 6 surgical spectmen)

4 Epdermoid differenttation Well demarcated cords of small immature epithehial cells In one cord
differentiation into a keratin pearl 15 seen (Case § surgical specimen)

abrupt
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Fg 19-22 Pulmonary Blastoma different types of appearance in the metastases
19 Lymph node metasass Box shaped tumour cells with light cytoplasm The tumour cefls arranged sn
adenomatous formations appeaning 1n the marginal sinus of a hilar lymph node Other types of epithelial dif
ferentiation 1n this case are shown 10 Fig 14 and 1§ (Case 4 surgical specimen)

20 Liver metastasss Elongated tumour cells of monotypic mesenchymal appearance {Case 10 autopsy specimen)
2 Sateltit temour of the lung Istand of epithelat rumou cells by a very

tumour component Same case as Fig 11 (Case | surgical specimen)
22 Biphasic differentiation in metastauc lesion of the kidney Scveral tubular formations 1n an undifferentated
stromal component {Case 8 attopsy specimen)

Fig 11~18 Pulmonary Blastoma different types of monotypic differentiation
11 Monomorphic adenocarcinoma Smalt hov shaped cells with dark nucle: a

nd a light well demarcated cytoplasm
{Case 1 surgical specimen) cyiop
12 Monomorphic sarcoma Fascicular arrangement of spinde cells The nucte are enlar
ged and there
mutoses (Case 7 surgicat specimen) ¢ are several
3 Smalt

{Case 2 surgical spocrmen)

14 Polymorphie adenocarainoma (Mature type) (Case 4 surgical specimen)

15 Epdermoid carcmoma Same case as Fig 14 Typecal ¢

keraumisauion and cellula pleomorphism (Case 4 ;urg,mﬁm,mr,‘:,k Fmoid differentiation of tumour showang
16 Und flerenuated carcinoma W ell lands of undi(f

(Case ? surgcal specimen)
17 wBasauoma Nke area Samecase as Fig 2 )
" No

cylindrical cells wuh veswentar nucles Crowiing of cells

epithelial tumour cefls
Jand 16 (Case 2 surgical specimen)

of tumour cells
g1 (G T st by Henenaton of ¥isibie To be compared with the primary tumour
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' 19-22 Pulmonary Blastoma different types of appearance tn the metastases
Lymph node metastasss Box shaped (umour cells with light cytoplasm The tumour cells arranged
enomatous formations appeartng in the margmal simus of a hilar lymph node Other types of epithelnal dif
et ation tn this case are shown tn Frg 14 and 15 (Case 4 surgical spectmen)}
Liver metastasis Elongated tumour cells of monotypic mesenchymal appearance (Case 10 autopsy specimen)
Satelut tumour of the tung Istand of epithelial twmour cells by a very
mour component Same case as Fig 11 {(Case | surgical specimen)
! Biphasic differentiation 1n metastauc lesion of the kidney Several tubular formatons in an undi(ferenyiated
fomal component {Case 8 autopsy specimen)

& 11~18 Pulmonary Blastoma diferent types of monotypic differentiation
! Monamorphic adenocarcinoma Small box shaped cells with dark nucles and

a light well demarcated cytoplasm
Zase | syrgical specimen)
"2 Monomorphic sarcoma Fascicular artangement of spindle cells The nucler are ¢nlarged and there are several
nitoses (Case 7 surgical specimen’
7y Small cyhindrical celts with vesicutar
nucler Crowda
Case 2 surgical specimen) ¢ e of ecls

'; Polymorphic adenocarcinoma {Mature type) Case 4 surgical specimen)

15 Epdermod carcinoma Same case a5 Fig 14 Typical epufermon

terannisation and cellular pleomorphism (Case 4 surgnu]l{speam:n ol ferentaton of tmour showmng
16 Undifferentiated carcinoma Well slands of undiff

Case 2 surgrcat specimen)
17 wBasalioman like area Same case as Fig 2 1
15 R ~ or d M

epithetial tumour cells

i 3 rlnd V6 Case 2 surpical specimen)
of tumaue celfs visih
i Remrn Mo ertamsaion o ¢ rntason of ible To be compared with the primary rmour




TABLE 2 Mistologic Type Distribution (WHO classification) in 1185 Cases of Primany Lung Cancer Diagnosed at
Bispebyerg Hospital 1972-1975

Epidermoid  Small ccll Adeno Large cell Pulmonary

Sex Number carcinoma Others Blastoma

of cases Per cent Per cent Per cent Per cent Per cent Per oent
0 240 329 204 21,5 12,5 63 04
¢} 948 48,9 238 1.4 133 24 0§
Total 1185 451 27 147 132 . 3 34

moiwd carcinoma with 2 spindle cell component,
mixed mucosa gland tumours and teratomas should
be reasonably casy to distinguish Difficulties,
however, may anse 1n separating PB from certain
cases of mesothelioma, hamartoma and carcinosar-
coma Transitions between these latter mentioned
tumour types and PR have been desenibed (7, 16,
23

To our hnowledge as of 1978, 65 cases of PB
had been reported (10) The mean age n the series
presented was rather tugh (11) One of our patients
had had symptoms of long duration before treats
ment Similar long duraton of symptoms were
reported 1 the cases of Baucrmerster <t al (1966)
and Parker et al (1966) Except for a rather high
mean age, a high frequency of intrabronchial
tumour growth and a huigh frequency of metastases,
our cases did not differ from reported cases with
regard to sie, locaton or frequency of local
recurrences of the tumour or duration of survnal
(11) Microscopically we found a high frequency of
cases with signs of eprdermoid dilferentiation a
component which has only recently begun to be
accepted in PB (6,7, 13,22 23 19

[xtensive growth of an adenocarcinoma and an
cprdermond carctnoma in close contact w whaPBay
seen 10 two of our cases have not been previously
described Collision of different types of malignant
tumours 1 these  cases could be a possible
explanation for this The varicgated microscoptcal
appearance of the caranomas being different from
ordinary primary bronchogenic carcinomas, how-
ever, points towards all the tumour tissu¢ compo
ginating from the blastomas

In all the cases presented  here  monotypic
secondarics were found, metastases of mixed type
having been recorded n only two cases This 15 in
contrast to reported €ases where most of the
Justologieally described metastases were of mived

nents orl

ype

T he prognosts in our cases was poor, W ithin two
years miic patients died as a result of thar lun;our.
and one dicd seven years after resection with a targe
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recurrent tumour A simular case of long term
survival ending with death of recurrent umour was
reported by Kern et al (1976) Cases of tumour free
fong-term  survival were reported by Barnard
1952), Kennedy & Prior (1976) and hersot 4
Strachley (1973}

Some authors regard the
carcainosarcoma (18, 23, 27) while others regard the
PB as a separate cnuty (14, 19, 20 2, ¥
developed from a plunpotent eell of 3 single gaTm
layer, here the pulmonary blastema of the mese
derm (25, 26) Mesodermat muved umours howe
ver, are widely accepted 1n several other orgat
systems They all consist of a mivure of mesenhy
mal and epithechal tumour components showing
varymg differentiation and maturation atthouch
monotypic cases have been recorded 5
Unlike in teratomas, heterotopic components an
not found m PB

The ctology of neoplastic growth from the
plunpotent eells 1 unknown Some of the differen
ces m structural appearance and hiotogical beht
viour of these mixed twmours mght be explaned bl)l
the primary celiular change, the location of the &
and the inducuon from the surrounding tsu¢

The secondarics 1n our material only occavonlh
were of the mixed type The wsvally monotyt
sarcomatous OF CarCInOMAtous appearance o the
secandaries tent support to the hypothesis that n (e
blastoma ane or several (ransformations had 1aken
place resulimg mn a local domance of met sttt
growth of the transformed tumour comw\"c'“’
which In some Instances were more anaplaste 1

appearance w
Supported by the reports of transitions bet®
blastoma and carcinosarcoma (7 23) and by ¢
reports of morphological similanties hetween “2
lung tissue hamartoma and blastoma (11, 16, 2
28) our opinton 1s that these three tumours 3%
muxed mesodermal (UMoUrs ORIRINALNG from the
<ame cell type  Diferences morphology 3%
mialogical behaviour may he explained by the ure of

cellular defect produced by (he inttiatsng factors

PB as a subgroup of



The 11 cases presented here constitute the largest
matenal of PB diagnosed 1n 2 single department To
date Davis et al (1972) reported five cases and in the
50 year period 1915~1965 Stackhouse ef al 1969)
found only four from the Mayo Chinic S1x of our
cases were diagnosed 1n a three year period durng
which | 185 cases of primary malignant lung
wmour were diagnosed at our department The
frequency of PB thus was 0§ per cent of all
malignant lung tumours ¢

A possible explanation for the high number of
cases diagnosed at our depariment might be related
10 our particular interest in thts type of tumour and
the search that we therefore directed specifically
towards it combned with the fact that the danish
amopsy regulations data registry health service
system and health service contact pattern help to
facilrate the follow up 1n 2 single department of 2
patients course through biopsy treatment and
viimately autopsy

A preoperative diagriosis of PB ss very difficult to
establish The presence of both mesenchymal and
epithehial tumour cells of tumour ussue 1n the
Preoperative mucroscopic specimens are  highly
suggestive of 2 mixed wmovur hence PB(8) Funher
eamples of this tumour might be disclosed among
cases of lung cancer with secondartes of divergent

PB s a very
fare tumour but the results of this survey would
ndicate that W 1s remarkably more common than
Previously believed

Se nish to thank mrs Bodd Tyellesen for carcfully
15D ng the manuscript and mr Aksef Ankersyerne for his
technucal assistance
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TABLE 2 A Tipe Distrid (W HO classific ) in 1185 Cases of Prumary Lung Cancer D agnosed
Bispebjerg Hospital 1972~1975

Epdermodd  Small cell Adeno Large cell Pulmonar

Sex Number carcihoma  carCinomta <arcinoma  carcinoma Others blastoms

of cases Per cent Per cent Per cent Per cent Per cent Per oent
Q 240 329 204 275 125 63 04
d 945 489 23S 114 133 24 0s
Total 1185 457 227 H* 132 3 03

mord carcinoma with a spindle cell component
muxed mucosa gland tumours and teratomas should
be reasonably casy to distinguish DufTiculues
however may arise 1 separating PB from certain
cases of mesotheltoma hamartoma and carcinosar
coma Transitions between these latter mentioned
tumour types and PB have been described (7 16

23)

To our knowledge as of 1978 65 cases of PB
had been reported (10) The mean age in the series
presented was rather high (11) One of our patients

had had symptoms of long duration before treat

ment Simular long duration of symptoms were
reported in the cases of Bauermeister et al (1966)
and Parker et al (1966) Except for a rather high
mean age a high frequency of intrabronchial

tumour growth and a high frequency of metastases

our cases did not differ from reported cases with
location or frequency of local
recurrences of the tumour or duration of survival
{11) Microscopically we found a high frequency of

regard to size

cases with signs of eprdermord differentiation a

component which has only recently begun to be

accepted in PB (6 7 13 22 23 29)

Extensive growth of an adenocarcimoma and an
epidermoid carcinoma in close contact with a PB as
seen 1n two ol our cases have not been previously

recurrent tumour A simylar case of long t
survival ending with death of recurrent tumour %
reported by Aern et al (1976) Cases of tumour
long term survival were reported by Bar
(1952) Acnnedy & Prior (1976) and herson
Strachley (1973)

Some authors regard the PB as a subgrowp
carcinosarcoma (18 23 27) while others regard
PB as a separate entity (14 19 20 N
developed from a pluripotent cell of 3 single get
Iayer, here the pulmonary blastema of the M=
derm (25 26) Mesodermal mixed tumours ho
ver are widely accepted 1n several other OfF
systems They all consist of a mixture of mesench
mal and epitheltal tumour components showit
varying differentiation and maturation ahhuuz
monotypic cases have been recorded @§ 35
Unlike 1n teratomas  heterotopic componend> #
not found in PB

The euology of neoplasuc growth from ¢
pluripotent cells 1s unknown Some of the d\ﬂ’ef‘f
ces mn structural appearance and brological tel¥
viour of these myxed tumours nght be explanedt
the primary cellular change the location of the &
and the induction from the surrounding Ussse

The secondartes 1 our matersal only o¢casion®
were of the mixed type The usually mDn:Pfh

sar or car pp

described Collision of different types of

tumnours  1n

appearance of the carunomas betng different from
ordinary primary bronchogenic carcinomas  how
ever points towards all the tumour tissue compo
nents onginaung from the blastomas

In all the cases presented here monotypic
secondaries were found metastases of mixed type
having been recorded 1 only two cases This Is 1n

contrast to reported cases where most of the
Iy described were of mixed

type
i The prognosts 10 OuT £ases was poor withm two

auents dred as a result of thesr tumour

me
years mne b r resection with a large

and one died seven years afte
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these cases could be a possible
explanation for this The variegated microscopical

secondaries lent support to the hypothesis that 18 th
blastoma one or several transformations fad ake
place resulting 1n a local dommance of mem“‘;
growth of the transformed tumour companet
which m some Instances were more gnaplasti !
appearance

Supported by the reports of tra
blastoma and carcinosarcoma {7
reports of morphological simulanttes betweent fer
jung ussue hamartoma and blastoma (11 16 26
28) our opimon s that these three tumours aft
mused mesodermal tumours origmating from the
same cell type Differences m morphology 2%
bological behaviour may be explained by the type ©
cellular defect produced by the miiatng factors

nstions bewwet!
23) and by U



*r. The 1] cases presented here consttute the largest
Tatenal of PB diagnosed 1n a single department To
——date Davis ¢t af (1972} reported five cases and in the
50 year pertod 1915-196S Stackhouse er al {1969)
found only four from the Mayo Clinic. Six of our
*-cases were diagnosed 1n a three year period during
~—wbich {185 cases of pnmary malignant lung
tumour were diagnosed at our department The
+ frequency of PB thus was 05 per cent of all
maligrant lung tumaurs # *

A possible explanation for the high number of
Gses diagnosed at our department might be related
{0 our particular mterest in this type of tumovur and

o e search that we therefore directed specifically
towards « combinied with the fact that the danish
_} Autopsy regulations  data registry  health service

. Hystem and health service contact Pattern help to
+ faclitate the follow up 11 a single department of a
bauents course through biopsy treatment and
vlumately autopsy

A preoperative diagnosts of PB 15 very difficult 1o
sstablish The presence of bath mesenchymal and

| Pielal tmour cells or tumour ussue 1n the
Preoperatn e TICTOSCOpIC  specimens are  highly
- S8esuve of a muved tumour hence PB(8) Further
T Eamples of thys tumour mght be disclosed among

€ of lung cancer with secondanes of divergent
TITOSCOpIC appearance PB 15 consdered a very
¢ tumour but the Fesults of this sunvey would

ndicate that iy 15 remarkably more common than
Previously betieved

o Mot 0 thank mrs gogs Tyetlesen for carefully

TP dhe manuscript and mr Aksel Anhersierne Tot his
techmeal assystapee
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OSTEOGENIC SARCOMA OF THE BREAST

Report of a Case
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Benedikesdottr K Lagerberg F Lundell L & Thulin A Osteogenc sarcoma of the breast Report of 2
case Acta path microbiol scand Sect A 88 161-165 1980

The chinicat and

features of a mammary osteogenic sarcoma

are yeported The wmor which was removed by only local excision had suddenty appeared 1n the
same breast from which previousty an intraductal papifioma had been removed Nearly three years
afier the operatton there is ho mdication of recurrence

Key words Breast osteagenic sarcoma

Lars Lundell Deparument of Surgery Centrallasareuiet § $51 85 Jonkoping Sweden

Reeved 14179 Accepted 28 11 79

Extra skeletal bone formanon may be formed
under 2 vaniety of different conditions The ocour
1% of true osteogenic sarcoma outside the
skeleton 15 however rare Extra skeletal osteogenic
sarcomas have been described for wnstance in the
Yudney the thyroid gland the urinary bladder the
Soft issue of the extremities and n the breast {Fine
& Stout 1956 Jernsirom et af 1963 Rao e al
1978) Boner (1700) may have been the first to
erve 2 ybony wmor mn the female breast
However Lancereaux (1860) gave the first descrip
tion of the histological prcture of a breast tumor
©onsisng of osteoid tissue

Sarcoma of the breast may constitute between
02-5% of all breast malignancres These neo-
Plasms are heterogenous group of mesenchymal
temors and may 1o different evtents contatn bone
Qrilage fibnous and osteoid tssve  Breast
Sarcomas with  osteord components have been
Presented as teratond mixed tumors We her 1923}
steoid sarcoma (Rorrng & Howley 1945) osteo
thondeath -~ . “1943) or

- 1963 Sun
’ sse discre

P LIS regarding the Romenclature may to some

I .

degree account for the drfficulties encountered in the
estimavon of the true inadence of osteogenic
sarcoma 10 the mammary gland Furthermore
Rottno and Howley (1945) pomnted out that the
osteoid component could easily be overlooked and
be found first in a secondary tumor Sull Jernstrom
et al (1963) reported the incidence of osteogenic
sarcoma to be about 10% of all sarcoma of the
breast

In this report we present the clinical mammo
graphical cytological and histological features of 2
true mammary osteogenic sarcoma

CASE HISTORY
A previously healthy 72
out patient chinic 1 Nover
the upper lareral quadrans

year-old woman aytended the
oher 1968 waeh 2 tumour m
of the left breast She had heen
months No thncat sign of
Ttneneedle aspiration hiopsy
revealed an intraductal Paploma a diagnos;s later
<onfirmed by focat excision The lesion was however
nierpreted 10 be of a pre-cancerous Rature but had heen
radically removed The Patent was followed Up at the

161



Fig 1 Mammography demonstrating a b cyclic calcified
tumor 1n the upper part of the breast
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e cytological appearance of the tumor () The
-’f; il;mlyp;m e’plihehzl like spindle cells and multinu¢
ated gant cells (MGG x 25} (b) Spindle cells o‘ne)
howmg mitouc figure (MGG high power fietd) {c}
Mulupucleated gant cell (MGG high power field)

out patient chisuc uaul 1971 with no ndication of
tecurrence

Indecember 1976 she returned to the Depsriment of
Oncology with 2 tumor 1 about the same place as the
one previously excised The lump measured about 3 ¢m
0 dumeter and was not fived 1o the surrounding
stroctures The tumor was srregular 1n shape but well
arcumseribed She had noticed this tumor for a couple of
weeks and she presented no coscominant breast compla
0t There was no hustory of mipple discharge and no
d of the skun
(Fig 1) revealed a bicychic wmor with caléifications
parucularly 1n the walls of the cystc formations The
tumor was not considered malignant Finengedle aspira
ton was performed The smears were difficult to
nterpret (see beow) but the picture could be consistent
With a2 malignant tumor Owing to the discrepancy
‘etween the t90 pre operative mvestigations a frozen
section procedure was carried out with the patient under
general anesthesia The pathologest reported a mesenchy
mal tumor with osteord but no further classificauon
could be made The wound was closed and the post
Sperative course was uneventful The patient refused any
furiher operation and she has since then heen foliowed
Up at the out pauent clinic Two subsequent 99mTc
9 phosphonate skeletal scintigraphtes have not revealed
any primary qumor in the skeleton or a dissemnination of
e diseaseRepeated X ray surveys of the skeleton and
the lungs have also been normat In Seprember 1979 the
Pauent 35 frec from any symptom indicaung recusrence
a4 Jor metastases from the sarcoma

Pathology

The fine needle aspiration bopsy from the lesion
tevedled a very cellular material  with two cell types
mosily dissocrated (Fig 2) The more common type was
moderately large and epnhelial ke with abundant
Owoplasm and rather big pucleus with entarged and
Prominent nucleotus Furthermore many mutouc figures
Wefe seen The nucteus often lay excentric m the cell The
Uher 1ype was a giant cell with granulated cytoplasm
“omamning small tound nucler This unusuat cytological
preture suggesied matignancy

The specimen obtained by local excision consisted af
reast wssue with a globular tumor that measured 4 x
* 35 tm and was well circumscribed but unencapsula
3 Fig 3 Af the margins  small knobs were seen
Protruding and pushing their way tnto the surrounding
4 The cut surface was grey homogenous firm and
§3v¢ a gy sensation suggesung the presence of bone
Frozen sections showed a mesenchymal tumor with
areas of osteoid which could not be properly classified
Paraffin sections showed a very cellatar tumor uniform
" #Ppearance {fig 4) The tumor was characterized by

Fig 3 The cut surface of the tumor with a sharp conture
a1 the periphery and whitsh calofied areas

-y .

types of cells The cells formng the bhutk of the tumor
were large spindle cells displaying a varying degree of
pleomorphtsm wuth rencutar fype of nucls mosily
excentric  The cells were gyouped in mteriwining
whorking bundles Many cells were undergong mutone
dwision In hugh pow er field (HPF) one coutd find in the
oSt cellular aveas four mitouc figures 21 the most
Interspersed among these cells often tn close contact
with the osteoid were giant celly contaifing many small
deeply-stattung nucler 30 Some areas there was much
osteord substance partly mineralized hut other areas
were purely cellular Between the cells thece was 2
delicate fibrous Sroma and scattered blood vessels

Accordingly the tumor had the character of a pure
esteogenic sarcoma indistnguishable from osteogen.
sarcoma of skelewl ongin Surrounding the wmor mass

there was fau with strands of breast ussse with smay
ducts No evidence of intraductal papilioma or fibroade

foma was found in the secuons  Furthermore no
Cartilage ua seom Tn Lot

wmor th ¢ . s
fissue bt
free mar,

oo
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Fig 4 (a) nobbing at the marg ns of the tumor A
of dark stained osteotd separated by cellular sheets
Cellular area with closely packed pleomorph ¢ sps
cellzss)mulnnuclcaled g1ant cells and osteord tissue (I,
x

DISCUSSION

Osteogenic sarcoma of the breast s a disease
adult and old age and has only once been desent
tn a male breast (Sun 1952) The tme betwe
discovery of the tumor and the medtcal attent:
varies between a month n our case up to 30~
years (Rottino & Howly 1945 Sun 1952) The
seem to be no charactenstic features of osteoger
sarcoma that clinically distinguish them from oth
mahignant breast tumors
1t 1s difficult to gamn an msight into the clnc
behaviour of specific histological types of brea
sarcomas owing to their uncommon OCCUrret
and the confuston n termunology There an
however indications that malignant bone and/c
cartilage 1n a breast sarcoma 15 a sign of poe
prognosis (Swuth & Taylor 1969 Barnes & P
trusvha 1977) Accordingly osteogenc sarcoma 0
the breast are considered highly malignant oftel
rapidly growing giving early local recurrence a%
metastases by the hematogenous route 10 primanl;
the lungs but metastases in the brain and kidney a%
also known (Rottno & Howley 1945 Rotno &
{Hlllson 1945 Sun 1952 Wester & Funlay Jon*
1960 Jernstrom et al 1963 Snuth & Taylor 1969
’Lymphalogenous spread 1S rare and aullny
have only Iy been described
An adequate surgical treatment would thus be 2
simple mastectomy There 15 no nformation
available that describes any positive effect ©
adjuvant therapy such as radwotherapy and/or
cytotoxic drugs
There are certain microscopic features of the
tumor that have been discussed in relatton to 1
prognosis of the pattents  Although Allan and Soule
(1971) found no histological difference betwech
tumors with rapd and prolonged courses others
have claimed that the prognosts rests upon the
number of mutotic figures per HPF and how the
tumor hehaves towards the surrounding bresst
tissue as well as the cellular atypra and tumor sue
Nornis & Taylor 1968 Barnes & Pretruszka 1977
Tumors that had less tha 5 mutoses per HPF and
pushed their margins were suggested to have beitef
prognosis than those with 8-10 mitoses per HP!
and infiltration into the breast tissue According 10
these critersa the sarcoma of our patient would havé




s [avourable progrosts which the chinscal course
hitherto would also suggest

Efforts to explain the ethiology of breast sarcoma
in general and osteogentc sarcoma in parucular have
gnen rise to 2 number of different theores through
the years The histogenesss 15 however sull not ¢
settled The concept most generally held 1s that these
tumors arise through metaplasia and malignant
change in stromal cells (mesenchymal connecuve
tissue cells) consdered 1o be totipotenual being able

Boner T Mammae osseae In virgine cum pectons
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cadavenibus morbo denaus Vot 2 Geneva Cramer
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to differentiate 1nto vanous under the
proper eavironmental sttmulus (Das Gupia et al
1968) Another theory 15 musplacement of pluripo-
tenua! embryonic cells during development much
Iike a teratomatous growth { Mc fier 1923) Others
have observed an imbmate assocation hetween
osteogenic sarcoma and fibroadenoma (Rottino & l
Howley 1945 Curran & Dodge 1962 Jernstrom et
al 1963) Smuh and Taylor (1969) described two
pauents with mixed mesenchymal tumors who had
Previvusly been operated for intraductal papiiloma
i the same area and five other cases having
intraducial papillomas within ducts adjacent to the
mor In the present case there was no evidence of
fibroadenoma i euther the first or the second
speamen and no fesidue of

osteogenic sarcoma Ann Surg /68
1011-1022 1968

Fine G & Swout A P Osteogemic sarcomz of the
enraskeletal soft ussues Cancer § 1027-1043
1956

Jernstrom P Lindberg A L & Meland O N
Osteogenuc sarcoma of the mammary gland Am J
Clin Pathel 40 521-526 1963

Lancereaux £ Bull Soc Anat deParis 35 293 1860

Me her M A Teratoid muived tumors of the breast.
report of case Ann Surg 354-357 1923

Norns H § & Taylor H B Sarcomas and related
mesenchymat tumors of the breast Cancer 22 22—
28 1968

Rao U Cheng A & Didotkar M S Extraosseous
osteogemic sarcomz ~ Chucopathological study of

coufd be found 1n the tissue around the sarcoma Tt
should however he pownted out that previously an
mraductal papilloma had been removed from
Amost the same place 1n which the osteogenic
sareoma fater occurred
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Fig 4 (2) Knobbing at the margins of the tumor
of dark-stained osteord separated by cellufar shee
Cellular area with closely packed pleamorphic
cells, multnucleated g1ant cells and osteod tissue (|
X 25)

DISCUSSION

Osteogenic sarcoma of the breast 1s a diseasc
adult and old age and has only once been descn
0 a male breast (Sun 1952) The ume betw
discovery of the tumor and the medical atien:
vartes between a month m our case up to 3+
years (Rottino & Howler 1945 Sun 1952 Th
seem to be no characteristic features of osteoge
sarcoma that chnucally distingursh them from ott
malignant breast tumors
It 1s difficult to gatn an imsight into the clax
behaviour of specific histologreal types of bre
sarcomas owing to their uncommon occurren
and the confuston tn terminology There 2
however indications that malgnant bone and/¢
cartilage 1 a breast sarcoma 1s a sign of pX
prognosis (Smuh & Tavlor 1969, Barnes & Pe
fruszha 1977) Accordingly osteogenic sarcoma ¢
the breast are considered highly malignant ofte
rapidly growing giving early local recurrence an
metastases by the hematogenous route to primanl)
the lungs, but metastases 1n the brain and kidney ar¢
also known (Rotto & Howles 1945 Rotno &
( Willson 1945 Sun 1952 Wester & Finlny Jons
1960 Jernstrom et al 1963, Sumth & Talor 1969)
/Lymphatogenous spread 1s rare and aullany
have only lly been described
An adequate surgical treatment would thus be a
sumple mastectomy There 1s no informaton
avalable that describes any posiuve effect o
adjuvant therapy such as radwotherapy 8’1"/”’
cytotoxic drugs
There are certain microscopic features of the
tumor that have been discussed I relation to the
prognosis of the patients  Although Aflan and Souk
(1971) found no histological difference between
tumors with rapid and prolonged courses others
have claimed that the prognosis rests upon the
number of mutotic figures per HPF and how the
tumor hehaves towards the surroundmg breast
ussue as well as the cellular atypia and tumor iz
(Norris & Taylor 1968 Barnes & Pietruszha 1977)
Tumors that had less than § mitoses per HPF and
pushed their margins were suggested to have better
prognosts than those with 8-10 mitoses per HPF
and infiltration into the breast tissue According 0
these criteria the sarcoma of our patient would have
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CORONARY ATHEROSCLEROSIS IN MIDDLE-AGED
AND ELDERLY FINNISH MEN
PATHOLOGICAL STUDY OF CORONARY ARTERIES IN
VIOLENT AND SUDDEN CORONARY DEATHS

VILIO RISSANEN

Department of Forenstc Medicine University of Helsinks and Universiy Central Hospital huopio
nfanc

Rissanen Viljo Coronary atheroscleross in muddle aged and elderly Finmsh men Pathological study of
<oTonary arteries 1n violent and sudden coronary deaths Acta path mucrobiol scand Sect A 88 167-
1713 1980

The occurrence of coronary atherosclerosis was studied 1n 271 Finnish men aged 40 years or more of
whom 143 had met a violent death and 128 had died suddenly of coronary heart disease (CHD) A
coronary stenosts was found n half of the men who had met a violent death and were over 50 years
old The occurrence of the stenosis was closely related to the evtent of the raised atherosclerouc lesions
(RL} and 1o the degree of the plaque catarfication n 60 b of the sudden deaths (SD) the extent of RL
44 not differ from that 10 violent deaths The stenosts patterns in these SD were stmilar to those 1n
Iving CHD patents The remaining SD had an exireme stage of coronary artery 1nvolvement, 1e
euensive plaques with severe obstructve changes The men in this study series of violent deaths horn
8 various parts of the country did not differ with regard 1o the evtent of RL W ythin the upper half of
the RL area range men born in the east were constsiendy shown to have a stenosis while the
oxurtence 1n men from the western counues was more random Severe stages of cofonary ariery
imvolvement tended to be more frequent 1n SD pauents born 1 the east than those born 1n the west
W was concluded that there are probably two background factors concerming the difference in CHD
mortality between men in western and eastern Finfand 1) the tendency to form a sienosis by the
dvancement of RL extent 15 stronger and 2) the progressive development of coronary artery disease in
CHD pauents is more frequent in the east than the west

Key words Atherosclerosis coromary artery coronary hean disease Finmish men

Vilio Rassanen Umversity Central Hospital SF 70210 Kuopio 21 Finland
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Patho anatomic studies on coronary atheroscle In the present stud: mary
ly coror atheroscler
Tosis have not revealed a clear explanation for the  was studied 1n a Finush autopsy series of vfo;):r::
Tegional dhfference 1n the mortality from coronary  deaths and 1n a seres of sudden coronary deaths
heart disease (CHD) in Finland The extent of The risk population with regard to corona, arte
€oronary plaques seems 10 be similar an men from  vatvement w2s determined on the basry T e
eastem”and western Finland (Russanen 1974) > of the
although the mortality rate of coronary heart
disease 1s clearly hugher 1n the former than thelatter  Men bo
NN van
Walkonen & Niem: 1978) Calafic degeneration of oy e
ae plaques does however seem ta occur earlier and atherosclerosis which con
more extensive 1 men from eastern Finland  duffe
Ofottonen 1969 Rissanen 1974) ereness 11 CHD moraliey
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P8 1 The arca of raised lesion (cm) m relation to the degree of catcification fcal /RL %)

9 flerent stenasis patterns
Ot ple vessel disease
Ldouble vessef disease
O—single vessel disease
$—wno stenosss

stenosis in 3 coronaies
stenosis m 2 coronaries
stenosis 1n | coronary artery

d $5% of the violent deaths the extent of RL
Sceeded 4 ¢m? The prevalence of single vessel
4 sease was the same (27% ) in SD witha_ normal
extem of RL 1e below 12 cm? as in violent deaths
Q6%) with an RL of 4~12 em? (Table 1) Double
nd triple vessel diseases were twice as common i
the former (22% and 42 ¥ Jas n the latter (12 5%
and 19 5% ) Taking 1nto account the extent of RL
and the type of the stenosis pattern 1t was estmated
that about 40 4 of the sudden deaths could be used
10 form a random sample of men with a stenosis
from the poputation The remaining SD vicums had
2 Severe stage of coronary artery mvolvement 1e
extensive  plaques  and/or severe  obstructive
changes
Calafications were found 1n all violent deaths
with a coronary stenous {Fig 1) 1 90% of men

and the occurrence of

1 birthplace groups of violent deaths The dotted Line indicates the mean of the RL

with 10 stenosis but with an RL over 4 cm? and in
54% of men with no stenosis and an RL below 4
e’ The degree of calafic degeneration of the
plaques was most advanced in men wih triple
vessel disease (cal /RL 152 = 4 69) or double

fal /RL 143 = 88%) vesser disease (Fig )
Also thad ~ o = -

tion w
more a " v 2% lan in
cases without stenosts (cal /RL 4 ¢ + 56%) even
ifthe area of the RL was stmtlar (4-1 2em?) (1 gest P
< 0%)

Regional Differences

In the study series of viol
cuent and range of the R,
from all the regions Fig 1)

ent deaths the mean
Wwere the same 1n men
The area of he RLn
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MATERIAL AND METHODS

Fiolent deaths The series consists of 143 men aged 40 to
78 years who met a violent death te acoident swicide or
homicide The autopsies were performed during a period
of 12 months at the Department of Forenstc Medicine of
the Umversity of Helsinki

Coronary dcaths The series comprises |28 men aged
40 to 77 years who died suddenly within 24 hours after
the onsct of the fatal attack The originat series included
140 men collected from among vicums classified as
coronary deaths at routine medico legal autopsies per
formed during a ten month period at the Department off
Forensic Medicine of the University of Helsinki The
autopsy rate of prehospital sudden deaths (SD) ts about
80% 1n Helsinki All such autopsies are carried out at
the Department of Forensic Medicine In the analysis
twelve cases were excluded from the onginal seres for
the followtng reasons five men were younger than 40
years (wo men werc horn abroad and were not Finns
the birthplace of one man was unknown and in four
men whose death was unwitnessed definite proof of a
CHD death was missing and other causes of death were
possible An acute myocardial nfarction (AMD was
revealed 1n 49% of the 128 men accepted in the series In
the remaining cases the diagnosis of a CHD death was
based on the disease history history of the faal attack
autopsy findings of the heart and exclusion of other
causes of death

Placc of birth

On the basis of birthplace the individuals of the two
series were divided into four groups

Western group Men born in the present four western
counties of Finland (Aland Turku and Port Hame
Vaasa) where the mortality rate of CHD s the lowest
{Pyorala 1974) The group included 43 violent and 28
sudden deaths The mean age in the former case was 56 0
and in the latter 57 3 years

Eastorn group men born n the present five counties
in the eastern and central parts of the country (North
Carelra kuopio Mikkeli Outu Central Finland) where
(he mortality rate of CHD 1n men 1s the highest (Pyorala
1974) There were 27 men in both series born in these
counties the mean age wn cases of violent death being
53 2 and of sudden death 559 years

Remainng provices Men born in the three remai
ning counties (Uusimaa kymi Laptand) where the rate
of CHD mortality lies between that of the western and
eastern counties (Pyorala 1974) The group mncluded 51
cases of both violent and sudden deaths The mean age of
the former was 56 0 and of the latter 56 4 years

Carehan immugrant group Men born mn areas ceded to
the Soviet Union 1n 1934 There were 22 men  both
series born 1n these areas the mean age mn ‘Z“CS of
violent death beng 53 8 and of sudden death 53 yearsr
The immigrants have become integrated with the rest o

ble data specifically concer

the populauon and no relal e
ning their rate of CHD mortality are aval al
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Estimation of the Severtty of Coronary
Atheroscleross

The principles duveloped and used m nternationy
studses on atherosclerosis (G man et al 1968) wex
foltowed 1n the present study The methodological deta s
have been described 1n previous papers (Rissanen 1972
Rissanen & Prorala 1972) Artensal specimens wer
prepared from the longitudmally opened right coronan
artery and left antertor descending and left circumfle:
coronary arteries The artenal specimens were fired 1t
10% formalin The spectmens were radiographed forth
exact determination of calification

The specifications set down by the study group of th
International Atherosclerosts Project (Gu man @ dl
1968) were followed in the defimuon of atherosclerct
lestons Raised leston was a firm elevated saumal lesic
with or without other changes covering it of underly &
t
The areas of the atherosclerouc lesions mcmmh“
square centimetres were assessed from the arler?
specimens by the point counting technique (Russane
1972 Rissancn & Pyorala 1972) The degree of coronit

was d from the hs of th

specimens by applying the point counting technique A
shown in the previous papers (Rissanen 1972 Risséne
& Prorala 1972) the reproducibity of the result
obtatned by the poimt counting technique was good an
the accuracy comparable to that obtained by planimetr)

The degree of the coronary sienosis was cs\m)a‘f
visually in the arterial specimens {Rissanctt 19712
stenosis of 50% or more was regarded as sign fican
The sites of occlustons of near occlusions were als
recorded The reproducibility of the estimation 4
stenosts was rather gaod (Rrssanen 1970 The p\‘t\a‘":
ces of coronary Stenosis obtained by this VISt
estimation 1 the SD senies were very siilar to tho*
obtained tn another SD series studied by POS‘""”‘::
caronary angtography {Russanert el at \97E)aswella\m
an autopsy series of AMI hospital deaths studied ;’97‘
cross secttons of the coronary arteres (Rissanen 170
(Table 1)

RESULTS

23
Coronary atherosclerosts in the tolal series o viole

and sudden deaths

A 50% stenosis of a coronary
11 half of the violent deaths over the age of 50 year
A stenosts was rare {14 %) if the extent of RL ‘M‘
below 4 cm? (Table 2) but 1t was found 10 ne:i!}
half of the men with an RL of 4-8 cm?and m U
three out of four men with a larger feston H
upper limut of the range of the RL area seemed 10
constant at about 12 cm? (Fig 1) There were only
few cases above this level

Although the mean extent
was twice as large in sudde:
violent deaths (Fig 2) marked overlapp
two sertes was found In 95% of the su

artery was fouf

of the rased lesiof
n deaths (SD) as !
ng betwee
dden deaths



TABLE | The Percentages of Differear Stenosts Fanerns

1 Violent and Sudden Deaths According to the Extent of

Ra sed Lesion (RL) Compared wuth the Corresponding Prevalences in Tuo Povimortem and Two Chintcal Series

Tople vessel  Double vessel  Simglesessel o stenesis
Series discase” (V) Onease® (%) disease” (%) (=)
Present senes
uolentdeaths (RL 412 cm?) 195 12s ® 2
Sudden deaths RL > 12 cmd) 69 2 6 -
Sudden deaths (RL<12 cm) 2 2 2
Oer postmorem series
Sudden deaths studied by coronary angiography
(Ressanenetal 1978)
ihanold M 6 28 2 1
without an ofd M1 3 k3] n 3
AV deaths at bosputal (Rissanen 1579) 508 3 ns 3
©mcs semes of coronary arteriography
CHD panents n Helsinks (Hekals 1976) 3 4 28
CHD pat ents n the USA (Fusier etal 1975)
g0z pectorss 3 37 b3l
suhendocardial M 42 40 13
ransmarat M1 38 10 27

V2 50 per cent senoNS

TABLE 2 The Occurrence [ Dyfferent Sien ysis Patterns
R

s bi lent gnd Sudden Deaths 1n Relation to the Extent of

arsed Lesion (RL)
Number of  Teiple vessel Double vessel Single vessel
Seres s drsease iseate disease o stenosis
Violent geaths cases 4 cases ‘ cases ¥ cases ‘
RL >12 cm? 6 4 66 - - ! 17 ! "
RL § 12 em® 32 n 345 4 125 8 25 9 28
RL 4 8omt s 3 5 s s s 10 BH
RL < 4cm? 65 - 3 5 6 9 56 86
Totat 143 18 13 12 8 2 18 87 61
Sudden geaths
RL 16 Y0om® 1 8 67 3 bl 1 3 -
RL 12-16 cm? 39 27 69 10 26 2 5 -
RL 8-12em 39 20 St a 2l 1 18 3 8
RL < gemt 8 [ 2 8 21 14 n 4 10
Toul 128 67 52 30 23 b2} 19 1 ®

fumbers of sudden and violent deabs was 23 1n
the present western group but 11 n the eastern
group The mumbers of violent deaths probably
reflecy the rauio of men 1n Hefsinki born 1n the west
and east of the country On the other hand the
appearance of sudden deaths 1n the series reflects the

CHD mortalty rates 1 these sub-populations The
240 of the moralny rates of CHD m the suh-
:fgldauons m Helsinkt onginaung from the -

T
s
v be

[¥41
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the upper range (6~12 cm? was consistently
associated with a stenosis in men born 1n eastern
Finland In the other groups a stenosts was more
randomly related to the ectent of RL particularly in
men from he western countes (Fig () The
difference between the eastern and western groups
was stabistically sigmficant (hypergeometric distrt

butron test p<- 01) As mentioned above a portion
of the series of sudden deaths overlapped with
violent deaths with an RL of 4~12 cm? In these
vialent deaths the prevalunee of a S0 % stenosis was
1éwer 1n the western group (48 b} and immigrants
(45%) than 1n the eastern (71 %) and remaiming
(67% ) groups (Fig 1) The geographica) groups of
violent deaths did not dilfer significantly wath
regard to the degree of calctfication (eal /RL

westernt men 84 x 76% eastern men J0 1 =

77%)

Severe corofary alheroscleross exceeding the
degree which commonty seemed to occur 1n the
population (RL over 12 cm®) was less frequent m
the western group of sudden deaths {29 %) than the
other groups feastern 48%, remamning 39%

mn

\mmigrants 45%) (Fig 2) There were no sind
cant differences n the prevatences of dfferent
stenosis patterns 1e iple double or single ves«!
disease  between SD vicums born i 300
geographic regions A severe (riple yegse] Jisease
le an occlusion or muluple 50% stenosis 0 3
three coronaries was however most frequent it the
eastern SD group (41 W) least frequent 1 the
western SD group (18} and of intermediale
frequency 1n the remarng (24 %) and ymnnerant
{27%) groups

DISCUSSION

It has been shown thar people moving to Helstioh
from various counties retain the same T3t o
mortalty fram CHD as those staying 1n thetr homé
countees (} arpela 1960} At the ume of this study
the ratio of the rate of CHD mortality berweed
western and castern men living 10 the counties %35
23 (400 617/100 000) mn the 35-64 year 3¢
group (Pyorala 1974) The ratio between the
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expected to be comparable with that in men hving in
the counties
The risk of CHD 15 determined by the develop
ment of a stenosis i the coronary artertes This
seems to be related to hoth the extent of the plaques
and their degree of degeneration The fisk of a
stenosis and at the same time the risk of a coronary
death begins to increase when the area of rarsed
atherosclerotic lesions exceeds about 4 cm? 1n the
coronary artery tree On the other hand there may
be a critical upper level 1n the extent of coronary
ratsed lesions (about 12 cm?) related to vitalty
(Rissanen 1979) persons with a more extensive
coronary artery involvement tend to disappear from
the population For instance 1n the present series of
violent deaths which represented a sample of the
population the RL exceeded [2 em? in only 4 % of
cases
In about 60% of the SD victims the area of
raised leston did not differ from that in the violent
deaths The occurrence of different stenosis patterns
1n these SD seems to correspond to figures reported
in hving CHD patents studted by clinical coronary
arteriography (Fustcr ¢t al 1975 Hckali 1976
Table 1) This portion of the coronary deaths thus
seems to form a sample of chincal patents or in
part{40% ) a sample from among the large number
of men with a stenosts 1n the population Eprdemio
logical studies have shown that most cases of CHD
of the community occur among the majority of
individuals at moderate rsk and only a minor
proportion among the few clearly high rish people
{Rose 1976) Correspondingly 1t 1s obvious that a
great proportton of coronary deaths occur among
the majority of individuals with moderate coronary
lesions On the basis of the vital statistics (Pyorala
1974) 1t can be calculated that about haif of those
with a stenosis in the population will eventually die
of CHD In the occurrence of the fatal cases
individuals prone to an exceptionally progressive
development of coronary artery disease play a
considerable role This portion of the coronary
deaths probably originates from a small fraction of
the population
Although there was no difference tn the areas of
raised lesions between men born in the west and the
east the men did differ with regard to the tendency
to develop a coronary sienosis Within the upper
half of the RL area range men born in the east were
consistently shown to have a stenosis while the
occusrence 1 men from the western counties »;as
more random The ratio of the prevalence of a
stenosts was 2 3 m the western and eastern men
- ? which 15 a sumtlar
with an RL area of 4-12 cm’ Wl .
1o 1o that found i the CHD mortality
{;‘wwn the western and eastern male popufattons
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(Pyorala 1974) The CHD mortality i men fror
these regions 15 probably closely related to th
tendency to develop a coronary stenosts 1n asscu
tion with an advancement of the coronary aster
involvement due to RL This 15 supported b
previous studies which have demonstrated mor
severe coronary calcification 1n men from easten
Finland (Mottonen 1969  Rissanen 1974 A
increased tendency to calafication clearly increase
the risk of a stenosis Present findings 1n men fron
the remarmng counties are also n accordance witt
the hypothesis

CHD runs a short course and has a poot
prognosis among men hving 1 eastern Fintant
{Punsar 1972) A probable explanation IS progres
sive development of coronary arery duease it
many eastern CHD patients Severe stages of
coronary artery mvolvement tended o be kst
frequent 1n SD patients born 1n the west Henct
there are probably two background factors conot
ning the regional difference 1n the CHD mortality 12
Finland 1) the tendency to form a stenosis by B¢
advancement of the RL extent 1s stronger and Dthe
progressive development of coronary 2riery it
1n CHD patients 15 more prevalent 1n the east than
in the west [t 1s possible that response of the
coronary arteries to the risk factors 18 different 1
these popul Recent epideniological stwd
have shown that correlation of hypercholesl:m":)
mia hypertension and smoking with ansk of Cl )
death 1s stronger 1n men ltving o eastern and centrd
parts of Finland than 1n their western compario’s
(Pyorula ct al 1979}
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IMMUNOQHISTOCHEMICAL DEMONSTRATION OF A
HITHERTO UNDESCRIBED LOCALIZATION OF
HEMOGLOBIN A AND F IN ENDODERMAL CELLS OF
NORMAL HUMAN YOLK SAC AND ENDODERMAL SINUS
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In this study of 4 human yolk sacs the presence of hemoglobin A and F (HbA and HbE) s
demonstrated for the first tme 1 epithelal cells (type 1) and erythroid like cells (type 2 1n the
endodermal layer by immunoperoxidase techrique Our findings strongly support the hypothesis
previousfy proposed that the red blood cells formed 1n the yolk sac are of endodermal onigin Tumor
wih yolk sac dfferentiation (8 endodermal sinus tumors and | embryonal carcinoma with vitelfine
afeas) similarly showed HbA and HF localisanon in endodermal cells None of $9 germ cell tumors
of other types contained these hemoglobins s the neoplasuc cells
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snUS (umor y
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MATERIAL AND METHODS
The earliest erythropoless in human fetal hfe 1s

&enerally accepted to anise from mesenchymal cells
Iing close 1o the yolk sac and allantois (9)
However origin from the endoderm of the yolk sac
bas been suggested by several authors based on thetr
findings of primiuve erythroblasts 1n this layer (3
5 10} Dunng wnvestigations of the localizauion of a
Senies of onchofetal anugens 10 the normal human
Yolk sac and 1n endodermat sinus (yolk sac) tumors
%¢ have observed the presence of focal endogenous
Perotidase acuvity confined to both normal and
feoplastic yolk sac cells The purpose of the present
Study was 1o investgate whether this perotidase
acuvity was due 10 the presence of hemoglobin

The matenial includes 4 human yolk sacs obtatned from
operated tuba) pregnancies and 68 €ases of tescular and
OVAT AR S ma ¢ -7 .

e
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Fig { Wall of the yolk sac of 2 6 week

human embryo showing the prewence of HbA n 1ype 1 and 2 cells of the

endodermal layer (EL) M inducates the mesenchyme (1P techmique % 108}

Fg 2 Same case as n Fig 1 MbA demonstrated in typicat endodermal cells ftype 1) (IP technique » 730)

Fig 3 Same cas¢ s 1n Fig 1 HbA demonstrated tn type 2 eells {erythrosd hike cells) of the endodermal layer Note

the cell (X) with an epsthetial like upper contour
*x 730}

Fig ¢ WbF demonstrated n an endodermal <inus umor Severa) of the endodermal cells (E) show

ehnique X 180)

tas type 1) and a rounded lower margin fas 1ype ) 1P techmique

posttivuy (P

Fg § Embryoral carcinoma with vielline areas HBF 1s seen in several of the tumor cells The insert shows a vessel

close to the demonstrated area with erythroblasis 1B staining

posiuse for HKF (1P 1echmaue » 204}

peroudase acuvity in the tssue sections The sections
were countersiained with haematoxyln The visualisa

ton of the peroxidase acuvity was made opmal With 20
wneference filter fitted to the microscope which changed
e reaction product from brown to red (4) Absorption
of the specific anusera with corresponding antigens
{AFP 1bA and 1IbF from hemolysed adult and Tewl
Ylood) and using non Immumized rabbit serum 1n place
of the specific antisera served as neganive controls

RESULTS

Inall 4 yolk sacs varuble mtensity of AFP was
localized only 1o the endodermal cells HbA and
HbF were both demonstrated in all 4 yolk sacs in 2
dilferent cell types of the endodermal layes Type U
alls were columnar epithehiat cells fymg smgly at
s0me distance from each other and mainly focalized
tothe muddle and deeper portions of the endodermal
layer (Fig 1 2} Type 2 cells were rourd erythrod
like cells with same localzation as type 1 (Fig 3}
Transformation from type t to type 2 was often
wdzated as the contour of some cells on one side
was characteristic for an epithehial cell {type 1) and
Tound on the other side as an erythroud like cell
lype 9 (Fig 3)

Clusters of mainly type 2 cells d with

1 and type 2 cells In the tumors as in the normal
yolk sac Only one of the other germ celi tumors an
embryopal carcmoma also show ed positive reaction
for HBF {Fig 5) HbA and AFP 1gG could not be
demanstrated 1n the wmor cells The remaiming
germ cell tumors which included seminomas
embryonal carcinomas and mature teratomas were
negative for HbF HbA and AFP i wumor cells in
successtve sections  The specificity of the immuno-
histochemical staiming technique for HbA and HbF
was confirmed by the constanily posive reaction
of the erythrocytes 1n the normal human fetus and
tumors

COMMENTS

The present study shows for the first ume the
1ocalization of HbA and HbF 1 the human yolk sac
endoderm  The absence of 13G in this layer
excludes passive indiffusion of hemoglobin (£} Alss
phagocytosis of hemoglobin  material by the
endodermal cells s unlikely as the straceliular
distribution was not localized focally but diffusely in
each ¢ell cytoplasm [t may thus be concluded that
the endodermal cells in the human yolk sac are able
to he h thereby the

2 few type | cells were found predominantly 1n the
a1 of the endodermal layer which spread to the

having the of blood
islands Some mesenchymal cells including the
pericytes also showed positive reaction but i all 4
Gases this positivity was fi less marked

y proposed that the primiive
erythroblasts formed 1 the yolk sac are of
endodermal ongin  Furthermore we have demon
strated that HbA and HbF are present m human
yolk 52 as early as 6 weeks of age The expected
presence of embryonic hemoglobins (6) could notbe

than in the endodermal cells Attempts at demon
strauon of 1gG in (he endodermal cells were
constantly negative 1n all 4 cases

Demensiraion of HbF (Fig 4) 1bA and AFP iIn
the tumors showed positive reaction only n areas
wuh samus gumor d 48 out
of 15 cases) and only 1n the endodermal cells We
were not able Lo diserimimnate the chatacternisic 1ype

in this study ag
o antisera are yet avaifable However the solation

and purification of the embryonic her,
oglobins {2
1) have recently opened the
production of such anysera PRI of the
Of the germ cell tumors Investy,
gated (t was onl;
In those with endodermal sinus tumor dxﬂ‘:rcnuay
ton that focalzation of HbA and HDF was found
and confined 1o the endodermat cells as 1n the
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HEART PATHOLOGY IN
RATS FED PARTIALLY HYDROGENATED FISH OIL,
RAPESEED OIL OR PEANUT OIL FOR 30 WEEKS

H SVAAR and F T LANGMARK

Department of Pathology Ullev) Rospital and Depariment of Patholosy The Norwegun Radum
Hosprial Montebello Oslo Norway

Svaar H & Langmark F T Heart pathology m rats fed partially hydrogenated fish oil rapeseed oil
of peanut ot for 30 weeks Acta path microbiol scand Sect A 8% 179-187 1980

132 male Sprague Dawlev rats were given diets for 30 weeks mcluding rapeseed oil with 41 4% erucic
a0d partially hydrogenated fish ol with 15 1% docosenoic s€ids or peanut ol with no docosenoic
ads Four diets were 1socalonc and comained respecuvely 21 % rapeseed oil (8 7% w/w erucic acid)
105% rapeseed ol and 10 $% peanut oil (4 4% w/w ertcic acid) 21% parually hydrogenated fish ol
(32%w/w docosenoic acids) and 21% Deanut o The fifih det contamned 4 3% peanut ol The
Telatve heart weighis increased 1n rats fed rapeseed ol and parually hydrogenated fish ol and
abnormally enlarged hearts were found 1n 32% of the rais fed 21% rapeseed ol and 1 5% of those
fed [0 5% rapeseed ot Heart lesians consistng of focal or confluent destruction of muscle cells were
seen n 41l groups The incidence was 96% and the average severity grade 2 5 when 21% rapeseed oil
®as given and 61% and 13 respecuvely when 10 5% rapesced ol was given Minor heart lesions
®ere found 1 14% of the rais fed 21% parually hydrogenated fish oit 1 39% of those fed 21%
Peanut oil and 1 12% when 4 3% peanur oif was gnven [t 1s concluded that parually hydrogenated
fish oil 1 markedly less cardiopathogemic than high erucic rapeseed oit The heart lesions that were
found do not differ 1n ncidence severty or morphology from those found when peanut oil was given
o from those reported when other control fats and oils are gven to rats for prolonged feeding periods

Key words Fish oul rapeseed oil heart lestons rats

Helge Svaar Patologisk anatomisk avdeling Semiralsykehuset 1 Akershus 1474 Nordbyhagen Norge

Reczived | v 79 Accepted 15 0 79 The transient lmdosic hhennmanan a1
Long term feeding of rats with diets Containing -

Fapeseed onl nich 10 erucic a0d (C22 1 15 omega 9) '

S accompasited by heart muscle destruction histio-

€yue nfiltration and scar tissue formaton {2 3 5
6 3 13) Male rats of the Sprague Dawley and
Wistar strans are particularly sensive to these
dets{3 12 18) Theerucic acd bas been considered
o be the man cardiotonic Tactor since shortly after
ntake heart muscle Lipidosis occurs to a degree thay
s directly related to the dietary concentration of
erucic acd There 1S no known explanation for the
heart muscle destruction however since the lipido-
%1515 transient and the heart muscle lestons are seen
after prolonged feeding peniods (12}

¢ v Uluy g S Proporton 1S erucic acd while
the balance 15 made up of other posional and
geomem'ul 1somers of erucic acid (13) We have
previously examined the heart morphology 1n rats
:eddpamaUy hydrogenated fish ods for 16 wesks
P4 We were unable to find cardiac lesions thay
]

a;uld be ascribed to these oufs since similar changes
:a ;h::r\ne wncrdence and seventy were found in the
v 2 208 totn o muxtures as control fars
The present stud:

y was therefore undertaken to

otrerve the cardiac changes after Prolonged feeding

170



normal human yolk sac This 1s expected from the
finding that this tumor type 1s well characterized by
a sclective overgrowth of yolk sac endoderm and
that hematoporesis can often be found in this tumor
n contrast to other germ cell tumors (13) Aellen &
Malkin 1979) have shown significant elevation of
HbF 1n the blood of some patients with ovarian and
testicular cancers compared to other cases of
malignant (umors Our results Suggest that this
finding could be due to the tumors own production
of HbF Further studies are required to clucidate
whether fetal and embryonic hemoglobins could be
useful markers for endodermal sinus tumors

Our thanks are due 10 the Department of Pathological
Anatomy Aalborg Sygehus afsmit Nord and Depart
ment of Obstetric and Gynecology Fredeniksborg amts
Centralsygehus  Hillerod who made the embryonal
material available to us

REFERENCES

1 Engethardt N }V Goussen A 1 Shippva L Ya &
Abelen G 1 Immunolluorescent study of alpha
fetoprotein (afp) tn hver and liver tumours [
Technique of afp locahizatton in tissue sections Int
J Cancer 7 198-206 1971

Gale R E Clegg J B & Huehns E R Human
embryonic haemoglobins Gower | and Gower 2
Nature (Lond } 280 162-164 1979

~

[VIS

o

~

oo

)

=

~

ey

ment of the vascular system J Anat 76 944
1941

Heyderman E - Personal communication 1977
Hoyes A D The human foetal yolk sac A2
ulteastructural study of four speamens Z Zet
forsch 99 469490 1969

Huehns E R Fynn F v Butler £ A & Beaver
G H Two new haemoglobtn vananis in 4 very
young human embryo Nature (Lond) /49 496~
497 1961

Rellen J A & Malkin A Alksh resistant hemoglo-
bin 1n cancer patents In Lehmann F G (Ed}
Carcino-embryontc  protems Vol 2 Eisewer
North Holland Press Amsterdam 1979 pp 5%
597

Langman J Medical embryology 3nd od The
W lliams & Wilkens Company Batumore 1975 7
75

Maximon A A Relation of blood alls ©
connective tissues and endothelum Physiol Rev i
533-563 1924

Piney A Recent advances 1n hzmatology J &A
Churchill London 1931 pp 17-39
Rutherford T R Clegg J B & 1 eatherall D7
K562 human leukaeme cells synthesise :mbmf;’;
haemoglobin n response to haeen Nature (Lo
280 164-165 1979 o
Taplor C R & Burns J The demonstraton
plasma cells and other mmunoglobulincontuaing
celis 1n formalin fixed paramncmbcddcd usS“‘:ls
using peroxidase labelled antibody J Chn Pathe
27 14-20 1974

Teum G Classificatron off en?od;;mi:ﬁz
P ) @
tumour \c pah

3 d: R J &h i J Ap
human embryo (Shaw) with primiuve streak and
chorda canal with special reference to the develop

»embryonal carcinomas of the ovary
microbiol scand 64 407-429 1965



Acapah mcrobiol scand Set A 88 179-187 1980

HEART PATHOLOGY IN
RATS FED PARTIALLY HYDROGENATED FISH OIL,
RAPESEED OIL OR PEANUT OIL FOR 30 WEEKS

H SVAAR and F T LANGMARK

Department of Pathology Ullevd! Hospial and Department of Pathology The \orwegian Radmum
Hosprat Moniebello Oslo Norway

$ar H & Langmark F T Heart pathology i rats fed partially hydrogenated fish ol rapeseed oil
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132 mate Sprague Dawlev rats were given diets for 30 weeks including rapeseed osl with 41 4% erucic
a0 parually hydrogenated fish orf with 15 1% docosenosc acids or peanut oil with no docosenione
ads Four Qiets were 1socalonc and Contasned respectively 21% rapeseed o1l {8 7% w/w erucic atid}
125% rapesecd ol and 10 5% peanut o1l (4 4% W/w efucic acd) 21% parsally hydrogenated fish odl
6 2%w/w docosenonc acids) and 21% peanut o The fifth duet contained 4 3% peanut ol The
Telitive hean weights smereased 1n fats fed rapeseed ol and partially hydrogenated fish o and
rotmally enlarged hearts wers found mn 32% of the ras fed 21% rapeseed oil and 1n 5% of those
{4 10 5% rapeseed o Heart kesions conststng of focal or confluent destruction of muscle cells were
29 n ali groups The mcdence was 96% and the average sevenity grade 2 § when 219, rapessed oil
S Rven and 61% and | 3 respectively when 10 5% rapesecd ol was given Mmor heart lestons
Befe found 40 14% of the rats fed 21% partally hydrogenated fish ol 1n 39% of those fed 21%
PAA0L oif and 10 12% when 4 3% peanut oil Was given It s concluded (hat partially hydrogenated
954 d 15 markedty less cardiopathogenic than high erucic Tapeseed o1l The heart lesions that were
found do noy duffer 1 tnoidence seversty of morphology from hose found when peanut oil was BIven
or ftom hose reported When other control fats and ouls are given (0 rats for projonged feeding penods

¥ words Fish o rapeseed ol heart lesions rats
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Recerved 3 Y Accepied 151 79 The transient lipidosis phenomenon also octurs
N Long term feeding of rats with diets contamung  when partially hydrogenated fish oils are gyven{17)

53k 12 erucac 4xd¥C22 i omega 9)

B aceompansed by heart muscte destruction histio-
e 1ahiltration and scar yssue formaton €2 3 §
5 3 15) Mate rats of the Sprague Dawley and
uher sirams are particularly sensygve 1o these
ets3 12 18) The erucic acid bas been considered
1o be the mam cardioronic factor Sinee shardy after
ake heart muscle ipidosis OCCUTS 10 2 degree that
s directly related to the Sietary eoncentratian off

;ﬂmt 203 There 1s 10 known €xplanation for the
et~ e . .

[ - N .

A -

The tatter ouls contain 10-30% C22 | fatty acds of
Wwhich only a small proportion s erucic acid while
the balance 1s made up of other posttional and
geometrical isomers of grucic aaid (13) We have
reviously examined the heart morphology 1n rats
fed parually hydrogenated fish oils for 16 weeks
and we were unable to find cardyc lesions that
could be ascribed to these o1ls since symilay chapges
of the same inaidence and seventy were found 1n the
rats fed lard and corn oul muxtures as coptrol fats
16}

The present study was therefore undertaken 1o
observe the cardiac changes after Prolonged feeding

P



normal human yolk sac This 1s expected from the
finding that this tumor type 15 well characterized by
a selective overgrawth of yolk sac endoderm and
that hematopotesis can often be found m this tumor
1n contrast to other germ cell tumors (13) Kellen &
Malkin (1979) have shown sigmficant elevation of
HbF 1n the blood of some patients with ovarjan and
testicular cancers compared to other cases of
malignant tumors Qur results suggest that this
finding could be due to the tumors own production
of HbF Further studies are required to elucidate
whether fetal and embryontc hemoglobins could be
useful markers for endodermal sinus tumors

Qur thanks are due (o the Department of Pathological
Anatomy Aalborg Sygehus afsnit Nord and Depart
ment of Obstetric and Gynecology Frederiksborg amts
Centralsygehus  Hillerod who made the embryonal
material available to us
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TABLE 2 Fauty Ackd Composit ont of D etary Oils
fnin

Fatty ad PO PHFO RSO
e
120 - ot -
40 01 82 o1
150 - 04 -
160 109 137 27
13} 02 89 01
170 - 06 -
(11} ay - -
130 30 34 1
181 373 159 168
152 406 25 159
183 - - 90
150 - 03 -
00 12 19 06
0 18 162 93
202 - - 07
O poly - 50 -
0 - 0s

4 32 21 06
m - 151 416
U - - 06
2 poly - 41 -
uo 16 - 02
A1 - |} -
Others [N}

Ders Five diers were prepared with the

fresh salt and vitamm mixtures The other three
groups had a weight increase €ven after week 24
but their growth curves levelled off and from week
27 a weight loss was found also 1 these groups
(Fig 1) The growh rate for the first 24 weeks was
highest 1n the group fed 31% peanut o and
significantly lower i the group fed parually
hydrogenated fish ol The lag 0 weight ncrease
was most pronounced durmng the first 8 weeks
afterwards the weight increase sabiized at a level
of 71-76% of the peanut ol group

Five rats fed parually hydrogenated fish oil died
10 the carly stages of the expersment {afier 2 89
10 and 11 weeks) They had 2!l appeared healthy
and their weight increases were similar to the other
rats 1 the group up to the ume of death Ore of
these rats had severe degeneration and Inflamma
von of the eprdidymis and all of them had dilatation
of the kidney tubules and caloification of some
tbular cells The other organs had normal morpho-
togy af autopsy and no evidence of cardiac lestons
was found One rat fed 105% rapeseed
o1l + 10 % peanut o1l appeared to be sick for one
week A malignant tumor was then discovered and

ma was found at autopsy
Symptoms of essential fatty acd {EFA) —
deficiency were sought with parucular care but

shawn i Table 1 All the ouls were commercial samples
obtained from DeNoFa/ Luljeborg Fabr kker Frednkstad
Netway The fauy acid composiuen of the oifs used 15
shown 1n Table 2 The partially hydrogenated fish orl
%3 produced (ram capelin ait and had 2 melung pornt of
31-33°C The dier contaned 32%w/w C221 and
34%w/w (201 The rapeseed o dicts contained
$7%w/w and 44%w/w C221 (ervac acid) and
20%w/w and 11%w/w C201 respectively The
PRanut oil diets had no €22 1 fagty acids and 0 4 ¥ w/w
€201 The low fat peanut ol diet had a far amount
:nm 17 10 the commeroal peilels sed s sandard Tal
food

RESULTS

All diets were well tolerated and the rats had a
steady weight increase up to the 24th week At this
time an increasing Humber of rats fod 2t %, rapeseed
oilor 21 ¥ peanut oif began 10 eat less and to lose
weight These rats appeared trritahle but no other
signs of sickness Could be detected Al the diets
were analyzed to venfy composition but no faults
were deiected The W exght 1o5s continued 1n the two
groups even with newly prepared diers mcluding

dunng the period no signs of scaliness
of the tauls of feet were found 1n any of the rats no
harloss was observed and all the rats developed 2
brown yellow colour of the fur on their backs

At autopsy the relative organ weights m the rats
fed 4 3% and 21 % peanut onf were similar while
the mean weights of the lung the heart and the
kidney were increased i the fats fed 2| % rapeseed
of and the heart the lner and the kidney were
enlarged in the rats fed 21 % partaally hydrogenated
fish ofl (p<QO1 M ilcovon rank sum test) Micro
scopical changes in the tungs the hvers and the
Xidneys are summarized in Table 3 Focal interstr
al pneumoma was found m 13% of the rats
Accumulation of lipid-containing foam cells 15 the
lung wssue was more frequent 1n rats fed the fat rich
diets  Steatosss i the lvers was moderate and
weolved wmddual Jiver cells Calaification of
md vidual kidney tubular cells was ween an afl
8roups but most frequently 1n the rats fed rarr 1

“VE DY weight and the heanss
v;‘ ere considered to be abnormatly enlarged when
they weighed more than 0 43 £/100g body weight



of partially hydrogenated fish oif Two diets
contaiung peanut o)l were chosen as »negatives
controls and two diets containing rapeseed o1l rich
m erucic acid served as »positive« controls

MATERIAL AND METHODS

Fecding 132 male Sprague Dawley rats were obtamed
from Anficimex Sollentuna Sweden when 3 weeks old

They were fed commercial pellets for onc week in
indiidual cages before being randomly distributed to
one of five experimental diets The rats were kept 1n one
room at 21-22 °C at a relative humidsty of 40-50%
wire mesh cages with elevated floor They had access (0
tap water ad ltbitum The diets were gyven 1n plasuc cugs
at [0g per day the first 4 weeks 5g per day the next 4
weceks and 20g per day during the rest of the experiment

Food consumption appeared to be stmilar in all the
groups as judged from leftovers in the cups and spills 1n
the cages but these amounts were not wetghed The rats
were handled once a week for werghing and inspection

Fathology The ammals were hilled with an overdose of
ether A complete autopsy was performed and after
weighing on a Mettler 2000C electnic balance the organs
were fixed 1n 4% neutral formaldehyde Ten hearts
selected by random numbers from each group were
examined for evidence of cardiac hypertrophy the right
ventricle wall was carefully dissected from the interven

tricular septum and the left ventricle wall and both parts

weighed separately All the hearis were dvided 1n 5 |
transverse slces that were embedded in paraffa Tao
sections were made from each block One was staned
with hematoxyhin and eosin and the other with yer
Gleson for demonstrauion of connective tissue Sectors
from all organs were stain¢d with hematovyln and
cosin and 1n additton the kidney sections were sl
with son hossa for demonstration of calcrum Salt

Five hearts selected at random from each group »at
perfused for 3-4 munutes with 2% glutaraldehyde 1 |
Serensen s phosphate buffer vi2 a canula s the aors 13
pressure of 75cm water The hearts were cul 1t
transverse sections and small preces from the Ielt ad
right papiliary muscles and the left and nght \enmcl;
walls were postfixed m osmwm tetroude and embedd
1 Epon 812 Ultrathin secyons were cut ¥ih s
Kntves on LAB Uliratomes statned with ursmy] aceie
and lead citrate and studred with a Zess EMY elevor
microscope  The remainder of the transverse haant
sections were processed for hight mucroscopy as abor:;
All the rats and the histological sections weré exzmxw
without knowledge of the dietary groups und tne 9l
was completed

The heart lesions were scor
following grading <ystem grade ) =1-3 small f‘\;:“
areas with muscle cell destruciton grade 2= more "
3 smatl lestons or 1-3 large lestons grade 3 - mt;n&t
3 large lesions grade 4 = 1ransmufal tesiond rsld .
fesion covers an area less than the mtcroscopé ,"‘ .
magnification 40 x 1 25x 10 ustng 2 Reichent M;,,
microscope A large lesion covers an aréa farger that
field

l

|

ed accordmg 1o Wt

TABLE | Composition of the Dicts in Grams pr 10 000 Grams

50 2
PO 43 PO 21 PHFO 21 RSO 105 R

2000
Sucrose 2000 2000 2000 § !leJg 10
Corn starch 4820 3150 3150 315 o8
Casein® 2000 2 000 2000 00 10
Cellulose 100 100 100 IDD 500
Salt muxture** 500 500 500 550 150
Vitamun mixture** 150 150 150 , (I)SO _
Peanut 011 (PO) 430 2100
Partally hydrogenated i )
capetin o1l (PHFO) ~ - 2 100 o i
Rapeseed oll (RSO - -

87
% C22 1 0 0 32 44

40 g methronin pr 2000 g
+Casen supplemented with
++ AQAC Methods XIth edition 1970 p 00
2+ AOAC Methods Xlth edition 1970 p 88s
= anut oif 1n diet
PO 43=43%w/wpe RGN
enated fish oif 1 diet
t o1l in deet

nd 10 §Bw/w peanu
et

180



TABLE 4 D sir but on of Heart Les ons in Groups

PO 43 PO 2N PHFO 21 RSO 105 RSO 21

Number of rats m group 26 26 2 2 25
Macroscop cal fes ons 71% 48%
M croscop cal lestans

Grade | 12% 7% 9% 19% 8%

Grade 2 8% 5% 19% 20%

Grade 3 4% - 23% 68%
Hearts with les ons 12% 9% 4% 61% 9%
A eragegrade per heart (7] [} 02 i3 25
%21 ndet 0 0 32 44 87

{ ¢ beart weight i control groups + 4 standard
devauons) Abnormally entarged hearts were found
9 32% of the rats fed 21% rapesced oil and one
Rt fod 10 5% rapesced 01 had a heart weight of
963 The hearts were symmetrically enfarged and
e rauo of the interventricular septum + left free

Mall weght/mght ventricle wall weight was
39404 1n all groups

Area w th degenera son of muscle cells NeCTOS s and nf Jiragg

By macroscopical examination patchy fibrosis
was found on the epicardial surface of 19 hearts alt
from rats fed rapeseed ol The distribuuon of the
microscopical heart lesions 1s shown in Table 4 The
lesions were 1n general located 1n the outer 1/3 of
the left and nght ventricle walls (the subep cardtal
zone} but 1n the rats fed rapeseed oil lesions were
also found m other parts of the walls farrly

s ¢
S &O;‘ ‘1
Uy "‘“I i /
NN Sl

o1 of b stiocytes tat fed RSO 21 500 %
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grams

500.
400. I
I
1
.
300 . 1
.
1
-]
200 1
100 ,
o 5 10

A 43%peanutail PO43
® 2% peanut ol PO 21

~—0 »—y 0—y
o

—a

15

@ 21%  parually hydrogenated fish ol PHFO 21

0 21%  rapeseed 01l RSO 21

O 10 5% rapeseced il + 10 5% peanut o1l RSO 10§

b ——y Ot

——a

20
Fig | Average growth of male Sprague-Dawley rats fed the test diets for 30 weehs (with SD)

——O— oy

——

25

—

30 Weeks

TABLE 3 Morphological Changes i Lungs Luvers and Awdners

PO 43 FO 21 PHFO 21 RSO 105 ngzl
Number of rats i1n group 26 26 22 26
Lungs . 20%
Pneumonia 15% 2% [ 12% 1o
Granuloma 4% 12% 239 5% 5
Foam cells 12% 584% EIRY 50% 6
Y Geatoss 0 0 4 0 0%
Kidneys . A 200
Calcified tubules 12% 4% 50% 15
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96% when the rapeseed oil amount was mcreased
Wene | 6% w/w erucicacd In these studes there
S¢ems 10 be a good correlation between the incidence
and seventy of the heart lestons and the amount of
fapeseed o n the diet but the eruac acd
concentrations 1 the dets causmg 50-60% wncy
dence varies considerably (4 4% 1 1% and 0 6%)
There has teen some speculation as to other
factors i rapesesd orl that contribute to the
o effects Partial of
fapeseed ol rich 1 erycic acid was accompanted by
A reducuon in the cardiopathogenic effects 1in male
Sprague Dawley rats fed for 16 weeks (S) Paruial
hydrogenation reduced the content of hnatetc acid
nd linolenic ad and increased the proportion of
saturated fawty acids McCutcheon et al (14) fed
semipunified diets with fat from different vegetable
sources to male I rstar rats for 25 weeks The most
severe heart lesions were found In rats given 5—
6% w /W erucic acid irrespective of the vegetable
source (two rapesced oils Brossica napus and
Brassica campestniy and on from nasturtium
Trapaeolum majus) and the incidence was 100%
Sumilar heart lesions were found in S0% of the rats
fed a tow erucic rapeseed ol WBrassica napus) with
015% eruac acd while one diet containing
5 5%w /w erucic acid and no inolemic acid resulted

%,

TR Al

2 4 Increase of mitochondria and loss of myofibrils m heart muscle Same heact as fig 3 15000 x

in a marked reduction 1 the mcidence/severity
raung of the heart lesions The authors therefore
postulated that hinolenic acid plays a role in the
cardiopathogenicity of rapeseed ol Hulan et af (10)
obtained rendered pig fat containing 5 6% erucic
acid after having fed rapeseed oil to pigs for 16
weeks When the pig fat was given to Sprague
Da tey Tats for 16 weeks munor heart lesions were
found with the same 1ncidence as 1n rats fed the
control fat (lard) A similar incidence and sevenity
was found when lard supplemented with 5 6% free
erucic acd was given while Span rapeseed oil
(Brassica campestris) containing 4 8% erucic acrd
caused 2 sigmficant increase in the incidence and

severity of the heart lesions These results suggest
that erucic acid 1s not alone responsible for the heart
lesions

In the present study peanut o1l was given as
control fat at two levels 4 3% and 21% Heant
fesions with the same morphological appearance as
found after rapeseed oy feeding were seen 1y both
gro\:psL bul’morc Pronounced changes were found

.

ulitapidined weight Joss during the last ¢ weeis :)f
the experiment and thys may be of importance Most
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Fig 2 Mark
ed Increase of m tochondna i heart muscle from rat fed RSO 10 § The heart was markedly enlatged

15000 x

frequently 1n the subendocardial zpns ),

ventricle wall Degenerating or necmnce mﬁ:ﬁaﬁg
were seen i all hearts scored as postve
addiion snfiltrattons of histiocytes were found
together with areas of fibrotic scar vssue (Frg 2}
Electron microscop cal examunation of the largest
heart showed a marked merease of ftochondria
(Fig 3)and focal areas with Joss of myafibris in the
heart muscle cells (Fig 4) The partially hydrogens

ted {ish o1l had produced mnor lessons 1n 3 gpr of
22 hearts {14%) and the changes appeared Suntlar
10 those found in the other groups

DISCUSSION

In this study the pathological effect of rapeseed oil
nich i ervaic acid given 1o male Sprague Dawlo
rats 15 clearly demonstrated The mam changes in

184

the peart are muscle cell necrosts and sear (9
formation More pronounced changes appear Wit
the dietary concentration 1s increased from 50% 1
100% of the (at {erucwe acid content from 4 4%»
W10 8 7%w/w) the incidence increased from 61%
10 964 and the severtty grade from 131025 Th
results confiirm other studses with long tesm feed 1
oFthis type of o w0 rats Thus Avdellar £ & Fiesth
found heart lesions 1n 0% of male Sprasse
Dawley rats fed 2 5% yapeseed o {1 1hwi®
erucic acdl for 32 weeks and the 1ncdenc
mcreased to 88-100% when the rapesesd of
constiguited 62%~75% of the dietary fat (5 5%~
6 5% w/w erucic actd) They found stmufar changes
When 30% w /w rapeseed oil or |59 w/w trieructh
Wwas given 10 Histar rats for 24 weeks (each ¢84
contaned 12 S G w/w erucic acid) Zremlarshs ot 4
(9 found an mcidence of 61% when a 5%
rapeseed oil diet with 0 6 ¥ w/w erucic acid was
Biven fof 28 weamim -4 ' o
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nvestigators studying the cardiac effects of fats and
oils include reports on cardiac lesions in the
expenimental amimals recenving the control diets
The ncidence varies considerably from experiment
toexperiment but the average incidence seems to be
about 20% with a range from 0 to 40% Aaumez &

experiment with male Charles Ruver rats Unspec:
fic degeneratnve changes consisting of focal muscle
cell destruction histiocytie nfiltrations and focal
fibrosis were frequent The mcidence increased with
age from 26 % of those dying between 400 and 500
days to 80% of those dying over 900 days of age
The most severe degenerauve changes were brought
about by the relatively unsaturated vegetable orls
(corn o1l soyabean oil and olne o) while the
relatively more saturated ammal fats (beel fat
butter chicken fat and lard) induced fewer cardiac
changes than expected after age correlated analysis

ncreases during the first 4 weeks the next 4 neeks
the weight increase was 10% less in the group fed
partially hydrogenated fish ol and 1n the followng
16 weeks the two groups developed at the same rate
This suggests that the absorption rates were farly
similar for the two drets since no difference were
observed 1n the food consumption Most kkely the
rats fed parually hydrogenated fish od had border
line EFA deficiency but corn starch as used in all
the diets probably contatned enough essenual fatty
acids to prevent manifest symptoms EFA-delc
ency appears 1o affect the synthesis or release of
chylomicrons while the mtestinal absorption 2p
pears unchanged (7) To our hnowledge there are no
data to ndicate that the dretary essential fatty acds
influence the utilization of C22 | fatty acds to 2
higher degree than other fatty acids We therefore
think 1t unhkely that the low tncidence and severty
of the cardiac lesions found tn rats fed parually
hydrogenated fish oils are due to a reduoed

In this study the partially hydr fish oil

of C22 1 fatty acids The results of the
b I of the hearts 2re 1

was given without i! of fatty
acids and this may be a serious objection to the
experimental design The ol contained 2 3% CI8 2
and this corresponds to | cal% of the diet a level
that has been constdered the mimimal daily require
ment for rats (9) But most likely only a fraction of
Ci82 in this ol 1s the essenual fatty acid
C18 2omegab (noleic actd) Aaes Jorgensen (1)
induced EFA defictency after 7-8 weeks with
partially hydrogenated fish oils free of EFA and
this suggests that the fatty acid composition 1n such
ouls increases the requirement for EFA since 24-26
weehs on a fatfree diet and 16-17 weeks on
partially hydrogenated peanut ol were needed to
induce simular evidence of EFA deficiency 1n the
rats Unfortunately the most sensitive ndicator of
EFA deficiency the ratto between C20 3 and C20 4
In the serum was not determimed tn our study
Other indicatrs of EF A deficiency such as werght
curves appearance { the skin and tail histology of
the testicles the hidevs and the livers have been
closely examined The testicles were normal with
mature spermatozoa n the ubules The kidney
werght was increased ( + 77 % of controls) and focal
calaification of tubular cells was found 1n 50% of
the rats The liver weight was increased (+ 37 % of
controls) and 4% had modcrate steatosis Thus
some findings may indicate that the rats fed
partially hydrogenated fish oil were deficient m
EFA but these indicators are not specific since
similar changes were found in other groups
fed 21% rapeseed oil
particularly n the group
(T‘}br:z :;)mups fed 21% partially hyd“’S‘l""‘“‘:’e‘“;':
ol and 21 % rapeseed ol had very sumiar weig

1R4

agreement with those found affer gving similar
partially hydrogenated fish oils to male Charlr;
Rner and Sprague Dawley rats for 16 weeks
4 16)

Judging from long term feeding expenments
with partially hydrogenated fish o on¢ cn noll
exclude the possibility that their content of cn
fatty acids may have cardiopathogenic effects
stmtlar to rapeseed oils contaming erucic acd Some
recent observations from the studies cited abm;
point to features of partially hydrogenated fish oLs
that may modify possible cardiac effects i the
n a favourable direction they orgmate from:‘
ammal source and the oils contamn more saturd! "
fatty acids than most vegetable oils they have :ls
linolenic acid content and the C221 fatty ac:ul
consist of a vartety of geometrical and positio "
1somers of which erucic acid constitutes very hti
and trans 1somers at least 50% (13}

At the present time 1t 15 not possible to hnov
whether and to what degree these features a;;
important in determuming any pathologteal effects ot
partially hydrogenated fish oils Our expenm:d
suggests that diets including partially hydrogenat .
fish ol contaming 3% C22 1 fatty acids do no
cause cardiac lesions to a greater extent than ‘:
vegetable oils commonly accepted as healthful ‘l’
rxtures of fats and oils of ammal and \cnml';’]‘
origin The few lestons observed are probﬂmi’
unspecific or related to the conditions of the
experimental situation and a fat ich duet
may be one of the conditioning factors
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AN ESTABLISHED HUMAN CELL LINE DERIVEDI
FROM A MALIGNANT MEDIASTINAL TERATOMA

C SUNDSTROM J MARK and B WESTERMARK

eden and
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t of Pathology and the Wallenberg

R Depanmmﬁepanmenl of Pathology Central Hospital of Skovde Skovde Sweden

Sundstrom C Mark } & Westermark B An established human cell line dentved from 2 mahignany
mediastinal teratoma  Acta path mucrobio) scand Sect A 88 189 194 1980

An established cell line derived from a human malignant mediastirial teratoma 1s described The cell
Inewaser~- 4 ¢ "

exponentia . . )
u LR

Cshs:;n:ome banding showed a hyperiniploid stemhine number S—78 Almost all of the analysed
Karyotypes had seven markers in common Eleven other markers occurring at low frequency were
2lso detected The ong n of alt markers except one could be deduced

Key words Teratoma malignant established cell line

C Sundstrom Department of Pathology Universtty of Uppsala PO Box 553 S 751 22 Uppsala
weden

Accepted a5 submutied 17 xu1 79

Numerous efforts have been made to establish
Permanent cell lines from human
With a few exramt amc e - D g

of the tumor seminomatous areas were seen parily
tntermingled with 2 lymphoid component W 1thin the

and epithelal a strong atypia
was observed No thymic tssue could be found The
Mistological appearance of the tumor was. consistent with
. malignant teratoma partly with admixture of seminoma
Embryonal carcinoma or feratocarcinoma was not
present (1) Renewed histological examination of a

i esiablishment 15 very low and onfy in the order of

3 few per cent (5) We have recently managed to
establish a cell ine from a malignant teratoma The
present communication describes some of the
features of this celf line designated U 1161

MATERIALS AND METHODS

Case repors The patient was a 26 years old Caucasian
Male who had suffered from thoracical pains for four
months priar 10 operation Al surgery a mediastinal
Brapelrut-sized wumor weighing about (000 g was
Temoved The histological Ppicture revealed a tumor with
Mjor pants consisting of mesenchymat {ibrous tissue

Pleural metastass 3 months after the Primary operauon
showed that afl components of the onginal tumor were
present althaugh the atypia wathin the fibrous
was more pronounced and the growth here
sarcomatous

The tumor mass could not be radi
Ppauent died erght months after
was performed

155ue part
was more

cally excised and the
operaion No autopsy

Cell culture Pueces of fresh tumor obtained at primary
SUTBErY were immediately transported 1o the laboratory
and et ane—

. .
< v W sl Wolming 3% CO, Medium was
changed twice weekly Dense cultures were subculvated

t 2afier a brief treatment with 0 25 %, ypsin soluyon
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Fig 2 Micrographs of cultures of celi ine U 1161 (@)
Low power view showing fibroblast ¢ appearance of
cultures with cells often Iying 1n bundles {b) High power
view showing nuclear shape of individuat mor cells

Charactenstics of the established cell line The cell
ine was uniformly composed of elongared spindle
shaped cells with a natable fibroblastic appearance
AFig 2a) Most of the nucler were oval but more
trregularly shaped nuclel wese commonly seen (Fig
b} The chromatin pattern was coarse Most nucles
tontained 1-3 heavily stammed nucleoh A fraction
of mulugucleated cells was always present The
growh pavern was w'so fibroblaste with <ells
growing in bundles (Fig 2a) although the growth

300
200

2

100

Cells per ¢m

015

Days

20 25

Fig 3 Growth curve of U 1161 Populauon doubling
ume during exponenual growth was 24 h

pattern was more irregular than is usually seen in
cultures of normal fibroblasts

Sparsely seeded cells multuplied rather rapidly
and the population-doubling ttme dunng the phase
of exponential growth was 24 h(cf Fig 3} Asithe
cultures became denser growth rate progressively
decreased untl it became very slow ai 3. cell denswy
of 350 000 cells/cm? At this stage the cultures
were very crowded and piling up of cells could be
observed

“The cultures could be subculiivated twice a neek
The cell Itne has now heen grown for more than
100 passag’s

Table | shows the chromosome counts 1n the 155

TABLE ! Chromosome Counts 1 U 116]

Chromosome numbers

-
40

\

VN LTI T4 76 7T B9 80

81 82 83 84 &5 86 %7

Vol ~ 7542 82 114 19s 410 237 g3

88 89 93 x50

23 1 o 2 3 2
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Fig 1 Mucro,

|u§|or canmi'e?'f ::,:m;g dr“:rrcrm parts of the malignant teratoma from which cell I U 1161 was denved Th¢

aparance contaim g ana l: fferent ussue elements for example s shown here parts with sem noma !¢

) s ey oot N b s B B T e ot up of @ wih

connective tissue conta 1 npg c:;m'::dr::; '"I“IS“(IM palisaded neural epithelium (c) and areas built up of wregus®
0] ce!

(x260) s (d) In mesenchymal and epithelial components atyp a was not

Cell counts Cells were detached with trypsin and the cell RESULTS

number was determined on duplicates by the aid of an
electronic particle counter (AB Lars Ljungberg Stock

holm Sweden)

C) togenet cal methods The chromosomes were studied
in prep of 4 different VIZ passages
34 37 70 and 75 The cytogenetical findings were
similar in the different passages and therefore the results
are combined below The methods for the chromosome
G and C banding techniques and the
bed 1n detaif earl er (3)

preparations the
nomenclature have been descri

190

Early cell culture characterisues The early ost
growth of cells was composed of a mixturc O
different cell types manly epithelial cells fibro
blast hike cells and some large polygonal cells The
mitotic actvity of the epithehal and polygond)
elements was low whereas the fibroblast like cells
proliferated more rapidly leading to an (ncrease i
the proportion of these cells After approximately
20 subcultivations only fibroblast like cells were
detected



TABLE 2 The Representanon of hormal Chromosome Types in 41 Karyon ped Modal Near-Modal Cells

Chromosome Number of each chr_type The predommating number
No o . 3 3 A P of each chromosome type
1 - 4 3 2 - '
2 - - 6 35 - - 3
3 - 3 0n 4 1 - 2
4 - - 70 5 - 3
5 - - 4 s 12 - 4
6 - - - 103 - 4
7 - - 2 3% 3 - 3
8 - - - 12 i 4
9 - - 3 2 3 - 2
10 - - 6 kH - - 3
n - - - B 23 - 3~
n - - 3 37 1 - 3
5] - 33 7 - - - 1
14 - - - - 39 2 3
15 - 1 1" 29 - - 3
16 - - -y 1 1 3
17 - - 20 - - 3
18 - 1 30003 2 N
19 - - 2 8 0 - 3
0 - - 2 4 35 - 3
2 - 3 4 n 1 - 3
n - - - a7 - A
Y 2 6 33 - - - 2
X - 4 3 - - - 2

TABLE 3 The Dernation and Frequency of the Marker Chromosome un 41 Kanotyped Modal-hear Modat Cets

Mark Number of celts
arker no With the markes Mode of origin
36 L0 10)Ipter~ 121 1. 11 - 10
5 L [ qter)
36 tp 7q)
36 Qel B)qi 1
34 t{3q 7p)
34 ot 10 qer~ 1921 1 -1
35 g 13 % open
5 0 Niqer~ 1p36 7
4 delth)qin
1 tQ M2pter—2q37 7
1 13 "M3pter~3q29 )
1 s ") Sqter - Sp1§ %)
' 00 ) (10pter - 10926 )
7 del i p12)
det(12)(q23)
e “»f;. : 121g)
XMU - minute 2 Ve apter = Xa28 )

very smalf biarmeg market % uth unknown denvayon
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Fig 4 haryotype of U 1161 showing a hypertripload
stemline (S = 78)

cells studted from the four different passages The
distribution of the 41 karyotyped cells on the
various numbers 1s 1nd d by the
upper figures m the Tahle
The established celt line U 1161 had a hypertrip-
loid stemhne (S) number S=78 There was a
constderable spread around the modal number and a
fairly low frequnecy of doubling products of modal-
near-modal cells
Five of the analysed cells with the § number had
the same karyotype This1s 1llustrated 1n Fig 4, and
1t can be written as follows 78, XAYY | +2, +4,
+5, +5, +6, +6, +7, +8, +8 +10 +11 +12,
13, +14, +14, +15, +16, +17, +18 +18 +19,
20, +20, +21, +22, +22, +7 markers ( = mar
[-VI]) The origin of alt the seven different marker
types could be completely elucidated (Table 3) The
results by C-banding corroborated the interpreta-
uons presented in Table 3, and the observations by

na

this technique were especially valuable for characte
nizing the mar 1, 11, {1l and VI A striking feature
as regards the formaton of mar I-VIl was the
preferential imvolvement of the centromeric and
near-centromeric regions

The 34 analysed vaniant cells with chromosome
numbers 1n the modal region were all closely related
to the S-cells This feature 15 very clear from the
data given tn Tables 2 and 3 In these 34 vanant
cells 11 new marker types were observed (mar
VII-XVIIL, Table 3) Ther dernaton could be
wholly or partly deduced, except for mar Xvi

Two octaplod cells were analysed The represen
tation of normal chromosome types and markers
accorded well with their origm from doubling
products of cells of the modal group No new
marker types were seen n these high polyploid cells

DISCUSSION

Teratomas are characterized by thetr content of
three germ layers They are most often benigd
tumors but occasionally malignant variants appear
When occurring, malignancies are most often
adenocarcinomas although other types of malignant
(umors have been described (for a recent review. S
ref no 1) In the present mediastinal tumor both
the epithelrat and mesenchymal components showed
atypra However, the recurnng tumor was moré
sarcomatous Also, the cell line that was established
from the primary tumor spectmen Was mesenchy
mal with cells resembling normal fibrobalsts exeept
for a certain cellular atypa and a somewhat mor
irregular growth pattern than 1s usually seen O
normal fibroblast cultures The possibility that the
cell line was composed of normal fibroblasts could
be excluded by the fact that it has been subcultvated
for over 100 passages Also the markedly abnormal
Karyotype 1s consistent only with neoplasta

The onigmal tumor contaned mesenchymal
elements of different lneages Of all cell types
fibroblasts are those most prone to Brow 3 tssue
culture It is conceivable that this 1s the reason why
cells commuitted to the »fibroblastic lneage« over
grew the other cell types that were present 1 the
early cultures Thus, the emerging permanent celt
line although derived from a teratoma, was
probably a differentiated one and not composed o

pluripotent, uncommited cells In this respect
noma lines

U-1161 differs from mouse teratocarcl
which are etther plunipotent or undiffereniated
e 1. a1 anre offorts 10

nullipotent (4]
induce differen
unsuccessful
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Horseradish perovidase (HRP) applied 10 the provimal stump of the facial nerve of the mouse 5 h afier

secuon diffused 1nto the and was

by
with organelles By 241 to 16 days afier the section uptake of the tracer 1
avonal sprouts rich in vesicles and vacuoles was regstered Subseque
correspond ng penkarya Tracer transport from feuromas was dem

section In this way ifluences from out
cell bodies

hey words Horseradish peroxidase axons nerve

mto axons densely packed
nto profiles of outgrowing
ntly HRP accumulated 1n
onstrated 32 and 64 days after

growing nerve sprouts and axons 1n neuromas may reach nerve

transection
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It has been shown that somatopetal transport of
macromolecules to nerve cell bodies ocours after
leakage 1nt0 damaged axons immechately alter an
2votomy {16) and later during remnervation of the
1areet organ after incorporation mto nerve termy
Pas {8 1S 21) The biological significance of this
Phenomenon is unclear but 1t may be of importance
for the nerve cell body s iteraction with 1ts
Periphery afier aton mury (14} for further
©alnauon of thew. phenomena the present study
®2 undertaken 1o obtam tnformation about azonal
uptake and somatopetal transport of macromolecu
Ies also during the persod after atotomy when the
#tolemma 15 reconstituted and outgrowth of regene
raung axonal sprouts stans In addiion transport
of macromolecutes from axons 1 neuroma forma
ton developed after impeded reinnenation was
studied In order 10 obtan outgrow g sprouts 1n
Festricted areas which are €asy to locahze avotomy

®2s performed by transecuon 1n the present study

MATERIALS AND METHODS

The left factal nerve of 60 1o 70day-old male Swiss
albno mice was transected below 1ts eut from the
stylomastoid foramen and 2 strip of parafilm placed
around the proximal nerve swmp In groups of mice 2
mg HRP (Type I1 Sigma §¢ Louss) was applied on the
Proumal nerve stump various ume intervals afier the
transection (number of mice and tyme intervals see Table

£ 41U Ume intervals see Table |)
the HRP accumulation 1n these
eral ones were u
ht nerve follow,
g of the tracer A

Section of the rgi ed by
application of 2 m y immeduate

fier 9 or 24§ the



Chromosome banding data on human teratomas
are scwnty Sonta et al (8) have published data on
three tesc.ilrr tumors viz one hyperdiplod
(§=53) seminoma one hypotriploid (S = 67) tera
toma and one metastatic diploid (S = 46) embryonal
carcinoma It s surprising that no marker chromo
somes were included in any of these S = karyotypes
In the present cell line the S = karyotypes contatned
seven markers the exact origin of which could be
deduced
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mp of the facial nerve of the mouse 5 h after
e 4T e e o e e o int 3v01 denely packed
with organclles By 24 h to 16 days after the section uptake of the tracer into profiles of outgrowing
atonal sprouts rich in vesicles and vacuoles was registered Subsequently HRP atcumuhlad’m
corresponding perikarya Tracer transport from meuromas was demonstrated 32 and 64 days after

section In this way influences from outgrowing nerve sprouts and avons in neuromas may reach nerve
cell bodies

Key words Horseradish peroxidase axons nenve transection
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1t has been shown that somatopetal transport of MATERIALS AND METHODS

macromolecul Tve cell 1es occurs after

leakoge mfs“ dfm‘:g;‘ a"ons' ] nm dhately after an  The Ieft facul nerve of 60 10 70 day-old male Swiss
albino mice was transected below ws ewyt from the

avotomy (16} and later during reinnenvation of the stylomastoud foramen ang a St of parafilm placed

12%8¢t organ after corporation into nerve term around the proximal nerve stump In groups of myce 2

nals (8 15 21) The biological significance of this mg HRP (Type 11 Sigma St. Lous) was applied on the

Phenomenon 1s unclear but 1t may be of importance  poynay ot SWMp vanous time intervals afier the

for the nerve cell body s with s ¢ number of mice and tme intervats see Table

Wriphery after avon mury (14} for further

©aluation of thes phenomena the present study

3 undertaken 1 obtain information about atonal

urtake and somatopetal transport of macromolecy  proumal nerve SUMPs were dissected out reacted for

les al0 during the period afier avotomy when the  HRP and prepared for elecuron microscopy (21)

2xolemma 1s reconstiuted and outgrowth of regene For studies of 1

Taung axona) s

prouts sars In agttion transport ™8 of the tracer wag applied on the tefy Proumat nenve
of oo s In adéion Torma SUmp ;n E10UPs of mice vartous time mtervals afres
won Gy I impeded reinnersation o se::xcnunumb« ofrmwe and ume intervals see Table 1}
studied 0 order 10 obtatn QUIgrowing sprouts in o e comraa LRP er e e e
resiicted areas which arg

heurans the contralateral ones we.
¢ €as) to Jocalize axotomy e

was performed by transection 1n the Dpresent study



TABLF 1 Suriey of the Material in W hiclt HRP Was Applied an Proximal Stumps of Facial henves at Farious Time
Intenvals after Transcetiont Subsequenthy Incorporation of HRP it Axons and Accumulation of the Tracer v
Perikana 1t as Studied

Time intervals Ih 5h 244 48 h Sdays  16days 32days 64days
HRP uptake
n aons 2 2 4 2 3 2 2 !
No mice for

studies of
HRP accumulation

in penkarya 7 6 4 3 4 3 2 3

mice were perfused as described above the bramn stems  appearing 1 these two 1ypes of clusters har
dissected out and postfixed for 30 min Frozen section  previously been shown to represent collaterat and,
40 pm thick were cut and reacted for HRP (18) The  or ternunal sprouts of single myelnated avons {19!
intensity of the HRP reaction product in the left factal  Qrganelles such as vesicles vacuoles elongate
(n,u'c’leus was then evatuated with a sconng procedure  yybular structures muluvesicular bodies mitochon
2 20
‘The morphological response of facial nerve cell hodies deia and dense lamellar bodleslmer: szcr;,::ns,or';li'n\?

to & nerve transection was also studied Groups of 2-3 the nerve sprouts profifes In ¢ esd (Figs 3an
mice were perfused with 4™ formahn 6 8 12 18 20 tabelted vesicles and vacuoles occurre |g' bl
24 32 34 and 38 days after the axotomy and paraflin  4) The majority of HRP labelted and non i t
embedded sections statned with cresyl violet acetic acid  vesicles had a size between 4D and 80 pm W
vacuoles up to 260 um were also registered Obe

profiles of sprouts showed very few vestcles an
RESULTS vacuoles and HRP labetling was snfrequent i e

areas Clusters of sprouts with 2 simular morpho
1 5 halter the section the distal parts of the axons in logy were seent after 48 h and § days 1n mxot\m( |
the proximal nerve stump showed a finely granular  after 16 days each section showed fewer profites ©
axoplasm HRP had diffused into the endoneurium  sprouts with large amounts of vesicles and vacuoles
and 1n between the axolemma and the myehin sheet  Such structures and mira avonal HRP hbt\l\:!;
but only occastonally tntra axonal HRP labeluing  occurred only occasionally by 32 and 64 days
occurred By 5 5 h distal parts of many axons were  these time intervals neuromas butlt up of myelnd
densely packed with vesicles occastonal dense core  ted and unmyelinated axons had devetopes (Fig "
vesicles vacuoles and mitochondria HRP outhined No or only a famnt blue black reaction pmd“as
these axons beneath the myeln sheet and many  appeared in left sided perikarya when the mccr““
vesicles and vacuoles contuned HRP (Fig 1)  apphed | h afier section Whereas most e ¢
Clusters of outgrowng nerve sprouts had appeared  badies showed a weak reaction product 1 m‘ae‘:i .
by 24 § b A basal lamina surrounded the clusters  after Sh The left sided penkarya w“wm(al
of sprouts which were partly embedded 1n a sparse  strong clearly visible HRP reacuion product & e
Setwann cell cytoplasm  In many cases sprouts later time mtervals and neurons used 48 h;i <
were also seen awouated with a Schwann cell ction produs

section appeared 10 possess more Tex
belonging 1o a myclnated axon (Fig 2) Sprouts  than the right sided ones (F1g 6)

he
Fig | Axon densely packed with organelles $ S h after transection Note black HRP reaction product outmng 1

axolemmta and HRP labeling of intra axonal vesicles and vacuoles x 11 000

ers of nerve sprouts 24 S
et Ché:;\ o & myelinated axon Note black HRP reaction product 10 the e
le
¢ from a cluster similar to the one to the et in Fig 2 245 h afier wransection The pr(:ﬁm
d vacuoles HRP reaction product outhines the sprout and occur

prouts are embedded 10 8

after transection In the cluster to the right the 00
doneurium X 110

Fig 3 Profife of sprou

caneatns vesicles dense core vesicles an

membrane himted organclles x 26 490

Fig 4 Profile of sprout embedded 1n a Schwann cell belonging to a myelinated axon Note HRP
(4

mecabrane imtted organelles X 49 600

caction product 1t

196
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Fig 5 Myeltnated and unmyelinated axons 1n a neuroma
64 days afier section Note HRP reaction preduct n she
endoneunium  surrounding unmyelinated  avons
% 4 300

Fig 6 Granufar HRP reaction product n facial perve
celt bodies 1n a mouse where HRP was applied 48 h after
transection % 490

The morphological response of the facial nerve
cell bodies consisted of dispersion of the Niss!
substance an ncrease 1n cytoplasmic basopliha m
the size of cells and nucleolt This was followed by a
decrease 1n basophilin and sull later a loss of
neurons was registered  These results are n
accordance with those by Jorvik and Shjorten (26)

DISCL SSION

Previously it has been shown that HRP leaks
through inured axolemma and distnbutes diffusely
1n axons immediately after an axotomy (16) The
present study showed that | h after axotomy HRP
outlined an ntact axolemma with 110 or only a slight
axonal HRP uptake and transfer to periharya Later
St after axotomy distal parts of axons m the
al nerve stump were densely packed with
atra axonal vesicles and
re formed Other

proxim:
organelles At thus time
vacuoles of endocytotic OTIgin Wel

198

vesicles and vacuoles In these atons mav represent
Iysosormes (13) or budded parts of smooth endoplas
mic reticulum {(6)

By 24 h afier axotomy profiles of atonal spron
containing vesicles and vacuoles were observe
Such structures have been interpreted as growin
ups of sprouts (2 10 11 17) The presentl
observed endocytosis n i vno sprouts shows the
they are 1 this respect stmilar to growth cones |
vifro whose endocytotic actvity is well known (] 4
22 25) However they differ from growth cones u
the developing cerebellum of the rat which an
atgaaelle poar and have a fow uptake of HRP §)
An increase 1n HRP reaction product n perikana
sumlar to that observed in the present studv in e
used afler 48 h has previously been obsensed i the
chick visual system 6 75 to 18 h after avon mpury
(12) 1t may reflect an increased peripheral uptake of
the tracer which can be due to larger amounts of
nerve sprouts and/or higher endocytotec activty 12
indvidual sprouts Not only exogenous tracers bit
also endogenous proteins and glycoproteins dr¢
retrogradely transported 1n higher amounts out
growth of avons after an avotomy (9) Afier
somatopetal transport to perikarya HRP1s Tocahised
to lysosomes (3) Nevertheless macromolecules
may after endocytosis and mtracellular transpert
affect the metabolism of the cell (7 23) It ®
therefore concenvable that the mechamsm of ncof
poration 1nd subsequent somatopetal axonal tran>
port of macromolecules during outgrowth of anons
may be important for the understanding of how the
nenve cell body s metabolism may be nfienced 63
the periphery as proposed by Griffin and Price{l n

Tracer transport from the neuromas was O
ved In the present study indicating a pathway for
introduction of substances which could reduce the
neuron s regencrative capacity as proposed by Sre
cr (24) As discussed above HRP uptshe oot
most extensively 11 axonal structures which are fch
m vesicles and sacuoles In accordance with 2
previous study (20) such structures were obsered
mfrequently at late times after nenve secu(mI '“‘:

pancy butween the consp
of tracer m perkarya and the nfrequent observatod
of HRP uptake by axons m the neuromtas ma¥
explaned by a difficulty to locabize the vesicle mwh
axonal structure which may be spread over largef
areas caused by an indefinite growth of axons aftet
nerve section (24)

[ thank professor Kr stcr Arestensson for kind suppart
during the completion of ths work The study W&
<upported by grants from the Swedish Med cal Rescarch
Council project No B8O 12\ 04480 06C and Jster !
lands Lans Landsungs Med canska Forskn ngsnamnd
-
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A new hypothests (+P1 pH hypothess ) for alioxan diabeies s presented 1t 15 based upon data tZ;omr
our own studies and from the literature The following data and interpretations are assumed (o © o‘
spec al smportance for the B-cytotoxicity of alloxan Inhibition of a mitochondrial sum:ydrdyl d:p: ula{
transport system for inorganic phosphate (P1) leading (o tncreased concentrauon of Pi and :;cmasla pl

n the cytosol and o mhibion of NAD-dependent oudavons and oxidauve phosphoryl uond
mitochondrial lesion because of aliered localizauon and concentrauon of Pi tnh bited synthesis an

glucose induced refease of insulin at least panily due to a fali in intracellular pH and finally necrosis
because of absent mitochondrial function An mverse relauonship between Pi and pH may exist m the
Bells atloxan sensitivity being assocrated with hugh Pi and low pH  Alloxan antagonism may he due

to induction of low Pi and high pH 1 the cytosol The selectvity of the B cell for alloxan 1s believed
10 be associated with us free permeability for glucose

key words Afloxan disbetes alloxan antagomism pathogenesis tnorganic phosphate intraceltutar pH

mutochondnal lesion

L Boquist Insttute of Pathology University of Umed S 901 87 Umea Sweden
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Although the duabetogenic action of afloxan has
‘been known for more than 35 years and in spite of
tntense research during thus period the pathogenesis
of alloxan dubetes 15 sull unknown Several
hypotheses for the development of this kind of
euyxnmental diabetes have been presented but none
bas 50 far been proved Since data from our own
stdies 1n (s field have not been compatible with
any of these hypotheses we have tried to find a new
hypothesis that agrees with our own results and
with data from the lterature As prelimnarity
reported (Boquist 19782 d and e Boqust &
Hagstrom 1979 Lorentzon & Boguist 1979) s
search has resulted 1 a working hypothesis tenta
uvely called the Pi pH hypothesis which here 1s

presented 1n more detadls with the addition of some
new data,

Mutochondrial Lesion and Inorganic Phosphate
lecuve pectosis of the pancreauc slet Bcells
FepTEsents the ulumate effect of allovan Bcytotons

city and forms the basis of manifest diabetes Hence
it 15 obvious that alterations 1n these cells play a
ceatral role 1n the development of thus kind of
diabetes Since 1t 15 generally considered that alloxan
13 toxec for the Bcells only duning a short period of
tme probably within the first five to ten minutes
after 1ts adminsstration nto the crculanon the
earliest structural and biochemical changes i the B

cells are most tmportant for the study of the
pathogenesis of alloxan duabetes Alterations recor

ded 1n these cells when hyperglycernia 15 manfest
Mav ell ha af connas —

1€ WL 10und 10 be localized (o the mytochondria
and the pattern of Pyroantimonate precipytation
{Boguist 1977 2) The mitochondrial changes have
been venfied by ultrastructyral stereological meth
ods (Lorenron & Bogust 1979) The observations
Werestarted 10 min following alloxan adminustra
tion and already at this tume many mitochondria
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Fi
g Electron micrograph of mouse B-cells 10 min after allotan injection Swollen mitochondnia wath pan

disrupted cristac are seen x 11 000

extuibited swelling and occastonally rupture of inner
membranes (Fig 1) At the following obsenvation
times the mitochondrial changes were more advan
ced and subsequently the mutochondna were
disintegrated

Since mitochondrial changes of the kind observed
n the B cells were not found 1n the other endocnine
cells or in the exocrine cells of the pancreas these
changes obviously do not represent an arufact or
unspecific reacion but seem to be a structural
manifestation of a rapidly appearing specific leston
directly or indirectly caused by alloxan

The other alteration observed already at the 10
mun observation time 1s a pattern of pyroantimo
nate precipitation in the B-cells of allovan treated
mice different from that of cantrol mice Thus
ammals myected with allovan exhibit precipitates
manmly localized to the cytoplasmic ground subs
tance {Fig 2) whereas most preciptiates are seen in
rmtochondria and secretory granules in the controls
(Bogust 1977 2) Thus may be consistent with an
increased occurrence of Cat* and tnorganic phos
te (Pr) tn the cytosol and the finding thus

phal
(sce below)

supports the Pr pH hypothesis

202

The endoplasmic reticulum  Goler complet and
nucleus are structurally altered first st &€
observation tumes and the secretory graneks &
usually preserved even 1n severely damaged b
non necrotic B-oells (Fig 3) ndicating an wfubine!
of the release of insuln stored i granwles ¥
allovan treated mice This agrees With the obsen?
tion that allotan mhibits glacose mduced msulit
secretion (Gunnarsson & Hellersirom 1973 Het
quin et al 1979) This mhbstion 15 abolished b
glucose in virro (Tonmta & Lagy 1972) Alloanals
blocks Insulin synthesis 1n isolated mouse skt
(Gunnarsson 1975) Both quahitatnve and quantitt
tive electron microscopte data support the view ol
an inhibition of the synthesis and release of msuhin
mn allotan treated mice (Boquist 19772 Bguist 4
Lorentzon 1979)

What 1s the mechanism underlymg the muo
chondral lesion 1 allovan treated mice? So far
has not been clanificd whether alloxan passes the
plasma membrane of the B-cell or not Therefore
one possibility 1s that alloxan passes into the B<celf
and acts directly on the mutochondria Another
possibility 1s that alloxan through an action of
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b tates are
0 min after allovan adm n ¢ " te precipi
Fg2 lpﬁ"::.“:[ mouse B-cell 1 r e e
S founds . Prroantumonate
techn que

ather organelles or cellutar constituents of through
a direct actson on the plasma membrane alters the
wiracelivlar miew m such a way that the
miochondria are secondanly damaged

The data from our own studies do not permitt any
definite interpretation of whether alloxan passes the
Bzl membrane or not However the absence of
carly-appearing structural changes i organelles
other than miochondna argues agamnst the possib
Y1y of an acuon of alloxan on such organelles and
aithough many authors advocate rha
. - . ..

' N
doul aamaging the plasma
membdrane WeDaniel et af 1975 Bemer et al

M

1978) or for an intracellutar acton besides plasma
membrage effects (Henquin ef af 1979) Awora
@ ography has revealed that mouse islets accumuylate
alloxan (Hammarsirom et al 1967) \Moreover tn
‘iro expeniments have disclosed an action of allgran
on miochondra from rat lver and kidney
Younathan 1962) Therefore wt 15 believed that
alloxan passes the plasma membrane of the B-cells
supposedly through a hexose transpory system and
acts yntracellularly In addion atloxan may directly
or mdirectly act on the plasma membrane
1 alioxan really passes through a hexose trans
POTLsystem the entry into the Bcells may not only
e associated with that of glucose bug also with that
of sodwm and Py since glucose 2nd Py enryeg
the proumal tubule cells (which also are afloxan
sensutne) of rabby Xidney 15 sodium-dependant
ns & Bravy 1978) Therefore the transport of
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Fig 3 Portion of severely damaged B cell 6 hours after alloxan myection Note that some of the secretory granules
extubit an altered configuration of the core and/or rupture of the membrane x 19 000

sodium and Pi into the B-cells may affect the
development of alloxan diabetes Inhibition of a
umivalent-catton pump 1n the B-cell membrane has
been suggested to play a role n alloxan diabetes
although 1t need not to be the most basic action of
alloxan (dah! et al 1977)

Assuming a direct intracellular action of alloxan
1t 1s tmportant to note that certamn sulfhydryl
reagents spectfically mhibit the carner of
rat liver mitochondria without affecting a number
of other mutochondrial functions (¢f Chappell 1970,
Lehmnger 1975), and that one of the most well-
known properties of alloxan 1S its role as sulfhydry!
reagent The B-cell mitochondria Iike those of liver,
are supposed to possess a sulfhydryl dependent
phosphate transport system which 1s inhibited by
alloxan (Lorentzon & Boquist 1979) This mhibitton
may result in a decreased mitochondnial content of
P1 and an increased concentration of Pi mn the
cylosol which 1n turn may be consistent with the
increased concentration of P1 mm whole slets
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(Boquist 1978 ¢), and with the altered pattert of
pyroanumonate precipitation 1 the Beodls of
allovan treated mice (Boquist 19772) The aler
tions 1n the localization and concentration of Prmay
be associated with stmilar alterattons of Ca?*
Stnce starvation 15 well know n to mcreast theB
cell sensivaty to alloxan, 1t should be noted that
starvation has been reported to alter the actvauc
site for the nphosphate flush m rat islets {(Asplu
& Fremhe! 1978) although this 15 not durectly
pp to the d drzal transport
mechamsm for phosphate
Mitochondnal lesion,
localization and concentration of P1
release of wmsulin P plays 2 SO
clanified role in msulin secretion Ish
reduces the 1slet pool of phosphate,
content of phosphate declines as much s 40-50%
following glucose stimulation (Bukowechs €l al
1979), and Pt may mmbit glucose nduced wsulin
release i witro (ndersson 1978) Thus hugh

and alterations 1 ¢
may affect the
far, not fully
et stimulatio?
the total 1slet




cytosolic concentration of Pt 1n the Bcells may
conmbute fo imtubited glucose induced msuhn
secretion 1n alloxan treated mice

I vitro studies of mitochondria from some xmds
of cells have demonstrated swelliog and kyssr of

.

changes and macuvates the oudatve and ghospho

wylauve systems {Hunter & Ford 1955) The NAD
dependent ondanons of the nicarboryle acd cycle
DR L r ¥ nd af treatment (H inrer
£

oudatve phosphorylation by some organic merctt
4 44 ak% anofihanhocthate

of 1978)

Aliosan nbsbs the axidative phosphorylation of
glucose in various tissues (Bhattackarya 1955) and
abolishes the respiratory stmulation with glucase
and decreases (he oxidation of glucose . 1solated
mouse 1slets (Gunnarsson & Helierstrom 1973) The
noton that atloxan mhibuts the NAD linked steps of
the tricarboxylic acid cycle (Younathan 1962} 1s of
wnterest since a deficient ouidation of oxaloacetate
and aitrate bug an unaffected anidaton of succtnate
has been reported i 1solated mouse sslets exposed to
alloxan (Gunnarsson & Hellerstrom 1973) and since
phosphate transport \s an obligatory requirement
for the nat transport of malate a-oxoglurate and
anrate {f Barrust ef af 1978) It should also be
noted that a protection agamnst alloxan touctty has
been found by NAD i vitro (Younathan 1962) and
by meounamude i vivo Uazarow ef al 1950)

Against this background the supposed block by
alionan of a transport sysiem for phosphate in the
B-cell mitochondria s bebieved primarily to give rise
10 2 nhibuion of the NAD linked oxidations and
oudatve phosphorylation and to an mcreased
Cylsolic concentrauon of Pr which secondarly
uses swelling and funther functional impaitment

and finally disintegration of the mitochondria

ntact mitochondrial function 18 necessary for the
faergy producion and survival of all cells and
ience the mitochondrial lesion may be the cause of
delt necrosss 1 alioxan trested ammals {Boguist
19772 Lorenr-on & Bogquist 1979)

Because of the finding of mitochondat lesions 1n
tiotan treated mice the effects on the endocrine
rancreas of p hydroxy mercunibenzoate (PAB) were
mhestigated (Boguist 1978 ¢ and 1979 2) since ths
ompound 15 a relatnely specific sulfhydry! seagent
W an establshed mhibitory effect on mitochon
dral funcuon in virro suggested to be due to

f
interaction. with  mitochondrial  permeation @
phosphate (Fonyo & Bessmann 1968} PMB admim

~ £24 w o and 100d transient byperglycemi

19792} and tnhibsted nsulm release w1 wvo
{Bogwst 19794} and . wiero {our unpublished
. \er . e DA mamion Ansed 10 B
.

and B-cell morphology mn starved mice lhus
L e ~n tha endecrime pancreas of
anies

upport
indurectly the contribution that the PMB-data make
to the P1 pH hypothesis

Hydrogen fon Concentration

In contrast to the mcreased concentration of Pi
recorded m whole islets of alloxan treated mirce
(Bogqusst 1978 ¢) a decrease was observed mn islet
pH (Boquist 1978 2) Since the islets of the mice
used mainly are composed of B-cells data for whole
sslets Can be regarded as representative for these
cells Although these data give no information about
the localization of sons inside the B-celis they are
probably most representatine for the cytosol As
may be the case 1n sérum there rway be an nwverse
relationship between Prand pH in the B cells and as
1 lower orgamsms (Harold 1972} mutochondrial
uptake of P1 may result tn alkalinzzanon of the
exteriar muren whereas efflux of Px may give rise to
alkalinization of the totochondrial interior There
fore the P1 pH hypothesis includes a supposition of
an inverse relatonship between Piand pH in the B
cells although pH alterations are not necessary to
explain the development of mitochondrial lesions
and fecross of B-cells

Changes m hydrogen 1on concentration cbvio
usly affect B-cell functton #1 vitro The net release of
H'* 15 markedly increased by glucose (Malaisse er
al 1979) and modifications 1n extracellular pH
may interfere with emiocytosis (Rebolledo et al
1978) Reduced pH has been reported to mhibit
glucose induced wnsulin release {Lernmark 1971)
wheftas 2 nise in pH enhances 1nsulin secretion
posstbly through a dissolution of secretory granules
eltman 1975) Isolated secretory granules exhibit
an opumal stability at pH 6 0 (Coore er af 1969)

rbopuc anhydrase (CAH) actvsty has been

d:mrons(rated 1n mouse B-cells by light and electron
l;n‘:: nﬂ\sl?_)p‘li }:Eslocfe_mlilry Boquist & Hagstrom

transient hyperglycema ang markedly decreased

“ne
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Fig 3 Portion of severely damaged B cell § hours after allotan njection Note that some of the secretory grasules
exhibit an altered configuration of the core and/or rupture of the membrane X 19 000

sodtum and Pi mnto the B-cells may affect the
development of alloxan diabetes Inhibiwon of a
umvalent-cation pump 1n the B cell membrane has
been suggested to play a role m alloxan diabetes
although 1t need not to be the most basic action of
alloxan (Idah! et al 1977)

Assuming a direct intracellular action of alloxan
1t 1s mmportant to note that certamn sulfhydryl
reagents specifically infubit the phosphate carrier of
rat iver mitochondria without affecting a number
of other mutochondrial functions (¢f’ Chappell 1970
Lehnmnger 1975) and that one of the most well
known properties of alloxan s 1ts role as sulfhydryl
reagent The B-cell mitochondria like those of iver
are supposed to possess a sulfhydryl dependent
phosphate transport system which 1s inhubited by
alloxan (Lorent~n & Boquist 1979) This inhibition
may result in a decreased mutochondral content of
Pt and an increased concentrauon of Pimn the
cytoso!l which i turn may be consstent with the
increased concentration of P1 m whole 1slets
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(Bogurst 1978 ¢) and with the altered patert of
pyroantmonate precpttaton 1n the Bcells ©f
alloxan treated mice (Boguast 1977a) The alerd
tions m the localizatron and concentration of P %
d with similar al of Ca?*
Since starvatton 15 well hnown o ncreast the B
cell sensuivity to alloxan 1t should be noted that
starvation has been reported to alter the activation
stte for the » phosphate flush ¢ 1n rat stets Usplst
& Fremhe! 1978) although this 1s not directh
applicable to the supposed mtochondrial transport
mechanism for phosphate
Mitochondrial leston and alteratio
localization and concentration of Pi may affect ¢
release of wnsuln P plays a so far not fully
clarified role i insulin secreton Isiet stmulaton
reduces the 1slet pool of phosphate the totaf ssfet
content of phosphate declines as much as 40-50%
followng glucose stimulation (Bukowieeks & af
1979) and P: may inhibst glucose induced sl
release in virro Undersson 1978) Thus hub

ns i the



cytosalic concentration of Py in the B-cells may
contribute to inhubted glucose nduced  tnsulin
secretion 16 alioxan treated e

I witro studses of mitochondria from some kinds
of cells have demonstrated swelling and foss of
function 1n the presence of Pi Thus exposure of rat
liver mitochondria to P1 has been reported to be the
muldest treatment which causés marked structural
changes and nactivates the oxtdative and phospho
ylative systems (Hunter & Ford 1935) The NAD
dependent oxidations of the tricarboxylic acid cycle
are both smhibyted by thus kind of treatment (Hunter
& Ford 1955) and 1n rat kidney homogenates by
exposure 1o alloxan (Younathan 1962) Inhibion of
oxidative phosphorylation by some organic mercu
rial compounds 1s due to sahibition of the phosphate
entry 1nto the mitochondria (¢f Forpo 1958) which
may regulate oxidative phosphorylation (Barrut et
al 1978)

Alloxan inhibits the oxidatsve phosphorylation of
glucase 1 various ussues (Bhattacharya 1955) and
abolishes the respiratory sumulation with glucose
and decreases the ondation of ghucose in isolated
mouse wslets (Gunnarsson & Hellerstrom 1973) The
notion that alloxan mhibits the NAD linked steps of
the tricarboxyhc actd cycle (Younathan 1962) 1s of
mterest since a deficient oxidation of oxatoacetate
and citrate but an unaffected oxidation of succinate
has been reported in 1solated mouse islets exposed to
alloxan (Gunnarsson & Hellerstrom 1973) and sunce
phosphate transport 1s an obligatory requirement
for the net transport of malate c-oveglurate and
curate (¢f Barrur et al 1978) It should also be
noted that a protection aganst alloxan tovicity has

een found by NAD i vitro (Younathan 1962) and
¥ mcounamide ¢ vivo (Lavarow et al 1950)

Aganst this background the supposed block by
dloxan of a transport system for phosphate 1n the
3-cell mitochondria 15 believed primarily (o give nise
© an mhibition of the NAD linked oxidations and
udative phosphorylation and to an wncreased
“ywosohc concentrauon of Pi which secondarily
tauses swelling and further funcuional impairment
and finally dismtegravon of the muochondra
Intact mitochondrial funcuon 15 necessary for the
energy production and survival of all cells and
hence the mutochondrial lesion may be the cayse of
B-cell necrosis in alloxan treated anmals {Boquust
19772 Lorent on & Boguist 1979)

Because of the finding of mitochondrial lesions 1n
alloxan treated mice the effects on the endocrine
pancreas of p hyd; (P\MBiwere

with dnial  perm of
phosphate tFomo & Bessmann 1968} PVB 2dmim
stration to fed mice nduced transient hyperglycemta
and structural B-cell changes swumilar to those found
easly efter allovan treatment (Boquist 1978 ¢ and
19792) and inhibied insulin release 2 1no
{Boguist 19794} and sn suro (our unpublished
observation) However, PMB injection caused no B
cell necrosis or any permanent diabetes and was
without effect on the blood glucose concentration
and Bell morphology m starved mice Thus
although the effects on the endocrine pancreas of
allotan and PVB are sot idenucal the similanities
1n these effects are sufficently great to support
indirectly the contribution that the PV{B-data make
10 the P1 pH hypothesis

Hydrogen Ion Concentration

In contrast to the increased concentration of Py
recorded 1 whole slets of alloxan treated mice
(Boquist 1978 €) a decrease was observed mn islet
pH (Bogussr 1978 a) Since the wslets of the muce
used mamly are composed of B<ells data for whole
sslets can be regarded as representatsve for these
cells Although these data give no information about
the localizauon of 1ons Inside the Bcells they are
probably most representaive for the cytosol As

e

P~  nantLtuon O the
extenor midien whereas ¢ffln of P1may give nseto
alkalnization of the mtochondrial interior There
fore the P1 pH hypothesis includes a supposttion of
an inverse relationship between Py and pH 1n the B
cells ahthough pH alterations are not necessary to
explain the development of mitochondrial lesions
and necrosis of Bcells
Changes 1n hydrogen 1on concentration obvio-
usly affect B-cell function i srtro The net release of
H* 15 markedly increased by glucose (Malassse et
al 1979) and modifications in extracellular pH
may interfere with emiocytosis (Rebolleds et af
1978) Reduced pH has been reported to tnubit
glucose induced insulin release (Lernmark 1971)
whereas a rise 1n pH enhances nsulin secretion
possibly through a dissolution of secretory granules
(Hellman 1975) Isolated secretory granules extibit
an opumal stability at pH 6 0 (Coore ef af 1969)
Carbonie anhydrase (CAH) acuvity has been
demonstraledkm mouse B-cells by light and electron

wwwl o viro sugsesied to be due to

1979 Carem y Boguist & Hagsy
the B-ce)

which 1= .

transiem .
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glucose tolerance (Boguist 1979 b) This emphasizes
that pH al mat play a p role 1n B-
cell function

It 1s also of interest that glycolysis in vafious
uissues 15 influenced by the hydrogen ion concentra-
tion Glycolysis 1n erythrocytes, which may be
allotan sensitive since hemolysis occurs 1n afloxan
diabetes, 1s inhibited both by high concentrations of
Pi{¢f Schrier 1970) and by acidification (Tulin e1 al
1947), whereas low concentration of Pi and
alkalinization have an opposite effect

Against this background it seems that an
tncrased pH 1n the B-cell cytosol may facilitate, or
be necessary, for insulin release, at least for
secreton of msulin stored 1n granules If so, the
nhibited 1nsulin secretion after exposure to alloxan
may at least in part be due to decreased pH
Moreover, reduced pH 1s believed to potentiate the
action of alloxan in the B-cells, since 1t 15 known
that alloxan 71 140 15 highly 1nstable 1n neutral and
alkaline solutions, whereas acidity ncreases 1s
stabiity, and since 17 1no studies have disclosed that
the alloxan effect s potentiated 1n rats by acidosis
(Klebanoff & Greenb: 1954), but d n
mice by metabolic alkalosis (Boquist 1979 c}
Acidity may even be a prerequisite for alloxan
toxicity 1n the B-cells

HYPOTHESIS

Summing up (Fig 4), alloxan is belseved to pass the
plasma membrane of the B-cells, probably through
a glucose transport channel, which may be associa-
ted also with transport of sodium and phosphate In
addition there 15 possibly a direct or indirect action
on the plasma membrane Inside the B-cell alloxan
1s believed to mhibit a sulfhydryl-dependent trans

port system for phosphate 1n the {inner membrane
of?) mitochondria leading to ncreased concentra

tion of P1n the cytosol and, smce an inverse
relationship 1s supposed to exist between Piand pH

secondanly to a fall pH 1 the cytosol

/ s }
S NECROSIS
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3

- ndent oxidations
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Fig 4 Schematic representation of the Py pH hypothesis
for alloxan diabetes Alloxan (W) passes ihe Bcell
membrane through a channel (A) which probably 5
associated with transport of glucose and possibly
with that of sodium and phosphate and ichubis 2

mitochondrial sulfhydryl dependent transport syse for

ed concentration of 121
P1(B) This resulis in an wncreased Conoenisr™s

cytosolic P1 concentrauon causes 3 swelling ot “‘:
mitochondria (F) The lowering of the pH 1ereases
stability of alloxan (G) and possibly causes a dect o
glycolysis (H) and an mhibition of 1nsulin synlhﬁlfm
and the glucose induced felease of snsuln U
mitochondrial changes and the wmcreased concentratod
of Pt 1n the cytosol may also contribute to the mhlb“;;:
of glucose induced secretion of insulin K} TPC(SL’;“‘M
dria are i}
energy production ceases and B-cell necrosis l‘;'i
diabetes develop (M) In addition to the effect 00 ¢
dria there may be a direct or indirest acuon 0!

Secondanly, the loc and of
Ca?* in the B-cell may also be affected The block
of mitochondrial phosphate transport also gives rise
to intubitron of the NAD-dependent oxidations of
the tricarboxylic acid cycle and oxidative phospho
rylauon The increase 1n cytosolic concentration of
Py causes mitochondrial swelling, which possibly
further 1mparrs mutochondrial function The fall m
pH 1 the cytosol increases the stability of alloxax:_
and therefore potentrates and g:olox;grse :S;:ua‘::::nr:r
loxan Acdity may even a

:iloxan toxicity Moreover, the fall 1 pH 121'5?:;}
the synthesis and the glucose 1nduced el
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alloxan on the plasma membrane (N} The scleCUV"]‘JYu‘l’:
alloxan for the B-cell 15 beheved to be associated W1
permeability of this cell for glucose

insulin, and causes possibly decreased 81Y°°1Y5‘5n
Mitochondrial lesion, and increased concentratio
of P1 1n the cytosol may contribute to nhbition ©!

glucose nduced nsulin secretion  The swollen
dria are " grated, which
______ tusorsnn viecrosts of

results 1n absence of ene
B-cells, and developmen



In order to 1est ibe hypothesis studies have been
carmed out of factors affecting the B-cell sensitivity
to alioxan These studies dusclosed an whibon of
the development of alloxan dubetes m starved and/
or fed muce pretreated with D glucose D mannose
D fructose sodiuta factate NaHCO3 D

of Pt thercby afloxan
tomicity according 10 the Py pH hypothesis It should
e noted that the effect of Lteuctae on P1 efflux 15
not 1nhibited by D mannoheptulose (Freinkel ef al
1976) since pretreatment With Leleucine doss not

fulese PMR and acetazolamsde and 1n mice given
Lleucive before or witn 3 min afler alloxsn
mection whereas 1o effect on the Bcell sensivvity
1o alloxan was observed after admunsiraton of D
galactose L argmne NaH:PO4 or Cal* (Boqurst
15772 1978a b e d ¢ 1979t ¢ dand & A
potentiation of alloxan tomicity ©n the ather hand
a5 nduced by starvauon of pretreatment with
125 dihydroxycholecalaferol  or  parathormone
(Boquist et al 1977}

A pise n aslet pH was observed after admunstra
tion of those substances which are antagonssc 10
afionan whereas a fall 1 wlet pH was found after
starvauon 3né as Sescnbed above afier alforan
admintstration (Boguest 1978 3) The islet concen
tration of P1 on the other hand was assayed afier
expasute to D plucose L-leucine and as described
wove afer adowmstration of alloxan the Pt
concentration 1 the 1slets was decreased after D
glucose and L fevcne bug sncreased after alloxan
Boquist 1978 ¢} Thus n sppears that alloxan
sensitivity 15 associated with high Pr and low pH
and that allotan protectton is associated with low P1
and fugh pH These findings suppert the PipH
hypotesis

A gh pH may act by

affect the b 1 response of fed muce to D
manncheptulose (Boguist 1979 ¢) In contrast to the
other compounds tested L leucine protected also
when given a few minutes after alloxan possibly
indwcatng another protective mechanism than Tor
{he other compounds tested (Boqust 1979 b) One
may specnlate whether Leucine passes into the B
cefls and causes P ¢fflug also after these cells have
been exposed 10 alloxan whereas e g glucose does
not
The smetabotic alkaloss imnduced i mice pretrea
ted with sodium lacute or NaHCO; (Boguist
1979 chmght have decreased the stabitity of allosan
already when it 5 present in the circulation
Another possibihity 15 that the wncrease in biood pH
was assocated with a nise in Bcell pH which
nhibited alloxan tovscity wntracehularly

The selecuity of the B-cells for alloxan tonicay 15
trelieved to be due to the fact that these cells are
freely permeable 10 glucose Also the few other
kinds of cells which are sensitve 10 atlotan ace
freely permeable to glucose ¢ g the kidney mbule
epithelia cells Sul) othes cells which are rat freely
permeable to glucose are resistant to alloxan
toxiaty The free permeability o glucose may
drecly ot indirectly be associated with a free

the stability of alloxan and 2 low P1 may make the
mitochondnia more resistant to alloxan Conversely
atow pH increases the stabulty of alloxan and a
bigh P anereases the size of the mtochondria
thereby possibly making thesé organelles vulne
rable  Mitochondrial hypertrophy and enbanced
sucaitate dehydrogenase acuvity have been obser
ved 11 1solated wslets exposed to low glucose (Boguist
1977 b) whuch mughs be associzted with ‘mgh 1 and
Tow pH

Olucose manaoie and fucerse e dhe onty
Sugars which can be glycolyzed by most cells
Willar Patasy er a 1957) Therefore the reason
®hy pretreatment with these hexoses protect agamst
alloxan may be that they through glycalysis affect Pu

218 pH 1n the Bcells Thus could explan why these
hetoses h1nn 4 -

Mor

effly

aty

ree ne e

1916]

Aso Lrleuane causes 2 ransisry beighwened
€Mut of Pi from isolated rat slets (Fremke ef af
¥578) which concewably decreases the Beell

P also for allusan An alternauve expfa
nation 1s that alloxan induces mhibited 1sulin re
Jease, and that i the absence of sufficient amounts
of msubn glucose and Pi {which are supposed to
cn‘(er the cell m association) pass mto those cells

\
oucl actcumulaton 15 defeterious o the cell

3ee0téing 10 the 1 pH nypothests

————
Supponed by grants from the Swedish Med caf Research
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“The purpose of (s retrospective Study based on the findings 1 tovunely processed matenal from fifiy
two consecutive cases of prostatic 5 a = the b of
tneluding a carcmoma in the histological secuons from ussue obtained by transurethral resection of the
Pprostate when different embeddmg pracuces are followed The anatysis shows that if a materia) of 3
compostan Stmulac 10 qurs Were examuned the calculated probability to imclude at least one prostauc
chip with alignant tissue 1n the hustological seftions would be about 91% 1f one paraffin block 15

made The probability increases to about 96% when two blocks are used and comes close 1o 99%

with four blocks

Key wmords Prostate carCinoma trapsurethral tesectates hustalogy overlooking
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The amount of ussue obtamed by transurethral
resection of the prostate yaries considerably from
case to case [t 1S common pracuce 1 most
laboratories mot to embed more miaterial for
MICTOscopie examnabon than £an he placed 1n 2 few
paraflin blocks of standard se However m 3
small proportion of cases mahignant ussue 15
present only tn very few ussue chips and the
diagnosss of carcmoma Wil be missed if all of these
bappen to be m the unembedded part of the
mattrial

The present study was wncited by the report of
Lefer & Roster (1976) who found 2 sigmificant
tncrease in the prevalence of prostatic cancer by
embedding about twice as much materal for

P as they did T
The pu;

rpose of this swdy s a mathematical
€aleutaninn of sha menhatctaes — . tgine

noma mn the histological secuons when different

embedding practices are followed The calculations

are based on the findings 1n rovunely processed

materal from 52 consecutive cases of prostauc
diagnosed histol m

Tesectates

MATERIAL AND METHQDS
This retrospecuve sudy w.

~——rD

2s performed at the Depary

SE € twed 1ne weight of the prosianc maters)
feceved and the proporuon of the materal embeddtd
®ere taken from the reponts No fixed embedding rues
had been follow ed dunng the period butat least 2 or 3

M
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Fig § Diswibuyon of pauents with climically benign prostatic disease (upper diagrams)and with chinically malignant
prostauc disease (owes diagrams) in 10 per cent intervals according to the proporion of prostatic chips (both lfefi
diagrams) and the proportion of paraffin blocks (both right diagrams) containing maflignant tissue

malignant duagnosis In the two chnical groups
taken together the proportion of malignant to
bemign chips was less than § 5w fifieen cases
{29%} less than 1 10 1n seven cases (13%) and less
that 1 20 m four cases (8%) As seen from the
dizgrams the distnbution of the proportion of
malignant chips appears to be biphasic i both
chinical groups with one peak frequency at 100%

malignant chips and another peak at about 20%
mahignant chips

Table 2 shows the calculated probability sn per
cent 10 nclude at least one prostatic chip with
mahgnant bssue 1n the histological sections if a
maternal of a composstion Similar to ours were
exarmned under different embedding practices It 1s
assumed that the maximum number of blocks 15
always used except when the total matertal can be
embedded 1n a smaller number of blocks and that
fourteen chips are contained 1n each block, £xcept the
st which may have 2 smaller number If the
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plastic casettes (Ames Company No 4187) were filled for
embedding when sufficient material was avarlable The
tissue was embedded in paraffin and sections were cut at
$ pm and stained with hematotylin and eosin

One section from each block was used for MICTOSCOpIC
examination in the present study Each prostatic chip was
marked on the slide with coloured ink for having either
malignant or only bemgn tissue The evaluation was
performed by two observers using a discussion micro-
scope The presence of malignancy was based on
standard histological and cytological critena (Evans
1978) and each chip was evaluated individually regard-
Iess of the presence of malignancy in other chtps on the
same shde The numbers of chips with and without
malignant tssue were counted incltuding only chips with
amaximum diameter 2 0 5 mm The measurement was
performed with an ocular micrometer

The ftotal number of chips present in the material
received in the laboratory was estmated from the
observed number of chips sectioned and the information
on the proportion of the material embedded given in the
pathology reports The number of blocks required for
embedding of the total matenial from each patient was
calculated from the observed mean number of chips per
block 1n the total material

The probabthity finding at least one prostatic chip with
malignant tissue among a given number of chips (q,) was
calculated by the following formula

®=1-p, p, n Pn
where
n s the number of chips exammed and Py 1s the

probability that one randomly selected chip does not
contain malignant f1ssue
18 the probability that the 1th randomly selected
chip does not contain malignant tissue when all of the 1-1
randomly selected chips also do not contain malignant
tissue
9, tscalculated by
_B
[

B 1s the total number of chips without malignant

tissue
T 1s the total number of chips

puis calculated by

RESULTS

-two patients i whom primary adenocarci
::reng?f’ tlt:: pfostate ‘was microscopically confirmed
constituted 19 1% of all pauents from whom
transurethral resectates of the prostate w;;e l::?ieel{
ved 1n the department during the pern under
study The clinrcal diagnosis was benign eaue;gm
ment of the prostate (CBP) 1 twenty-one p:

TABLE | Age-Distribution of Fifiy-Two Panents wih
Frostanc Carcinoma in Transurethral Resectates

Age- Chnical diagnosts
groups Towt
Benign Mahgnant

50-59 3 | 4
60-69 3 8 "
70-7% 8 i3 2
80+ 7 9 1§

Allages 21 3 3

and suspected malignant disease of the prostate
(CMP) 1n the remaining thirty-one pattents Table [
shows the age-distribution of the two calegones of
patients The mean age of the patients with CBP and
CMP was 74 and 73 years respectively

The weight of the material recerved was known
1n twenty-five cases and ranged from 1to 308 wih
ameanof [1 9g From the frequently rather rough
estimates regardmg the proportion of the maten
that had been embedded for microscopic examin:
tton 1t was estimated that an average of 69% ofth
matertal had been embedded n cases of CBP 2
81% i cases of CMP The mean number ©
paraflin-blocks prepared was 3 4 in cases of CB!
and 2 6 n cases of CMP The mean numbﬂf;
prostatic chips counted 1 one section from a toc 1
was 142 and was simlar m both categories ©
atents
7 Fig | shows the distribution of patients aocor
ding to the proportion of prostatic ctups and’ ¢
proportion of paraflin blocks that contaned mr‘%’
nant tssue The results are ginen separally):d
patients with chintcally bemgn (upper dragrams 2!
chinically mahignant (lower diagrams) prosat
disease

In forty-four of the fifty-two cases, all blocks

d ussue Of the asts

malignant tissue was present only 1n half of the
blocks or less tn six There was no sigmificant
difference between the two clinical groups 18 this
respect

'lehece proportion of individual chips that contamed
mahgnant tissue was on the average 42% amgr‘:f
patients with a climically benign diagnosis and §
among patients with a chimcally malignant di3gto-
s1s As mught have been expected it was refainely
more common to find only a small proportion o
chips with malignant tissue 1n cases with a chinically
bengn diagnosis, but such findings also oceurred 12
a substantial number of cases with clmcally




of latent microcarcinomas A follow-up study 1s REFERENCES
planned to answer this question

Evans R W Histological appearances of tumours Jrd
1n any case, one would wish to have a reasonably o :

ed Churchil] Livingstone Edinburgh London and

high probability of a when New York 1978, pp 783-796

this 15 present 1 the maternal received an the | Jrirbi: T 8 & Haugen O A Ristology of the prostate
faboratory, and we would recommend that at least 4 i eldery men A study in an autopsy series Acta
blocks of tissue are embedded when such amounts path mucrobiol scand Secuon A 80 756-768
of tissue are recerved Further studies will show 1972

whether the proportion of malignant tissue present  Lefer L G & Rosier R P Increased prevalence of
ts of suffictent clintcat 1mportance to recommend Pprostatc carcinoma due to more thorough microsco
that 1t should be stated 1 the pathology report S commaton hew Engl 1 Med 205 1432

Medart W S wPrevalences of prostatic cancer New
Engt J Med 295 759 1977



TABLE 2 Catculated Probability in per cent to Include at

Least Ore Frastatic Chip with Mafignant Tissue when

This Is Present in the Resected Maserial Accord: ng 10 the

Maximum Number of Blocks Embedded and 4 ccording 1o
Climeal Diagnosis

No of Clinical diagnosis
b|0£ks —_— TO!A"
Henign Nalignant

—_———e
1 913 913 94
2 953 955 959
3 9712 984 978
4 380 995 989
s 983 999 9913
6 989 999 995
7 992 999 99 6
8 99 999 97

—_———

practice is that only one paraffin block 1s made the
average probability incjuding at least one prostatic
chip with malignant ussue would be about 91%

regardless of climical diagnosis The probability
increased to about 96% when two blocks are used
and comes close to 99% with four blocks

DISCUSSION
Macroscopic assessment of transurethral resected

been examined by embedding one block contans
fourteen chips from each patent mafignant us
would be expected to be present in the histolor
section i1 91% of the cases This would increase
96% of the cases 1f two blocks were made and
99% f four blocks were made There 1s It
difference in this respect between patients with
chnieally bemign diagnosis and those with
chnically malignant diagnosis m our matenal
The validity of these figures has certam imt

ttons The number of chips in each block has b
counted from the routne histologreal sector
which may not have included chips lying deepmntl
block On the other hand both ends of curved chy
may have been cut and appeared as two sepamy
pieces of tissue on the sbde The calculaton ¢
probability 1s based on the cases in which &
histol I duagnosis of was made
current routine of the department and a few cast
n which malignant tissue has been present tn only
few chips may well hase been missed This numde
cannot be calculated from the present data and
prospectine study 1n which all chips are embeddy
and sectioned will be needed to give rehable daa @
this point The presence of such cases howews
means that our estimates of the average probih'e
of mcluding a carcinoma when present 10 the
receyved materal are too high and that more biochs
will be needed to reach a gven level of probiti iy
Also cutting each block at several levels might &
expected 1o reveal more Cases with sparse amoeNs
of tssue and this would forier chang®

prostatic matenial for mal 15t m

wg and unreliable (Lefer & Rosier 1976 Medart
1977) and 1n most cases the prostatic chips
embedded for mscroscopic examination are taken by
chance When the presence of mahgnant tissue 1s
limtted to a small proportion of the chips recetved 1n
the laboratory the probability of including a
carcinoma 1s therefore dependent on how much of
the resected matertal that 15 embedded Lefer &
Roswer (1976) 1n two series over two periods found
an increase 1t prevalence of carcinoma in transure

{hral resected prostatic matertal from 8% in the
first series to 14 % 1n the second senies The average
aumber of blocks per patient n the two sertes was
28 and 54 respectively and they concluded that
the difference 1n prevalence of carcinoma was due 1o

the probability estimates in the same direct o
However the clincal significance of the pressf®
of small amounts of carcinomatovs i ¥
transurethral resectates 1s not hnown Theoretcdly
the presence of a few malignant chips may be &
a climeally Important carcinoma that 15 locued 1
the penipheral part of the prostate and mosy
outside the part of the gland removed by operation
or it may be due o 3 lawent mucro-caranoms
Autopsy studies have shown latent mu.mmrcmtrf
mas of the prostate to be present 1 about 40% o
all men over 6D years of age (Harbnz & Hauee”
1972) and although most of these were locat
peripherally some were 1 a more central positon
1t must be assumed therefore that these chmeall
fesions which cannot be distinguishel

o he
2 more thorough ronof the mt
second series Also Medare (197 7) found a higher
of pi as he changed
fm;n the processing of only two or three blacks to
he processing of the enuire speaimin.
‘ A‘I’cst patients i our siudy did not have
(alignant bssve 1n all prosiatic chips and 17% 01{
the patients dud not have mahignant tissue in al
plocks If 2 matersal of resectates stmufaf to ours had

Ald

from other prostauc carcinomas by Instoiof

criterta appear  a certain number of\ransure(mf
resectates that arc removed because of symploms
produced by bemign prostatic hyperplasia The
biphasic distribution of the frequency of mahignant
chups 1n résectates 1n our material 1s striking and &
may be questioned whether the low frequency pesk
could be largely produced by the incdental melusion
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fr:m::na tnlh cgfcmc type sulphomucins 10 the gastric mucosa 1ts ASsociation with gastnic carcinoma
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f 1 metaplasia with colonic type sulphomucins {abbreviated s 1M or 5 posive
.lr\hle) mrer;n:seufc ::\'fso::was s:.d ed 1n 125 patents with gastric carcinoma (GCA) 62 patients with
permicious agemsa (PA) 301 and 183 first-degree relatives of GCA and PA patients 406 outpatients
and 1 358 controls matched from a large population sample The sulphomucins {s mucins) were
m biopsy specimens by using high wron diamme and Alcian
blue (pH 1) methods The prevalence of s IM especally the strongly s posiive 1M was sigmificantly
figher 1n GCA patients than 1n other series or controls of the same age group Further sIM was
significantly more common 1n PA patients and its prevalence higher 1n GCA relatrves and outpattents
than m other sertes or controls The occurrence of s IM was also age dependent and dependent on the
extent of 1M It was suggested that the occurrence of 5 IM can be used as a sign of lesions that are
more closely associated with GCA than 1M 15 1n general

ey words Gastnic carcmoma intestinal metaplasia it lestons.
stry

Pentu Sipponen Department of Pathology Jorvi Hospital SF 02740 Espoo 74 Finfand

Recerved 83179 Acoepted 6180
Several studies tentatively indicate a causal

M 15 more closely related to GCA than IM s 1n
tween intestinal )

and gasiric caramoma (GCAY2 6 10 13-16 13)
The prevalence of IM 1s Iugher 1n GCA than in
benign gastroduodenal diseases (3 6 10) and there
oast all transitiona) forms between 1M and GCA

(16 1922 24) In addion the cancerous epithe
Tum wself displays and

generat (6 7 29) These studies however are based
upon examination of surgical specimens obtained at
operations for GCA and bemign gastroduodenal
ulcer but no data are available on the occurcence of
the »colonic type IM« in less selected and more
Tepresentative matersals and 1n conditions com

cal characteristics of intestinal epithelum (1 4 § 8
12 23 25 28)

Some IMs seem to contan mucins with sulpha
ted residues characteristic of the colonic epithelium
while some of the IMs share only the characteristics
of the small bowel epithelum (4 8 12 29)
According to a few recent studies the »colonic type

monly We have studed in
thus investigation the occurrence of IM with colon.
like sulphomucins 1n antral and body mucosa of the
stomach 1n endoscopic biapsies from patients with
GCA or pernicious anemia {PA) from first-degree
relaves of GCA or PA patents and from a
conserutive senies of patients gastroscopized 1n fhe
out patient department of a hospital A farge sample
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IM) (n the gastric mucosa was stud ed 1 125 patents with gastric carcinoma (GCA) 62 patients with
permucious anemia (PA) 301 and 183 first-degree relatives of GCA and PA patents 406 outpatients
and 10 358 controls matched from a large population sample The sulphomucms {s mucins) were

h m blopsy specimens by using high 1ron diamune and Alcan
blue (pH 1) methods The prevalence of 5 1M espectally the strongly s posiuve 1M was sigmificantly
higher 10 GCA pauents than 1n other seres or controls of the same age group Further sIM was
significantly more common m PA patients and s prevalence higher 10 GCA relatives and outpaents
than 1n other series or controls The occurrence of s 1M was also age-dependent and dependent on the
entent of 1M It was suggested that the occurrence of § 1M can be wused as 2 sign of lesions that are
tmore closely associated With GCA than IM 1s 1n general
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Several studies tentatively mdicate a causal

p between intestinat p nn
08 gastrc careinoma (GCA) (2 6 10 13-16 18)
The prevalence of 1M 15 higher 1n GCA than 1in
benign gastroduadenal diseases (3 6 10) and there
st all fransiuonal forms between 1M and GCA

U6 19-22 2y 11 aamon the cancerous epithe
Ihum wself disptays morph

1M ¢ 1s more closely related to GCA than 1M s 1n
general (6 7 29) These studies however are based
upon examination of surgical specimens obtaned at
operations for GCA and bemgn gastroduodenal
ulcer but no data are available on the occurrence of
the »colome type IM ¢ 1 less selected and more
representative materials and in conditions com

Sl character o

1220 38 ‘Isg\q of intestinal epithelum (1 4 5 8

M&’me 1Ms seem to contain mucins with sulpha

\hnfs,:::s Characterssuc of the colofuc epithetrum

ot ¢ of the 1M share only the characteristics

e small bowel epithelium (4 § 12 29)
0rding 10 a few recent studies the ncolonic type

monly We have studied 1
e n e -, e

- N - oavoa
consecutive: series of pauents gastroscopized 1 the
out patient department of a hospital A large sample



of the general adult populauon of Finland has been
used as reference material The study was aimed to
clanfy whether IM with colon like sulphomucins 1s
sigmificantly associated with GCA and whether s
prevalence 1s higher in precancerous conditions
such as pernicious anemta and in first-degree
relatives of GCA or PA patents

MATERIALS AND METHODS

Materials
The following materials were studied

— Series 1 consists of 125 consecutive gastric carcinoma

patents d: d at the ) 1 units of

Jorvi and Merlahu hospitals

« Series 1 consists of 62 consecutive pRrIICIoUS 2nemid

patients treated at the Ouspatient Department of \elahn

hospatal

— Seris I consists of 301 first-degree relatves of 73

consecutive patients with gastric carcinoma dragnosed at

the Gastroenterologtcal Unit of Meilahu Hospatal

— Series I+ consists of 183 first degree relauves of 63

consecutine Pernicious anemia patients

= Series } consists of 406 consecutive patients without

gastric carcinoma studied by direct vision gastrc heopsy

at Jorvi hospital The senes includes |7 pattents with
1

and those with an intense SLAMING reaction Cormespos
ding the staiing mtensity of normal colonc mucoss
tances were graded + + Examples for the grad nga~
presented in Figs ! and 2 The patents and subjects we
grouped according to the highest grade in any of the
specimens Studied

When the sections were cut for the histochemick
studies 1t sometmes appeared however that ©
metaplasuc foc1 were not present in the new sauds.
and accordingly therr identificaton was therefore, m!
possible These cases were excluded from the IM growp

The extent of IV in tissue secuons was graded
arbitranly as + ++ or + 4+ The cases wth1
stngle metaplastic gland were graded + and those ® 2
extensive 1M corresponding the extent In total atropht
were graded + + +

Stansucs
Stausucal sigrificances were calculated by usfe

Studentst or x2 tests

RESULTS

Examples of foct with Intesunal metaplasia [l
with or without sulphomucins {abbreviated s 1M~
sIM + or sIM ++ of s negatne IM o SI
posiuve IM respectrvely) are presented i Figs !
and 2 L 1ns were seen 1n goblet cells ané

active gastric ulcer and 19 patents with active duod
ulcer and approuimately 200 pauents with other
crcumscribed  endoscopic lestons  such as polyps
erosions atrophy etc
— Control series consists of 358 first degree relauves of
subjects computer matched from general population
according 10 age and sex for 73 carctnoma pauents of
senies 101

The mean age and sex distnbution of the sertes 1S
given 1n Table 1 More data on the series and controls are
given elsewhere (9 30)

B opsy Procedure

Using the direct viston £astroscopic bropsy method
24 specimens Were obtained [rom the antrum mucosa
and 6—10 from the body mucosa In series 11-1V and it
contrals In series 1 and V approximately 2 specimens
were obtained froni both antrum and body by employing
a similar method In series 1 " addwonal specimens
were obtaned from the cancerous area

Hustochenucal Methods and Interpretanon of Staimng Re

sults

Hiopsy specimens weré fixed overmght in neutral

puffered 10 per cent formalin and were embedded 1n
All ussue sectons were stained by the
haematoxylin-eosin and Alcan bluc (oH 2 5)-PAS

ccurrence of sulphomucins 1n IM cases
methods The G5T « awl aapH LABDUD

ods The resufts of

rarilyas + + %

_action which was
ptound were graded +

"eASIIy distungutshed from the backi
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occastonally 1n the brush border of the meuplas;lc
glands (Fig 1) The stamming ntensity of the gobldt
cells showed a large variability even within lhes:\m:
gland This vanability was most remarhable :
cases with an intense staining reacton (sIM + .
0 which even non goblet cells were occastonally
staned (Fig 2)
The total prevalences of IM tn serses and oonlrrlﬁ::
are presented in Table 1 The total prevalence 0
1s higher in patients with gastric carcinoma { .
and pernictous anemia (PA) than 1n othet groogs .
also appears however that the mean ages i “"m
M1 V and tn controls are similar but duffer [0 ”
those 1n senes 1 and 11 This npecessitates ;
comparnison of series 1 and 11 with an age and s° !
matched sample of the controls These c.alculalld?
revealed the total prevalence of IM was snsnlllS
cantly hugher (p <0 01) 1 GCA and PA palH:‘m
than n thewr matched controls 1n addmon .
corresponding prevalences n GCA relatnes and ‘a
were also sigmiicantly {p <005 o
001 respecunely) higher than those 1 controls b
Table 2 shows the occurrence of IM ‘:[‘hc
sulphomucins {s IM) in senies and controls p
prevalence of s positive IM s significantly P
<0 01) higher 1n GCA patents than mmch\
controls Also the prevalence of s postve P
patients 1s significantly {p <0 01) higher than that
1n matched controls However no such slgmﬁwr"
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Fig 1 Examples of ntesunal metaptasia with and Without sulphated colonsc type mucosubstances A 1M focr stained
with Al blue (g 2 SHPAS B same areaas in Fig A stained with Bugh icon dramine (HID) Note the ahserics of
stajnable mucosybstances {s M -) € 1M foct suned with HID Note the stanng of goblet cells and 2 shght staining
 the brush border (s 1M +) D IM focs with 1ntense staining of mucosubstances with HID (s 1M + +) x 300




cells x 300

TABLL | Mcan Age Male Fomale

Fig 2 Intense staiming of mucosy
25-PAS B same area stained w

et <
*a
LG . L
- TN . - e
bstances with HID (s IM + +) A dysplastic glands stained with Al wn blue (

1th HID Note the intense statning of mucosubstances also 1n non goblet ep the

Sencs Total Number Mean Age Male Female
of subjects yrs £ S D Ratio

(1 GCA Paucents 125 65 ¢ 12 18 6l
(I} PA Patients 62 65 % 14 04 4
(I GCA Relatves 301 47213 09 60
(IV) PA Relatives 183 472 16 0g 24
(V) Outpatients 406 52215 09 141

Controls 358 46 = 14 09 50

TABLE 2 Prevalence

1

Musaplasia with Suiph

d Col»nr Tipe M

Total Number

Subjects with s IM

Scries of Subjects SIM + SIM+ + s I\ Touat
No ! No 1 No

(I} GCA Pauents 125 24 19 19 15 43

(I} PA Pauents 62 10 16 1 2 3'(;

(1) GCA Relanves k4 25 8 s 3 ;

{IV) PA Relauves 183 6 3 0 - K

(V) Outpatients 406 36 9 4 \ 2

Controls 358 19 5 3 !

Ratr> and Prevalence of Intesunal Metaplasia (1) tn the Patient Seni s 81 d¢
Subjects w th M
- -

Number Per ceal

89

(s IVf)un the Fat ent Ser &



SERIES IV GCA PATIENTS
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L‘ S-iM+

I S IM++

Fig 3 Prevalence of intesunal metaplasia with sulphated
colon lke mucosubstances {s [\{} i pauent series n
1eision 10 age Comrols and patieni series wathout
malignancy are treated as one group

dilferences ate seen between PA relatives and
controls On the other hand the prevalence of s IM
s hugher in GCA relatives and in outpatients than i
controls although this difference 1s not statisucally
signficam (D § >>p >0 05)

The age relation of s 1M 1s shown 1n Figs 3 and
4 BecaUse of the small number of s positive cases
A series without carcinoma are treated as one
£50Up and are compared with the carcinoma series
It 2ppears that 1 both groups the prevalence of s
posive [\ jncreases with age The data further
reseals thay the proportion of s postve 1M of all
metaplasias increases also with age (Fig 4)
However 1 all age groups the prevalence and
proportion of s postive 1M was higher m GCA
pasients than (0 the non-cancer group

In agreement with the above results the mean age
11 subjects without carcinoma tends to be highes i

———

Fi& 5 Prevalence of ntestinal mewplasia % tth colon like
sutphated mucosubiances (s 14)1n relation to extent of
M The comparison 1s made berween serres n which the
aumber of b1opsy specimens 1s the same (controls and
semes WI-IN are compared with carcinoma patients)

SERIES -V GCA PATIENTS
CONTROLS
100
MRS
80
™
®»
= ©
& 0 ]
& 40 -
8 30
4
Jo
[
g
250 5170 71~ %0 5170 71—

AGE GROUPS years

Pl

T same
| ERUES

Fig 4 Prevalence of inesunal metaplasia with colon like
sulphated mucosubstances (s 1M)n patiznts with intest

nal mewplasta Controls and patent seres without
malignancy are treated 4s one group

SERIES -V
CONTROLS

F vy l

R
EXTENT OF IM

GCA PATIENTS

PREVALENCE OF -IM %
8

Fls-me

. S~IM+s



relation to the occurrence of s-positive IM  If series
1I-V and controls are treated as one group, the
mean age of strongly s posittve subjects {s-IM + +)
1s significantly higher {p <0 01) than those mn
shghtly s-positive IM (s-IM +) and s-negative IM
{s-IM —) cases (mean ages 68 = 5,62 = 14 2nd 59
+ 13 years, respectively)

The refationship of s-positive IM with the extent
of IM 1s presented 1n Fig 5 The prevalence of s-
posttve IM tends to increase with increasing extent
of IM 1n subjects without carcinoma In carcinoma
patients, however, this relationship 1s less pronoun-
ced. and carcinoma cases were scen 1n which even
some single metaplastic glands could show an
intense staining reaction for sulphomucins

DISCUSSION

e (IM)isa finding 1n
biopsy spectmens from the stomach We have found

In gastric carcinoma s posttive IM (especuallys
IM + + cases) was found significantly more ofin
than 1 any other seres studed aso sha
comparison was made with age- and sex maichd
controls The results are well in lne with tht

by other {6, 7, Wyad
suggest some relationship between s postive I
and gastric carcinoma The results are also 1o Lt
with the imitial observatton of Jirvt and Lauren(l0
that a major part of gastric carcinomss shod
morphogenesis through s¢ mntestinalizaton 13y
therefore, understandable that colon like charsct
ristics are also seen in bensgn lestons that posstHy
are precancerous, such as M

There appeared also some associabon egweens
positive IM and overt pernicous anemiz (PAY o
first-degree relatives of gastric carcinoma {GCAY
which are often constdered to be premalignant sus
(2, 9, 26, 30) The prevalence of 5 positive ™M ws
significantly higher 1n patients with PA and highe!
n GCA relattves than 1n controls age_atd &t

hed from a popul: sample 5IM cold

IM 1n about 20 per cent of subjects hed from a
population sample representative of the general
adult population of Finland (26} Although IM has
been d to be a pr i di s
common occurrence infubits its use as a marker of
threatentng malignancy The heterogeneity of IM
has been known for a long ume (1, 12, 23, 35)
Some reports have been published in recent years
which suggest that IM with colon-like characteris-
tics 15 more closely associated with gastric carcr-
noma than IM without these charactenstics (6 7
29) In this study, we have used histochemucal
mucin stains 1n order to differentiate metaplasia into
those ¢ colon hike sulp d
ces (here abbreviated s posstive IM or s-IM) and
those which do not have these characteristics (abbre
viated s negative IM or s IM =) We studied the
association of s positive IM with gastric carcinoma
and tried to clanfy the relationship of s-posttive IM
to factars thai could indicate its premalignant
nawore

We were able to demanstraie transitional forms
between s-negative IM and strongly s-posiive M
(s-IM + +) In addwon the present data showed
that s postive IM 1s clearly age dependent and 15
related to the extent of IM_ [n agreement with these
results it was found that the mean age of subjects

therefore, be a factor which links PA 20d GCA
relatives with GCA On the other hand et 3
many morphological and functional Symian
between these States other than s-IM which mgh
also explamn the higher nisk of patients 10 gl
GCA (26, 30) Tt should be also noted that wcmu{f
not find differences mn the ocourrence of sl
begween controls and PA relatives, who 2is0 hﬂ\s‘
been considered gastric carainoma risk subjects { '
30) However according to Lehtola 1)) mum‘
gastric carcinoma among first degree re\m?h:(
GCA patients 15 only less than twolold gher X
tn the population at large Accoraigly, even L ¥
assume that s-IM 1s responsible for & ngreast
risk among GCA relatives the expecied differen®
between GCA relatives and controls cannot be ¢
great Indeed there was a ifference s usw;
the prevalence of s-IM m GCA relatives was rlwc.
twofold that 1n the controls although this dsffecent
was not staustically sigmficant .
In spste of the association of s-IM with GCA'“]
some precancerous states the present ﬁwesuzﬂ“:
can give only teniattve hints as 10 selationshl
between s-IM and GCA The results 80 ot el
etther the posstbility that GCA 15 2 prumacy lesto
n relaton to sM or the possibility of mef
e 1t 1s hardly possible to sol¥e i

with strongly S postive IM was 1y higher
than that of s-negative subgects These results seem

10 indicate that with fespect to s-negatve and s-

problem by a sumple cross sectional study o
adequate long term follow-up 1s Necessary. ands
a study has already been started by our team

positive IM we are deating with dufferent stages of
th twa 1y
the same process rather than Wy
different phenomena Whether the end stage of z}::
process 15 gastric carcinoma cannot, however
proven by the present study

Thel of the present study lie also d‘"‘
methodology employed Although n most senes
or mare biopsies were obtained from

each subjec!
the specimens stil represent only 2 small fraction ©



suthe whole gastric mucosa This means that IM and

M could have been overlooked 1n some cases In
~gaddmon when new sectons were cut the TM

ginally present could no fonger be found m some
wispamens It s therefore probable that the
—presented data on the prevalence of IM and s IM do
" not express the actual values but are considerably

- We acknowledge the financtal support recesved (rom the
4§ gnd Juselus Foundation and from the Paulo Founda
anon Hetsinky Finland
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ALPHA-1-ANTITRYPSIN GLOBULES
IN LIVER BIOPSIES

PER PRETORIUS CLAUSEN

1
Department of Pathology Herlev Hospua
of Pathology Hvidovre Hospral and

Depariment g University of Copenhagen

Clausen Per Pratorius Alpha | anttrypsin globutes in Irver biopsies Acta path microbiol scand
Sect A 88 225 230 1930

In order to examine the frequency of alpha 1 anturypsin {(AAT} deficiency of phenoli:e lP- hZ |r|| cala
consecutive liver bopsy material PAS/diastase resistent globules with positive lm:';u;:' 1; ;CS Oer;x“r
reacton for AAT (AAT globules) were used as a marker of the P1Z gene 34 6 ;)h 3 3 ‘
biops es comained AAT globules More than half of the biopsies with globules had chief histological
diagnoses within the groups fibrosis suspicion of cirrhosis and cirthosis Micronodular cirrhosis v;.‘as
signficantly more frequent n biopsies with AAT globules The results support the assumption ¢ ahl
AAT deficiency of phenotype P1Z as well 1n homozygous as heterozygous form 15 assoctated wit

development of Iver curhosis

Key words Alpha | anutrypsin defictency alpha 1 anttrypsin globules cirrhosis Iver biopsies

Per P Clausen Department of Pathology Hvidovre Hospital Unnersity of Copenhagen DA 2650

Huidovre

Accepted as submutted 7 180

The associauon between Liver disase and o
antitrypsin (AAT) deficiency of phenotype ZZ was
first described by Sharp et al 1 1969 (21) An
increased frequency of juventle cirrhosis was found
among children with phenotype ZZ and further
more the presence of intracytoptasmuc diastase
resisient PAS positive globules (PAS/DIA globu
Yeshwas described 1 Lver ussue from these patients
The PAS/DIA globules have subsequently by

A few papers based on consecutive autopsy
materials have used the occurrence of PAS/DIA
globules with positrve immunohistochemical reac
tons for AAT (AAT globules) as a morphological
marker for the P1Z gene 2 10 16 18) The
occurrence of AAT globules 1n a consecutive hyer
bropsy matenal has however not previously been
described

The auns of the present study have been o
examme the frequency of AAT slobutes  a

and bioch 1 methods

been shown to contam AAT (12 19) The globules
always seem to be present 1n patents  with
phenotype ZZ but occur 1 varymg amounts and

are sometimes lacking in biopstes from pauents
With the ha s i

~Lue 1t ss sull uncertain to what extent the

phenotype \{z, Predisposes to devetopment of liver
disease (2 11 15)

liver biopsy material and
morphological chan;
globules

1o compare
ges 1n biopsies with and without

MATERIALS AND M; ETHODS

The mvesigation 15 based on 919 COonsecutive liver
biopsies received in the period 01 01 <30 11 1977 atthe
Depactment of Pathotogy Hvidovre Hospital 1 Copen
hagen 55 rebiopsies and 14 ansyutable bopsies were
ewcluded from the materal The materia) described
below thus consists of 850 biopsies from 850 pauents



The biopsies were fixed in 10% buffered formalin for
1-4 hours and following routine processing at room
temperature embedded 1n Paraplast® at §9°C 5 pm
senal sections were cut and for the morphological

) stained by the f g methods
Iin-eosin, van Gieson, Masson trichrome, reticulin
staiming am  Gordon and Sweets, stainng for iron
pigment am  Perls, PAS staintng with and without
pretreatment with diastase and orcein supplemented by
immunoperoxidase staining for HBAg (6)

Furthermore, the biopsies were stained by immuno-
h 1 n order to d AATn
the uissue Indirect peroxidase labelled antibody techm
que described elsewhere was used (5)

The following anusera were used 1) Rabbit antthu-
man AAT (DAKO, Denmark, code no 10 012, Jot 017
{titer SR1 0 7 g/1, immunoglobulin concentration 11 g/
1)) used 1n dilution § 40 2) Peroxidase labelled swine-
antrabbit 138G (DAKO, code no P 2190, lot 057,
(immunoglobulin concentration 1 3 g/] molar perox
dase/antibody ratio 0 8)) used 1n dilution 1 20

For control statnings anti-AAT anuserum absorbed
with AAT was used 1n ditution 1 40 Furthermore, the
immunoglobulin fraction of serum from non immunized
rabbits (DAKO code no X 903, immunoglobulin
concentration 20 g/I) was used 1n diluuon 180 In
addition the primary antiserum was replaced by
phosphate buffered saline

All biopstes 1n which PAS/DIA globules of at least |
pm could be demonstrated in the cytoplasm of hepatocy

RESULTS

Of the 850 patients 486 were male and 364 female
In 34 of the 850 biopstes or 4% AAT globuleswere
found The distribution of sex and age of patents
with and without AAT globules 15 shown o
Table I No sigruficant difference was observed
the distribution nether of sex nor age in the tho
groups (p>01)

The chief histological diagnoses of biopsies ¥tk
and without globules are shown tn Table 2

76 biopsies were morphologically normal InSol
these or 66% AAT globules were preseat Tht
frequency of biopsies with normal ‘morphology
showed no sigmificant difference in the groups of
biopstes with and without globules (08> p>0h

Neither did the frequency of biopsies with no
specific changes and granulomas in the two groups
show any difference (07> p>05) while 8
significantly increased frequency of acute il
hepatitis was found 1n biopstes without plabules
005> p>002)

More than half of the biopsies with AAT
globules had morphological changes according 10
the diagnoss fibrosis, suspicion of crrhosis 204
cirrhosts hepatis Comparing the groups of biopsies
with and without globules no sigmficant dsfference
was found 1n the frequency of fibros and

tes and where in the same cells positive
dase staiming for AAT could be demonstrated correspon
ding to the globular nim as well as tn granular form
were recorded as biopsies with AAT globules

The size of globules 1n the sndividual biopsy was

and 10 the size of the

globules 1n the biopsies the positive biopsies were
classified 1n two groups One with globules up to 3 pm
and one with globules larger than 3 pm

Phenotyping of the serum from the patients was not
available during the period of investigation

For the staustical evaluation the chi? test was used
The limut for type I error was set at 0 0§

morp 1 changes of cirrhosis

In contrast sigmificantly more biopses ““hl
cirrhosis were found 1n biopsies with that mthoulh
globules (0 02> p>001) 8% of all biopsies wi
cirrhosts contained AAT globules The e "
frequency of cirrhosis in biopstes with globules :}y
due to a highly sigmificant increase 1n micronod
arrhosis (001> p>0001), as no dnfrerenoel:;
frequency was found as regards macsonodu
arrhosis (0 99> p>0 98}

In order to investigate to what exten!
tary aeuological factors could be demonstrat

t supplemen
ed with

TABLE | Distribution of Sex and Age in Panents with and without AAT Globules

tal
Age (years) 1520 21-30 3140  41-50 si-60 61-70 7180 =8I o
Sex 6o 00 ©¢ do 9o ©o J09Q ¢ Q

16
Nﬂmﬁmm 1416 8243 7832 6950 10069 8464 3063 715 8
wi
AAT-globules
No of patients o 2 21 41 70 s 7 21 00 3

with
AAT-globules

bMIA

1



TABLE 2 Chief Hustologrcal Diagnosis of Biopsies with and without AAT Globules

Biopstes without Biopstes with
Choef histologreal diagrosts AAT globutes AAT globules
Liver without pathological changes 7 (37%) § :Ig ;I:;
Liver with non specific changes 101 123%) :
Laver with granuloma 6 (07%) .
Acute viral hepatitis 120 (147%) 4
Chronic aggressive hepatitis 5 (06%) ’
Chromic persistent hepatis 17 (21%) H
Hepatiudis sequelae 7 (09%) ’
Primary biluary currhosis 3 (04%)
Aleoholic hepatitis 6 (07%) o
Cholestauc hepatitis (incl drug leston) 19 (23%) L] )
Liver th fibrosts 59 (72%) 4 (18%
Obs curchosis k) (47%) 3 (88%)
Currhesis (micronodular) 83 (102%) 0 (294%)
Cirrhosss (macronodutar) 37 (45%) 1 (29%)
Fatty liver ¥ (150%) 3 (88%)
Large duct obstruction 55  {671%) 4 (18%)
Malignant tumour primary 7 (09%) 1 (29%)
Malignant tumour secondary 37 (45%) 0
Haemosiderosts 9 (11%) 0
Amylowdosis Dubin Johnson 3 (04%) 0
Swusordal dilatation n € 13%) [}
Totat 816 (100%) 34 (100%)

different frequency 1n biopsies with cirrhosss with
and wathout globules a semiquantrtative morpholo
8:cal evaluation has been performed as regards the
Presence of the followmg morphological features
TFat iron pigment bue pigment alcoholic hepatitis
Parenchymal activity centnlobular fibrosis bile
@uct proliferatton chronic aggressive hepatiis and
Hb.Ag n liver ussue

‘The most essential results of this investigation are

shown 1n Table 3 None of the mentioned featured
showed any difference 1n frequency 1n biopsies with
and without globules (p>> 0 05)

The relation between the maximum size of the
globules and the chief hustologreal diagnosis 18
shown m Table4 Biopsies contaming globules
larger than 3 um were mamly found i the
dragnostic growps Fibrosis suspicion of cirrhosts
currbosis and hepatocellular carcinoma

TABLE 3 Morphological Features in Biopsies with Cirrhosis with and without AAT Globules

Fa 1ron Parenchymal  Aleoholic  HbsAgin  Chromcaggres
acuvity hepatius hvertissue  sive hepatiis
—_—_— T Terteae  steheass
0+ 0 0« 0+ 0+ 0 4+
No of biop
!Ali;:lhubul:s noo noo 74 3 3 noo 0 1

No afbiop

sies without
AAT globules

—

9 2 us 7

98 22 101 19

nr o3 (AL

_—



TABLE 4 Relation betwecn Chief Histol ! D,
and Maximum Size of AAT-Globules

No of biopstes with
AAT-globules

<3lpm >3pm

Chuef histological diagnosis

The frequency of AAT-globules mn Iner tsse:
has untl now only been investigated to a limied
extent 1n unselected materals and only i autopsy
matertal Eriksson et al (10} evaminng 0
consecufive autopstes found AAT globluesn 3 7%
of the patients Remtoft {16) and Blenkinsorp &
Haffenden (2) ated AAT globules i

Liver without pathological ¢hanges
Liver with non-specific changes
Liver with fibrosis

Suspicion of cirrhosis

Cirrhosis {micronodular)
Cirrhosis (macronodular)

Fauy hver

Large duct obstruction
Hepatocellular carcinoma

CHaNOONM L L
—O——a—no—

DISCUSSION

Since the first description of presence of AAT
globules in liver tissue from patients with phenotype
ZZ several papers have described the presence of
globules 1n hiver tissue from patients carrying the
Pt-Z gene as well 1n homozygous as heterozygous
form (review see 20)

The need of
cal staming for AAT in the characterization of
PAS/DIA globules 1s emphasized by the fact that
PAS/DIA globules without
reaction for AAT have been demonstrated in
pattents with normal phenotype (MM) (23) and are
not rarely found 1n autopsy materials (17, 18)

The specificity of AAT globules as a morphologi-
cal marker of the P1-Z allel has been questioned mn a
few recent papers (4 13) describing the presence of
AAT globules m liver ussue from patients carryng
the allels Pi-M and P1-S A more detailed mnvestiga-
tion correlating the serum phenotypes with the

cal an h h al statning
patterns 15 thus needed 1n order to state the
speaificity of AAT globules as a marker of Pi-Z
gene The above mentioned cases are however few
m companson to the great number of cases
deseribing AAT globules 1n Pt Z patients For all
practical purposes the presence of AAT globules
thus seems to be rather specific as a morphologreal
expresston of the presence of the P1-Z gene The size
of the globules has previously only been specified to
2 imuted extent In one paper only globules up to at
least 3 pm were recorded {2) A previous investiga-
tion (14) has, however, shown that at least rlp}";
globules were compatibie with the presence o ’;]
for which reason | pm was chosen as the
ent mvestigation

¥ immung -

gene,
lower limit in the pres

respectively 6 3% and 3 6% of the autopstes These
frequencies are mn accordance with the distribution
of phenotypes 1n populations 1n Scandimavia (f)and
England (7) where the frequency of the phenotype
MZ 1s 3~4% and ZZ less than | 0/00 The
frequency of AAT globules 1 liver biopsies does
not seem to have been systematically investigated
previously Errhsson et al (10) menttoned that the
frequency n an unpublished Insestigation ¥3
found to be | %, while Blenkinsopp & Haffendcnt)
stated that the frequency In biopstes was lower than
found 1n autopsy material without indicaung a2
figures

I have in the present nvestigation found 2
frequency of AAT globules 16 Iver biopstes of 4%
This frequency 1s thus in accordance with the bore
mentioned figures mn autopsy material but larger
than recorded previousty in bropsy maternals The
difference 1s probably to a large extent due to the
fact that globules mn bropsies often are smaller 2n8
more sparse for which reason they often ar¢
overlooked unless supplementary mmusnohistoh
mical staining for AAT s used

While rather widespread agreement eusts Co
cerming the correlation of phenotype ZZ to Iner
crrrhosts and probably hepatocellular carcinoms
s sull not clanfied whether phenotype MZ ®
connected to the development of liver disease loli
greater extent than other phenotypes Morint t'tih
(15) using phenotypng of 132 patients ™
alcohotic cirrhosts and 37 patients with cryptogen
arrhosts did not find an increased frequency ¢
phenotype MZ i comparison to a control group ©
healthy blood-donors Fisher et al {an mmsv":g
the AAT serum concentration and using select
phenotyping of patients with decreased sere®
co 10n could not an eress
frequency of Pr Z heterozygous with crrrhosis 1
comparison to the controls

In contrast Erksson er al (10} wy
increased frequency found cirrhosis and |
fibrosts in patients with AAT globules Elpnkmso{‘ﬁ
& Haffenden (2) found mn 64 autopsies "
cirrhosis 10 pattents with AAT globules while onf¥
4 of 110 control patients had globules Sevel
patients with cirrhosis and globules had macronc
dular cirrhosis

In accordance with the two last mentioned
nvestigations [ have 1n the present nyestigaton

th stgruficant’y
ner



~found a sigmficantly increased frequency of ctrrho

~ 515 tn patients with AAT globules m the biopsies In
> contrast to previous descriptions (2 23) T have
“found a predomtnance of micronodular cirrhosis (all
=nodules smaller than | mm) i cirrhosis with AAT
iglobules Macronodular cirrhosis was not found

more frequently in biopsies with than without

4 globules

The discrepancres between the above mentioned

Sresults are probably to some extent due to
tdifferences 1n the methods used to examune the
+ frequency of Pa Z gene In one paper (11) the serum
1 concentration of AAT was used as a primary

]

t
4
.

2

i

:

1

screeming method  As the serum concentration of
AAT 1 normal 1n many heterozygous (MZ) patients
22) the stated frequency of heterozygous was

AAT globules cannot be interpretated until the
speaficity of AAT globules as a marker of the P1 Z
Bene has been investigated

Previous papers {2 3 23) have investigated to
what extent other actiological factors could be
demonstrated 10 be of importance for the develop-
ment of liver disease in patents with AAT
deficiency  Triger er af (23) did not find any
morpholog:cal indications of an increase mn alcoholic
hepatitis or hepatius B infection Blenkinsopp &
Haffenden (2 3) demonstrated HbyAg 1n 4 out of 15
€ases of cirrhosis with globules In the present
Investigation no wncrease 1n aleoholic hepattrs or
HbAg was found when comparing biopsies with
crthosis with and wathout globules

The fugher frequency of acute viral hepatitis 1n
Patents without globules could be due to a greater
Tesistance of P1 Z patients to viral hepattis It 15
however more likely that fiver cells with globules
are to viral induced damage In
i way globules could be more difficult t
demonstrate

It 1s noteworthy that the major part of biopsies
without primary parenchymal changes contained
2lobules smaller than 3 pm while globules larger
than 3 ym mainly were seen 1n biopsies with
fibrosis and crrrhosis

The tesults of the
Suppont to the
that both 1,
Patients are

present investigation lend
previously mentioned assumption
omozygous and heterozygous P1Z
predisposed 10 the development of liver
uthosis Further swdies are however nceded 1n
Order 1o determine the spearficity of AAT globules
* 2 morphological marker of AAT deficiency

Twigh 1o thank Anne,
il sepe ise Petersen and Mrels Johansen for
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CYTOPLASMIC EFFECTS OF X-IRRADIATION

ON CULTURED CELLS IN A NON-DIVIDING STAGE

4 Swdes of Sparsely Grown Serum-Deprived Cells

HANS HAMBERG ULF T BRUNK JAN L E ERICSSON and BO JUNG

Departments of Pathology Radiophysics and Oncology at the Unwversity of Uppsala Uppsala Sweden

Hamberg H Brunk U T Enesson
cuftured cells 11 a pon-dividing stage
microbiol scand Sect A 88 231-239 1980

J L E & Jung B Cytoplasmic effects of X irradjation on
4 Studies of sparsely grown sersm.depnved cells Ama path

Cultured human ghal cells Were blocked i interphase (G1) by 24 h of serum starvauon and
subsequently subjecsed to 200 Gy 8 MV X radiation Immediately following irfadiauion the cultures

were transferted to Serum-contumng medy
48 b showed a rafn nal Acn wed
t

e
n

SJwpasnue tatutication of the wradiated cells but othes

mm Tume lapse cinersicrography performed during the next

reise no detectable alterations tn structure or

of erther of

d
arrapgement of filament bundles 15 of wmporiance 1o the

¥ey words Karraduuen oulwrsd Weman cells
microtubutes mucrofilaments

It 1s suggested that the alterauon In the
impaired locomoton of the wradiated cells

ATSMISSION €lectEON pucToscopy Celh TotTy

H Hamberg Department of Pathology Umversity of Uppsala Box 553 S 751 22 Uppsala Sweden

Receved 5379 Accepted 11180

Heavy X irradiation of cultured human non
Sycing ghal cells blocked 1 G by density
dependent mbibutaon of cell diviston tesults within
241 (2) Alterations 1 cell shape (b) increased
e stracturally abnormal plasma membrane moty
1ty assoctated with macroptnocytosts (rarely found
0 dense cultures) and (¢) enhanced autophagocyto-
5 wuh accumulauon of avophegic vacuoles
Lontainung cell sap and il les m

the motilsty apparatus of the celf or 10 the Tegulatory
mechamsms thereof
Coltomn 1 —

2 < 1uiier 1940) Lhe microtubules seem to be
part of a »cytoskeletale system responsible for the
mantenance of the norma! shape and polanty of
cells ii’aner 1966 Gail & Boore 1971) The

Yanous stages of degradation (Hamberg et af 1376
1977 1978) The possible relation between these
teratons is not clear Increased plasma membrane
motlty with assocuted mternalzation of the
Plasma membrane mav serve to elminate damaged
wns of the ot provede by

are believed to parutipate n many
monle processes for example membrane ruffling

x:n;n;]c)y\ws\s and ¢fl locomotion (Wessels et af

It appeared 1ntefesting to nvestigate 1f there were
any al i

wihe
ated with the d

materal for the formauon of autophagic varuoles
wuhim the cytoplasm Jt may also signify damage 10

885001
of ce!f shape and plasma
membrane motiluy of the srradiated cells We also

wished 10 know 1f the patters of Yocomonon was



disturbed 1 the srradiated cells since locomation
seems (o be closely connected with plasma mem
brane motility and cell shape

In order to study the alterattons of cellular
motly and locomotion 1n some detal 1t s
necessary to use cultures where the cells are sparsely
grown and thus not 1n a state of density-dependent
mhibition of growth and locomotion In order to
obtain sparse cultures of cells 1 interphase we
subjected the cultures to serum depletion which 1s
known to resul¢ in ceased DNA synthesis and arrest
10 Gy within 24 h (Lindgrenetal 1975 1976)

A rewarding method for ultrastructural evajua
tion of the three-dimensional orgamzation of
cultured cells 1s the »whole cell techmgue« where
cells are cultured on carbon/formvar-coated grids
and studied by TEM after fixatton and critical point

For phase contrast microscopy cells were fixedm
glutaraldehyde in 0 1 M Na-cacodylate HQ bufery
0 | M sucrose (pH 7 2 total osmolality ~ $10 0
vehicle osmolality ~ 300 mOsmol) {Coll ns eraf 18
at6 12 {8 24 and 48 b after wradration and prep
as described earlier (Hamberg et al 1978)

Electron Microscopy

For scanning electron microscopy cells were (16
the glutaraldehyde fixatne mentioned above pos &t
1% OsOy in 0 15 M Na-cacodylate bufler for 901
and enitical paint dried from CO; as previously ¢
bed (Hamberg et al 1978) For transnussion ax
muicroscopy cells growing on gold grids were ant
24 and 48 h after iradiation glutaraldehyde-G0i f
and critical point dnied as for SEM (Colf ns ! ol 18
The gnds with cells were studied 10 2 Jeol 10
mucroscope with a Side entrance goniometer at 100
Sterco patr micrographs were ahen at yarous angle
to 209 depending on the magmfication

drying Another approach uses fluo
antibodies to tubulin and actin

MATERIAL AND METHODS

Culture Conditions and Irradiation Procedure

The experiments were performed on 1 vuro cultured
human gha! cells of the U 787 CG line established in
culture by B8 Westermark The W allenberg Laboratory
Uppsala according to the methods described by Pontén
and Maclntyre {(1968) Only phase Il cells in early
passages were utilized and culture conditions were as
described earlier (Hamberg et al 1976)

A cell suspension consisting of 20 000 cells/m! n
Eagles MEM (EMEM) forufied with 10% calf serum
was seeded 1n 36 mm plasuc Petni dishes 2 § min each

T

Immunofluorescence Microseepy
The cuttures were fited at the
TEM 1¢ 24 and 48 h afler srradiatont The ind
immunoflyorescent techrique for the staimng of ¢
plasmic microtubules 15 well established ”“”"f
1975 1978) The cells were fived m prewarmed (31
2% formaldehyde in PBS The plasma membranes !
made permeable to macromolecules by 1ncubation §
ma m 0 % Triton X 100 at room temperaurt
cells were then ncubated with affintty punfied &
antibodtes 10 tubulin and later with Tuorescain ¢
cyanate conjugated sWine antt rabbit 18G Berwest
d steps the Slips were »ashe
PBS and finally mounted cell side dow m Eh;
‘A technique taking advantage of the 8fTin Y of 0
[ for act was utlized for the yisualization of ¢

same intenal ¥

dish For ume lapse phy and

rescence mucroscopy the dishes contatned round (25
mm) or square (I8 mm) glass coverslips respectively
For SEM the cells were grown on 12x 6 x | mm glass
shdes and for TEM on carbon/formvar coated gold
grids (Gershenbaum et al 1974 Wolosenrch and Porter
1976 Colhits et al 1978)

Twenty four hours after seedin, the EMEM was
replaced by Hams F10 medium with 0 1% human
serum albunun (Brunk et al 1977) After another 24 h
the cells were exposed to 8 MYV X trradiation 200 Gy at
a dose rae of 17 Gy/mmn (Hamberg et al 1976)
Immediately following irradtation the serum deficient
medium was replaced by FI0 medium supplemented

with 10% call serum

Time Lapse Cinemicrography and Phase Consrast Light

Mucroscopy

Time lapse cnemicrography covered the interval

dration The filming was
pegween | and 48 b after 1rra
performed 11 essenually the same way as described
earlier (Hamberg et ol 1978) although the fiim speed
was kept tow (=10 exposures/min ln“lhc va{m;u\s‘
htate surveniancg o
experiments) In ordes 10 facil
mgvem:ms dunng pro)onged uninterrupted pertods

(ang and Goldberg 1976 Lindb(fk"‘
1979 Carlsson 1979) Followsng fitauon and tredt
with Triton X 100 the cells were incubated in ascAj
of electrophoreucally purified DNase 1 then &
anubodies to DNase I and finally FITC conugated
anu rabbit IgG

RESULTS

Phase Congrast Mucroscopy  Time
crography and SEM
Conirol cells After
the cultures consisted maly of elon;
stellate cells often with a perinuc!
vacuoles Ruffles were few and small 1n s128
picture was consistent with earhier seports of
response of this gha cell Jne to serum depriv
(Schellens et al 1976 Brunk et al 91
Following the change 0 3 medum oonun:
10% calf serum the pertnuclear vacudles grad
disappeared during the first 12 hours concomita
with the appearance of mare anmeraus and 13

Lapse Cit

24 1 1n serum free med
gated bipol
Jear clusté



Fgs 16 Sparsely grow ng cells Txed o glutaraldehyde 24 h afier return from serum free to serum-conta ming
¥ owth mod um Phase contrast | ght m ¢ oscopy Magmifcation nd ca ed by bars representing SOum

Fg 1 A conwol cell w th a typ cal lead ng edge w th ruffl ng lame as (a row) Note regular cell shape and retract on
™ 52 tewa npendof beced

Fes 26 fradaed cells w th va abe regular conf gurations and mu up ¢ lamellas w th ruffles (g rows) Most

UM ng 2 eas a ¢ sma er than normal and sometintes tuf ke (F g 6) Mactop nocytouc vacuoles are somet mes
fomed asbestseen nFg § Reracuon fbris are nd cated ()



disturbed n the rrradiated cells, since Jocomotton
seems to be closely connected with plasma mem-
brane moulity and cell shape

In order to swudy the alteraions of cellular
motihty and Jjocomotion in some detail, it 15
necessary to use cultures where the cclls are sparsely
grown and thus not 1n a state of density-dependent
whibion of growth and locomotion In order to
obtain sparse culiures of cells 1n interphase we
subjected the cultures to serum depleuon, wich 1s
known to result in ceased DNA synthesis and arrest
Gy within 24 h{Lindgren et al 1975, 1976)

A rewarding method for ultrastructural evatua
ton of the three dimensional orgamzation of
cultured cells 15 the »whole cell technique«, where
cells are culfured on carbon/formvar-coated grids
and studted by TEM after fixatson and criucal point

For phase contrast microscopy cells were fixed 12

1 m0 [ MN. dylate HCI buffer’
O 1 M sucrose (pH 7 2 total osmotabity ~ 510m0s
vehicle osmolality ~ 300 mOsmol) {Cotlns erat ¥
at 6 [2 18 24 and 48 h alter irradiavon and piep
as described earler (Hamberg et al 1978)

Etectron Microscopy

For scanming electron microscopy cells were fixt
the glutaraldehyde fixauve mentioned above postiv
1% OsO4q 15 0 15 M Na-cacody late buffer for 0!
and cnitscal pornt dried from COy 2s previowsly [
bed {Hamberg et al 1978) For trammisson te
mucroscopy cells growing on gold grids Were ban!
23 and 48 h after srradiation glutaraldehyde 0;0:2
and critcal pornt dried as for SEM {Collins ¢ a ¢
The grids with cells were studied (2 Joof I
nucrascope with a side entrance gontometer 8t 0
Stereo pair micrographs were taken at sanious gk

drymg Another approach uses fluor
antibodies to tubulin and acun

MATERIAL AND METHODS

Culture Condwions and Irradianon Procedure

The experiments were performed on s sutro Cultured
human ghal cells of the U 787 CG line estabhshed 1n
culure by B estermark The Wallenberg Laboratory
Uppsala according to the methods described by Ponien
and Maclntyre 11968) Only phase 11 cells 1n early
passages were sulized and culture conditions were as
described earlier (Hamberg et af 1976)

A cell suspension consisung of 20 000 cells/m) m
Eagles MEM (EMEM) fortified with 10% calf serum
was seeded 1 36 mm plastic Petn dishes 2 5 mlyn each

fo 20°, ding on the

Immunofivorescence Microscopy

The cultures were fixed at the same mtervals 2
TEM tc 24 and 48 b after wrachauon The o
immunofluorescent technique for the stainiog of
plasmic microtubules 1s well established Dbeber ¢
1975 1978) The celts were fixed 1n preaarmed O
2% formaldehyde in PBS The plasma embranss
made permeable to macromolecules by mncubaton
@m 1 0 1% Trion X 100 at room temperatust
cells were then incubated with affinty Pv“_ﬁ:dﬁg

et
. she

PBS and finally mounted cell side dowa In LIVS‘
A technuque taking advantage of the affinty of

[ for acttn was utihized for the visualizauon

(fang and Gotdberg 1976 Lindlerk ¢

dish For tume 1apse phy and
rescence microscopy the dishes contasned round (25
mm) or square {18 mm) glass covershps respectively
For SEM the cells were grown on J2 x 6 X | mm glass
slides and for TEM on carbon/formvar coated gold
gnids (Gershenbawm et al 1974 Wolosewich and Porter
1976 Coltins er al 1978)

Twenty four hours after seedmg the EMEM was
replaced by Hams F10 medwm with 0 1% human
serum atbumin (Brunk et al 1977) Afier another 24 h
the cells were exposed o 8 MYV X rrradiation 200 Gy at
a dose rate of 17 Gy/mun (Hamberg et al 1976}
{eamedately following 1rradiation the serum deficrent
medsum was replaced by FI0 medium supplemented

with 10% calf serum

Tyme Lapse Cinemicrography and Prase Contrast Light

Mierostopy
Time lapse cinermicrography coveted the interval

petween | and 48 h after srradsation The fiming ::
performed n essenially the same Way Isfdescﬂ
eatlur (Homberg ¢ o) 1978) al;hough lhi \\:T“s{pwe::
N
kept low (3-10 exposures mip ¥
::(;scrlmznﬂ) 10 order to faqnaie sunelua:’oe of' oa;esll
movements during profonged uhunterrupted per!

232

1979 Carissan 1979) Following fitaion and treat
e A va s ne hated masoh
L

Y 4
4

anit rabbit 1gG

RESULTS

Phase Contrast Microscopy Time Lapse om
crography and SEM o
Control cells After 2% b m serum free mect
the cultures consisted mainly of elongated bipolt
stellate cells often with a perinuclear clusté!
vacuoles Ruffles were few and small m Sz
picture was consistent with eartier reporis o
response of this gha cell finé to serum deprivd
(Schettens er af 1976 Grunk etal 1971
Following the change to 2 medium conia!
10% calf serum the permuclear vacuoles g adu‘
disappeared during the first 12 hours concomua
with the appearance of more humerous and fas
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P15 16 Sparsely grow ng cells fxed 1n glutaraldehyde 24 h after return from serum free to
810%th med um

serum-conta n ng
Phase contrast 1 ght m croscopy Magmfcation 10d cated by bars representing S0um
Fg 1 A controt cell w tha typ cal lead
P85 2t the tra 1 g end of the cell ()

Fes 26 Irad ated eells w th varuable rregular conf gurations and multy
PN 0g aseas are smaller than normal and Sometimes tuft ) ke (Fig 6) M
Ormed as best seen 1 Fg 5 Retraction £br Is are ind cated ()

ng edge Wt ruffl ng lamellas (a row) Note regular cell shape and retraction

ple lameltas w th ruffles (arrows) Most
facropinocytouc vacuoles are somet mes



Fig 7 Tume-lapse sequence (a-1) showing an srradiated cell changing shape without the formation of a defirite lead.

edge The cell shows Almost no net locontotion as seen by comparing the position of the nucleus relation @
indicated fixed point (*) on the coverslip Time 1 hours after irradiation 15 indicated 1 the top left hand comt!

ruflles at the cell borders and with diminution of the
slender cytoplasmic extrusions At 24 h, and even
more so at 48 h, most of the control cells had
regamed an almost normal cell shape with a well
defined leading lamella and a broad, fan-shaped
ruffling  area with associated  jntermuttent
macropocytosts, and often with retraction fibrils
at the end of the cell opposite the leading lamella
(Fig 1) Cell focomotion followed a normal pattern
with considerable net movement during the obser-
vation period (Pontén et al 1969)

[rradiated cells Dunng the first 12 h after
irradiation and return to a serum-contagming med-
i, the irradsated cells appeared {0 resume ruffling
acnvity In & manner similar (o control cells From
that time on however, 1t became evident that the
irradiated cells fated to regain the orderly cell

urradiated cells sometimes formed one dom®
broad lamella with a ruffling area, on a par ®
controls regamng normal polarity and {ocomott
However, this orderly orientation did not persist
the irradiated cells, and the morphology Sf'ﬁ

of the central cell body wath is nucleus Fg

Whole Cell TEM )
Centrol celts The fine structure of the cont
cells 24 and 48 hours after return 10 P
contamnng medum did not differ from arl
findings regarding prohferating cells of this eell b
(Coltins ¢t al 1978, 1979) Thus the celts off
displayed a wide leading lamella with &
I lopod formung 2 broad ruffimg are2 A

polarization and 7 1st¢ of con-
iod

| d macroptocytonc Vac»

trols lustead they became ly
with broad or slender extrusions and multiple,
small, often tuft-like ruffles occurning simultaneo-
sty at dulferent parts of the cell border (Figs 2-6)

Best revealed by time-lapse cinemicrography, the

(Fig 8) The leading lamella contaned el
ments some of which were arranged i bund
orsented 1n the direction of moyement of ¥ ¢
(Fig 10) Microfilament bundles were also ¢
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Fig 9 Electron micrograph of
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Fig 7 Time-lapse sequence (a~f) showing an irradiated cell changing shape without th
edge The cell shows almost no net locomotion as secn by comparing the positton o
indrcated fixed point (*) on the coverslip Time 1n hours afier irraduation 15 mdicated 1n the

ruffes at the cell borders and with dinunution of the
slender cytoplasmic extrusions At 24 h, and even
more so at 48 h, most of the control cells had
regamned an almost normal cell shape with a well
defined leading lamella and a broad, fan-shaped
ruffing area  with associated  intermuttent
macropinocytosts, and often with retraction fibrils
at the end of the cell opposite the leading lamella
(Fig 1) Cell locomotion followed a normal pattern
with considerable net movement during the obser-
vation pertod (Pontén et al 1969)

Irradated cells Dunng the first 12 h after
wradation and refura 10 a sefum-contamnting med-
\um, the irradiated cells appeared to resume ruffling
actwity 10 a manner ssmular to control cells From
that ume on. howeser, It became evident that the
wradiated cells fatled to regan the orderly cell

¢ formaton of a definn* festti

f the nucleus n pelanen
top left hand cormt

irradiated cells sometmes formed one domin

broad lamella with a ruflling area, on 8 R ‘”f
controls regaiming normal polanity and locomotr
However, this orderly orientauon did not persll
the 1rradiated cells, and the morphalogy showe
continuing gross alterations Thus the rufﬂmsl“f
tended to occur at different parts of the ¢l W
and there was usually no sigmificant net mO\ﬂ;‘;‘
of the central cell body with its nucleus (Fi&

Whole Cell TEM

Control cells The fine structure of
cells 24 and 48 hours after rewrn 10 Sﬂ“hr
contasming medim did not differ from @ ‘
findings regarding prohferating cells of this cell b
(Coltins et al 1978, 1979) Thus the cells oftt
wide leading lamella with 2 th

the cont!

polarization and 1stc of con-
trols Instead they became increasingly ramified
wuith broad or slender extrustons and muluple,
small, often tuft-hke, ruffles occurning simultaneo-
usly at different parts of the cell border (Figs 2~6)

Best revealed by time-lapse cinemicrography, the

displayed a
1 m forming a broad ruffling ared ‘“;
| macrop! rtotie acuak
ned microfl

(Fig 8) The leading lamella contal s
ments some of which were arranged ¥ bu

orrented 1n the directon of movement of the &
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1g 10 Contro! cetl 43 h after reversal of serum starvation Part of leading famelfa with bundles of microfilaments
large arraws) and numerous microtubules (small arrows) but no other organelles Bar = 2 pm

Fig #1 Peripheral part of a cell 48 h after irradiation Microfilament bundles (large arrow s} and microtubules (xmnl:
arrows) are well preserved and show no detectable alterations as compared with the controls 'lhe;e are scvjra3
*3-nembrane veils or small ruffles along the cell border Note the presence of numerous coated vesicles {cv) Bar =

ym

« zadjacent and parallel to the cell borders except at
the foremost end of the leading lamella and were
inumerous tn the retraction fibrils found at the

\ gtralmng end of the cell A great number of

Vamucrotubules with no discermuble pattern of organt

* 12ation were also present 1n the feading lamella (Fig

110) The lamellipodia contamed ro organelles or

Y more numerous n the perinuclear area f(not
acessible to detaled studies by reason of its
} thckness) (Fig 8)
< lIrradiated celis The fine structure of the
vradiated cells was difficult to study 1n the central
Parts of the cells and the slender extrustons where
the cell body seemed to be condensed and mpene
trable However the thin flattened lamellar areas at
the end of the extrusions or elsewhere on the cell
periphery were seen to contain microtubules and
microfilaments which 1n structure and arrangement
Tesembled the observations in the control cells (Figs
9 and 1) The Light and scanming electron

mucroscopy findings of small undeveloped and
TTERUIAT efflac o ave cmne — 2

TP e N 3T TR

rot

Tuflies of some malignant ghoma cell lines (Cofiins
eral 1979) Many small vesicles were demonstra
4 (Fig 1) and at 48 h afier rradiation large

Yacuolated tysosomes abounded in the central parts
of the celig (Fig 9)

Immunofluorescence Microscopy

The pattern of fluorescent antibody stamed m1
“rotubules n the non irradiated glial cells showed
0 major divergences from other interphase cells
Weber 1976 Brunitey f al 1976) The cells
contained an elaborate array of abundant straight or
curved mucrotubules w hich were often arranged ina
faditng fashion around the nucleus and termina
g €lose 1o the cell border

Furthermore

the fluorescence pattern obtained
Mth the DN\ase ¢ p

anubody system resembled that

resulting from the use of actin antibodies on other
tissue culture cells (Lazarides 1975 Goldman et al
1975) The fluorescence 1n the glial cells was largely
diffuse and most mtense 1 the perimuclear region

with 2 few thin elongated filaments arranged
mainly along the Ine of movement of the celt A
speckled rather ntense fluorescence was also
observed immedrately associated with the ruffung
membranes A detailed report on the microfilamen

tous system i the ghal cells will be published
elsewhere (Hoglund et al )

‘While the control cells contatned filament bund
les arranged mamly along the direction of move
ment of the cells the irradiated ones displayed
stamable filaments and microtubules along the

aves of all the 1
cellular processes In the Nattened lametlar parts of

Lo amtt =

compared with controls

DISCUSSION

The effects of wradiation on the serum deprived
sparsely grown ghal cells may not be directly
comparable with the results of our previous studies
utilizing density-dependent growth inhibsted cells
because the radiosensitivity may differ However
serum depletion appears to be the best method
available to block a Sparse culture of cells m G,
during  irradiation By so domg the sensitive
replication phase 15 avouded and yet the block can be
reverted after trradiation allowing study on any
induced disturbance 1n celi movement and locomo
ton Furthermore the whole cell TEM and the
1mmunofluorescent techruques do not Iend themsel
Ves 10 observation of densely grown and partly
overlapping cells

ollowing stimulaton witn calf serum  the
iradiated cells starteq reflling of the peripheral
parts of the plasma membrane 1n much the same
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nleen A Wesemark B & Porien J Seram
‘sumutation of stationary human ghia and glioma cells
tn culture Expt! Cell Res 95 311-319 1975
¢ Meren A & Westermark B Subdwiston of the G
phase of human gha cells 1n culture Exptl Cell Res
99 357-362 1976
onen J & Maclnyre E H Long term culture of
sormal and neoplasuc human gha Acta path
microb o scand 74 465486 1968

Wang E & Goldberg A R Changes i microfilament
organuzation and surface topography upon transfor
mation of chick embryo fibroblasts with Rous
sarcoma virus Proc Matl Acad Sa USA 73
40654069 1976

Weber K Bibring T & Osborn M Specific visuatiza
tion of tubulin containing structures tn tssue culture
cells by immunofluorescence Expd Cell Res 95
111-120 1975

ontent I Westermark B & Hugosson R R
" of probferation and movement of human gha like

. clisinculwre Expd Cell Res 58 393400 1969
:jann K R Cywoplasmic microtubules and thesr
. functoos In Wolstentolme G £ W & 0 Connor

Weber K
by
microtubules nutotic figures and Vinblastne indu
ced paracrystals In Goldman R Pollard T &
Rosenbaum J  Cell Mouluy Cold Spring Harbor
C

of tubulm structures
Cytopl

M (Eds} Prnciples of
» b2 Foundation Sympos um 308-345 Churchunl
¢ London 1966

Porier K R Moulity 1n cells Tn Goldman R Poliard

I T & Rosenbaum J (Eds) Cell moultty Cotd
* Sprung Harbor Conf celf vol

on cell Vol 7 403-417
1976

Veber K Rathke P C & Osborn M Cytoplasmic
microtubular 1mages 1 glutaraldehyde fixed tssue
culture cells by electron microscopy and by 1mmu

« 31231976
VSchellens 1 P pf Brunk U T & Lindgren A
2 Influence of serum on ruffling activity

Proc Natt Acad Sar
USA 75 1820-1824 1978
Wessels N K Spooner B S & Luduena M A4 Surface

24 proliferation of 1n vitro cufuvated human glia
- ©lis Cytobiologie 73 93-106 1976

and cell n
Locomouon of Tissue Cells Ciba Foundauon
Symposum vol /4 $3-77 Associated Scienufic
Publishers Amsterdam 1973



different ends of the cells became dominant one
after the other, but only brielly and without
resultant sigmficant net movement of the cells This
disturbed locomotor activity resembles the effects of
colchicine/colcemud on cultured celis (Goldman
1971, Gait and Boone 1971) but mn contrasi to
colchieine treated cells the srradiated ghal cells
retatned thewr asymmetry The studies on phagoki
netic tracks of 3T3 cells by Albrechi-Buehier (1977)
has revealed that the main actin-contasmng bundles
parallel the dicection of mugration of cultured cells
on their substratum In the trradiated glial cells
[ilament bundles projected mto several cytoplasmic
extrustons mostly without any dominaung direc
tron It seems possible that this alteragon in the
arrangement of filament bundies 1s of tmportance to
the impaired locomotion of the irradiated cells The
peripheral lamellar parts of the irradiated cells
displayed no obvious alterations 1n the structure or
distribution of netther microtubules nor mucrofila
ments Fowever, the possibility of damage to
microtubules and/or microfilaments at a level not
perceptible by the methods used remamns Further-
more 1rradiation may have an adverse effect on the
regulatory systems of cell movement and locomo
tion The possible implications of the altered cell
moulity on plasma membranie turnover remam
obscure

Immunofluorescence staiungs were performed by R
Kartsson the CEMO group the W allenberg Laboratory
Unverstty of Uppsala Uppsala Sweden

Supported by grants from the Swedish Medical
Research Counail
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AUTOLOGOUS IMMUNE COMPLEX NEPHRITIS
AND
DOCA-NaCi LOAD A NEW MODEL OF HYPERTENSION

ILKKA TIKKANEN FREJ FYHRQUIST AARO MIETTINEN and TOM TORNROTH

The Minerva Insutute for Medical Research Department of Bacterrology and Immunology University
of Helsinks and TVth Department of Medicine Helstaks Universiy Cenral Hospital Helsinki Finfand

Tikkanen | Fyhrgusst F Mietunen A & Toraroth T Autologous immune complex nephrius and
DOCA NaCl load 2 new model of hypertension Acia path microbiol scand Sect. A 88 241-250
198

In order to explore it features of we studied mmmune complex
nephnus (Heymann nephritis) combined with DOCA NaQl wreatment This combinaton resulted m
hypertension and increased heart weight whereas DOCA NaCl treatment alone mduced only a stight
elevation of blood pressure and a moderate increase 1 heart weight Nephriuc rats without DOCA
NaCl load remained normotensive their heart weights beng comparable to those of contrals This new
model of hypertension was nerther characterized by azotemua nor by reduced repal excretory capacity
H) was pot remn dependent DOCA NaCl treatment accelerated the development
of proteinuria In the hypertenstye rats systohic blood pressure correlated to daly urinary proten
excretion  Renal histopathology revealed changes resembling those of malignant nephrosclerosts
L and electron showed 2 typical membranous glomervlonephnius in all
immunzed animals It was concluded that immune complex disease of the Heymann nephrius type
Y interfere wih normal hemodyramic adaplation 1o bypervolemn¢ sodium foad fesulung

hypertension

Key words Hypertenston nephrius DOCA NaCl mimune complexes rat

Ukka Tikkanen Munerva Tosttute for Medical Research P O Box 819 SF-00101 Hebsinks 10 Finland

Resewved 3y 79
The invol

'™ Wyperiension has been suggested by several
Authors (for references see 22 25) In expenimental
umals gamma globulin deposats have been found
'R ¥aseular fesions caused by deoxycorlicosterons
NaQ (DOCA NaCl) hypertension (30) and hyper
tension following parual renal infaretion (Loomis
D) 18 which autoantibodses agamst arterial wall
:;"’ oy tssue were detected as well (37)

IPETICDSIVE arteria] damage 15 d by an

Accepted 15 u 80
of

not however mmportant for the development and
early phases of hypertension

The severity of lesions 1 serum sickness 15
increased by hypertension (38) Hypertension may
be associated with the development of arterus (7
28) On the other hand NZB mue with spontane.
Ous immune complex disease get hypertension
Which can be ameliorated by 1mmunosuppression
(32) We therefore studied the effect of a chronte
mmune mmp}:x disease op the deveiopment of

:"xn‘mm‘“ﬂfy cellular reacuon regardless of the
Penmental model used (7 33) This reaction
S 10 be thymus-dependent i DOCA NaCl and
mice {33) The thymus was

ok smmune complex glome

deditient 1o temate Wistar rats
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Fig 7 Onset and seventy of proteinuria in different
experimental groups * <005 ** p<0Ol °***
<0001 compared with controls

NaCl Joad remamned normotensive throughout the
sudy Heart weights paralielled systolic blood
pressure and were most markedly increased n the
DOCA NaCl nephriuis group 1ncreased

in the DOCA NaCl nephnitis group at
;h: end of the expenment (r=082, p<00)
Serum protetn was slghtly decreased tn the DOCA-
NaCl nephritis group (Table 1} a-Globulins increa-
sed shightly while B- and y globulins decreased 1n
‘both nephnitic groups Serum afbumin concentra-
tion did not decrease Ascites or edema were not
observed

Creanmne clearance and renal handing of
electralytes None of the immunized rats became
azotemic, whether treated with DOCA NaQl or not
(Table 1) No differences were observed 1n weight
gan unne volumes urinzry sodem and potassitm
excretson and the sodim/potassmum rauo (Table 2)
and serum sodium and potassum concentrations
{Table 1) between the hypertensive DOCA NaCl-
nephnus and the non hypertensive DOCA NaCl
groups Both tncreased their urmne output 6 fold
urtnary sodium/potassum rate 10 fold and so-
dium excretion up to 20 fold compared with the
control ammals

Plasma remn actvity ond serum  osmolality
(Table 1) PRA was clearly suppressed in both
gorups treated with DOCA NaCl Serum osmola-
hity vatues did not differ

in DOCA NaCl rats and corresponded to that on
contrals 1 the nephrits group (Table 1)
FProtemunia and serum protens  Proteinuna
developed earlier 1n the nephritic rats treated with
DOCA NaCl than 1n the non treated ones (p<0 01
a6 weeks Fig 2) A signficant correlation was
found between systolic pressure and degree of

 findings Al antmals had
membranous glomerulonephnitis visible in PASM-
stawned paraffin sections 25 exther! both a diffuse
vacualzation (36) or/and diffuse projections of the
glomerular basement membrane (Table 3} Prolife
rative sclerotic glomerular changes were present 1n
the DOCA NaCl nephrius group, resembling the
picture of malignant nephroscleross (Fig  3)

TABLE | Heart Weight and Analynical Findings at the End of Expenment (Mean = SD)

DOCA NaCl
Control Nephrits DOCA NaCl nephrius
®=10D =1 (=11 (=10
Heart weight/body weight (mg/g) 3032023 315%02) 16520720 3.
Hematocryt (%) 474224 461227 Aslzzg2 :2?2?2
Servm proteins  toual 05217 688239 634230 6352103¢
] albumin 442219 483239% 451227 44970
& globulin 5110 68x) 7% 57212 762288
B globuiin 126228 91227°* 113219 17235 %
S ¥ globutin 76211 41219° 60214 36524% 00
m sodium (mmol/ 1) 143229 41219 185209 4.
Serum potassivm tmmot/ 1) 50204 52206 i
gmumng clearance {ml/mtn) 0952030 1172024 1‘ e
asma cenum actwity fngfmt /1y 112269 112286 A0
Serum osmolality {mosmol /kg) 297211 M4=x14 29115 2852 l;’

PLOOS "¢ p<0 01 *** p<0 001 compared with conrols
P<00! DOCA NaCl nephrius compared with DOCA NaC1

2 Pp<005 + ¢

* below li of sy sensivy



MATERIAL AND METHODS

Generad design 3% female Wistar rats tAmmark
Helsinki Finland) werghing about 180 g were divided
nto 4 equal groups 1) Control animals recensed only
sham and 2) Neph group
immuntzed {see below) to induce autologous immune
complex nephniis  3) DOCA-AaCl group recepnved
weekly DOCA (Percorten M Ciba 30 mglkg sc)
mnyections and 0 9% NaCl solution as the only drink 4)
DOCA-MaCl nephrins group with a combination of
DOCA NaCl treatment and nephrits

DGOCA NaCI regimen was started 2 weeks after the
first smmunization At 16 weeks blood was collected
from abdominal aorta under ether anesthesia Hemato
crit was determined EDTA plasma 6 g of Na;EDTA/
Itter of blood and serum were separated by centrifuga
tion and stored at 20 °C unul assayed

Induction of autologous immune complex nephrins A
brush border (BB} membrane fractron was 1solated from
kidney cortices of Sprague Dawley rats as described {26)
Each rat recetved 2 mjections of BB antgen mived with
equal amounts of Freunds complete adyuvant (Difco
Laboratories Detrot USA) contiming 5 mg of Myco
bactertum twbercutosts H 37 Ra (Difco) per ml At the
first immumization 0 4 ml of antigen emulston with 200
pg of BB protein was given nto foot pads and 25 i of
pertussis vacane (Per Vacain Orion Pharmaceuticals
Helsink: Finland) contatning 22 x 108 killed Hemopht
1us pertussis bacteria/ mt was ngected into the dorsum of
each foot (21) 4 wecks later BB antigen emulsion was
given subcutaneously without pertussis vaccine This
immumization schedule results 1n the development of
autologous immune complex nephritis within 2 months
an

Blood pressure recordings Systolic blood pressure was
measured at regular intervals 1n conscious ammals by a
tarl cuff (Harvard Apparatus Co  Massachusets USA)
method using a Doppler ultrasoruc flowmeter (Parks
Electronics Lab  Beaverton USA) to detect the pulse (6}
The tail was first warmed for 10 mn at 37 °C

Analytical methods Urnnary protein output was
measured from 18 h samples collected individually by
the method of Lown et al (24) after trichloraceuc acid
precipitation Total serum protetns were determined by
the Biret method analyzed electrophoretically on
cellulose acetate membranes and the concentrations of
albumin a B and y globulins were calculated densito
metrically (flelena auwssanner H:lcfa Lab Beaumont

were d UYot

y 2
c creatioine assay {Merckotest 3384 Merck)
gh:uv:‘neots‘mo(amy was deternuned by 2 vapor pressure
osmometer (Wescor Inc Logan USA) Plasma remn
T (PRA) was determined by radw;r:n;unoa‘s:r
(1 1) modified for rat plasma using 50 mGh5 (wf’uroxquc
poline as eazyme mhibitor and pH rng

1085 were
thedded 1

449

paraffin  Sections 2-3 p thick were stamed b
hematoxylin and eosmn (H&E) penodic and Shil
(PAS) pertodic acid sitver methenaming (PAS\)
Masson s tnchrome

Immunofiuorescence ((FL) studies 5 ¢ cryostat s
uons of the snap frozen kidney and heart samples wee
fixed for 10 min 10 ~20 °C acetone and washed v
phosphate buffered saline (PBS) pH 72 Fordret[fL,
crystat sections were reacted with fluorescein wothr
cyanate (FITC)-conjugated anusera for 30 mun washd
1n PBS for 10 mun and mounted m buffered glyom
Serum BB autoantibodies were determned by anmdret
IFL techmque For this § p cryostat sections crnm?ﬂ
rat kidney were reacted with rat sef2 diluted Y,y and™
1 PBS for 30 mun wished 1 PBS for 10 min rexted
with FITC conpugated any rat I1gG for 30 ma and alir
a final wash mounted 1n glycerol The stamed secwe®
were studied with a Zesss standard microscepe YR
F/p ratws of the FITC conjugated rabbit ant rat &
81C/C; fibtinogen and albumin (Nordtc lmmunbml’
¢al Lab Tilburg The Netherlands) were 23 l1me
and [ 5 and the protein contents of the diluuors .
were 05 mg/ml 23 mg/ml 07 g /ml and D4 Y
mi r tivel,

EI::::C:" m:cymsmp\ Spectmens from 5 ratsfone (ﬂ‘?ﬂ'
group 2 and 2 from groups 2 and 4) were WGOCW: .
electron microscopic study (35) Two glomeruh Y
each of the 5 rats were examined «

Stanstics The ssgmoficance of the differences S68%
mean values was evaluated by Students 11651 o
by loganthmic transformation when values sho'
skewed distribution

RESULTS

Blood pressure Only rats with bot
DOCA-NaCl treatment became hy
1) DOCA NaCl alone induced only 2 !
10 blood pressure Nephntic rats without

h nephnus #%
pcﬂ:nswe( g
hgh!lntﬁi

J—o0eh et "
180 " o
Jrep— p
¢ e
E 140 2.
:
B 2 pocs !
2
E )
ok ¥ oo
* Cont ¢

Wesks et
Fig 1 Systohc blood pressure during the Epery e
¢ p<0O5 ** p<OOl *** p<000] wmpauﬂh e
control +p<0 05 ++p<0 01 DOCA NaCl nepht
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TABLE 2 Body Weight and Urine Electroh tes during the Experiment (\ean £ SD)

DOCA MO

Time Control Nephrits DOCA-NsCi nephrits

(wecks) =11 {n=11) {n=11 =10

Body weight 0 236282 237213 241278 2811

®) 6 289211 206 14° 287217 288218

12 293287 29314 303216 30218

15 303212 298+ 18 308218 0722

Unine volumes 0 66226 52229 74x42 63238
(m1/24 h) 6 101248 10857 275130 2092787
12 9348 104244 509x28%0 45321
15 10590 143210 639x28°% 648"

Sodium excretion 0 0342010 0302014 0432019 046202
(mmol/24 h) 6 047017 0432021 369220%  3TENT
12 036015 0392012 856250 691£15"
15 0422020 02720 (0" ge3zydess 92723971

Potassium excretion 0 089024 075£0122 0792027 091202
(mmol/24 b) 6 079%016 0822019 077020 00BN
12 0632021  072£024 12120500 1282087
15 0572031 0612016 0980290 12820591
Urine 0 038%018 045024 0592025 0492013
sodium/potassium 6 0582014 0552030 g6321 700 S1l9

12 063032 057022 6762170 S13ld
782230

15 083032

0472017° 875228

* p<005 ** p<00I, *** p<0 00! compared with controls,  n=10
DOCA-NaCl-pephritis compared with DOCA-NaCl all differences non sigmficant

However, only 2 rats had vascular changes, which P 5
also affected arterses larger than artenoles (Fig 4) ;ﬁ
One rat 11 the DOCA-NaCl group had sinular but
ulder glomerulosclerotic changes It1s noteworthy  (Fig ) C deposited 1n a similar way wio v ®
that all rats with these proliferative-sclerotic lestons 1 20% of the rats Granular, often focal &
had both heavy proteinuria and high blood pressure  segmental glomerular deposits of albummn ¥
Tubulo-mnterstittal changes, mostly degenerauveand  frequently seen Tubular cytoplasmie and lemin
mflammatory seemed to reflect the severity of the  albumin, 1gG and C, were seen in roost smmUnE
glomerular disease ammals No systematic differences Were e
TABLE 3 Histopathological Changes i the Aidneys
DOCA-NaCl
Control Nephritis DOCA NaCl nephrtus
=1 =11 =10 =11
- " - 1
Membranous glomerulonephritis
Proliferative sclerotic _ B . s
glomerular changes - > h M
Tubulo ntersutial changes - 2 ! 2
e

Vascular changes
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crograph showing granular depostts of IgG along glomerular capiiary walls’
sh border anugen and treated with DOCA NaCl Stuning with f

Fig 5 Immunofluorescence my
kidney of @ rat immunized with the bru:
conjugated anu rat IgG  x | 300

TABLE 4 Immunohistological Findings tn the Kidners and Serum Brush Border (BB) Autoantibodees at the En

Experiment
DOCA NaC
Control Nephrius DOCA NaCl nephritis
=11 (=11 =11 {n =10
Glomerult
Granular deposits of lgG
along the captllary walls - n - 0
Granular deposits of C
along the capillary walls - 2 _ 2
Tubult
Lumen/BB - 3 - 6
IeG Cytoplasm - M C s
Lumen/BB - 8 s 6
G Cytoplasm - 4 - b}
Lumen/BB - ] - 7
Fibrinogen Cytoplasm - 2 N 2
Lumen/BB - 4 - 3
Albumit  cooniam - 7 2 6
Serum - 0 s
Brush border antibodies -
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£ 6 Electron micrograph of glomerular capifary showng multple subepithelial electron-dense deposits (arrows)
unctensue of membtanous glomerulonephois  The DOCA NaCl nephrius group V. eprthel al vesicles

U cap llary tumen US - unnary space  x 6000

*tween nephrine rats treated of untreated with
J0CA NaCl In non immunized rats only irregu
2 mamnly mesangial deposits of I1gG were seen
A e found no deposits of IgG or Cs i the artertoles
of the kidneys of any rat At the end of the
aperiment  brush  border autoanubodies were
Present 1n the sera of 18 of the 21 immumzed rats
[Table 4)

Electron microscopic stud es The four fats from
8roups 2 and 4 showed muluple subepihehial or
Winmembranous clectron dense deposits corre
$pondng 10 phase B and phase C membranous
Slomerulonephrius (36) (Fig 6) No ultrastructural
& flerences ere noted between the two groups In
% uon these rats showed huge blebs or vesicles
uhin the cytoplasm of glomerular visceral
tpithelial cells (Fig 6) The significance of these
vescles which have been descibed previously in

NNidacety! benndine inducad nephross (9) 15 as
¥et unknowa

DISCUSSION

Hypertension dereloped only 1n rats with both
\mmune complex nephritrs and DOCA NaCl load
10 the present studv Thic sma nf' himameandion was

could 1t be

shown to be due to reduced sodwm excretory
capacity of kidneys

Heymann nephrins 15 considered a model of
autologous smmune complex nephnus (I 15 29)
During s development antibodies are formed
agamst renal fubular brush border antigens Circu
lating 1mmune complexes are then deposited 1n the
glomerult A local formation of immune complexes
has been suggested 1n the heterologous type of
unmune complex nephnus (31) which may also
apply to Heymann nephntis Our findings of serum
antibodies against renal tubular brush border
granular pattern of IgG deposits along basement
membranes of glomerular capillaries and subepithe
11l focahzation of electron-dense deposus confirm
the observauons of others (3 16)

DOCA NaCl treatment tesults 1n sodum and
water retention increased extracellutar and plasma
volumes increased carduac output and hypentession
(3 13) which may later predominantly be due to
elevated peripheral resistance but show normatized
cardac output (8) Susceptibility to DOCA NaCl
hypertension varies genetically and 1n some ra
strains sensitzauon through the removal of one
kidney s required in order for hypertension 1o
develop (18 34) With both kidneys Jeft the Wistar
rats used in our study were able to adapt to DOCA

NaCl wemtmen without any marked ncrease 1
blood pressure {Fig 1)



Hypertension in the DOCA-NaCl-nephrinis group
would not appear to be reun-angiotensin dependent
(Table 1) The hypertensive mechanisms are prob-
ably related either to DOCA-induced sodium reten-
tion, d with complex
nephritis or both

According to Ginton (17), a gnen filtranon
pressure 1s required in order for a sodium foad to be
excreted, 1n hypertension the higher blood pressure
actually reflects — for unknown reasons —a resetting
of this relattonship This “pressure dwresis” hypoth-
esis as a cause of hypertension 1s, however, based
on work with solated kidneys and has not been
unequivocally demonstrated 11 the whole organism
On the other hand, the capacity of single nephrons
to ncrease their fractional electrolyte excretion
compensatorily to nephron loss has been pointed
out (5)and also demonstrated in Heymann nephritis
(2} In our study, hypertensne DOCA-NaCl-
nephritis rats were able to excrete the same amount
of sodium and water as non-hypertensive DOCA-
NaCl rats throughout the experiment

In nephrotic syndrome assocrated with Heymann
nephntis, mability of sodium excretion has been
reported (4) However, such nephrotic syndrome
did not develope 1n the present hvpertensive model,
since ascites edema and hypoalbuminermia were
lacking

Salt-resistant rat strains are able to adapt to
1ncreased cardiac output by compensatory periphe
ral vasodilation (34) On the other hand salt-
sensitive rats react by autoregulatory vasoconstric
tion resuiting 1n elevated peripheral resistance and
hypertension The non-hypertensive DOCA NaCl
group In our study probably adapted to increased
cardiac output by lowering the peripheral resstance
In the DOCA NaCl nephritis group elevated blood
pressure thus means that pertpheral resistance has
either remamed normal or else been incresed
further

DOCA-NaCi treatment accelerated protein leak-
age from glomerufar capilianies (Fig 2) Artenal
wall permeability 1o plasma macromolecules has
been shown 10 be sncreased in hypertension (14)
Gamma globulm deposits have been found in
vascular lesions of DOCA NaCl-induced hyperten
sion (30) Hypervolemia may thus promote vascular
nsudation of immune complexes which may make
the peripheral resistance f1se and render nephriuc
rats senstive to DOCA-NaCl treatment

1t 1s unclear whether proliferative sclerouc glo
merular changes 1 the hypertensive rats are a cause
or effect of hypertension Primary and secondery
nephroscleroses are usually Tstologically simtlar

{7 High blood pressure as such may e
nephrosclerosis and, on the other hand sclerotic

lesions may be primary, later followed by by
tension By rom (7) has suggested that a weskere!
vascular wall 1s suscepuible to the mechanical stess
of even normal blood pressure, whereas high blood
pressure may damage ntact vasculature as wel
Thus the immunological model studied may ke
accelerated the deyelopment of the sclerouc lesons
experimentlly

induced angiotensin  hypertension the vaseular

lesions appear 1n the areas of dulat

Grese (14) has shown that dunng

ed arterioles 208

that increased permeability to plasma components
and possibly 1schemia of the yvascular wall o

important 1n this
tal serum sichness are aggravated by
pressure (38) This may explamn
complex nephrits together with
exceeds the glomerular and vasc
resulung i arreversible mury
vascular wall metabolism and funcuon
1 DOCA-NaCl hypertenston v
appearance of lesions vistble m a I

12)

presented here accord with and
data that immunological factors may

The data on the new expenme

the pathogenesis of hypertension {3

This may have important bearings on im!
cal features 1n human hyperte:
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THE RELIABILITY OF MALIGNANT THYROID TUMOR
DIAGNOSIS IN THE SWEDISH CANCER REGISTRY

Revien of 200 Cases

LARS ERIK HOLM TORSTEN LOWHAGEN and CLAES SILFVERSW ARD

Department of General Oncology Radwmhemmet and Insutute of Tumor Pathology Karohnska
Hosputal Stockholm Sweden

Hotm L E Lowhagen T & Silfversward C The reliability of malignant thyroid tumor diagnosis i

the Swed sh Cancer Registry Review of 200 cases Acta path microbiol scand Sect A §8 251-254
1980

Tho age straufied periodicat samples of 100 cases of malignant thyroid tumors from the Stockholm
Te8on and 100 such cases from other parts of Sweden reported to the Swedish Cancer Registry
between 1958 and 1972 were studied The cytologic and/or histologic shdes were re-exzmined by tmo
pathologists independently In 85 per cent of the cases reported from Stockhotm and m 94 per cent of
the cases from other parts of Sweden the pathologists agreed on the oniginal diagnosis of malignant

tumor The remamung cases (weighted mean 8%) were at re-examination considered 1o be benign
thyrou lesions

Rey words Malignant thyroud wmor diagnosis Swedish Cancer Registry

;ars Enk Holm Dept. of General Oncology Radiumhemmet Karolinska Hospital $-104 01 Stockholm
weden

Accepied as submutted 15 11 80

The Rustopathologic classification of thyroid
Lmors hag progressed considerably during recent
S The most sigruficant publication 1n this
fespect 15 the World Health Organzation {WHO)
Sasificaon (1974) partly based on earlier comp
thensnve effons 10 standardize the diagnostic

CTUen of these tumors (¥ oolmer etal 1961}
l‘"E’eron-mly n the classification of mahgnant
and ‘"r‘ IS 2 prerequisite for epidemiologic studies
e lmor fompanson between different medical
— The absence of speaific diagnosuc critena
* 10 the ntroduction of the W HO classification
possil
:::zr 'EINES. In one study 696 cases of such
mw;lrrvoned 10 the course of a few years to the
Norvay :;:r Tegistnes of Finland  leeland
ot 8 b Weden the review showed 12 § per
betugn (Saxén er al 1978) 1t was

therefore considered of value to review a Tepresenta
tve material of mahignant thyroid tumors freported
10 the Swedish Cancer Registry over a Tonger period
of ime and to apply the eriterza proposed by WHQ
1o ascertai the reliability of the diagnoss of such
tumors in that registry

MATERIALS AND METHODS



TABLE | Tumor Classification of the Stanstical Samples of Malignant Thyroid Tumors Reported to the Sued
Cancer Registry

Oniginal histologic

No of reported carcinomas

classificauon Stockholm region Rest of Sweden Total
Papillary carcinoma 49 5t 100
Follicular carcinoma 30 28 s8
Anaplastic carcipoma I 5 16
Other malignant thyrotd tumors 10 16 %
Total 100 100 20
this last group were included 4 medullary ca mas
2 p 1! medullary 1CIN0! RESULTS

and also cases with unspecific diagnoses, such as
adenocarcinoma and carcinoma
Information on the name and date of birth of the
patients was obtained from the Swedish Cancer Registry
The histologic and/or cytologic shdes, on which the
diagnoses were based, and relevant patient record data
from the trme of the tumor dragnosis were obtatned from
the reporting hospuals Avalable slides were re-
examined and re classified on the basis of the WHO
classification (1974) by two patbologists (T Low hagen
and C Silfversward) independently and without knowl-
edge of the ongmal tumor classificauon The diagnosis
was based on histologic slides i 184 cases and on
cytologic shides m 16 cases The size of the tumors was
estimated from the histologic sections as betng less than
15 mm in diameter, 15 mm or more or not known
The tumors were [lirst evaluated as bemign or
1f d they were further
classified 1nto papillary follicular or anaplastic carcino-
mas or other types of malignant thyrod tumors In

The original diagnosis of malignant thyroud tut

was at re-exammation confirmed 1n 85 per cen
the cases from the Stockholm region and n 94
cent of the cases from the other parts of Swed:
The rematning 21 cases were at Teven ¢
sidered to be bemgn lesions, 16 were oo’
classified as follicular, 3 as papillary and 1
unclassified carcinomas Five of thest folhe
carcinomas and | of the papillary carcinomas ¥
reported from outside Stockholm, the remanée
the benugn lesions beng reported from the St
holm regon 5
The size of the thyrord tumors 1s showtt m
2 There was no difference 1n the tumeor
distribution between the two samples The maj¢
of the 200 cases (64 per cent) had a tumot sie0
mm or more Nme of the confirmed pepl
were less than 5 mm n dsameter

cases {n = 21) where the pathol d the
shides were re-exammned and re-classified by them
simultaneously through a double headed microscope A
common decision on the diagnosis and of the classtfica
tion was reached 1n all but 2 cases [n one of these 2
cases the pathologists disagreed on the dragnosis of
malignant tumer and 1n the other case they differed in the
classificayion In both cases one of them agreed on the
original d1agnosis and classification these being taken as

final

size of the lesions considered to be benien at
examination was 1n 10 cases less than {Smm.t
cases 15 mm or moreand m | case the size W&
own
ImThe: correlatton between the original mstopa
logic diagnoses and those obtained at re-exam
tion 15 presented m Table 3 Agreement
obtamed 1n 93 per cent of the cases of papullan)

TABLE 2 Esumated Tumor Size Distributed by the Onginal Tumor Classification

Tumor size
Onginal tumor : -
classificauon <15 mm No >15 mm No Not known N
8
61
Papillary carcinoma J; 6 p
Follicular carcinoma H 4 I?
Anaplastic carcinoma 9 n
Other mahignant thy ro1d tumors. - R "
Total



TABLE 3 Stanstcal Samples of Malignant Thyrowd Jumors Distributed by the Original Tumor Classificarions and
Those Obtained a1 Re exammation

g In agreement with Other mahignant Benign thyroid
Dngnal tmor classifcation origmat diagnosts No  thyrond tumor No lesion No
Papillary carcinoma 93 4 . g

~Folliclar carcinoma 36 6 s

Amaplastc carcinoma 12 4 3
Cter malignant thyroid tumors 12 12
Toul 153 2% 21

62 per cent of the follicutar and 1 75 per cent of the
anaplastic carcimomas and mn 46 per cent of the cases
of other types of malignant thyroid tumors
In9 cases the malignant tumor was diagnosed at
" utopsy In 2 of the cases considered to be benugn at
Te<tamination the original diagnosis of malignant
“thyro d wmor had already been revised to bemgn
# ks on. The reports to the Swedish Cancer Registry
t bad not been withdrawn however
:

DISCUSSION

" The present study disclosed when usmng the WHO
¢ Uassification benign thyroid lesions 1 15 per cent
095 per cent confidence limts 8 7-23 5) of the cases
' Teported as malignant from the Stockholm region
b 20412 6 per cent (2 2-12 6) of the cases from the
| fstof Sweden with a weighted mean of 8 per cent
(35-152) These figures are consistent with those
found by Saxen et af (1978)
The tumours most often erroneously reported as
| Snomas were the follicular adenomas A pos
sble explanation for this discrepancy may be that 1n
some of these cases celfular atypia was constdered
¢ bawys for the diagnosts and 1n others that areas
f byperplasia in nodular gouter or thyromditis were
misinierpreted as follicular carcnomas At the re
“amination however the presence of vascular or
@esular iavasion was the mam distnguishing
Bctor between adenomas and carcinomas of the
:’::lhcum W in a swdy by Franssida & Saxen
972) the oserdiagnosis of atypical nodules and
nOmas was considered to be 4. possible explana
o0 for the ugh ncidence of folhicular carcinomas
1n areas of endemic goster
1 must be emphasized that this review was based
0 available slides and the divergence between the
gn0ses of the review ers and the oniginal diagno-
S might (0 some extent be explained by the
i"“'buuy that all histotogsc shides without our
oW ledze Were not present at the Te-examination.

Furthermore we do not know the proportion of
malignant thyroid tumors wrongly registered in the
Swedish Cancer Regustry as other types of malig
nant tumors Two of the 200 malignant thyro:d
tumors of the present study had at an earher re
examination been revised to berugn thyrod lesion
but apparently neither of the two reports were
withdrawn from the registry

1n the samples studied there were 9 carcinomas
with a size of less than 5 mm 1n diameter It s well
known that the larger the number of histologic
sections of the thyroud gland examned the migher
has been the figure obtained for the prevalence of
occult carcinoma (Sampson et al 1969} Seral
sectioning of thyrosd glands at autopsy has disclosed
carcinomas 1 3-28 per cent of the glands examimed
Mortensen et al 1955 Sampson et al 1969

Fukunaga and Yatam 1975 Sasaks er al 1976
Sobrinha S mooc o1 Af 1070 D

LdL genetic and possibly social and cultvral factors
can be of etiologic importance m explaiming this
difference It has been suggested too that the
majonity of occult thyroid carcinomas ~ which are
generally of the papillary type ~ remain occult and
that only a few are detected clirucally The fact that
the incidence of clinical thyrod carcinoma 1n the
Japanese does not differ significantly from that 1n
many other countries supports this assumption
Fukunaga and Yoram 1975}

The regions of Stockholm Malmo and Gothen
burg (the three fargest cities 1 Sweden) have an
wncidence of malignant tumors that 15 higher than
that of the rest of Sweden (Ringers 1971y For
malignant thyrodd tumors the rato 15 |41
Differences in diagnostic eriterna of such tumors can
be one factor thay parly explams the higher
incidence in these regions W hether thereisa higher
Pproporuon of benign thyroid fesions repoy

rted fr
the regions of Malmo ang Gothenburg as ::’:s‘

—ca



indicated to be the case for the Stockholm region

than for other parts of Sweden 15 not known There
15 also a possibility that a higher frequency of
thyroid surgery and a higher autopsy rate in these
regions might contribute to their hugher incidence of
malignant thyroid tumors
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* QUANTITATIVE STUDIES OF THE GASTRIN-PRODUCING
CELLS OF THE HUMAN ANTRUM

A Methodological Study
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Nlsen H O Hatken S & Lorentzen M Quanutative studies of the gastin produ;u;g Ivaellls9 !nor the
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The antral gastria producing cells (G-cells) have b:en |denuﬁ:iu ?rymv!.hed ‘:ﬁx:::lt ;z\dmugzz:m:ld::
arauons removed due to a r

‘:::;I::;e‘;c‘:gm::lr;mw;{ema;:had (© the G-cells with determunation of thewr volume bi::;“z
Dumerical density and mean cell volume The study showed that within-observer vagguon b
observer vanation and within patient vaniation were negl gible provided at least 200 G-cells we;e
counted A biopsy material can be used as well as larger ussue blocks when this mmlrn‘um szm';;l le
S 15 respected. A method for estimating the total G-cell population and the total G-cell volume in 7 ;
Atum was developed In the antrum removed due 10 a gastnic ulcer the pumber of G-cells was 1

* 10¢ and therr total votume 176 mm?

Key words Anural gastrin producing cells immunohistochemistry quanutation

H Overgaard Mielsen Insuitute of Pathology Odense Unuversity Hospial DK 5000 Odense € Denmark

Reived 26179 Accepred 19 u 80
A quantnative esumate of the gastrin producing
s (Gcells;

) has acquired new nterest following
e development of selecuve vagotomy techmques
for duodena ang gastric ulcer surgery Unexplaned
auons from the expected chinical and physiologi
FESpOnSes 1o this treatment predominantly
o4 against panetal cell funcuon have raised
the question of the rofe of the Gcell population with
Y6630 10 the postoperatse results This 1s espectally
W wuh regard 1o the sinking difference m
fecurrence rates after proximat gastric vagotomy for
duodena) ang gagyrsc ulcer (2)
Different kunds of Gen)
Possibility of 3
'l uleer patien;
has bee,

abnormality may exist
Gcell hyperplasia in some
o ts {15} or a G<cell hypertrophy
& N suggested  Differences 1n Gecell
nbUon between pavents with duodenal and
(l;i"lc uloer were foung by Stave & Brandtzacg

) bt they observed no relation betw een the total

Gcell and certan gastro-duodenal disea
ses At the present tme no definite answer can be
given to the questions regardmg the mfluence of G
cell population or funcuon on the chimcal outcome
of ulcer disease and especially the response to
medical or surgical therapy

Earhier work in ths field (3 4 6 9 12 14 18
20) has largely been concentrated on numerical
density of Gecells per area 1n larger ussue blocks
This techruque seems nadequate for repeated
studues 1n sizable patient matenals which necessy
tatle measurement using endoscopic biopsies The
rehabiity of small biopstes has  however been.
questioned (21) while others find them sausfactory
(3

In this work 2 method

for determinaon of
volume density numen

cal density and mean

TVEr vanaton as well ag

within patient vananon The minimum sample size



tndicated to be the case for the Stockholm region
than for other parts of Sweden 1s not known There
15 also a possibihity that a higher frequency of
thyroid surgery and a higher autopsy rate in these
regions might contribute to their higher incidence of
malignant thyroid tumors

We wish to thank Mrs Elisabeth Byurstedt and Mrs
Kann Steen for therr excellent secretanial assistance Mrs
Aerstin Wennerstrom for helping us find the histologic
and cytologic shtdes of this study and Professor Guanar
ERfund for advice in connection with epdennologic
problems
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he smallest and the three with the fargest Counts
= = e e the fpyres from

populas o and fotal G cell volume First the yuncuon o1
he muosa of the antrum and that of the body of the
stomach Was determmed by means of muluple sections
eum med by freeze microscopy After the site of this
junction had been ascertaned the antral mucosa was
sngoed from the underfying tissue and the vofume
deserms ned by submersion tnto water and measurement
of the amount of water thus displaced As this volume
includes Tucosa and submucosa. the fraction of the two
eomponents was detesmuned by pont counting In the
sime matiner as described for Vv of the G cells

Secvon thickness Was controfled by a Tesatronic
Blekronetester (TESA S A Renens Switzerland)

Saustcal methods The chi square test was used for
allcompansons The figures were placed na 2 X K table
09 when companing the vafues of PG and the
corresponding values of Py — Pg the values of N and
torrespond ng values of Py The test for expected values
L " - o onnfY

RESULTS

Small diffuse areas of intesunal metaplasia devord
of G<ells were observed 1n shides from both antrum
Preprations but apant from these areas the
dstnbution of the G-cells was found 10 be umform
f?mwudmg to the muddle part of the mucosa
11} Mo Gecells were seen 1n control sections
Tisswe bock No 4 from aatrum No 2 was
unsucessful as the mucosa was lost during
Preparation

Flgures 1 2 3 and 4 are based on data from
Huum No 1 and it can be seen that the minmum
;‘mﬂé Size determined 25 the mimum number of

Guing the accepted levels of the relative standard
&T0r 15 abous one hundred cotresponding o a G

s
«
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thag ﬂaémnsmp between volume density and potnts
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Fig 2 Relauonship berween numertcal density 1n area
and pounts falling on G-cells (1 100 points — dispersion
between the curves are <20% of the mean valve of
numerical density 1n area)
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Fig 3 Relauonship between numenical density and
pomnts fallng on G-cells (1 100 pownts ~ dispersion
between the curves 15 <30% of the mean value of
numerical density)}
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necessary for reproducible results will be estimated,
and the comparability of results obtamed from
bropsy material to results obtained from Jarger
ussue blocks will be evaluated Furthermore
estimation of the population of G-cells and their
total volume from resected antrum preparations
will be attempted

MATERIAL AND METHODS

The material comprises 2 preparayons from 2 antra Mo
1 was removed due to recurning duodenal ulcer, and used
as 1t was expected to show a relauvely high number and
even distnibution of the G cells (18) No 2 was removed
owng 1o a gastric ulcer, and chosen because 1t was
feasonable to expect a non uniform disinbuton of the G
cells (22)
Prep and k h 1 Frve uissue
blocks of approximately 10 mm in length and $ mm in
width were taken from No 1 Eight tissue blocks of the
same size were removed from No 2 and in addition §
bropsies taken approtuimately 2 cm from the pylorus
using a gastroscopie bropsy forceps
The tissue removed was fived 10 4% metkanol free
paraformatdehyde and embedded 1n paraflin The G celis
were identified on 5 pm thick sections by means of the
ndirect 1mmunoperoxtdase technique (11) using ant
gastrin (2717} ratsed 1n rabbuts against syntheuc human
gasten [ (17) an radiosmmunpassay this ant serum will
determine all four main gastin components (gastrin 14
17 34 and component ) (16) The method was modified
so that the diamimobenzidine was replaced by 3 amuino ¢
cthy! carbazol (Sigma Chemical Comp St Lowss
USA) during the & The same p di
was employcd on control sections with the exception of
a) the exclusion of ant1 gastrin serum and b) letung the
anti gastrin serum feact with gastrin (synthetic human
gastnin [ Calbrochem Behring Corp US A) 10 pg per
ol diluted ant serum before applicauion to the sections
Morphonterry Using a square gnid 1 the ocular of the
microscope having 400 pomnts with a mutual distance
between them of 0 5 mm (d) and a magmification of 400
a systematic count of points falling on the G cetls (Pg)
the number falling on the mucosa (PM) as well as the
to1a) number of G cells (N) was carried out on the entire
tistological shde from each preparauon “The counling
was started at the upper left pomnt falng on the
preparation the point beng made of horizontal and
vertical hines with a distance betw een them of ¥ mm The
following variables were then determnad

P
} olume denstty (VVHn % ﬁi—, x 100(23)

Numerical density per st area {Na)stated as
cells/mm? =
N x magnmification?
Paxd?

Numerica) density Ny Ystared as cells/mm3 =
RxNa¥2 o)
Bx V112

The factor K depends on the relauve size distributin of

the G-cells We used the value 107 as the smadnd

deviation 1n Prelimunary studies was found 10 be belex

25% of the mean diameter of the G-oells (L o’
coefficient § depends on the shape Ve Tound me s
eipsord wih the largest diamerer 223 = 11

and the smallest 14 3 £ 1 1(SD}ym Using thedisgrn

of Mesbel (23) and the values for Gcell damufiv

found a value for 8 of about [ 5

AN

Mean particle volume (V) pm) - & .

The pummum sample sie sufficient for gnig 8 ¥
acoeptably small v anauon of the resulss for thed Terert 3
vanables was determned by the cumulape meat plos ¢
(10) For this we used the tissue blocks from o 1 t¥
determuned the cumulatne means of V4 Na M MJ\V
by analyzing an increasing number of mucroscopic Fé3 %
from exch histological shde  Acoepuatle lods o
vanation expressed as the relate standard error ¥R
asbutranly fixed at = (0% for Vi 2 0% for™
309 for Ny and & 40% for © To ensure BATEE
mumum ssmple size would gne acoepuable leves f1 %
the coefficient of error (CE) this coellicient 3
determmned for the varisbles with the greatest A <
© 1t can be seen from the formula that ¥ omh dv%:,
on the proportion bétween PG and N CE o mlﬂ’"’“‘jM
sample size was calculated from prepnrsnog No e
formula CE2 (EPG/EN) = CEYPg) + CE N-2 W
CE(PG) x CE(N)wasused wherer = mecoeﬂ’\m‘ﬂc
correlation between Pg and the correspondiné Aaues
N CE for PG was calculated from the formuf

standard deviaton of P

mean value of Pg X number of fields/

CE for N was calculated likewise A value of CEbelod ¢
10% was sccepted as sausfactory piaed
Figures for wuthn obsencr varanon ucrtPo -
by letting the same observer (A count Po2ed HM .
in the preparauon from No 1 The values of Pc ¥ i
corresponding vatues of Py = Po fromt the (%0 0‘?‘”‘
were compared for calcnlaung the varation I“-Mrrtﬂ
uoid
)T
homogenets af the greparations was €38 :r ®
comparning the different tissue blocks 1 respect o
\alues of Pg and the carrespondrag vatues of Pa-PG
well as the values of N and the corresponding \ﬂ“:i\x
Pay The figures for Vv Na Ny and Vfrom each v "
block from both antra were also compared ﬁ'“;for
from No 2 were used (o find the pungmum 2um o
biopstes to be counted 1n order to obtain samrll“; 8
Pg sufficrent for an acceptably small yarjauon ¥ o
esumated variables To test whether s r\"’zﬂ‘w
sample suze was actually vaid for antrum Do ire
values of P and the corresponding values of Py s
were compared for 1+ biopsy With the smallest an: et
one with the largest count for the two w ith the sma! b
and the tno with the largest counts and the three W



‘ TABLE 3 Morphometric Data from No 2

N Nv
w T R b Rete N vy alls/mm? cellstmmix 10 pm®
) 106 6390 6284 206 166 26 175 949
' 2 16 7086 6970 241 163 218 178 99
' 1 N7 eas2 635 223 1T 214 169 1024
4 unsuccessful
5 63 5013 4950 126
6 128 7798 7671 276 164 226 158 871
7 98 5364 5266 200 183 249 206 827
s 1055303 5198 215 198 259 210 931
Mean£SD 1752014 NS 230£I9NS 188217\§ 922263 NS
1 86 5920 s834 189 14 204 172 844
? 106 6787 6681 245 156 202 163 956
3 9% 6013 SIS 206 163 29 180 904
4 unsuccessful
s 60 6763 6703 116
§ HS 6707 es92 209 a7 200 154 i
; 7 87 4628 4530 189 Ig9 241 193 978
v 3 1538156 8003 308 188 242 195 964
ManzsD 1692018 NS 218219NS 176+ 16 NS 9%60+90\ S
7

' 33 3 reasonable homogeneity When the data for  no difference was seen Netther was any difference

v Nt Ny and T were compared a statistically  found between the figures from the ussue blocks
¢+ Sguficant difference

was seen between the values of  and the figures from the three biopsies with the
for the ussue blocks of No | (Which can be  fowest or the three with the highest counts (Tables 2
] ':thedby the considerable dispersion tolerated 1n  and 4) Thus three biopsies were the mimmum
' z;ﬂ:xmauon of the valie of V) whie no number giving a reproductble count.
4

%S Were seen 1n the other vanables

Yean be seen from Table 4 that a mimmum of

'-Ph!ae biopsies are required 1n order 10 give values of
G of pproximately one hundred By companing

The volume of the stnpped antrum mucosa was
found to be 115 ml The fraction of the mucosa
was 1 6% and of the submucosa 8 4% of the total
Uesaluesof p volume This gave a mucosal volume of 10 § m]
Shot of Pgand the corresponding values of Py which using the av erage value of Ny from the eight

b e bopsy with the lowest (C) and that  ussue blocks (188 x 102 cells/mm? - Toble 3
e highest (E) count, as well as the two

s Wi observer A) gave a G=ell population of 197 x 106

o hlxhs: (Blhe lowest (A +C) and the two with  When the values of Nv from the biopsies

Alerences +E) counts statstically significant A +C+D and B+ D +E (Table 4) were used the

bops Wwere found When  however the  population was estimated to be 173 x 106 and
1SS With the lowest (A +C + ) and the three

Mt the by 200 x 10¢ tespectively the mean value being

ighest (B + D + E) counts were compared 190 x 108 cells W hen the corresponding figures for

TABLE 4 Morphomeinic Data for the Biopsies from Preparation ho 2

Biopry \o
b Na M v
© P PwPo N vemy  NA cells/mmIx 102 ym3
A
. nm a3 16 1170 g3 136 931
¢ B0 ns 1 1es 294 256 762
5 323 s a0 1y 19 8 1365
L B2 1996 86 1z 2y 3 301
Aecen 43003 2960 74 143 15 113 1213
9698 10 6349 6249 202 ysy 204



TABLE | The Coefficient of Error of ZPGIIN (Preparation No 1 First Countof 4)

Tissue blocl
e W IPG/EN ‘ a cE

1 104 242 043 0898 10 64
2 108 261 041 0839 10 73
3 109 264 041 0893 10 72
4 100 217 046 0651 9 99
5 91 171 053 0819 3 78

IPG = thesummation of PGvalues

IN = thesummationof N vafues

r = coelficient of correlation between the value of Pg and corresponding value of N

n = number of fields counted

CE = coeflicient of error 1n per cent

cell count of approximately two-hundred (Table 1}
The value of CE for ZPc/ZN was 1n all five tissue
blocks below 10% with this number of Pg

The data from antrum No 1 are seen in Table 2,
and from No 2 in Tables 3 and 4

No difference was found, indicating a neghgible
within-observer varsation (coefficient of vartion
2%) by comparing the values of Pg and the
corresponding values of Py~ Pg for the two counts
of observer (A) (Table 2}

In the same manner no differences were found
when the values of Pg and the corresponding values
of Pm — Pg were compared for observers A and B

(Table 3), or the values for A and C (Table )
indicating a negligible between-observer variation
(coefTicient of variation S%)

No difference was found m No 1 when
comparing the values of Pg and the corresponding
values of Py — Pg, as well as the values of N and the
corresponding values of Py from the ussue blocks
of both antra, this mndicated a high degree of
homogeneity In No 2, a statistically sigmificant
difference was seen when the figures from ussie
block No 5 were included {in this block the Pg
count was less than optimal, 60 and 63) Wath block
No § excluded, no difference was found, confirm

TABLE 2 Morphometric Data from No 1

N, Ny v
mer Tlss‘:anMK P Puo Pu P N Nt cels/mm® clts/mmix 10 pm!
1 127 4147 4010 294 306 454 393 ;;Z
2 133 4%6 4111 309 1S 463 199 [y
3 135 a9 424 335 01 w; :;; jotd
) 4 136 4255 4119 2184 10 42
oount 5 (£ 467 420 61 109 182 302 1023
<0
Mean =SD JI7£DOSNS 4332 4INS 3772 5INS g3gx124P
) 126 3987 386l 3
1 135 4141 4008 326
3 129 403t ¥90? 3 §o
4 g 3684 356 an
nd count) M g 4409 a7l 313
Mean 25D 320£005NS
324
1 108 3334 3226
2 143 4206 4063 340
3 1§a 4464 43I0 345
4 106 3072 2966 343
s 128 9sr D 32
3360 1INS
Mean £ SD

258
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mean ¢ell volume 922 pm? (Table 3 observer A)
958 and 895 pum3 (Table 4) were used the total G
cell volume was found to be 182 mm? 166 mmS$
and 179 mm? respectively the mean value betng
176 mm?

DISCUSSION

General use of quantitauve methods for an invest:
gation of the antral gastrin producing cells depends
on the a y of a factory tech

An D
essential for a suiable method and
should not be too nme-consumeng

In the present nvestigation we found using
direct microscopy and point counting  that the
reproducibility was good 1n respect of within and

10n result 1s
the method

Our results n respect of the use of biopsy #
matenal for quantitation of Gcells are 1n agre
ment with Hobbs & Polak (8) as well as Polgk et of
(13) However their method cannot be employed in
daly routine work  as the results were obtamed by
means of analysis 1n a specilly constructed »tele
vision Image Analyzer¢ which gives the results as
the number of cells per measuring unit They cannot
meastre the volume density numerical density nor
the mean cell volume by this method

Bropsy matertal permts the data of N4 2nd Nyto
be expressed as denstty Determination of the total
Gcell populatton or the total G-cell volume ®ill
however require a resection matenal comprising
the whole antrum The method described by
Aeuppens et al (9)and Roystone ct al (18) mwhich
the area of the antrum 1s determned by plammetry

fete and umiform stretching of the

between abserver vananon  This reproducibil
was obtaned with a miumum number of G-cells
of about two hundred When the figures for this
mntmum sample size were used we also found
good agreement between the counted numbers from
single tissue blocks from the same preparation The
same was truc for figures obtaned from bropsy
materal and tissue blocks

Some dispersion between the figures for mean
cell volume was seen We had to accept ths from a
practical pont of view because a smaller relative
standard error for the values of the mean cell
volume would necessitate an unpracticably high
value of the gastrin-cell count The coefficient of
error for mean cell volume was below 10% which
means that only differences between values for the
wmean cell volume of more than 10% can be
considered as statistically significant 1n comparative
nvestigations In order to employ the formula of

preparation which we found difficult to achseve
The formula of Abercrombe (1) for the determin?
tion of the number of G-ceils has the limitation that
1t 1s truely applicable for spherical particles orly
(23) Our method with the determunation of the
volume 15 stmple but gives over-estimated values
as we do not correct for ussue shrinkage

CONCLUSIONS

Thus mvestigation demonstrates that density studies
of the human antral gastrin producing cells ar¢
possible and that biopsv matenal canbe used whe
simple precautions are taken In Tespect of the
sample size A Simple method 15 described for (he
esttmation of the G-cell population and the total G
cell volume In resected antra

Wetbel & Gome (24) for the deter of the
pumercal density 1t was necessary 10 assume that
the G cells were of umform size and shape Further
no correction was made for the over cstimation
caused by the Holmes ufect nor for the under
estimation due to the mnabifity to recognize and
count very small partcles (image loss) as we
assumed as others that these two effects may
cancel out (5 25)

Stave et @l (21 22) n contrast to our results
found 1 an investigation based on a resection
matenal that the G cells had a very non uniform
distrsbution within the same antrum Thetr method
gave the number of G-cell profiles per mucosa
unit  defined as specmens of 6 nm lhxckx;esg
and 1 mm m width and § pm 1 thickness :nd 2

m 1n Width The great vanatian within the udnusl
Z’an be explaned by the fact that these md!;;n u;:i
units may contatn {00 few G-¢elis for a rehable an

reproducible estimate Fig

-ar)
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J F Relfeld \arhus The authors wish 1o thank Pro
fessor D Andersen Odense for perm ssion to use the an
trum preparations and for help in preparation of tht
manscript The worl, was supporied by the Dansh
Med caf Rescare! Co ned Journal pumber 552 949
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EFFECTS OF A CHEMOTACTIC FACTOR
AND BACTEROIDES FRAGILIS LIPOPOLYSACCHARIDE
ON BONE RESORPTION IN TISSUE CULTURE

KIELL SVEEN

The Gade Insutwte Department of Microbiology Laboratory of Oral Microbiology University of
Bergen Bergen Norway

Sueen, K. Effects of a factor and ragilis
n tissue colture  Acta path microbiol scand Sect A 8§ 263-268 1930

on bone resorpuon

s om fetal rat bone in tissue culre was sumulated by
:ixni'n!’?{li‘f" oo C;u(rm factor 1solated from Lipopolysacehanide
(LPShinduced mfammatory exudate in rabbits as well as by Bacterodes fragihis LPS ng,l;
concentrations of released hydroxyprohine and lactate seemed to correlate well with a lugh percentage of
#5Ca I berated 1nto the culture medium An active bone resorption was sumulated by a concentration of
! v/l of the chemotactic factor The peak 1 amount of released 45Ca was at a concentration of 5
ve/ml of the chemotactic factor (LPS-CF) as well as of the LPS preparation whereas the parathyroid
bormone was most acuve at | 1U/ml Thewr effect was connected With the formation of osteoclasts
Nerther LPS-CF nor LPS stumulated a release of 45Ca or hydrozyprohine from heatdevitalized bones
Hepann added to LPS-CF did not enhance s resorpuve potential whereas when added to LPS it had
Syoerpistic effect Tt 15 suggested that the bone resorpuve effect exerted by LPS may be caused by
motactic factors elaborated by acuvation of the complement system and that these factors may be of
Imporiance m the pathophystology of perodantal disease

Key words Bone resorpuon factor
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the loss of bone supporung tooth roots
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¢ correlaton between the severity of peniodontal
and the amourt of bacterial and mcrobual
Poducts 1n the gingival region (1) However the
Pathways connecung these microorgamisms with

e tharactenssuc of

Bacterial lipopolysacchandes (LPS) have been
found 1o sumutate bone TESOrphion m i vitro tissue
cultures {7 8) Afso the supernatant afier centnifu
gation of Immune complexes has been reported to
tnduce bone resorption and this was suggested to be
due to some actrvated complement comporents {3)

This report 1s concerned with studies utilzing a
b

Ptiodonial disease are not well understood Micro-
Bl products and components ongmatng from
graded cells enter the soft and hard ussues These
ather directly actvate mechamisms destrucuve to
e tssue or indirectly tngger defence mechanisms

“hich in turn might generate meduators destructine
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the study was
factor induced
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motactic factor (36 17) The amm of
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ne resorption and of so 1o what extent thys
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with the JOIMALION OF OSLEcLIAsS
hormone it at | 1U/ml Therr effect was connected
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Bactenal lipopolysaccharides (LPS) have been
found to sumulate bone resorption tn i 1tro tssye
cultures (7 8) Also the supermatant afier centnify
gatton of immune complexes has been reported {0
nduce bone resorpuon and this was suggested to be
due to some actvated complement components (1)

This report 15 concerned with studies utilzing a
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Periodantal Gisease are not well understood Micro
Products and components origmatmg from
raded cells enter the soft and hard ussues These
fher duectly acuvate mechanisms destructve to
Bt ussue or indirectly trigger defence mechanssms
:hlch ™ turn might generate mediators destructive
T
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motactee factor {16 17} The aim of the study was
to find out Whether the chemotactic factor induced
bone resorption and 1f so to what extent this
actvity was comparable to that of LPS 1solated
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and of parathyrord hosmone






actate(mmot /1)

4

A B C
Fg 2 Effect of optimal doses of LPS CF LPS and of
beparin added to LPS on the release of lactate from fetal
retbones cultured for 48 b in Bigger s modified medsum
column represents the mean amount (mmof) of
sz ¢ per litre culture medium * standard deviation
fiertical bar) from sue test bones Closed columas
Uusirate culiure mediwm  + test substance open
colomas culture medium alone Test cultures contam per
i of medum A) S g LPS CF B} S pg LPS C) S pig
LPS + 10 1U beparin and the control medwm 5 pg of
LPS DI LU PTH E) 101U hepanin +P >005 = not
sawsucally s gnficant + +P < 0025

8vung opima) response at 2 specific dose (Fig 1)

"

most active at a concentration of 1 TU per mi of the
medum The actvity of LPS-CF was considerably

Hydroxyproline(pg /mt)

3 ++

A B
Fig 3 Effect of optumal doses of LPS CF LPS PTH
and of heparin alone and added to LPS on the release of
‘ydroxyprohne from fetal rat bones cultured for 43 b
Bigger s modified medwm Each column represents the
mean amount {pg) of hydroxyproline per ml of culture
medium = standard deviation (verucal bar) from six test
bones Closed columns lustrate culture mediem + test
substance open columns medium alone Test cultures

— e — P ~

higher than that of LPS on a weight basis and
showed values of #5Ca liberated sigmficantly above
that of the controls at alf ditution steps tested
Hepanin alone nduced no release of 4SCa but
when heparin was added to LPS there was a
pronounced 1ncrease m the release (p = ¢ 025)(Ta

LABLE V Effect of Adding Heparin 1o Bigger s Modified Medium Contalning LPS on the Release of #5Ca Lactate gnd
'vdtoxy proline from Living Fetal Rat Bone and the Effect of LPS an Devialized Fetal Rat Bone wn Trsste Cufture

Hydroxyproline actat
T 5Cat%) e
Tedtment of bone (mean x5 d) T (pg/ml) P (mmol/) P
{mean £ s d} (mean £ 5 d)
Hepann 10 1U/m1 446 = 2960
333018
002 o140
LS a1 956+ 174 oozi 10172165 0028 65,:”',3 0025
S 01U/l + LSS pyfmi 1343 = 36 BR2=203 098 G304 NS
or 8 min 3202087 492115
0C for § tmin + LPS'$ g/ mi Avzoss NST ygiigp NS :g‘

:‘l!unor? X0 05 were scoepted as staust

¢ Difference statssucally significant to control

“‘ S = potsiguficant
ND = notdetectsd

ulally significant. mean catculated from 4-6 samples



MATERIALS AND METHODS

Test Materials

LPS {endotoxin) was isolated from Bacteroldes fragilis
ss_fragilis stram Lalle E 323 by phenol.water extraction
(20) and purtfied by and

Quantification of Lactate and Hydroxproline
The lactate concentration of the test culture and t
control medium was determmed by the reduction
1 I

de adenine dinucl with dehyd
nase {Boehringer, GmBh Manntieim, West-German
and h Free hydroxyp

with ribonuclease and deoxyribonuclease as described
before (12) The complement-derived chemotactic factor
was elaborated In 1no by the injection of LPS-E 323

into wound chamb subcutane-
ously in rabbits as described earlier (18), and the
wnflarimatory exudate sampled 3 h later The fracuona-
tion procedure of the LPS-induced inNammatory exudate
and the 1solatton of the chemotactic factor (LPS-CF) has
been reported in detait (16) Heparin was purchased from
A/S Apoth 1um for §) s
Oslo, and parathyrotd hormone used as a positive
control, was supplied by Lilly, Indianapotis. Ind , USA

Animals
Female rats from an mbred Wistar strain were used
On the or day of they

were injected subcutaneously with 100 pCi of 45Ca One
day later the rats were killed, the abdomen washed with
0 05 per cent Pyricept® followed by 5 per cent 10dine 1n
ethanol The fetal ulnae and radn were removed and
explanted as pairs for organ culture

Culture Medwum

Bigger s modified medium (Flow Laboratories, Irvine
Scotland) containing 0 ! per cent of bovine serum albu-
min (Armour Pharmaceuncal Company Ltd , England)

was used throughi No were

ploy

Culture Method

Two bones from the fetus were used as controls and
the two others as bone The expl
bones were precultured for 24 hin 0 5 ml of the culture
medium Thereafter experimental radu and ulnae were
cultured for 48 h 1n the same volume of the culwre
medium contaiming test materials In one experiment
one ulna and one radix from the same fetus were used as
experimental bone and the contralateral ulna and radix
were used as controls (Table 2} Cultures were maintar
ned at 37 °C m an atmosphere of 5 per cent CO2 20 per
cent O2and 75 per cent N2

anufication of Released $3Ca
QuAﬂe[r‘ culttvation of the bones for 43 h, 0 1 m of the

culture medium was prepated for hquid scintillation
counting of 45Ca The banes were then demincralized 1n
0 5 mlof INHC for 24 h,and 0 | ml of the HCI extract
was prepared for hquid scintillation The amount of
45Ca released from the bones duning culture was

hne (Oll-prclxn:) was estrmated 1n both media accords
to the method of Dabew & Struck (2)

Histological Examination

Bones were fixed 1n 10 per cent formattn i phosphe
buffered saline, pH 7 2 The bones were then deminera
zed m 01 M EDTA overnight and embedded
paraffin Longitudinally cur sections of 5 pm thicknt
were stained with hematotylin and eosm

Statisncal Methods
Far evaluation of the difference between the k&
. * - = 4w 4 oag ta the gmount

¢ -

was performed according to

the 1 test {4)

RESULTS

The release of 45Ca from prelabelled embryonc I
bones 1nto the culture medium was effected by
materials tested over a certatn concentralion T

LsCa release (%)

ey ——
0 1 2 5 1t
Dose

trons (pg/m} Biggers
Lps B ant
mone

Fig 1 Effect of different concentra
modified medium) of chemotactss factor (LP:
Itpopolysaccharide (LPS) and of parathyroid hor °
(PTH) (IU/ml) on the release of previously mcofpor¥ "
45Ca from fetal sat bones cultured for 48 h Each por '

the mean + one standard errof ©

tal

the percentage of the (o ¥
s : culated from the total counts per
one expersment, the amount

express
mually yrcs)ent,m ea:’ :

ute (cpm) tn the bone 1n
?f":ma released was expressed as the rauo t:;t;l;c; mz
45Ca released (cpm) from the treated bones 21

comparable control bones (Table

264

the mean (vertical bar) from six test bones F°;
calcylation of bone resorpion, see Matersals 2

methods —V~- LPS CF, -0~ LP§ -0~ PTH Vaw‘]‘
of P >005 stausticaliy not sigmificant 1© coatel

++P <005, +++P <0025



percentage of 4Ca mobilized from the same fetal
bone by the sttmutant used Also hugh concentra
ons of lactate 1 the culture medmm seemed to
correlzte well with a hugh percentage of 45Ca liber
ated as well 25 with the amount of OH prolie re
leased Each of the parameters used thus could
reflect the de of the actoty

imay 2150 bind 10 the membrane by the opensng of
the ipid bilayer which would allow nteraction of
the fatty acds Results (unpublished) mdicate
however that the mamn part of the bone resorptive
actwity after the sphitting of the Fusobactermum LPS
with 1 per cent aceuc acd was retained m the

induced by the spectal stimulant used
Morphologically LPS-CF and LPS caused a
grol feration of osteoclasts and a femoval of the
matryt as shown by others using LPS tsolated from
Baciero des melaninogen cus (7) 2nd from Eschert
tha colt {8} These I 1 al

and not m the pellet. This may mdicate
that ipid A 15 not the only poruon of the 1PS
molecule m which the potential for biological
activities are wtegrated This 15 10 keeping with
other studies (12 13 14 16 19)

The additton of heparn to the culture medium

contan 2 greater number of nucle1 than those seen
m the controls usmg LPS {5) and PTH (11) as
sumulants

Large dosss of LPS-CF 1u the culture medmm
resuted 1n a decreased release of #SCa This was
250 demonstrated with hugh doses of LPS and PTH
which would suggest the occurrence of erther an
hibtory mechanism or 2 toxc effect Nerther
LPSCF nor LPS sumulated 45Ca release beyond
that of PTH when tested on the peak of therr betl
shaped dose response curves It 15 likely that the

Déuctory mechanism of LPS CF also 15 quite
(ffora ¢ ——

L have a hpid A qute different from that of
Fussbacterym LP$ It has been put forward that
Uis part of the endotoxin molecule 1s responsible for
U bological activiues exerted by LPS (6) Also
Upid A has been suggested to be responsible for the
v 45Cy release from bone (9) It1s known that
4 A activates the classical complement pathway
nd that the polysaccharide portion inttiates the
vation of the alternauve pathway B fragilis LPS
bas been shown to acuvate the alternative pathway
15) resulung 1n the elaboration.of the complerment
denved chemotacuc factor CSa (16)
There 1 1o proof that embryonic bone does or
Tot contain endogenous complement factors It
D2y be suggested therefore that complement
TS are avadable wnsde as well as outside the
and are acuvated by LPS resulting in the
Saboration of chemotacue factors It 15 not Likely
%2t 1PS.CF and LPS which arc each umgque
olecular enties should react with the same
Teceptar in the celt membrane of the osteoclass and
"uate the biochemtcal events resulung 1 bone
Tofption It 1s more Iikely that these events are
Mediated by the elaboration of the chemotacuc
factor Ca binding 1o receptors i the cell memb-
fane Homerer LPS-malecules via the bovd ran

wcreased the resorptive actvity of
LPS as has also been shown by others (8) whereas
00 such effect was found when hepann was added
to the culture medmm contarung LPS-CF The
of this effect 15 unk
although heparin 1s known to activate the classical
complement pathway and thus mduce the elabora
won of complement-derived factors which may be
active 1 sumulanon of bome resorption Why
hepanin did pot enhance the bone resorpuve effect
induced by LPS-CF 15 also unknown
Do 1 -

a

.

number ol osteoclasts whereas the effect of LPS
causes changes 1n cell calcrum as well as an increase
s the oumber of nucles of the osteoclasts The
dynamics behind the mductory mechanism of
calaum release by LPS as well as by LPS-CF are
uncertain However neither caloum nor cAMP
needs to be the final mediator of bone resorption

The potenuaung effect of heparmn on LPS from B
Jragilis 13 mteresting 11 that no correlation between
the number of mest celis and hepann contemt of
nflamed gingival tissues has been found (2 1} which
wndicates that mast cells have degranulated This
also 15 supported by the finding that severe mflamed
gngva contain fewer mast cells than healthy
gngwa do Furthermore a sumulation of the
synthesis of mast cells i the connective tissue
adjacent to the gingival mycrobial plaque has teen
tadicated (22) It may thus be concluded from the
resulls presented thar the synergisuc effect of
hepann on endotoyn as well 2s the activity of the
LPS mnduced complement-dertved chemotactic fac
tor on bone fesorpuon coutd be sigmificant factors
n the pathophysiology of pertodontal disease
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TABLE 2 Effect of Adding Heparin to Bigger s Modified Medwum Containtng Chemotactic Factor (LPS CF)op Release
of 5Ca and Hy droxyproline from Fetal Rat Bone in Tissue Culture

Ratio treated to control®

Treatment of bone

45Ca P Hydroxyproline ?
(mean t s e) (mean £ 5 ¢)
LPS CF 5 pg/ml 113005 <00S 152016 <005
LPC CF 5 pg/ml + 10 IU/m! heparm 114008 <005 152£015 <005

* Release ratios of 45Ca and hydroxyproline are calculated from four pairs of cultures 1n each expeniment
b P values based on a difference of a 45Ca and hydroxyproline release ratio from 1 0

ble 1) The difference 1n the release of 43Ca from
prelabelled experimental bones and control bones
was not statstically significant

Except for hepanin (Table 1) all the test materals
examined 1 doses giving optimal 45Ca release into
the culture medium also mduced the Iiberation of
lactate, which was sigmficantly higher than in the
medium of their respective controls (Fig 2)

m at the

:lc;l;t; with the persosteu!
i and eosin % 488

giant cells \atiuws,
Both sections are of
upper edge Hematoxy
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However, the concentration of Jactate 1n medn 2
containing heparin only was mnsigmficant although
1t seemed to potentiate the release of lactate 1t the
medium contarming LPS (p = 0 025) (Table ]

A significant release of OH proline o the
culture medum containing LPS CF LPS and
in optimal concentrations was demonstrated (Fig ,
3) Ten units of heparin did not affect the relsasezg
OH proline (Table 1) but the same wncenuauonﬂ
heparin enhanced the effect of LPS sigmificantly
above that anduced by LPS alone (p = 0029 :

The actvity of LPS CF to induce the llberauon:h
45Ca and OH proline 1nto the culture medum w:!
or without heparin added, gave values slgmﬁmg
above that of the controls {p <0 05) (Table \
However, heparin did not potentiate the capacity }?
LPS CF to induce exther the release of +3Ca or 0
proline 1nto the culture mednm (p >0 05) -

Fetal bones cultured for 48 h with LPS-CE of
LPS showed an increase in cell density with the
findmg of multmuclear cells close to the bonctz
well as a scarcity of bone matrix as compared
control bones (Fig 4)

DISCUSSION

Preculture of fetal rat bone under strictly defined

conditrons 1n culture medium  only for 24;
contributes to an exchange of loosely wmplc‘nd
45Ca with the stable calcium Both metaboltc a“
passive éxchange mechamisms are primanly rcSpoa(
sible for the release of *5Ca from prelabelled :h:
bone 1n 1 witro cultures (9) The magmtude Df!om
passive exchange component may be estimated ‘r‘m
prelabelled heat-devitalized bone in the m‘ny
medm Neither LPS-CF nor endotoxin had atd
effect on the exchange mechamsm of devataliz
bone

A large amount of OH proline libera
bone matrix was found to be related to 2

ted from the
mgh
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THE INTRA-LESIONAL VARIATION OF TYPE, LEVEL OF
INVASION, AND TUMOUR THICKNESS OF PRIMARY
CUTANEOUS MALIGNANT MELANOMA

55 Malignant Melanomas Studied by Serial Block Techmque

KNUD SONDERGAARD

Department of Pathology the Finsen Insntute Copenhagen Denmark

Sendergaard K The Intra lesional vanation of type level of mvasion and tumour thickness of
prmary malignant melanoma 55 malignant melanomas studied by serial block techmque Acta path
miczobiol scand Sect A 88 269-274 1980

In order 1o evaluate the prognostc importance of type of melanoma. level of nvasion and tumour
tuckness in a retcospective study of cutaneous melanomas it 15 prerequisite that the avaraple
histological materral be representative To investigate this condition 55 primary cutaneous melanomas
were studied randonily by senal block technique The histological classification of each tissue block as
1 1} type of melanoma 2) fevel of imvasion and 3) tumour thickness was correlated with the overall
¢lassification of the corresponding whe's - e -

melagoma lentigo mahigna melanoma

and arranged 1n 6

nm and more than
540 mm) The study revealed a consistency of 95% (52/55) between the type

of thaugntral cross
secuon and the type of the whole tumour In 96% (53/55) of the central cross sections the levet of
Invasion was equal to that of the whole tumour In 95% (52/55) of the ceatral <ross sections the
Wmour thickness was situated 1n the same group as that of the whole tumour It 1s concluded that
fype level and thickness of malignant melanomas can be evaluated 1 retrospectve studies sf central
¢ross sections of the melanomas are available for histologecal examination

Key words Malignant melanoma cutaneous classificaion

Knud Sondergaard Department of Pathology the Finsen Institute S
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Fr 2 A section from the perpherat part of a polypo dal malignant melanoma graded as NA Jevel 11 The polypoidal
P of the wmour 15 massively infiltrated by melanoma cells and the upper surface 15 ulcerated (arrows)

Baematonyl n and eosn x 14

mwr afls were present there the block was typed

U Level of masion was graded according o the
485t puon by Clark es af (Shas shown in Fig 3 Level 1
™2 ed that the wmour cells were confined © the
©derms Level 11 indcated tumour cells which
Fuiended into the pap llary dermis but did not reach the
feucular derm's The level 111 tumour cells 1mp nged

upon the interface betw een the papillary and the reticular
dermis but did not invade the rencular dermis Level 1V
designated tumour cells clearly extending between the
collagen bundies of the reticular dermis and the level v
tumour invasion progressed into the subcutaneous fat
3) Tumour th ckness was measured on the histolog ¢
secuons by means of an ocular micrometer as the
maximal d stance 1m mm from the top of the epidermal
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the macroscopic photos of each lesion The blocks were
embedded 1n paraffin and 4 to 6 haematoxylin and eosin
stained sections were prepared from each block

The histological secuons were mixed and randomly
studied by light microscopy Without the help of any
climiea! or other informations each block was classified
as to 1) type of melanoma 2) level of invasion and 3)
tumour thichness

Crueria ar d Defninons

1) Tape of melanoma The follow ing groups were used
tn the typing of the blocks

Superficial spreading melanon a (SSV) charactenized
by an intra epidermal Pagetoid extension of atypical
melanocytes When dermal invasion was present the
intra eprdermal spread of tumour cells extended more
than 3 rete ndges from areas of ¢iear dermal invaston (5)

Lent go n al g 1a melar o na {LAM) charactenized by a
continuous proltferat on of pleomorphtc melanocytes 1n
the basal layer of the epiderm s Epidermal atrophy and
solar dermal elastosis were present (5} The group

m the central part of 2
h the 1nterface between

Fig 1 A section fro
arrows) do not reacl
cosin X 14

270

I L m A,
o Rl
PSS gec g, (O
e RIS e FROR L LA }
f"”\w&é&‘i&z - ,;: s.m-
polypordal malignant melanoma graded as level 1T Th
the pap llary and the ret cular derm s (large arrows]

tncluded non invasive lesions ( ¢ lent go malgnal ¢
Well as invasive melanomas

Acral lentiginous melanoma (ALM) character zed b
lentiganous intra-epithehial prol feration of pleomorph
tumour cells extending more than 3 rete ndges [ ot
areas of dermal invasion Marked acanthoss an
elongat on of rete ridges was present ()

Nodular melanoma (¥¥) be ng an imvasive melanom
with peripheral intra epidermal spread of tumour cell
extending less than 4 rete nidges from areas of derny
imvasion {(5)

Melanomas of unclass fable ype des gnat ng melanc
mas not included in the above ment aned groups

Nervo d lestons designating blocks contain ng too 1t
turour ussue for the d agnosts of masve or nor
invasive melanoma to be made

The seral blocking of polypordal melanomas (Fie {
resulted 1n a number of blocks without y1s ble connectio
between the polypoidal part of the melanoma and th
skin (Fig 2) The typ ng of such blocks was based oath
growth pattern of tumour 1n the underlymg sk n In

s
.

¢ tumour cells {sn all
) Haematoxyhn and



istency berween Tumour Thickness of the
Th ckness of 55 Melanomas and the Rate of Consi
THLED The 1(’?:‘!7:1? Block and !/;lal of the Whole Tumour Correlated 1o the Type of Melanoma

kness Central blocks with thickness con
::‘ ;So‘r::x‘zlrlm‘ym?s o?;es nr:x::::aﬁlzcs :‘mm) sistent with that of the whole tumour
95% confidence
0 076~ 151- 226 301~ e %
T Namber (o isp 235 300 oo 600 Mum s
95 85~ 99
B “ 6 6 9 7 1 s 42
ey 4 1 [ 0 ] |l ‘z) : 100 40-100
ALY 1 o 0 o o
W 6 o o o 1 2 3 5 83 36-100
T ss 7 6 9 8 15 10 52 95 85~ 99

Vel of imvasion was consistent with that of the
bole tumour (Table 2) whereas the level 1n 2
locks diverged from that of the whole tumour In
3% {170/261) of all blocks the Jevel agreed with
Bt of the whofe tumour In 91 blocks coming
"dominantly from the peripheral pans of the
Sons the fevel diverged from that of the whole
mour

Tumour ih ckness Table 3 shows the distribution
Tthe 55 mefanomas according 10 the thickness of
¢ whole tumour (7 testons 0~0 75 mm 6 lestons
76150 mm 9 testons 1 512 25 mm 8 lesions
300 mm 15 lestons 3 01-6 00 mm and (0
Sens more than 6 00 mm) In 95% (52/55) of
* eentral blocks the tumour thickness was i the
1€ R10UD as that of the Whole tumour (Table 3
82 central blocks the thickness diverged from that

the whole tumour In 65% (169/261) of all the
tocks the thickness corresponded with that of the
*hole tumoyr 1n 92 blocks comuing predominantly
fom the peripheral parts of the melanomas (he
Rekness dnerged from that of the whole tumour

DISCUSSION

Dre of metanoma tn 1969 Clark et at (5)
onstrated the progrostic signuficance of 2
#S1010g1C classif cation of primary cutaneous mela
lomas into 3 types (SSM LAMM and NM) Recemily
Reed (9) found that melanomas on the patm of the
and on the sole of the foor diverged
stologically from Clark s 3 types of melanoma
'™ he proposed the new subtype named ALM
SMOLMAC and ALM are charactenzed by
* (erent patterns of intra-eprheliat proliferation of
Umour cells in the retiphery of the lesions 1n
DRSO N How ever the type of melanoma ss

unclassifiable i a number of cases The more tssue

blocks available from each tumour the fewer

unclassifiable lesions (6) In the present study 95%

(52/55) of the central blocks showed a type
P

famccan m b L

ol the central cross section and that of the whole
tumour

Level of invasion 1n 1969 the prognostic
importance of the grading of the depth of invasion
of cutaneous melanomas on 5 levels (Fig 3) was
demonstrated by Clark ef al (5) However this
method 1nvolves some problems Suffin et at (10)
tested the comparability of grading of the depth of
invasion done by a number of pathologists using
Clark s levels An il disagreement was found
regarding the classification of level I and level 111
and agreement was reached only after instruction by
Dr W H Clark 1n the Ppresent study the level of
tnvasion of 96% (53/55) of the central blocks was
consistent with that of the whole tumonr This
corresponds reasonably with the mpression of
Hermanek et al () that 2 few secyons from the
most promunent part of a melanoma are sufficient to
classify the level of 1nvasion

Tumour thickness 1n 1970 Breston (1) showed
that the prognosts of cutanieous melanomas. depen
ded on therr thickness defined as the greatest
distance 1n mm from the epidermal granular cely
layer to the deepest invasion of tumour



granular cell layer to the deepest point of tumour
myasion, as described by Bresfox (1. 2} The thickness
was measured at 90 degrees to the skin surface (4) In

TARIF | Tha N rows T oam nf €€ 301 o o ..

ulcerated lesions the thickness was from the
most superficially placed tumour cells in the ulcer base to
the deepest tumour nvasion (2, 4)

In blocks without visible connection between the
polypoidal part of a melanoma and the skin (Fig 2) the
thickness was measured from the granular cell layer of
the upper epidermal hining of the polypordal part to the
deepest invasive tumour cells in the polypordal part Ifa
greater distance was found from the epidermal granular
celf layer of the underlying skin to tumour cells invading
the corum or the subcutis. ths distance was used

In melanomas without dermal invasion the thickness
was designated as 0 mm In the evaluation of the results
6 groups were used 0-0 75 mm, 0 76~] S0 mm, | 51~
225 mm, 226~300 mm, 301-6 00 mm, and more
than 6 00 mm

Funally she overall 1y pe of melanoma lerel of imasion
and tumour thickness were designated The overall type
of each of the 55 melanomas was found by reviewing all
the secuons of each melanoma The overall Jevel of
invasion and the overall tumour thickness of the whale
tumour were indicated as the deepest level and the
greatest thickness found 1n one or more sections of the
wmout

In the present study the classification of the melano-
mas was based oo the principles demonstrated and
discussed by Dr # /f Clark and Dr A Brestow (I])

RESULTS

The material consisted of 10 polypoidal melanomas
(Fig 1) and 45 non.polypordal melanomas The
serial blocking resulted in 261 tissue blocks In 10
tissue blocks no connection was Seen between the
potypaidal part of the melanoma and the skin (Fig
2

Type of melanoma Based on all the blocks the
material included 44 SSM, 4 LMM, 1 ALM and 6

Central blocks with type

The overall type consistent with that of
of each melanonma the whote tumour

5%
Type Number Number % confiden

hmits
§SM 4“4 42 95 8~
LMM 4 3 s 19- %
ALM { 1
NM 6 (1 100 54~100
Total 5 52 95 8595

NM (Table 1) In 95% (52/55) of the lestons |
type of melanoma based on the central block ®

aoa £ mtitas men T

PR .

[ .ot -~
t
blocks the type was in agreement with that of t
whole tumour In 26 blocks the type was difere
from that of the whole tumour [ blocks from ¢
perspheral parts of the melanomas were graded
nevand lesions, 8 blocks showed melanomas
unclassifiable type, whereas 7 blocks show!
melanomas without lateral intra-epidermal mmq
snvasion although they onginated from melanom:
classified as SSM and LMM

Level of tnvasion By using 2)) the blocks IJ'
following distribution of the 55 melanomas ®i
found [ lesion level I, 4 Jestons level 11, 21 lﬁw:
fevel 111, 21 lesions level [V, and 8 lesions fevel
(Table 2) In 96 % (53/55) of the central blocks tt

1h
TABLE 2 The Level of Invaston of 55 Melanomas and the Rate of Consistency between the Level of Imvasion o th
Central Block and that of the Whote Tumour

The overall level

verall type
e of 55 melanomas

of 55 melanomas

Central blocks with levels consistent
with that of the whole tumour

95% confidenct

Type Number i i w v v Number % s
88-100
4 19 17 4 43 9
o 4: ‘: o 0 ! 2 4 100 40-100
LMM o Y H . :
v (’7 g o 2 2 2 5 83 36-100
NM
55 1 4 21 2 3 53 96 §7-100

Total
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102 retrospecuve study of 125 primary cutaneous malignant melanomas of the foot treated from 1949
10 1977 the prognostic importance of vanous histological and climeat factors was observed Clinscal
$lage locauon of tumour on the foot, level of mvasion tumour thickness mutotzc rate and presence of
Weeration correlated well with survival while sex and tustological type did not A histological
205 uon was found between the superficial spreading type and the acral lentigtnous type 1ndicating a

dlose biological relationshup betw cen the two types of melanoma
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}an0us studies have found primary malignant
ma of the foot to account for 3-15% of the

'I‘;ﬂ oumber of primary skin mefanomas €1 15
19 21) In 1969 Clark et a (5) demonstrated
Prognostic significance of a hustological classifi
;;ﬂ of prmary cutaneous melanoma mnto 3 types
nc ffical spreading melanoma, nodular mela
R:: &d lentigo maligna melanoma) Recently
- Q4) described 2 pew type of melanoma acrat
U3M0US mefanoma  on plantar and palmar

g Ssopatbologie study of 125 pavents with
- E120t melanoma of the foot was undertaken m
" 10 1mvestigate the frequency and prognos
ds:’mnee of the new type of melanoma
- ;M bY Reed and 10 esumate the prognoste
ance of the following clinical and hustological
Valtables. Chme stage sex site of tumour on the
mm::vc of melanoma according to Clark level of
" 20tding 10 Clark tumour thickness
‘hnu?:x‘o Brestow mitotc rate and presence of

MATERIAL AND METHODS

From 1949 to 1977 149 pauents were operated on at the
Finsen Institute for pnmary cutaneous malignant mela
noma of the foot. In 126 patents the tumour was
primarily excised whereas 23 patients were admutted for
extended excision after pnmary excision elsewhers
Inguinal tymph nodes were dissected where clmcally
enlarged Postoperatively the pauents received frequent
follow up exanumations at the Finsen Insumute (the
Radivm Centre and the Department of Plastc Surgery)
for up to 10 years or more.

In 125 patents the hustological matenal from the
prmary lesion was suitable for the microscopic classifi
cation hich was made by one of the authors (K.§ ) The

hustological secuons were staned by baematoryle and
cosin

The Clinical Reporting of Patients with Melanoma of the
Foot Inctuded

1) Stte of rumour a) sub-,
pedis and ¢) dorsum pedis
foot.

) Sex

3} Climical Stage a5 described by Ofsen (19 20

parungual region b) plapta
corprIsing the rest of the



degrees increases the apparent thickness by 9% (3)
In the present study a 6th group was used (more
than 6 00 mm) in order to separate very thick
melanomas By using these 6 groups 95% (52/55)
of the central blocks showed a tumour thickness
consistent with that of the whole tumour
Conclusfon The present study demonstrates a 4—
5% inconsistence between the central block and the
whole tumour with regard to the classification of
type level and thickness This means that 1t 1s
possible to evaluate the prognosuc sigmficance of
type level and thickness n retrospective studies

2

[N w

>
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provided that central cross sections are lable for
the histological examination It can also be conclu
ded that selected parts of a cutaneous melanoma
may be removed for electron microscopic examina
tion or other tissue analyses with only a munimal
risk of interference with the histological classifica
tion if the most elevated part of the lesion 1s reserved
for the microscopic evaluation
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Stage Tocation of tumour on the foot, level of invasion tumour thickness mitotc rate and presence of
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close biological felationship between the two types of melanoma
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Various studres have found primary malignant
Relanoma of the

e foot to account for 3-15% of the
‘otal guber of primary skin melanomas €11 1§
16 19 21) 10 1969 Clark et al () demonstrated
& brognostic sigmificance of hustological classifi
alon of prumary cutaneous melanoma nto 3 types
(uperfigy spreading mefanoma nodular mela
;uma and lenigo maligna melanoma) Recently
5 eed (24) described a pew type of melanoma acral
oMgIoUS melanoma on plantar and palmar
Surfaceg
A dlincopathotogie study of 125 patients with
::hxnam metanoma of the foot was undertaken 1n
bl T both to investigate the frequency and prognos-
Mportance of the new type of melanoma
“gm‘_w 5Y Reed and to esumate the prognostic
i éﬁnce ol the following clinical and histologcal
ables Chinseal stage sex site of tumour on the
I:"‘v type of melanoma according to Clark level of
on axording o Clark tumour thckness
Roording
Sloeratiy

{0 Breslow mitotic rate and presence of
n.

MATERIAL AND METHODS

From 1949 to 1977 149 patients were operated on at the
Finsen Insutmte for primary cutaneous malignant mela
roma of the foot. fn 126 patiemts the tumour was
primarily excised whereas 23 patients w ere admtted for
extended excision after primary excision elsewhers,
Tnguimal lymph nodes were dissected where climically
enlarged Postoperatively the pavents recerved frequent
follow up examinations at the Finsen Instimte (the
Radium Centre and the Department of Plasuc Surgery)
for up to 10 years or more

In 125 pauents the hustological matenat from the
primary lesion was sustable for the microscopic clasyfj
cation which was made by one of the authors (K.S ) The

histological sections were stuined by haematotylin and
cosin

The Climeal Reporting of Patients with

Melanoma of the
Foot Inciuded

1) Site of tumour a) sub-fparngual region, b) plagsa
pedis and <) dorsum pedss, comprising the rest of (ke
foor.

2) Sex

3} Clical Siage as described by Ofser 19 20y



degrees increases the apparent thickness by 9% (3)
In the present study a 6th group was used (more
than 6 00 mm) n order to separate very thick
melanomas By using these 6 groups 95% (52/55)
of the central blocks showed a tumour thickness
consistent with that of the whole tumour
Conclusion The present study demonstrates a 4
5% wnconsistence between the central block and the
whole tumour with regard to the classification af
type, level and thickness This means that it 1s
possible to evaluate the prognostic significance of
type level and thickness in retrospective studies
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provided that central cross sections are ) for
the hustological examination It can also be conclu
ded that selected parts of a cf 1

melanomas Senunars 1 Oncotogy 2 83V

may be removed for electron microscopic examina-
tion or other tissue analyses with only a mmimal
nisk of interference with the histological classifica-
tion 1f the most elevated part of the lesion 1s reserved
for the microscopic evaluation
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1977 the prognostic importance of various histological and cliny .
sage location of tumour on the foot, level of 1vasion tumiour thickness m|m‘;l<; rate a\:\d :::ls:;‘o: ; .
uoeration correlated well with survival while sex and histological type did not b
0Siton was found between the superficial spreading type and the acral lentiginous type

close biotogical relationship between the two types of mefanoma
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MATERIAL AND METHODS
jamiass sl pave found primary malignant From 1949 10 1977 149 patients were operated on at the
s oma f the foo 1 aczoun for 3~15% of the Finsen [nsttute for primary cutancous malignant mela
il mumber of primary sion melasomas €11 15 noma of the fool In 126 pauents the tumour was
16 192 10 1969 Clark et af (5) demonstrated primanly excised whereas 23 patients were admitted for
:: ProBnostic significance of a histological classifi
01

b mary cutaneous melanoma mnto 3 types
Superficial spreadyng welanoma nodular mela
oma ang

extended exasion after primary excision elsewhere
M of pr Inguinal lymph nodes were dissected where climcally

enlarged Postoperatively the patients received frequent

lentigo maligna melanoma) Recently follow up examinations at the Finsen Insttute {the
Reed (24) g

‘escribed a new type of melanoma acral Radium Centre and the

Department of Plastic Surgery)
for up 1 10 years or more
mrurf::“s melanoma on plantar and palmar In (25 patents the hustologrcal matensat from the
A Chiny athok 5 th primary lesion was sustable for the DICTOSCOpK classifi
Tabgozgy o o Study of 125 pauents with  0B% SO HaS S by one of the authors (K S ) The
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degrees increases the apparent thickness by 9% (3)
In the present study a 6th group was used (more
than 6 00 mm) in order to separate very thich
melanomas By using these 6 groups 95% (52/55)
of the central blocks showed a tumour thickness
consistent with that of the whole tumour

Conclusion The present study demonstrates a 4~
5% inconsistence betw een the central block and the
whole tumour with regard to the classification of
type. level and thickness This means that it 1s
possible to evaluate the prognosuc sigmficance of
type level and thickness n retrospective studies
provided that central cross sections are avaylable for
the histological examunation It can also be conclu
ded that selected parts of a cutaneous melanoma
may be removed for electron microscopic gsamina-
t1on or other tissue analyses with only a mimimat
risk of interference with the histologteal classifica
tion (f the most elevated part of the lesion 1s reserved
for the microscopic evaluation

Supported by grants from the Damsh Cancer Socien
(Project No 59/77)
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| Fg 1 Maignant metanoma, superficial spreading type
(SSW) Planta. Marked Pagetaid extension of tumour
«elis 1nto the byperplastic epidermus 1s seen No dermat
vasion 1 found in this area. Haematotylin and eostn
X1

| g2 Muguant melanoma. seral fenuginous type
QLM Sup-fparungual region & fentiginous pattern of
haour cells I5 seen tn the hypesplastc epiderms ™o
drmal tavasion 1S found in thus area. Haematoytin and
’ e X130
Fg 3 Mahgnant melanoma, husiologically intermediate
| temen superfical spreading melanoma and acral
 iezanous melaroma (SSM ALM) Planta In ths area
ofumobr moderate Pagetod extension of tumour cells
i S PEsent a3 well as lentigmous growth pattern and
} eéermal byperplasiz. Haematoxyhn and eosin. X 130

l Fig 4 Maligoant mefanoma, nodular type (NV) Dor
I Mo adjacent intra-epdermal extension of tumour
s present. Haernatoryhn and eosin, x 130

——

Sagy 1 No climcal signs of metastases
Sage 11 Cluacatty enlarged and Suspicious inguinal
Ve des and or 2 few cutaneous metastases close to
e pruary Jesion

Suge 111 Onter signs of metastases 1 ¢ further groups
iffymph nodes cutaneous metastases along the lympha

8 0Uks remote cutaneous metastases and visceral and
ceschral megastases

The # stological Evaluanion of the Melanomas Included
7he fastologreat trpe of melanoma sccording to
Clark et at (5) and Reeq (24) as previously described by
Sendergaars (26)
Superf cual spread g melanoma (SSY) (Fig 1)
Lent g0 maligna melanoma (LMM)
Aeral tenuginous metanoma ALM)(Fig )
Nodular metanoma (N) (Fig 4)
Heanoma of unclassifiatle ype
'y Levet of savasion was graded according to Clark ef
5) 25 described by Sendegaard (26 Level 1 —
U~ pepiltasy dermis level 1L ~
= veucular interface level 1V~ reticular
2adlevel V ~ subcuus Polypoidal melanomas

) ltacy
detms

TABLE | Sex of 125 Par,

1n which tumour cells did not reach the papiliary —
reuentas interface were named level PM 1L

3 Tumour thicknesy Was measured 1 mm from the
10p of the epdermal granular cell layer to the deepest
paas of tumour wvasion as descrided by Breslow {3 4)

4 Mitonce rate 18 at least | mm” (using high power
fields X 400) the mitoses were counted and converted 1o
1 0 mm? by 7r? In Our mictoscope the area of 10 Yugh
power fietds (dameter 035 mm) was 096 mm? e
very doss to | ma?

§ Ulceration Sue of ulcerauon if any was measured.
1 mm by an ocular micrometer on the histological cross
section of 1he tamour

Siansuca! Analyus

The cumulatve survival rates were calculated by the
life table method and compared by the Logrank test {2
23} W here appropriate Cht® test Aas used Stgmficance
‘was assassed ag P less than 005

RESULTS

In 125 pauents the histological matertal from the
primary lesion was asadable and sutable for
microscopic classificaton From each tumour 1§
cross sectional tissue blocks including the central
part of tie tumour were preserved.

The age of the patents varied from 22 t0 94 years
(mean value 60 years) 45 pauents (36%) were
under and 80 (63%) over 55 years of age

Sute of melanoma 14 melanomas {11%) were
localzed sub-/parungually $0(40%)at planta ang
61 (49%) at dorsum The 10 year survival rates
were  Sub-/parungual 21% planta 40%, ana
dorsum 55% (Fig Sa} In patents with sub-/
varungual melanama the survival rate was signifi
cantly lower than n patients with lestons of the rest
of the foot (X2=4 073 df | P <0 05) 1n pavents
with melanoma at plama the survival rare Was
lower than in patients with melanoma ar dorsum

but the difference was not sigmficant (X2= 1
a1 P>02) 5

ents with Melanomas of the Foat Correlated 1o the Stte of Tumour
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TABLE 2 Cinical Stage of 125 Melanomas of the Foot Correlated to the Stte of Tumour

Chimeal Sub /parung Planta Dorsum Total .
Stage No % No % No % No %
I 9 64 39 78 54 88 102 82
It 2 14 10 20 6 10 181
jil] 3 2 1 2 ! 2 5 4
Total 14 100 50 100 61 100 125100

Sex Of the 125 patients 84 were female and 41
male Table | demonstrates that the proportion of
melanomas 1n each of the various regions of the foot
was 2 | women to men

The 10 year survival rates for women and men
showed no sigmficant difference (X?=0 094 df |
P >07)(Fig 5b)

Climeal stage 102 pauents were 10 stage I 18 m
stage II and 5 in stage Il Table 2 shows the
regional distribution of lestons The 10 year survi
val was sigmficantly higher for stage 1 patients
(54%) than for stage I1 (7%) or I1f (0 %) patients
(X2=42047 df=1 P <0 0005)(Fig 5c}

Histological npe Of 125 melanomas 55 were
SSM 28 NM 20 ALM none LMM and 22
unclassifiable 17 of the unclassifiable melanomas
tustologically took up a position intermediate
between SSM and ALM and were named SSM
ALM A lentigmous proliferation of tumour cells
was found as well as areas with moderate Pagetord
extension of tumour cells (Fig 3} In the remaining
§ melanomas of unclasstfiable type 1t was uncertain
whether or not the lateral :ntra-eptdermal prolifera

tion of tumour cells extended more than 3 1ty
ridges beyond areas of clear dermal invasion [
whether the melanomas were NM o melanoms ]
with adjacent intra-epidermal component (ACM)
(17) The § melanomas were designated NM ACM

As shown in Table 3 ALM and SSM ALY
predominantly were localized sub /parungually “j v
atplanta The different types (SSM NM ALM 22¢ |
SSM ALM) did not mfluence the 10 year suravdl »
rate significantly (X2=306) ¢f 3 P >0)
(Fig 54)

Level of imaston OF 121 melanomas 9 sho‘mzf ‘
Jevel Il 29 fevel II1 61 level IV and 22 level V [:d ﬂ
patients polypordal lestons level PM 11 were fou
One of these patients died of metastases | / \Je;'“/s
after operatton while the other was stul alse 4
years after operation Further 2 melanomas e
unclassifiable because of a very iidefined paptlary
reticular interface la
Only one patient with a sub fparungual mded
noma Jevel If (and tumour thickness 0 64 mm) d
of metastases half a year after operation Hstologt
cally total regression of the central part o "
tumour was noted which was 1n agreement Wt

TABLE 3 { Type of 125 & of the Foot Correlased 1o the Site of Tumour

Sub /parung Planta Dorsum Totat
Histological - -
Tyee Ne % Ne % No % o

55 4
3 2t 17 34 35 57
o 4 29 7 14 17 28 2(&; f:
N 5 36 12 24 3 5 i ¢
ALM 2 14 1 22 4 7 l; lA
1 ALM

isfx AACM 0 0 3 6 2 3 0

14 100 50 100 6! 100 125 |0‘_
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TABLE 4 Level of Imasion of 125 Melanomas of the Foot Correlated 1o the Site of Tumour

Level of Sub /parung Planta Dorsum Total
Invaston 5
No R No % No kY No %

11 2 18] 2 4 5 3 9 1
PA Il 0 0 0 0 2 3 2 2
1 5 36 10 20 13 23 b3 b
TY 3 21 29 58 29 48 61 48
v 4 29 9 18 9 15 2 18
Unclass 0 0 0 0 2 3 2 2
Total 14 100 50 100 61 100 ns o1

TABLE 5 Tumour Thickness of 125 Melanomas of the Foot Correlated to the Sue of Tumour
Tumour Sub /parung Planta Dorsum Total
Thickness
(mm) No % No LY No % No %
0 -075 2 14 1 2 7 11 10 8
076-1 50 4 29 4 8 9 ] 17 3
151-228 1 7 9 18 4 7 14 1
226-3 00 2 14 12 2 n 18 25 20
301-6 00 2 14 19 38 21 34 42 34
>600 3 22 5 o 8 13 16 13
Unclass 0 [ 0 0 1 2 1 !
Total 14 100 50 100 61 100 125 100

TABLE 6 Muronc Rate of 125 Melanomas of the Foot Correlated 1o the Site of Tumour

Sub /parung Planta Dorsum Total
Mitoses/mm? -———r
No K No % No % No
0-1 1 7 9 18 13 2 23 18
2-5 4 29 13 26 25 41 2 3
6-9 2 14 1 22 10 16 2 13
>9 3 2t 15 30 12 20 30 2
Unclass ) 29 2 4 1 2 1 6
Total 14 100 S0 100 61 100 125 100
TABLE 7 Ulceration of 125 Melanomas of the Foor Correlated 1o the Sute of Tumour
Sub /parung Planta Dorsum Toul
Uleeration R —_——
(mm) No a No % No % No %
46
3 21 20 40 35 58 58
°< 6 43 20 40 16 2 42 ;3
;g 5 36 10 20 10 16 25
25 100
Toal 14 100 50 100 61 100 1
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mformation from the patient that the flat Jesion
ongnally had been elevated

10 year survival decreased sigruficantly by deeper
mvasion Level 11 89% level 111 60% level IV
B% and level V 27% (T=10515 dof 1 P
<0005) (Fig Se)

Table 4 shows that the frequency of lesions level
Dand 1Y was greater 1n sub-/parungual region
(0114 50%) than 1n the rest of the foot (317107
BEL bt the difference was not significant
0 2541 Y P>01)

Tumour ih ckness Of 124 melanomas 10 showed a
Uickness of -0 75 ram 17 of 0 76-1 50 mm 14
o 151-225 mm 25 of 226-300 mm 42 of
301600 mm and 16 of >600 mm One
Telanoma was unclassifiable as 1t obviously had not
been cut perpendicular to the oniginal skn surface
As desenibed above only one melanoma less than
076 tam thick (and level IT) with severe regression
of the central past of the tumour matastasized
using the patient s death

The 10 year survival diminished sigmificantly
M inereasing thickness 0-0 75 mm 90% 0 76—
150 mm 64% 1512 25 mm 70% 226-300
T2 44% 301-600 mm 28% and >600 mm
2K (6109 af 1 P <00005) (Fig 5D

Tabe § shows that tumours measuring less than
Sham constituted a signsficantly greater propor
b0 of sub /parungual melanomas (6/14 43%)
L1 of melanomas of the rest of the foot (24/110
YXLXT 4118 oft P <0 05)

Morc sore OF 118 tesions 23 showed O-1
DIONS/mm? 42 2~5 mutoses/mm? 23 6-9
mioses/mm? and 30 9 mutoses/mm? 7 meta
BOMmAs were 100 small to permit examnation of §
M umour tissye

The 10 year survival decreased sigmficantly with
WTasing mitotc rate 0—1 mutosis/mm2 74 % 2-
) Mitoses/mm? 53% 69 mitoses/mm? 32%
04 more than 9 mitoses/mm? 20% (T - 15 982
1P <00005) (Fag 5

2ble 6 shows an equal mitotic activity 1n the
farious regions

Uerat on OF 125 melanomas 67 were ulcerated
‘Rration was 6 mm of less 1n 42 lesions and
[

. “~ Vroalu 0 mm I8 X)
T 19118 dr 1 P <00005) (Fig 5p)

Table 7 shows that 79% 11/14) of sub./
Farungust melanomas were uloerated as opposed to

60% (30/50) of planta and 42% (26/61) of
dorsum

DISCUSSION

‘The present study comprised ali patients operated
on at the Finsen Insutute for primary malignant
melanoma of the foot 1n the peniod from 1949 to
1977 where the histological material was available
and suttable for microscopic classificaton

Part of the material has previously been publis
hed (19 20) As shown by Sendergaard (26) it 1s
possible to evaluate the prognostic sigrificance of
histological type level of invasion and tumour
thickness without serial blocking of the melanomas
provided that at least one cross section through the
most elevated part of the lesion is presenved for the
histological examinaton As far as we know this
requirement 1s fulfilied 1n the present material

‘Though the age of the patients varied from 22 10
94 years 64% (80/125) were older than 54 which
15 1n accordance with the findings of Pesersen {22)
and Magnus (15)

11% (14/125) of the melanomas were located
sub /parungually 40% (50/125) were of planta
and 49% (61/125) of dorsum

The survival rate was signuficantly lower for
pauents with sub-/parungual melanomas than for
patients with melanomas of the rest of the foot
despite the fact that the sub-/parungual melanomas
were not 2s thick or as deeply nvading as the
tumouts of the planta and dorsum Melanoma 1n
planta indicated a poorer prognos:s than metanoma

of the dorsum but the difference was not signifi
@ P e utan .

wisugit 1o be particularly high m toes and planta
which may explain the very high monahty from
melanomas of sub-/parungual region and planta

As was the case u other studies (9 11 15 16
19 22 27) we found more women than menn the
material The pronort on of ms ~ —

u ohed wds poted

82% of the patents Wwere 1 clinical stage |
which 15 more than expected This 15 explaned by
the greater frequency of nsufficient histologicat
materiat in patients stage I and 11 than 1n Ppatents
stage I At time of OPeration pattents with sub 7
ﬁr‘\:‘nfua‘.l lesions presented metastases wep o

v bduens



TABLE 4 Level of Invasion of 125 Melanomas of the Foot Correlated o the Site of Tumour

Level of Sub /parung Planta Dorsum Total
Invasion
No % No % No % No %
i 2 14 2 4 5 8 9 7
PM I 0 0 0 0 2 3 2 2
i s 36 10 20 14 23 % B
v 3 21 29 58 29 48 6l 3
v 4 29 9 18 9 15 2 o8
Unclass 0 0 0 0 2 3 2 2
Total 14 100 50 100 61 100 125100
TABLE S Tumour Thickness of 125 Melanomas of the Foot Correlated to the Sie of Tumour
Tumour Sub /parung Plana Dorsum Total
Thickness ———
(mm) No % No % No % No %
0 075 2 14 t 2 7 1 10 8
076~ 50 4 29 4 8 9 15 17 13
151225 1 7 9 18 4 7 i 1
226-300 2 14 12 24 " 18 3 B
3016 00 2 14 19 38 21 34 2
>600 3 b3) 5 10 8 13 16 13
Unclass 0 [1] 0 0 1 2 1 )
Total 14 100 50 100 61 100 125 100
TABLE 6 Muotic Rate of 125 Mefanomas of the Foot Correlated 1o the Stte of Tumour
Sub /parung Planta Dorsum Totaf
o
Mitoses/mm? p
No % No % No % No
0-1 i 7 9 18 13 21 23 ;2
2-§ 4 29 13 26 25 4 4 "
69 2 14 1 22 10 16 2 2
-9 3 21 1s 30 12 20 30 p
Unclass 4 29 2 4 1 2 7
Total 14 100 50 100 41 100 125 100
TABLE 7 Ulceranon of 125 Melanomas of the Foot Correlated to the Site of Tumour
Sub /parung Planta Dorsum Total
Ulceration —4——;"
(mm) No % No % No % No
46
21 20 40 s 58 58
0 é 3 20 40 16 26 a2 ;;
=6 5 3 w2 i 16 25
>6
100
14 100 50 100 61 100 125
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SSM was the most prevalent type of melanoma
(44%) of the foot followed by NM (22%) Both
types were evenly distributed In accordance with
other studies we found no LMM (6 13 27)

16% (20/125) of the tumours were readily
classifiable as ALM according to the description of
Reed (24) ALM was predommantly seen in planta
and sub /parungually as reported by Reed (24) and
Clark et al (6) According to Clark et al (6) ALM
represents a clinicopathological entity However we
found histologically a transition between SSM and
ALM 1n that as many as 14% (17/125) of the
melanomas (SSM ALM) showed charactersstic fea
tures from both SSM and ALM Thus tndicates that
ALM s a subgroup of SSM rather than a specific
entity which 1s further supported by the findings
that prognosis 1s the same for patsents with SSM as
for patients with ALM

Dufficulty wn diffetentiating between SSM and
ALM probably explams why Clark et al (6) state
that the majority of volar subunguai melanomas are
ALM while Hanebo et al (27) found that AL M
{called nmelanoma of squamous mucosa <} accourit
for only 10% (2/20) of melanomas of the sole heel
and instep

Generally Clarks and Reeds types did not
influence prognosss sigmificantly m pateents with

melanomas of the foot

On the other hand both Clark s levels of tavaston
and Bresfow s tumour thickness were of sigmificant

prognostic tmportance as deeper ivason and

greater thickness indicated a sigmficantly poorer
outcome This ts in accordance with studies of other
anatomical regions (1 3 4 5 8 9 12 16 18 25

27

We found Clark s and Bresion s methods to be of
equal value i determnation of prognosis .
o

study they were designated as fevel PM Il becauseof
ther poor prognosis (14) contrary to the good
prognasis of non polypoidal melanomas level I

Asdidothers(7 9 12 14 16 18 25) we found
that the survival rate diminished with increasing
mitouic rate  Although the presence of few mitoses
is of 1mportance for the diagnosis of malignan
melanoma the prognosts was seriously aggravated
only if more than § mutoses/mm? were noticed

Ulceration was seen in 54% of the tumours and
was especally frequent 1n sub /parungual festons
79% of which were ulcerated In accordance with
other studies (I 7 9 12 14 25) we found that
ulceration was correlated with a poor prognosis
The greater the ulceration the [ower the survival
rate

CONCLUSIONS

1) Melanoma of the foot was predominantly seen 1n
elderly patients as 8G/ {25 patients were more than
54 years of age

2) The most prevalent type was SSM which o¢
curred twice as often as NM No LMM of the foot
was found One quarter of the melanomas of sub /
parungual region and of planta were ALM butan
equal number of melanomas histologcally were
mtermediate between ALM and SSM indicatng 2
close bological relationship between ALM and
SSM The type of melanoma did not influence the
survival rate sigmficantly

3) The survival rate for pauents with sub/
parungual melanomas was sigrificantly lower than
for patients with melanomas of planta and dorsum

4) The proportion was 2 | between women and
men Sex did not influence the prognosts

5) As 15 the case wih melanomas In other

{ regions of the foot 1N

W hen using Breslow s method n
the foot the following intervals were prognostically
relevant 00 75 mm 076-2 25 mm 2 26-3 00
mm and >3 00 mm as shown in Fig 51

The prognosis s especrally good for patients with
melanomas level II and thichness less than 0 76
mm Many authors state a 100% survival rate for
such pagents (I 9 )2 27) In our study one
woman from this group died of metastases less than
one year after operation Clinically marked tumour
regression had taken place which histologically was
demonstrated by fibrotc stroma devod of tumour
cells 1n the center of the lesion This supports the
findings of Gromet et al (10) that the prognostic
value of level and thickness 1s not valud in cases with
pronounced regresston

Polypordal melanomas represent a special pro
blem tn Clark s grading of level if the tumour cells
do not reach the papillary reticufar interface In this

282

climcal stage | were correlated with a better
prognosis than melanomas m stages [1 and I

6) The following histological features indicated 2
bad prognosis Clarks level IV and VvV tumour
thickness more than 225 mm more than 5
mitoses/mm? and presence of ulceration

Supported by grants from the Dan sh Cancer Svceh
{Project No 59/77)
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SSM was the most prevalent type of melanoma
44%) of the foot, followed by NM (22%) Bath
types were evenly distributed In accordance wath
other studies we found no LMM (6, 13, 27)

16% (20/125) of the tumours were readily
classifiable as ALM according to the description of
Reed (24) ALM was predominantly seen 1n planta
and sub-/parungually, as reported by Reed (24) and
Clark et al (6) According to Clark et al (6) ALM
represents a chinicopathologscal entity However, we
found Histologically a transition between SSM and
ALM, mn that as many as (4% (17/125) of the
melanomas (SSM-ALM) showed charactenistic fea-
tures from both SSM and ALM Ths indicates that
ALM 15 a subgroup of SSM rather than a specific
entity, which 1s further supported by the findings
that prognos:s is the same for patients with SSM as
for patients with ALM

Difficulty i differentiatng between SSM and
ALM probably explains why Clark et al (6) state
that the majority of volar-subungual melanomas are
ALM, while Wanebo et al (27) found, that ALM
(called 1 of ) account
for only 10% (2/20) of melanomas of the sole heel
and tnstep

Generally Clarks and Reeds types did not
influence prognosis significantly in patients with
mefanomas of the foot

On the other hand both Clark s levels of invasion
and Breslow s tumour thickness were of significant
prognostic 1mportance, as deeper Invasion and
greater thickness indicated a sigmficantly poorer
outcome This 15 1n accordance with studses of other
anatomical regions (1,3 4 5,8 9 12 16 18,25

27

We found Clark s and Breslow s methods to be of
equal value i determination of prognosts

study they were designated as level PM I1 because of
their poor prognosis (14), contrary to the goc
prognosis of non-polypoidal melanomas level Il

As did others (7, 9, 12, 14 16, 18, 25) we foun
that the survival rate dimimished with tncreasin
mitotic rate Although the presence of few mutose
1s of importance for the diagnosis of malignan
melanoma, the prognosis was seriously aggravate
only if more than 5 mitoses/mm? were noticed

Uleeration was seen in 54% of the tumours an
was especially frequent in sub-/parungual lesions
79% of which were ulcerated In accordance witt
other studies (1, 7, 9, 12, 14, 25) we found tha
ulceration was correlated with a poor prognosis
The greater the ulceration the lower the surviva
rate

CONCLUSIONS

1) Melanoma of the foot was predominantly seen i
elderly patients, as 80/125 patients were more than
54 years of age

2) The most prevalent type was SSM which oc
curred twice as often as NM No LMM of the foot
was found One quarter of the melanomas of sub /
parungual region and of plamta were ALM but a0
equal number of melanomas hstologically were
intermediate between ALM and SSM indicating 2
close biological relationship between ALM and
SSM The type of melanoma did not mfluence the
survival rate significantly

3) The survival rate for patients with sub/
parungual melanomas was significantly lower than
for pattents with melanomas of planta and dorsum

4) The proportion was 2 | between women and
men Sex did not nfluence the prognosts

5) As is the case with melanomas i other

1 regions of the foot

When using Bresfow s method 1n mel of
the foot the following intervals were prognosticaily
relevant 0-0 75 mm 0 76-2 25 mm 2 26~3 00
mm and >3 00 mm as shown in Fig 5{

The prognosts 1s espectally good for patients with
melanomas level Il and thickness less than 076
mm Many authors state a 100% survival rate for
such patients (1, 9, 12, 27) In our swdy one
woman from this group died of metastases less than
one year after operation Chmically marked tumour
regresston had taken place which histologically was
demonstrated by fibrotic stroma devord of tumour
cells m the center of the leston This supports the
findings of Gromet et al (10) that the prognostic
value of level and thickness 1s not valid 111 cases with
pronounced regresston

Polypoidal melanomas represent 2 special pro
blem 1 Clark s grading of level 1f the tumour cells
do not reach the papillary reticular terface Inthis

282

chinical stage 1 were correlated wih a_better
prognosis than melanomas in stages I and 11l

6) The following histologrcal features indecated 2
bad prognosis Clarks level IV and V tumour
thickness more than 225 mm more than 5
mitoses/mm? and presence of ulceration

Supported by gramis from the Danmsh Cancer Socieh
(Project No 59/77)
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TERATOGENIC EFFECT OF
MATERNAL ALCOHOL CONSUMPTION
ON THE MOUSE FETUS

A Histopathological Study

B BRUUN RASMUSSEN and N CHRISTENSEN

Department of Pathology Frederiksberg Hospital Copenhagen and Eye Pathology Institute Copenha
gen Denmark

Rasmussen B Bruun & Christensen N Teratogenic effect of maternal alcohol consumption on the
mouse fetus A Histopathological study Acta path microbiol scand Sect A 88 285-189 1980

During pregnancy C3H mice were solely kept on a 10 or 20% hquid supply They had free access to
solds All animals including a group of controls were chloroformed on the 19th day of pregnancy
and the fetuses were examined for growth 4 death and malfornia
uons Among the animals given alcohal we found a sigmificantly raised incidence of malformauons as
well as a raised pumber of intrautenine deaths and significant growth retardation as compared 1o the
control ammals At the same nme we found a clear doseeffect relation The matformations were
localized 10 the facial skeleton the CNS the eyes and lungs

Key words Alcohot consumption maternal feta) death growth retardation mucroscopsc malforma

B Bruun Rasmussen Dept of Pathology The Finsen Insuunte Strandboulevarden 49 DK 2100
Copenhagen @ Denmark
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The fetal alcohol syndrome (FAS) was described
B a well-defined syndrome by Jones et al (3—6) 1n
hudren born by mothers with a history of heavy
deohol consumption before and during pregnancy
The syndrome conststs of general growth retarda
Jon defects in the facial skeleton and CNSand asa
ess constant phenomenon heart malformations and
ot deformiues Several reports have later con
firmed the teratogenic effect of alcohol 1n man (2 7
191315

A lot of expenimental work has been published
&specaally on rodents (1 10 11 12 16) In the

e i b .

and i Chernoff’s work (1) one finds changes in
mice comparable to those found 1n humans

Up ul! now all the reports have confined
h toa and P
examunation of the ammal fetuses Tn our study we
have used a MICTOSCOPIC Screentng technique and at
the same time looked for 2 dose-effect relation by
8(ving the ammals different alcohol concentrations

MATERIAL AND METHODS

Them o

Vo .

¥ & sl = one mouse i each cabin One ¢
ro

mice ~ the control group - had free access to :oe:';:d{









water In two experimental groups the only hquid
offered throughout pregnancy was In one group 0%
alcohol 1n the other 20%  while they had free access 1o
sohds The amount of consumed water and alcohol
solution was determined by daily weight control of the
bottles

The control group consisted of 131 fetuses the group
gven 10% alcohol 72 fetuses and the group given a
20% solution 66 fetuses On day 19 of pregnancy alt
muce were chloroformed and the fetuses removed by
sectio The number of intrauterine deaths were registered
as well as the weight of the fetuses A stereomicroscopic

RESULTS

During the expertment none of the amimals shov
signs of disease and the behavior of the amn
drinking alcohol did not differ from that of
control group

Measurements of the daily alcohol consumpt
showed 1 both experimental groups nising va!
throughout pregnancy and the imtial munt
hquid ntake was always higher than the mir
daily requirement of the ammals The aver
amount of alcohol th pregnat

examination was then performed For the histols
screening the fetuses were decaprtated and the heads fixed
m Bouin s solution for 4 days mounted 1n paraffin and
cut in senal sections The bodies too were fixed )
Bouins soluuon and after 4 days of fivation by a
section d 10 two at the leve}
o

o
hematoxylin eostn and ad modum Van Gieson — Hansen
combined with alcian blue Atll the shdes were then
screened for microscopic mallormations

The hrushal W allis one way analysis of variance was
used to evaluate differences 1n weight and concerning
fetal death and number of malformed fetuses the chy
square test was employed

was for ammals gnen a 10% solution 835
(range 73 2-90 6) and for the ammals grvena 20
solution 56 7ml (range 520-780) The to
amount of alcohol was thus larger in the gro
given 20% (11 3 gr) than 1n the group gieen 10
8 3 gr ) The seproducssve data are gaven sn Table
which shows the number of pregnant and no
pregnant mice the number of Living fetuses and U
resorpion 1ncidence given as the number
trauterme deaths as a percentage of the tot
number of implantations Furthermore the tab
shows the mean birth weight of the fetuses

Of the 46 expected pregnant mice n the matena
9 were shown not to be pregnant at day 19 m spr

TABLE | Pregnant and Non Pregnant Mothers Live Fetuses Resorpnon Inaidence and Mean Birth We ght

Pregnant Non pregnant Live fetuses Res % W etght (mean gms
Control 17 (4 13 71 101 (87-120
10% 10 1 72 89 93 (33-100)
20% 10 3 66 204 775196

TABLE 2 Number of Lise Fetuses Number of Malformed Fetuses and Number of Defects in the Face Cerebrum Eyes

and Lungs
Live Malformed Face Cerebrum Eyes Lungs
Control I;; ,‘: ! g g 2
0%
;o% 66 48 26 27 19 28

Fg ! F

Fig 2 Hol
eyelids (13%)

Fig 3 Section showmg
Fig + Sectow oflung I
Fig 3 (100%)
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1Tonzontal secuon through the normal mouse head on the 19 day of gestation (130

rizontal section through the head of treated fotus on day 19 of gestation showing mi

normat lung of fetus on the 19 day of gestauon (1001)
om treated anmal on day 19 of gestation show ing severe hypoplasia Same

crocefali and open

magnf cation as
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of an obvious vaginal plug 8 of these were found 1n
the group given 20% aleoho) and | 1n the group
with 10% None of the non pregnant uten: show ed
any histologic sign of implantation

The resorption incidence 1n the experimental
£roups was ty raised as cx d to that
of the control group (p <0 05 and 0 01) and 1t was
greater in the group grven a 20% solution than n
the 10% group (p <0 05) The growth retardation
expressed as the mean birth weight was sigmficant
tn both experimental groups compared to the
control group and again there was a sigmificant
difference between the two experimental groups (p
<00005) Table2 gnes the number of Inang
fetuses the number of malformed fetuses and the
number of the malformations most frequently
shown

The frequency of malformed fetuses was sigmifi
cantly raised n the experimental groups compared
to the control group (p <<0 01 and 0 001) and there
was a significant number of malformed fetuses 1n
the group gnen 204 as compared to the group
giena [0% solution (p <0 001) Asshownin the
figures representing the different types of malfor
mations several of the fetuses had more than one
malformation

Pathology

At the Stercomicroscopic examination a certain
pattern of malformations was found all located to
the head In the group gnven a 20% solution there
were certan charactenisics a shortening of the
nose sometmes in combination with fow set ears
and open eyes The eye defect also occurred 1solated
i a few animals n the control group There were
no malformations of extrenuties no abdomnal wall
defects and no defects of the neural tube The
mucroscopic defects s the streomicroscopic exami
nation had suggested were mostly localized to the
head
Fig 1 shows a horizontal cut through the bead of
an ammal from the control group In fetuses with
shortened nose a umform hypoplasia of all structu
res 1n the splanchnocranium and 1ts soft parts was
found often combined with a moderate mucrocep
halia and dilated ventricles of the bramn Severe
forms of microcephalia were often combined with
open eyes (Fig 2) The only conststent change in the
body was varying dugrees of 1solated hypoplasia of
the lungs a change that especually occurred among
animals given a 20% solution Fig 3 shows a
horizontal cut of the lung from an amumal i the
control group while Fig 4 —same magmfication —
shows lung tissue from an antmal m the cxper?miz
tal group In the lungs most heavily adecl ;
narrow bronchiolt with a folded mucosa and only
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here and there a few small alveolae ike structure
covered by columnar epithelium were found

DISCUSSION AND CONCLUSION

The amount of consumed aleohol was decided by
daily weighing of the bortles and all bottles wers
before use controlled for spontaneous loss of
content The amount of consumed food was not
registered  since the amount of alcohol here used
does not influence the calonte mtake from other food
sources (1 16)

The occurrence of 8 non pregnant mother
ammals 1n the group given a 20% solution cannot
be explamed by the unreliability of the method of
confirming pregnancy As microscopy of these uten
revealed no histologic sign of earher or present
pregnancy 1t is likely that the aleohol has interfered
with mplantation 1n these ammals We haent
seen this phenomenon described 1n other expen
mental models

Although several expenimental reports on the
teratogenic effect of alcohol are available a comby
nation of malformations that are comparable to
FAS 1n man was first described by Chernoff (1977
He found apart from permatal growth reduction
and complete ossification malformations 1 the
CNS the sheleton and the heart Like Chernoff ®e
also found dilated ventricles of the bram and eyeld
defects but we did not find aplasta of the corpora
callosum W\ e did not find heart malformations €g
septal defects The reason for this 15 probably that
our method of cutung horzontal sections of the
body would not disclose small defects bdut only
bigger ones The difference in results concerning
malformations of the sheletal system can be
evplaned by Chernoff making spectal preparations
regarding this part of the body We have not1n
earher expermmental studies seen descriptions of the
pulmonary changes neiher have they been descnt
bed 1n children with FAS (14)

Even though only two alcohol concentrations
have been examined there was a clear dose-effct
relaton This was seen not only in recard (0 growth
reduction resorption mcdence and the frequency of
malformations but also i the fact that the huh
aloohol concentration apparently can interfere with
nidation On the other hand there 1s no morpholo-
gical difference betw een matformations saduced b
the various alcohol concentrations

The authors wich to achnowledpe the assistance of Aurt
Jensent and Eggert Hansen laboratory lechpicians Pout
Schiching M D and S Olesen Larsen Staustaan
Statens legesidenshabehge Forsknmgsrid
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SURFACE CHANGES IN THE ARTICULAR CARTILAGE OF
RABBIT KNEE DURING IMMOBILIZATION. A SCANNING
ELECTRON MICROSCOPIC STUDY OF EXPERIMENTAL

OSTEOARTHRITIS
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Candon T & Videman T Surface changes In the articular cartlage of rabbi knee during
mmobilzation A scanming electron study of Acta path
microbio) scand Sect A 88 291-297 1980

Osicoarthntis was produced by the 1mmobilization of rabbit kness 1n extension for 1~8 weeks (with a
Subsequent mobitization period of 0 or 8 weeks) The development of articular surface changes i the
hia the femur and the patella was examined with scanming electron microscopy (SEM) During the

of the normal
tumber of fibres and the

2ppeared The norma
femoral candyles Th
of earlier studies but .

the histological changls 1ne oLl BEUILY seems 10 be usefu) for the stud:

however the area studied must be defined

and fine regulas fibre network disappeared the

variation 1n the thickness of the fibre bundles increased and scalv
inregulaniues appeared Some degenerauve changes m

the contTalateral aan mmnakl snd £ a1

y of arucular surfaces

ey words Carulage 1mmobilization osteoarthrius scanning electron mucroscopy

Tapio Videman Haartmaninkata  SF 00290 Helsinki 29 Finland
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Scanning electron microscopy (SEM) presents a
Unique method for studying Jotnt surfaces (Redler &
Zimny 1970) Generally the methods used for
Xamining normal and Osteoarthritic yoints provide
2 IHLmM View of the condstion of jomts Studies on

wiuenisional sections The charactersstics of osteo-
2rthris are revealed best by macroscopic and/or
SENI examinations However the results of SEM
Studies of normal articular Cartilage are somewhat

The surface of normat hum:
1s gently undulated and consis|
of regular ridges (1-100 it
depressions, sometimes for;
The articvlar surface 15
random network of fine

an arucular cartilage
ts of an arrangemeny
m) and bowl shaped
ming »figure esghtse
composed of a dense

collagen fibrils (0 | B
(Clarke 1971, Cotta 1973 Rertiar 1074 1
1969) Age
arucular ca

depressions ssitastig and the number of Tidges
decreasing with age (Jnoye 1979

teoarthritic articular sy,
exhibit irregular nodular



stages by Kotani et al (1975) In transmission MATERIAL AND METHODS

electron microscopy osteoarthritic cartilage shows 1 !

icreasing forms of surface folding and sphtting n a pilot study we used 8 rabbuts to determune suitable

and easily definable regions for examination

with debris and collagen fibres of diminished size In the present study we used 24 9 month-old rabbits

and an altered structure (Weiss 1973) of both sexes Six were immobutized for 1 to 2 weehs
On the other hand the SEM features of an  (Group M and 6 from 6 to 8 weeks (Group 1) without 4

arthrotic joint vary greatly from one hind of joint to ~ subsequent mobilization period Six rabbits immobatuzed

another and from one site to another, and 1t 15 for 310 5 weeks Were mobilized for more than 8 weeks

difficult to disunguish different stages of the after the immobilization (Group IV} the last 6 rabbits

arthrotic process when specimens are taken froma  Were controls lving noratally m thetr coops (Graup I
big human jomnt (Weiss 1973 Aotam et al 197 Osteoarthritis was produced 10 one knee of the rabbits
8 ) a 5 with an earlier published immobilization method {nght

Inoue 1972)
knee held in extension with a PVC plastic splnt and 2
IF the changes arc compared with those of a non- Tensoplast® bandage) (Langenskiold et al 1979)
tmmobilized leg and the legs of control rabbuts the Immediately after the rabbits were killed tht
possible methodological errors should be accounted  following samples were carefully prepared the patell?
for the femoral condyles and the lateral tibal condyles

In the present study we have examined articular  including the whole thickness of cartilage with a § mi®
surface changes of experimental osteoarthritis pro  thick prece of subcondral bone The samples wert

duced by tmmoblization using SEM The develop ~ ashed 1n physiological saline and fised m a 25%
glutaraldehyde solution buffered by 0 1 M cacody tate fof

ment of this condition has been studied earlier

2-7 days at + 3 °C The samples w ere thereafter washed
radiographically histologically and bxochemu:l{lyas mna sol)uuon of 0 I M cacodycl'ale and 0 2 M sucrose and
a function of tmmobihzation time (Langenshiold et dehydrated by a graded senies of mcreasmg ethand!
al 1979) The aim of the present study was 10 concenrations for 3 days Most of the samples weré
correlate the changes found with SEM with the  gred i air 1e all except the patellae of the § contee!

results of earlier experyments on the development of  rabbits which weré dried according to the enuical pont
methos (Cameron et al 1976) The samples wer®

osteoarthritis
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conlrol rnbbxv_s living nnrmally In their coops

g:z:g :l he right leg immobitized (IZ) for 1~2 weeks and followed (F) for 0 weeks
Group 11 IZ = 6-8 weeks F = 0 weeks
3-5 weeks F = 12 weeks

Group IV 1Z =
ar cartilage of mediat femoral condyle The picture represents a control rabbit (
no fibre bundles (700 x )

Group I) and shows

Fig 1 Arucul

d
regular undulations an
of a rabbit from Group II The picture represents changes

al femoral condyle
e e, fibre bundles of varying thickpesses {arrows) but the

fro
Fig 2 Articular cartilage o atface shows

in the immobilized knee the articulas
undufatons are cleatly vissble (700 %}



Fig 3 Medial femorat condy le of a rabbit from Group 11 The i

there 1 variation m the fibre bundles scaly {

of the

knee

da of regular (700 x)

Fig 4 The picture shows the correspondiag region from the contralateral femur of the same rabbit 2s 1n figure 3, the

ppearance 1s normal (700 x )

therezfier attached 10 a specimen holder and coated with
dlaser of carbon and gold 1n a vacuum evaporator The
JEOL 15\ U scanmng electron microscope of the

MMt Af Flassenn AF aragaemy <€ ka [Tn yace &y, ©

e . .

2 of the femoral condyle agamnst the tba (n
extension)

In the SEAT examination the specimens were ulted at
anangle of 30-40° Al samples were photographed at a
Magnficauon of S0x and the central pownt was
Photographed with magnifications of $00 and 1500 x
Two workers assessed the

varied m thickness, and some scaly irregulanties
also appeared (Figs 2-6) There was considerable
normal variation but statistically the degenerative
changes increased clearly with increasing rmmobili
zation time, and the contralateral surface remained
normal (Fig 7)

The normal weight bearing area of the articular
surface of the lateral ubial condyle show ed smooth
undulations with or without a fine regular network
(Fig 9} During immobilization the undulations
became shallower and srregular fibre bungles
appeared The surface also became scaly (Fig 3)

&

#d they evaluated every specmen separately with
FEspect o fibse appearance and scaly irregulariues (sharp
[olds) using the following scale 0 = no degenerative
changes 2~ Slight changes 4 — moderate changes and
§ = severe degenerative changes (Kotam e af 1975)

RESULTS

The appearance of arucular surfaces varies 1
Aiferent jouats and also 1 the different regions of
¢ same joint and therefore only

The changes increased
as the immobiization period mereased and the
appearance on the contralateral surface remained
normal (Fig 10)

The normal view of the central region of the
articular surface of the patella consisted of weak
undulations and a fine fibre network, and the

general appearance was regular (Fig 11-12) An
INCTPASe 11 the mame L1 .
- Y v .

i UIBUALILES 1N the articular surface of the pon.

areas were compared
The normal appearance of the central region of
the articular surface of the medsal femoral condyle

showed regular nidges and undulavons (Fig 1)
These features d duning

knees in ! to the length of the

pertod was not y sigmifi-

cnt (Fig 13-14) It wp also obvious that
degeneratne changes progressed after the immobyl;.
zation period The degenerauve changes were

In addiwon the fibre bundies became thicker and

»shight to mod

after the shortest immobiliza-
tion time sed (= 1§ week)
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Fig 5 Medial femoral condyle of a rabbit froi : y
m group IV The picture shows the surf:
mmobilized knee ndges vary and the surface 1s 1rregutar (700 x ) surfes changes fom
:;’flufe A?d:)al fg};no;ag condyle The picture (200 x ) shows severe osteoarthriuc changes 1n the central part (A) of
almost alf of the articular carulage has d Th
e T oo o 8¢ e knee was for 8 weeks before the ral

Bogens s ve severs
& degenerat ve
erdnges’

moderate
chenges
& Tiges
hrdes
Banen e
anours
Fig 7 Assessments of the degenerative changes found 00 nge -
th SEM of the articut s o Te” "
wil e articular carulage surfaces of the medjal Gmauss

femoral condyles M assessments of the SEM photo Fig 10 Assessment of degenerative changes found it

graphs of the immobilized leg — median for the leg  SEM of the articular cartilage surfaces of the lateral ubi
=] of the SEM ph of  condyles

the nomimmobilized leg medtan for the nommmobs

lized leg assessments

Fig 8 Lateral ubial condyle of a rabbit from Group 1V The picture shows the arthrotic changes from the

ummobilized knee there are fibre bundles of varyimg thicknesses scaly irregulanties and a paruial disappearance of the

undulations (700 X }

Fig 9 Theph h 15 of the cor

m figure 8 the appearance 15 normal (700 %)

Fig 11-12 Arucular carulage of the patelia The pictures represent Group I and show normal variauons Fig 11

reveals weak undulations and 11 fig 12 the fine fibre network 15 dominant (700 x )

Fig 13 Arvcular cartilage of the patella The picture represents changes i Group 11T Irregular fibre bundles are the

predorunant feature in this stage of osteoarthnius development (700 x} ,
h: (700>

pateliz form grovp IV The picture severe
from the non immobtlized knee of the same rabbut and there are also some

regton of the non knee of the same rabbit 25

Fig 14 Arcufar carnfage of the
The mset shows the appearance
degeneration changes mn this picture (200%)






modarate
changes

alignt
enfnges -

days of immobilization After S-6 weeks of
tmmobilization rabbit knees show moderate of
severe osteoarthntic changes, sncluding a disappe2
rance of articular cartilage (Langenshiold et al
1979, Eronen et al 1978)

The SEM changes that occurred during immobt
hzation correlated well with correspondng hustolo
gical changes Afier | week of immobihization the
degenerative SEM changes were relatively more
marked than those found in 2 hustological examind
tion Thus difference can be easily understood 1f 1t IS

bered that osteoarthritic changes start i

no
changes T

onours
Fig 15 Comparison of the assessments of the degenera
twve changes found with SEM of the articular cartifage of
the patella

The 1rregulariues were more marked in the
rabbits immobilized 3—4 weeks and folfowed for 8
weeks than n rabbits with only an immobshization
period of 6-8 weeks (Fig 15)

DISCUSSION

There 15 some reason to believe that compression
against a Joint surface increases during immobihiza-
tion causing arthrotic changes n the joint (Videman
& Michelsson 1977) If this assumption 1S correct,
the degenerative changes in the central region of the
articular cartilage occur first and the marked
changes 1n the marginal part of the jomt (eg
osteophytes) follow Therefore we exanuned the
load bearing area of articular cartilage in the present
study
There was no general difference between the
surfaces of the samples dried with either the critical
point techmque or air Both methods gave an
appearance of weak undulations and a fine fibrillar
network In the specimens from ubial condyles
there were often fissures which were thought to be
artefacts The fissures were caused n our opinon
by the different contractile forces 1n the bone and
cartilage duning the drying and 1t can be assumed
that the loading resistance in tibial condyles is good
against compressive forces and weak n the
tangential direction Neither 1s a fibre network a
general feature of tibial condyle surfaces

The earliest osteoarthritic changes in the radio-
graphs of rabbit knees are vistble after 2 weeks of
1mmobilization, and these changes are delinite after
3—4 weeks The first histological arthrotic cartilage

cartilage as fibrillation of the surface (Sokoloff 1969.
Werss 1973)

Typical features of the articular surface from
ubial and femoral condyles with developing osteo
arthritis are the increasing number of fibres and the
varying thicknesses of the fibre bundles However
on the articular surface of the patella a fibré
network 1s a normal charactenstic

In earlier studies with experimental immobitiza
tion osteoarthritis the contralateral non immobilt
2ed knee has been 1dentical when compared with the
knees of rabbits hiving normally in their coops
(Eronen ct al 1978, Langenshold et al 1979) In
the present study the articular surface of the patella
on the non immobilized side showed some degene-
rauve changes after the immobitizanon The
changes were slight but the varation was relatively
great Not many amimals were examined and the
difference was not evaluated stattstically (Fig 15) It
1s posstble that the immobihization of one Kne
strains the other or that there are some general
factors 1 the development of osteoarthritis Which
aflect all joints

Thts study was supported by grants from the Sigrid
Jusclus Foundation and Juho Vatma Foundation
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IMMUNOHISTOCHEMICAL DEMONSTRATION OF
ALPHA-1-ANTITRYPSIN IN LIVER TISSUE

A Methodological Imvestigation

PER PRETORIUS CLAUSEN

Department of Pathology Herlev Hospual and Department of Pathology Hvidovre Hospnal
University of Copenhagen

Clausen Per Pratorus Immunohistochemical demonstrauon of alpha I anutrypsin 1 Iiver ussue A
methodological investigation  Acta path microbiol scand Sect A 88 299-306 1980

The influence of the tssue on the of alpha |
antitrypsin (AAT) tn hiver tissue was evaluated using autopsy and biopsy material with and without
AAT globules On comparing frozen secions of unfixed material with paraffin sections of formalin
fixed material a shghtly better preservation of the immunoreacvity of AAT was observed in frozen
sections On comparing different fixauves fixation 1n 10% neutral buffered formatin Lithies AAF or

96% ethanol/1% acetic acid caused a clearly better preservation of demonstrable AAT than fixation 1n

Clarke s or Boumss fixauves The fixaton time had on!

Witho a week Extremely long
demonstrable AAT Pre s ~n-
tissue caused an wncreas. .
tme On companng 1

Peroxidase/any peroud -
“nsiuvity was observed between the th
demonstration of AAT 1n hver ussue the

. .
ree techniques It 1s concluded that for the immunohistochermi

ly minor influence when using fixation tmes

fixation for several months caused however a clear reduction 1n

cw o
cal

technique with a

of ndurect Saming on
formalin fixed paraffin embedded matenal 15 recommendable as " combines a sensiuve staiming
¥ preservation of and ussue

Key words Alpha | anutrypsin_ hver tissue immunchistochermustey fixation

Pet P Clausen De
Hvidovre

Acexpted as submutted 26 11 80

In 1971 Sharp described the presence of PAS
Positive duastase resistant globules m hver ussue
from pavients with alpha 1 antrypsin (AAT) defi
ciency of P1 phenotype ZZ (24) Using immuno-
Instochemical techniques 1t was shown that these
globules contaned AAT and the globules arc
therefore usually named AAT globules

1n 2 number of papers AAT glob,

ules have later
on been described 1n as well ZZ as MZ

partment of Pathology Hwdovre Hospual Unwersity of Copenhagen DK 2650

mng for AAT tn liver tissue as a supplement to the
PAS/dastase staming 1s important among others
because PAS positive diastase resistant globules
Wwith negative reaction for AAT have been described
1 individuals with the Phenotype MM (20 25) 1,

s (MZ) 1ndividuals 1 some

1n both children and adults with ang without liver
disease(1 45 6 8 12 1¢ 1m
The employment of i star

e Y of Wenufy

carner of the Z gene by using |,

<al staining for AAT of the In,
n

an mdividual as 3
'mmunohistochem;

€T t1ssue has specra]

! ®ith retrospective mvesy;



gations made on autopsy and biopsy material where

analysis of the serum cannot be performed MATERIAL AND METHODS

Furthermore the smmunohstochermical staining  Tissue and Tissue Preparation

technique 1s valuable because AAT phenotyping of ‘The materal consists of Liver nssue from 16 different

serum untif now only has been performed tn a few  Pauents In six cases (A-F) the tissue was obtaired ;
1 ood Tah 1es while henit with autopsy performed within 12 hours

cal ivestigations on routine processed material in  2fter death in one case (G) obiained peroperatively zs 3

increastng degree are used m istopathological surgical knife biopsy and in the remaining 9 cases (H N

as percutancous needle bmpsms A survey of the vssoe

diagnostics
A or t© f chief fixatives and
prerequisite for using immunohistochemical  Gyan0n yimes wsed 1s shown i Table §
1nvestigation for AAT 1s however that the staining Autopsy material was divided 1n pieces measuring 20
results are rep and that the prep of x 20 x 5 mm Liver ussue from A-C contained

the ussue does not significantly affect the staiming  intracytoplasmic PAS positive diastase resistant globules
result In previous papers discrepancies as regards  with postive reaction for AAT and measuring up 1 at
the suitability of different forms of ussue prepara  least 3 pm Lver ussue from D-F did not conta n PAS

tion and logical tech for positive globules

tion of AAT m hver tssue have been desenbed {3 The autopsy material was immediatety after removal

15 18 25) fixed at 20 °C 1n the following fixatives 10% phosphate
The buffered formatin pH 7 Lillies AAF Clarkes fixatve

he present aims at the 204 Bourns fixative (13 a) In each fixative the trssue was

influence of the tissue preparation on the IMMUNO  neubated for 1 4 8 and 24 hours and 7 days Ina few
histochemical demonstration of AAT 1n Iiner t1SSU€  gages tissue was m addwon fixed 1 10% buff red

and to compare results obtamned by using three  formalin for 18 months Following fixation the nssue
different al was dehydrated 1 ethanol and xylene and embedded 1

TABLE 1 Source of Tissue Diagnosis and Fixat on

Fixation ttme

Fixatives
Chuef histological —~ 2
Tissue diagnosts BE 9 e e B v E
3 £ = = 5 3 5 8 £ 8§ ¢
t:g 5 5 3 2 2 & & & § ®©
Tt 2 &5 < 2 2 &8 [ S 4 =
as 4 U @ ow - w w 4 ™ &~
Autopsy A Chromgc congestion + o+ o+ + 0+ + 4+ o+ o+ o+
with AAT B Porwl fibrosss + o+ + o+ + + 4+ 4+ *
globules C  Macronodular cirrhosis +
Autopsy D Chronic congestion + o+ o+ o+ o+ + o+
without AAT E  Normal + o+ o+ o+ o+ + + o+
globules F  Normal e + 4+ o+
Biopsy G Macronodular cirrhosts + +
with AAT ¥ Non speaific changes + N
glabules 1 Large duct obstruction + +
k  Hepatoceflular carcinoma + +
L Mucronodular cirrhosts + +
Biopsy M Macronodular aurrhosts + +
+
without AAT N Normal + :
globules Micronodular cirrbosis +
Non specific changes + :
-

Q Large duct obstruction

EA 96% ethanol + 1% acenc acd

00
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1 Test of the monospecificity of antt alpha 1 anu
psa by crossed immuncelectrophoresss 2 ylaf 25 %
Sted normat human serum has been run against anu
ha | anrypsin at a concentration of 2 wl/cm? gel

replastat 59 °C In addition 1o the fixatives mentioned
ssue from A and B was fixed 2t 4 °C 1 96% ethanol
1% acetic acid (EA) for 4 8 and 24 hours and 24
25 In these cases the issue was dehydrated in ethanol
2d zylene at 4 °C increasing (o room temperature and
mhedded 1n Paraplast at 56 °C (22)

Addiuona) ussue from A and B fived 1n buffered
ormalin for 18 months was ®ashed for 48 hours 1 0 1
1 phosphate buffer pH 7§ at 4 °C frozen with COy
¢ and stored at -20 °C Some ussue from C-F was
rozen unfixed at —20 °C

The biopsies with AAT globules (G-L) and without
AAT gobules (M) were fixed at room temperatare for
4 hours n 10% phosphate buffered formahn pH 7
Sehydrated in ethanol and xylene and embedded at 59
°C Following embedding o freezing serial sections at §
¥ were cut and placed on gelaunized slides

Pretrcaimens of Secyions with Proteolytic En ymes

Deparaffinized sections from some of the formahn
Tixed matenal (B} were before the swiing incubated at
379C 1 0 1% wypsin (SIGMA type no 1D or 0 1%
Srotease (SIGMA type no V) for 15 min 1 0 0045 M
Qlsum chionde adjusied 10 PH 78 with © ) M sodium
bydronde (10 11

Ant bodies and Controf Reagents

Ambody no 1 Anu human AAT limmunoglobulin
{lgh fracuon of rabbu antiserum} DAKO Denmark code
10 10012 lor 017 118 and 029 A protein concentra
bon respecuvely 111 106 and 106 g/1 Titre 200 (ex
Pressed 2s the amoun (microgram) of antigen which has
10be added to | ml anubody in iquid phase 1n order to
obizin & supernatant % ihout demonstrable amounts of

nugen or anubody (23)) Anti AAT was used 10 vanious
dhinans foan helowd

2

Frg 2 Testof the puruty of alpha 1 anutrypsin by cross
ed tmmuno¢lectrophoresrs 2 pt alpha | anturypsin (1
mg/ml) has heen rup 2gainst anls human serum at @ con
centration of 8 plfem? gl

The monospecifiaity of anu AAT was tested 1n
crossed ymmunoclectropheres:s 2gainst normal human
plasma Only one precipitation line appeared (Fig 1)
The proof of the reaction with AAT and not with other
serum protemns was demonstrated m crossed 1mmuno
electrophoresis against human AAT

Antibodv no 2 Anu rabbit immunoglobulin (Ig
fraction of swene anuserum) DAKO code no 21 090
lot 078 E protein concentranon 21 g/l tire 400 The
antibody was used 1n diluton 110 determined by
wtration

Ao A a2

[T

immunoglobulin molecule i average 08 peroudase
molecule 15 conjugated) ttre 19 The comugate 1s
produced usIng the two step glutaraldehyde method (2)
Working diluuon | 20 was determined by chess board
utrauon.

Anubody no 4 Completes of horseradish peronsdase/
rabbit ant horseradish peroxidase (PAP) DARO code
80 Z 113 Jot 049 anubody concentration 1 98 e/t
peronidase conceniration 075 g/l molar perovidase/
antibody ratio mn average 15 Working diution, | 50
determuned by chess board utration

Antibody no 5 Amt eahn

b o= uut juu
dilution 1 20 detertuned by chess board

For control stainings the following
used

working
\irauon
Teagents were
Control no I Ant human A
absorbed wiih human AAT The
contratied 1 crossed immu

AT (antibody no 1)
purity of the AAT was
noelectrophorests agamst



any human serum One strong and one much weaker
precipitation line appeared and AAT was therefore
based on this entenon almost completely pure (Fig 2)
The amount of AAT necessary for the absorption of anu
AAT was deternuned by Sewell ttraton (23) The
antsbody was subsequently absorbed with AAT used 1n
25% excess The muxture was stored for { hour at 25 °C
and 48 hours at 4 °C (nterrupted by regular shaking for
5 min every second hour) and at last the ™aure was
centrifuged The supernatant  the absorbed antiserum —
did not react with human serum in crossed immunoelec
trophotesis The absorbed antiserum was used ta the
same dilutions as used with non absorbed antiserym

Control no 2 1 fracuon of serum from non
tmmunized rabbits DARO code no X 903 lat 076
Protein concentration 20 g/l Used in dilution 1 80

Control no 3 Swine serum from non Immunized
swine Used undiluted

Immunolustochenical Techniques

All staimng reactions were performed at room
temperature and the following techniques were used
I Indirect tmmunoperoxidase techrique (1P} The staining

comprises the fc Ing steps

1) Methanol 05% H;02 30 min (only when using
fixed matersal)

2) 10% swine serum 1n phosphate buffered saline (PBS)
pH72 1S mmn

3) Rabbut antt human AAT variable diluton 30 min

4) Peroxidase conjugated swine ant rabbit immunoglo
bulin 120 30 min

5} 004% 3 amino 9 ethylcarbazole (SIGMA) i di
methylformamide (9) 0 01% Hy021a 0 5 M sodiwm
atetate/acene acid buffer pH § (15 mn)

6) Mounung in Apathy gum syrup (13 b)

Control starungs were performed by replacing the
feagents one at a wme (n the following manner a)step 3
sncubation with PBS b) step 3 ncubation with control
no 1 cstep 3 incubation with controf no 2 and d) step
3 + 4 meubation with PBS

I Pe dase anti perovidase tech (PAP tech
nque) Step | 2 and 3 performed as described for IP
technique
4) Swine anti rabbit tmmunoglobulin 1 18 30 min
5) PAP 150 30 mm

Staining and mounung as described m 1P techmqu

step 5 and 6

Control staimings were performed as described |
method { In addwon the following controls wer
performed 2) step 4 Incubation with controf no 3 ¢
Step 3-5 mcubation with PBS

In technique I and I1 all antisera were diluted 1n 10%
swine serum in PBS Between each step sections wer
Wwashed 1n PBS for 3 x 5 mun

I Indirect immunofluorescence technigue (IF)
) PBS 5 min
2) Rabbnt ant human AAT vanable ditution 30 mmn
3) FITC-conjugated swine antt rabbst immunoglobufin

120 30 mm
4) Mounung 1n glycerol tns buffer pi1 85

Control stainings were performed by replacing the
reagents gne at a ume tn the fotlowing manner a)step 2
incubation with PBS b) step 2 mcubation wath control
no | and c) step 2 incubatton with control no 2 All
antisera were diluted m PBS Wash between each step
with PBS for 3 x § nun

Ervaluation
The staiming results of 1P and PAP techmiques were

evaluated ustng a DIA LUX light mucroscope Léiz ese
prece 10 objective 40x N A 065 IF technique was
evaluated using Leuz umversal fluorescent mucroscope
with transmitted light and Dark Fietd Ultra Condenser
NA 12andobjecuve 40x 875N A eyeprece 10x
Light source HBO 200 W/4 pressure mercury lamp
Filters Primary interference fitter and secondary 3 mm
glass filter matched with the primary filter (21)

Al tessue was wcubated in two fold sertal diduyons of
anit AAT serum The evaluation of the influence of
fixative fivation ume paraffin embedding pretreatment
with proteolytic emzymes and immunohistochemical
technique used on the stantng resulis $as based on 3
comparison of the highest dilution of anti AAT shich
still gave a clear posiuve reaction (end porat titre) For
each parameter examyned all sections were stamed o
the same day and double staimng series were performed
independently The vanation between end point utres of
two comparable staiming series was at most one dilutson
step The proportion between end point itres wichin each
staimng series was constant

Step 6 and 7)
TABLE 3 Influence of Foawne and Frcation oa the Immunolos
10% buffered formahn Liles AAF
TISSUE 4h Hh 7 days 4h 24h 7 days 41
116
112800 112800 112800 16400 16400
s :;gggg 112800 112800 151200 112800 | 12800 reu
2 125600 125600

The table shows the highest dilution of ants alpha | anutrypsin which



TABLE 2 Influence of Tissue Preparation on the Immunological Reactvity of Alpha | antrypsin in Liver Tissue

Frozen ussue Paraffin embedded tissue
| Prefixanon
e for 18 months Ersation in buffered formalin for
Without in buffered
{ixation formalin 4h 24h 7 days 18 months
s 11600 112800 112800 112800 [ 1600
) 13200 125600 112800 112800 13200
; 151200 125600 125600

‘be table shows the highest difutson of antr afpha 1 antitrypstn which stll gives a clear posuuy e staniog using 1adirect

Smunoperovidase stajng technique

RESULTS

e wfluence of fixauve fixation tume and paraffin
mbedding was examined using IP technuque on
15ve A-F

Results of nvestigations on usste A-C are
Hown 11 Table 2 and 3 Table 2 shows that AAT
#25 demonstrable wn unfixed frozen sections using
Ihtisera 1 a Jower concentration than m paraffin
mibedded formalin fixed secuons No difference
#as observed between frozen sections of prefixed
Hsue and paraffin sections

The mfluence of the examined fixatives on the
Immunological reactivity of AAT 15 shown tn Table
3 EA fixation at 4 °C caused the best preservation
AAAT but the staming results were sometimes
lffeuty to evaluate due to rather

any essential influence on the preservation of the
immunoreactivity When using fixation nmes be
tween 4 hours and 7 days Extremely long fixauon
up to 18 months caused a clear decrease mn the
amount of demonstrable AAT (compare Table 2)
The effect of pretreatment of sections from for
mahn {ived paraffin embedded material with pro
teolytic enzymes before the immunoperoxidase
stamng 1s shown n Table 4 Treatment with
uypsin had no effect on tissue fixed up to 24 hours
while treatment with protease snereased the amount
of demonstrable AAT Even more pronounced was
the effect on nssue which had been fixed for
extremely long time 1 formatim as 1t was in this
case possible by using trypsin and especially using
Pprotease to unmask antigens 1n such a degree that

Sackground staining ~ even when using extremely
hugh dautions of (he primary antserum Further
fore the ussue morphology was less satisfactory
Ead point ttres for 10% buffered formalin and

F were lower than for EA whe titres for
Bouns and Clarke s fixatives were clearly lower
a8 for the afore mentioned In Table 3 a1 15

furthermore seen that the fixaton ime dud not have

M of Alpha 1 ant inpsin i Liver Tissue

the amount of d AAT was the same as
demonstrated after 4 hour s fisatton
P

» plluy WIVLE sensitive than the PAP technique In
general more background staning was found when
using PAP technique than with IP techmque The

18 fi
s finauve Bowns fixative 96% ethanol + 1% acenc acid ey
» 7 days 4n 24n 7 days 4h 24h 24 da
ys
0 t 800 13200 13200
13200 151200
0 13200 16400 13200 13200 1102400 :2:%33 ll;l;gg

A clear posiuve SANINE usIng ind rect mmunoperotidase technique



TABLE 4 Influence of Prutreatment wih Proteoh ie
En=vines on the Immunological Reactniny in Formahn
Frxed Liner Tissue

Without Prereat Pretreat
Fixation ume  pretreat ment with  ment with
ment rypsin protease

4n 1 25600 125600 1 51200

Uh 112800 112800 151200
18monchs 13200 1 12800 151200

The table shows the highesi difution of anti alpha |
anutrypsin which stil gives a clear positne staning
using indirect immunoperovidase staning

background stamming was especially annoymg n
tissue fixed in EA IF techmique showed 1n a few
cases a shghtly weaker stwmng than the two
peroxidase lechmques Autofluorescence tid not
cause trouble and the yellow autofluorescence from
bipolusein was clearly discernible from specific
yellow green fuorescence i relation to AAT

Compartng the results obatned on tissue with
and without globules 1t was found that a much
higher concentration of antt AAT was needed for
demonstration of AAT mn tissue without globules
than for AAT 1n tissue with globules

Comparing the stamning results obtamned by using
IP techmique on autopsy and biopsy material more
AAT was found 1n autopsy material than in biopsy
matenal both as more statned cells and as wncreased
staining ntensity of the individual cell In other
respects the staiming patterns were however
concordant 111 the two materials

Control stamngs by using absorbed antt AAT

TABLE 5 Comparison of the Sensumin of Different
sunohustochentcal Techmgues for Demonsgrasion of

Imm
Alpha 1 antrspsin 1 Loer Tisste

:‘mmu;‘m cal Buffered Bouns 9f T'%“:C“‘:':?C'
12

Ic‘::r,lqu:? formaim fixative 2ad 44 °C)

Ip 1 25660 13200 151200

PAP 112800 1 1600 1 25600

iF 1 12800 1800 I 25600

e highest dilution of anti atpha |

antitrypsin which sull gsves a clear postive staung P
Indtrect immunoperoxidase techmque PAP Peroudase

The table shows th

(control no 1) were negative 1n all biopsy materta
and  autopsy matenal withouwt glabutes Ir
autopsy matenial with globules positine reaction:
could be demonstrated by using igh concentration=
of the absorbed antiserum The reacqon was always
weaker by a factor ten than that obtained by usine
non absorbed antiserum  Using mimunoglobulin
from non immunized animals and by replacing the
primary antiserum with PBS negattve stainung was
obiamed 1 all cases

DISCUSSION =

Following the first description of AAT deposits tn
tiver tissue fror patients with AAT deficiency of h
phenotype ZZ (24) this observanop has been
confirmied tn a number of investtgations using direct
and indirect [F techniques on ¢ryostat sections of
fresh frazen or formaln fived materiat {1 5 8
Palmer (17) showed depostts of AAT i In
tissue from patents with phenotype MZ ust
direct immunofiuorescence techmaue on formal
fixed paralfin embedded ussue Later on
performed a comparative invesugation of stamp
on eryostat ang paralfin sections of formalm fiv
tissue with and without globules using IP PAPar
IF jechnigues (18) AAT was demanstrated !
cryostat sections of formahn fixed ussue Wit
globules using all three techniques Using 1P ar
PAP techmiques positive AAT staming wes found
formaln fixed paraffin embedded material Wit
globules but no statung with IF technigue
Ray & Desmer (19) did not find any ilferent
between AAT stamming 1 unfixed frozen section
and sections of Boum fixed pavaffin embeddec
material using IF techmique
None of the abave mentioned 1nvestigators wert
able to demonstrate AAT 1 lver tissué withod
globules In contrast Feldman & al (7) usmg IF
Techmique on cryostat sechons of paraformaldeldé
fixed materal demonstrated AAT deposus I lnvet
tissue both with and without globules
A quanttative comiparison 0f the mfiuenc of
tissue Pre on the ity O T
does ot seem ta have been described previously 10
4 4T fac hren ﬁemnnslra[
Al
as

and on frozen and paraffin secuons of jormaun
fixed tssue A shightly better preservationt of the
mmunoreacuvity of AAT was found 18 frozen
sottions of unfixed tissue than i paraflin sections of
formaln fived tissue

o e Iny

of the infivence of

anuperoxidase techmique  IF Indirect
scence technique

na

A
different fixatives on the preservation of the



omunoreactinaty of AAT has not previously been
xformed In this invesngation a number of
tauves has been compared by using the same
aimng fechnique and the same tissue EA fixaton
14¢C and fivaticn 1n 10% phosphate buffered
srmalinor Lillie s AAF gave better results than the
nployment of Bown's and Clarke s fixatives EA
fution however caused high background staining
and less sausfactory tissue morphology
The fixation ume had only a shght nfluence
when using a fixation pertod less thana week while
Tration for an extremely long pertod caused a clear
teduction of demonstrable AAT Thus fivation for
W10 24 hoursin 10% phosphate buffered formalin
3 for the
demonstrauon of AAT 11 liver tssue as 1t combines
esenanon of AAT immunoreactivity and uissue
Morphology with low background staming i a
s sfactory way
The employment of proteolytic enzymes for
vamasking anugen determumnants was originally
Biroduced 1n connection with immunofluorescence
Saining of formalin fixed paraffin embedded tissue
(10) The enzymes have recently also been used 1n
Connection with mmunoperoudase stamning In
aohrdance with previous vestigations (10 11 {
found hat pretreatment wuth trypsin and protease
Sspcully of ussue which have been fixed for
€uttemely long tme 15 able to mcrease the amount
of demonstrable AAT 1n paraffin sections Unma
Sting with Proteolytic enzymes may be used with
ahantage . cases where only small amounts of
AT are accumutated 1n the liver ussue as eg 1
biopsies. from heterozygous MZ pavients without
PAS/duastase resistant globules
Opinions have previously differed as regards the
SUuzbilny of the three different immunohistochem:
techmques for demonstration of AAT i liver
Ussue Palmer (18) found that the two immunope
foxidase Slaiming techniques were better than IF
t&hnique and that PAP technique was better than
\echique Triger & af (25) likewsse found that
Munoperoxidase techmuque was more sustable
N Immunofluorescence techmgue when using
Paraflin sections In contrast Blenknsopp (3) found
that [p techruque was infersor to both IF technique
and PAP techmique
In tus investigation the comparnson of [P PAP
324 IF technique has been performed using the
same primary antiserum and the same tissue and in

fechniques has been 4,

to difference in quality of the used immunologicat
reagents as for example differences 1n conjugation
degree and antibody titre

In conclusion the employment of 1P staining on
formalin fived paraffin embedded matenial for
demonstration of AAT 1a Iner ussue has been
shown to give satssfactory results as 1t combrmes a
sensitive stamning technmique with good presenation
of immunoreactivity and morphology of the tissue

1 am grateful to Susanne Smudth and Jite Limborg for
excellent technical assistance to Agnete [fneild for
providing absorbed antiserum and for her valuable
cntical review of the manuscript and to Per Just Svend
sent for providing human atpha 1 anutrypsin
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PRECISION OF HISTOLOGICAL GRADING
OF MALIGNANCY

Sources of Vanation n a Histological Scoring System for Grading Cancer of the
Larynx
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Gram N Heiweg Larsen K. & Keding N Precision of histological grading of malignancy Sources
of varauon 1 a histological scoring system for grading cancer of the larynx  Acta path mucrobrol
s@nd Sect A 88 307-317 1980

The precision of a grading System based Upon average scor€ of 8 items for histological evaluznon of
malignancy of epidermoid carcinomas of the larynx was studied by letung 6 pathologists examne
biops es from 22 new cases Exploratory Statistical tools a8 well as a stansuca) framework {varance
companent models) for separaung and evaluaung the nois¢ components are suggested The order of
magnitude of the resulting overall aljowed between panents
though 1f a patient 18 graded by only one pathologist only resulls at the extremes of the scale of
mal gnancy should be trusted as possble therapeutical guidance Based wpon an analysis of the bascc
strucwre of the grading system the single nowse components making up the measurement uncenainty
were determined OF greatest importance Was nolse created by disagreement between the pathologists in
ther ranking of the patents on the scale of F the used the
indwidual tems dufferently and certan items seemed to conform Lutle to the scormg system An
atempy to mummize these two last components was performed homever nesther cafibrauon of the
pathofogists nor omission of the deviaung stems improved the precision sigmificantly

Key words Cancer of the larynx vartance component models tistological grading

Miels Gram Department of Pathology Rigshospitalet Frederik V's Vey 11 DK 2100 Copenhagen ©
Denmark

ecepied as submuted 31w 80

Histopathological grading has the double purpose
if refiung and duag

ezl when the refined statements of histopatholo-
gical grading are aimed a1 than for the less subtle

AT Like Almost any diagnostc siatement, ihe
‘ssult ol a hustopathological grading 15 only partially
orrelated to prognosts but in contrast to lab Y

diagooses
The important role of the observer 1n histopatho-
logical grading as compared to eg lLaboratory

measurements which are aften quite closé to rdeal
Sbjectivity (observer independent) histopathological
Brading s 1n addition disturbed by the stbjective
fature of the procedure bewng based upon a
subjective interpretation of a comphcated tage
Thre enbeamon famne sumed 10 be more

more detailed defimtion
and evaluauon of the precision and accuracy of the
method Of course the final 15t of any dagnostic
procedure 1 how 1t correlates to prognosis In this
report, how ever, we define and evaluate the intrinsic
preasson of nstapathatogical grading 1n the particy

lar contest of epidermond ranoma of the larynx
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SCORE ITEM 3
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IRUE MALIGNANCY

theps=0

and agreed on an inserpretauon of the mdvidual scores
a5 described by Helweg Larsen et al (1978}

Star st cat Analysts

The statisucal evaluauon will consist of 2 paris First
an exploratory data analysis invespgaing the suabibity
of each of the 8§ stems the varying use of the system by
the 6 pathologists and the consistency of the grading 1o
relaoa 1 2 one concept of 1

TRUE MALIGNANCY
Fg I Theoreucal score patterns for a perfect scoring system three tems four pauents

TRUE MALIGNANCY
= 11\ one pathologsst

1dealized pattern In the actual data the sermquanty
tative nature of the scoring system with only 4
response categories makes diagrams like those of
Fig | unfeasible for each pathologst and dem Ve
shall therefore first compare items pooled over
pathologists and secondly pathologists pooled over
wems Sice the true malignancy ts of course an

malignancy ¢his forming a natural basis for the use of a
smple average of scores as measure of mahignancy

Secondly a defintion and assessment of the precision of
the grad ng system should one want to Use It Foulinely

Finally o the basis of these results an attempt 10 point
out some ways to improve the grading system

RESULTS

Exploratory, Analysts of the Structure of the Gradug
Sistem
The perfect grading system 1t 1s natural to base
the use of the average score as an wndicator of
malignancy upon an assumption of one-dimensional
bistological malignancy changes tn malignancy
level should affect alt stems n the same way though
115 no requirement that for instance 2 on one item
coresponds W 2 on another Were the e
“alignancies of a series of patents known Wwe
hould therefore expect a pattern like that of Fig 1
»hich indicates how 10 a perfect grading sysiem the
cores on each individual em 1ncrease with
acteasing (rue malignancy Furiher 1f an unweigh
ed average is 10 be used as malignaacy wndex each
t&m should discriminate equally well between shight
wnd severe cases This property 1s indicated by the
paralletlity of the three Iimes that could be drawn
through the 4 points in each diagram In addition to
tis the seproducibainy of the scores should be
perfect

Deviations of the prescar scoring system from the

we use jnstead the average score over
items and pathologists as reference {abscissa) Fig 2
shows for cach wtem the average scare over the 6

- e

responses missing  with a distribution on the items
1-8of respectively } 2 1 3 2 14 10and 2 Inthe
{ollowing analysis we treat those as ordinary wois.
sing values¢ and substitute expected values by a
routime procedure The adequacy of that assumption
 the context 1s discussed further below)

Tt 1s seen from Fig 2 that uems 1 3 52nd 7
follow the general pattern determuned by the
average quite closely It also appears that the score
on stem 7 15 consistently below the full drawn line
as 15 mndeed permmed of Fig | Items 2 and §
folfow the general pattern but much less accurately
Finally nems 4 and 6 are generally scored rather
mdependently of the remaining ones

Ina similar fashion we plot n Fig 3 the average
over ttems of each pathologsst s scores for a given
patient agamn vsing the overall patent average as
reference First 1t1s seen that the pathologusts zgree
well in therr overall level (most pomts being close to
the wentty Line) except pathologist T who
generally has higher scores than the average
opmion Closer inspection further reveals differen
ces between the pathologists 1 their abiity or
willingness to discrimunate between the patients
Thus pathologists A and B keep close 1o the
optmon whereas C aed F discriminate mor
and E less than the average

average
¢ and D



MATERIAL AND METHODS

Biopsies and Histological Grading

The basis of this study is the biopsies from 22
consecutive patients with a new diagnosis of epidermord
carcmoma of the larynx primanly seen at lhc Depart
ment of Otology
during 1977 The biopstes were fixed in {orma!m and cut
m 12 Spm sections of which 9 were stained by haema
toxylin eosin and 3 by van Gieson altian

Immediately after the routtne diagnostic procedures
iht opsies were graded onee by each of 6 pathologsts
below designated A—F workiny, bhindly and indepen
dently The grading was performed according to a
histological scoring system for evaluaton of malignancy
of epadermotd carcinoma of the larynx The system was

set up by Jakobsson (1973 a and b) and Jater modified by
Lund et al (1976) and 15 based upon 8 ttems or questicns
(Table ) lems 1 2 3 and 4 v Structure
D! Nuclear paly and Mttoses deal
with the tumour cells alone whereas 5 6 7 and §
describing Mode and Stage of invasion Vaseular
mvasion and Cellular response treat the relattons
between the tumour <elfs and the host tissue

Each of the 8 stems has 4 alternative answers which 1
arescored | 2 3 or 4 If the actual histological matenal
1s unsuitable for answering a certan stem  the iem
omnted The average of the scores consequenily ranpiy
between 100 and 4 00 indtcates the malignancy of the
tumour

In order to achteve umformity in the gradmg
pathologsts discussed the system before the 1m esuganc

Table | Histologica! Grading of Malignancy

Ponts
ltem Tumaur cell
number populauen
! 2 3 4
I Structure Papillary Strands Small cords Narhed cellular
and sohd and groups dissoctatton
of cells
2 Differen Highly Moderately Poorly Poorly
uation heraum some kera Mimmum no keratint
zation tumization keratinization zation
3 Nuclear Few Moderate Numerous Anaplasuc
polymorphism enlarged number of rreguiaf immature
nucler enlarged enlarged enlarged
nucle; nucler nuclet
4 Mitoses Single Moderate Great Numerous
number number
Points
Tumour host
relationship I s N R
5 Aode of Well defined Cords less Groups of cefis Dx{ﬁl‘:
mvasion borderhine marked no distinet growt]
borderline borderline
Stage of Possibly Microcarcinoma  Nodular into \Massive
é nvasion (few cords) conneclive
! tissue
3 ascular None Possibly Few Numerous
4
1nvasion
Cellular Marked Moderate Shight None
8
respanse
(plasmolym
phocytic)
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TRUE MALIGNANCY

thepr=0

433720 an an interpretation of the indwidual scores
#desibed by Hefueg Larsen ef af (1978)

Sats cof Anglysis
The stascal evalustion wll constst of 2 parts Furst
& ploratory data analysis sy estigatimg the suttabifsty
OFeach of the 8 nems the varying use of the system by
06 pathologists and the conswtency of the grading 1n
™Maton 0 2 one-dimensional concepy of histological
P gncy s formung a natural basis for the use of a
4%k verage of scores as measure of malignancy
9y 2 gefinition and assessmentt of the precision of
¢ gradimg system should one want 10 USE 1t TOutinety
"l on the basis of these resulis an auempt to point
PH0ME Bays 10 improve the rading sysiem

RESULTS

?rplummy Analysis of the Structure of the Grading
) stem

The perfecy grading system It 1s natural to base

o of the average score as an indicator of
 gnancy upon an 2ssumpuon of one-dimensional

‘:H"Ogml malignancy changes 1 mahignancy
“18hould affect all sems i1 theé same way though
550 fequirement that for instance 2 on one 1em

SPONds 19 2 on another W ero the true

:‘;‘2;1’:3:2\5 of a series of pavents known we

et therefore expect a pattern ke that ofFig
hindicates how ma perfect grading system the

o0 each individual ttem sncrease with

TESING vre maliorancy B oo o £

1% gver

em sn

ey .

barallel uy o) (e tiree hnes that could be drawg

Beough the 4 pownts 1n each dugram Inaddion 1o

1::! cvlll'\e reproductbstity of the scores should be
PN .

coring system from the

TRUE MALIGNANCY
g I Theoreucal score patterns for a perfect scoring system {three ntems four patients

SCORE ITEM 3
GB“ nl

TRUE MALIGNANCY
I~1% ane pathologsst 1

idealized pattern 1n the actua) da1z the sermquants
tative nature of the sconng system wih only 4
response Gategonies makes dugrams like those of
Fig | unfeasible for each pathologist and item We
shall therefore first compare stems pooled over
pathologists and secondly pathologists pooled over
uems Since the true malignancy is of course an
abstractian we use mnstead the averaze score over
1tems and pathologists s reference (abscissa) Fig 2
shows for each tem the average score over the 6
pathologists for each of the 22 patients ss ordinase
plotted against the estimated true malignancy as
Just explaned (Note There were 35 out of 1056
responses missing with a distribution on the nems
-8 ofrespectvely 1 2 1 3 2 14 10and 2 Inthe
followsng anatysis we treat those as ordinary »mis

sing values« and substitute expected values by a
fouune procedure The adequacy of that assumption
i the context 1s discussed further betow)

Tt1s seen from Fig 2 thainems § 3 5 and 7
follow the general pattern determined by the
2verage qute closely It also appears that the score
on stem 7 15 consistently below the full draw n line
s 15 yndeed permutted of Fig | Iems 2 and 8
follow the general patiern but much less accurately
Finally items 4 and 6 are generally scored rather
tndependently of the remaining ones

In a similar fashion we plot 1n Fig 3 the average

over ttems of each pathologist s scores for a given
Patient 323 n vic no ha —

. .
e enuty lne) except pathologist ¥ who
Generafly has Figher scores than the average
optton Closer nspecuon further reveals differen
Ces between the pathologists 1 therr abilny or
willingness to discrimmnate between the papenss
Thus pathologists A and B keep close to the average
optmion Whereas C and F diserimunate more and D
and E less than the ayerao,



ITEM 1 STRUCTURE
| ITEM 2 DIFFERENTIATION
ATC . ITEM 3 NUCLEAR PO.LVMCRPW
K
34 k)
3
2
2 2
1
1 1
R T T REEE
3 I3 1 2 3 4 ’I ; ’r "
‘ ITEM & MITOSES
3
2
14

ITEM 7 VASCULAR INVASION

ITEM 8 CELLULAR RESPONSE

1 2 3 4

1 2 3 7

(?f CZ l:;ovs of avera“fe score over pathologists for each item (ordinate) agamnst the patient's estimated true malignancy
scissa), given as the average score over pathologists and ttems (Each point corresponds to one patient)

D and of the Precision of the

Finally we use a stmilar to the
usage of the items among the pathologists Fig 4
shows for each pathologist the average score over
patients for a given item (indicated by 1ts number)
plotted against the average over pathologists and
patients It 15 seen that the pathologists do not quite
agree on the use of the indmidval stems The
extreme parts of the scale are used more than
average by pathologists A and B and to some extent
by E, and less than average by C Pathologists D
and F seem to use the items differently (larger
spread around a straight line) The pathologists 1n
particular disagree on the use of ttems 4 and 7

.

Grading System

We saw 1n the exploratory part of the analysss
above that there were certain variations between the
extent to which the various items and the various
pathologists conformed to the general pattern In
this sectron we want to quantify these vanations In
order to obtain a synthetic measure of the precision
of the grading system

We take the viewpoint that the grading system 1§
given and 1t 1s desired to estimate the malignancy
level of a new patient The grading system 1s 10 b¢
used by a pathologist belonging to a certatt
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population of ncompetent pathologists« from which
the 6 present pathologists may be regarded a
random sample This means that if pathologists do
not use the items quie the same way, the
pathologist-item  nteraction 1s an  unavoidable
»nose« 1n the system Sumilarly, minor disagree-
ment between competent pathologists on the ran-
hing of pauents (patient-pathologist nteraction) as
well as panent-ifem 1nteraction are Unavoidable
noise soyrces

The statistical model used 15 a three-w ay analysis
of variance with certasn random effects The present
account 1s based on Jensen (1979) somewhat 1n hine
with Nelder (1977) A standard textbook treatment
15 by Scheffe (1959) We use vaniance component
models primarily because no other available statisy;-
cal tool ean cateh and synthesize the various souvces
of vanations inherent 1n the problem  Although the
expositton 1s phrased 1 terms of the normal
distribution, the emphasis 1s on identifying and
calculating the separate variance terms, which does
not depend criucally on spectal distributional
assumptions

The staustical model may be described by the
following decompostion of the basic observation
which 15 the score Xpipan: (=1, 2, 3 or 4) of the
pathologist path on ttem 1, when grading the bropsy
of patient pt

Xpt path s
= ap+ By + Upah + Vpir + Yoo pach + Zgain 1 + Woi pagn
where ay, and B, are fixed numbers whereas the Us
[Vs Ys,  lare independent normally distributed
random variables with zero expectation and con

stant varance Wpalhlwpl 1 Wpy paih
The tnterpretation of the model 15 as follows We
agree that a patient pt has a (latent) rrue malignancy
apr and that the ideal score ap + B on tem 1 for
patient pt 1s obtained from the true mahgnancy by
an additive correction B, (cf Fig 1) (We thus adopt
the convention that £ §, = 0) Devianons Irom this
1deal addivity, the patient wem interaciion are here

for, there would st} be the possibiity of 2 secong
order interaction Wi, pan, which under the present
set up also contains the basic measurement uncerta
ity of the mnstrument and thus provides a baselne
against which to assess the sigmificance of the other
noise terms The estimation of the mean valpe
parameters apand B, (the systemanc components)as
well as the variance parameters wy (the random
components) 15 obtamned farly directly from a
standard analysts of variance Table 2 shows the
ordinary three way (systematic) analysis of vartance
table as well as the estimates of the patient means
ap and item means § + B, % = Zap/22 (Asmen
tioned above, mussing values are filled in by stan
dard prediction methods i the three way 2no\a
model In the ndegrees of freedom« column It 15
wndicated  brackets how many degrees of Ireedom
have been sacrificed 1n each variance component due
to missing values)
The »mean square« column in the anova table
of p rs o which ate
connected to the parameters wa defined above by the
relations cf Jensen 1979)

2

40pt path 1 = Opt path |
= _l. ( 2 2 )
Wpt path = [ p path ™ Tt pah 1

where n, = number of gems = 8 and smilarly for
wpi1a0d wpath 2nd finally
)

|
= 2 —al 2
Wpath = iy ©3un = Ofipa — Thamnr + Ticpuh?

In this way the parameters wa may be estumated
as mentioned n the discusston a Negative esumate
may well be interpreted 1n an alterpative statstical
framework The results are shown m Table 3

We are now ready to compute the measurement
uncertanty of the grading system The patient rue
malignancy ap 1s 1o be estimated by the patient
average Xp  We use the decomposition bove 0
calcufate the vartance (summung the 1ndndual
) as follows Using the

considered as (random) notse and hence d by
a random variable Vo, whose variance measures the
magnitude of the noise

The general deviation of a pathologist from the
\rue score 1s also modelled as a random variable
Upan This 15 because we want the analy
Jicable to a popule of path and not
o;{y to the 6 specific participants n this study
Simitarly, the specific deviations Yy pan from true
score of pathologist path when studysng patient pt

a5 well as the speaific deviations Zpun from true
score When pathologist path uses tem

assumption 2B = 0 wehave

Ko ~an+ U+ Vo +Z +Wa
where a bar as usual denotes average thus

modelled as random noise terms Fisyaily, even of. aaj

sis to be i _ i
- =1V —ee—— L EZph
Ve R z a1 paht 0
Hence
var(Xp }
Woath + Wpt1 + Wpt path - Wpa by Wot path 1
1 are  fOpath n, TNpath Tipath Tipath Be
= 00304
corresponding to 2 dard error of 0 174

{he so far mentioned corrections were



TABLE 2 Three Wav Analysis of Variance

F P

Source of Degrees of Sum of :‘:“c:r:g gt
vanation freedom squares egamst

(mssing values)

< 000t
Patents 2 309 59 14 7;2 5; ;0 o0
Pathologists s 447 0893 3 e
PL X path 104 () 7165 0689 5 S
ens 7 14803 21147 7§ . P
PLx ems 147 15147 1030 % pped
Pith X ttems 35 5964 é ;g:
Residuzl 01 (9 18989
Toul 1020 93873 0916
Patient average scores {ranked)

160 161 169 175 176 179 193 198 199 99

212 217 227 239 241 252 275 285 292 310

315 343

Item average scores
Tem i 2 3 4 5 6 7 8
Yiemay score 241 246 251 168 226 2385 17 240
1214 from only one pathologist are used (but we Attempls 10 Improe the Prectsion of the Grading

sull want to include our know ledge regarding the  Sysiem

Pathologist population vanation) we use Xpipan s
sumate of a,y and

VarRpg )

W+ + w, L)
- ' tpan F Wy
Ut gyt LR T B g 0y

s¢-0321

Table 3 Esumared Varance Components

ol

w
—_—— T
path 5 0894 -0 007
M 137 1030 07
Pt path 104 0639 0052
fath | 35 1704 0065
Mopath g 701 02 om
—_— _—

Consequences of omuinng some ttems In the ex-
ploratory anatysts we saw that items 4 and 6 and
10 a lesser extent tems 2 and 8 did not seem to
contribute relevantly to the malignancy dimension
here considered In order 10 assess the consequences
of omittng these rtems we Te run the analysis of

varance assuming that the grading system has only

Table 4 Estimated Variance Cor

mponents when only
lems 1 3 S and 7 Ar

e Retained
daf o? w
e wa
Py 63 0506 0042
Pt path 104 0646 0097
path 15 1281 0046
Pt path 302 0257

01257



population ol »competent pathologists« from which
the 6 present pathologists may be regarded a
random sample This means that f pathologists do
not use the items quie the same way, the
pathologist-item iteraction s an unavordable
»noise« 1n the system Sumlarly, minor disagree-
ment between competent pathologists on the ran-
king of patents (paticnr-pathologist micraction) as
well as patient-ttem interaction are unavoidable
NoIse sources

The stattstical model used 1s a three-way analysis
of variance with certain random effects The present
account 1s based on Jensen (1979), somew hat 1n hine
with Nelder (1977) A standard textbook treatment
1s by Secheffe (1959) We use varance component
models primanly because no other available statisty-
cal tool can catch and synthesize the various sources
of vanations mherent 1n the problem  Although the
exposition 1s phrased i terms of the normal
distribution  the emphasis 1s on idenufying and
calculating the separate varance terms which does

for, there would sull be the posstbility of a second
order nteraction Wy py, Which under the present
set-up also contains the basic measurement uncerta
mty of the nstrument and thus provides a baseline
agamnst which to assess the stigmficance of the other
notse terms The esttmation of the mean value
parameters ap and B, (the s stematic components)as
well as the vanance parameters wy (the random
componens) 1s oblamed farly directly from 3
standard analysis of variance Table 2 shows the
ordmary three way {systematic) analysis of varance
table as well as the estimates of the patient means
apeand item means ® + B, @ = Lap/22 (Asmen
tioned above mussing values are filled 1n by stan
dard prediction methods m the three way anosa
model In the »degrees of freedome« column 1t 15
ndicated 1n brackets how many degrees of freedom
have been sacrificed 1n each variance component due

ta mussing values}
The »mean square« column n the 2nova table
contans estimates of parameters o} which are
to the «wy defined abose by the

not depend cntically on special distrib
assumptions

The statistical model may be described by the
follawing decomposition of the basic observation,
which 1s the score Appan, (=1, 2, 3 or 4) of the
pathologist path on 1tem 1 when grading the biopsy
of patient pt
x!‘l path 1
= ap+ Bi+ Upan + Voo + Yoepan + Zpan 1 + Weaparn
where ap and @, are fixed numbers, whereas the Us
[Vs Ys  larendependent normally distributed
random variables with zero expectation and con-
stant variance woshlwor . wppan )

The nterpretation of the model 1s as follows We
agree that a patient pt has a (latent) true malignancy
ag and that the rdeal scorc ap + B, on vem 1 for
patient pt 15 obtained from the true mahignancy by
an addin e correcnion B, (cf Fig 1) (We thus adopt
the convention that £ 8, = 0) Deviations from this
1deal additavity, the paticat-ttem tieraction are here

relavons (cf Jensen 1979
=l
Wyt path 1 = Tpn path 1

1
= — (g2 —al
pLpath = - (62 pan o rand)

wheren, = number of items = 8 and staularly for
wptrand wpam, and finally

1 : )
2
wpath = T (O3 = Oiparn — Gpary ¥ O pum?

In this way the parameters wy may be esumated
as mentioned 1n the discusston a negative estimate
may well be interpreted mn an alternative statistial
frameworh The results are shown m Table 3

We are now ready to compute the measurement
uncertamty of the grading system The patient true
malignancy ag 1s to be estimated by the patient
merage Ny W e use the decormpasion aborve 12
calculate the sarance (sumaung the mdnrdual

depend ) as follows Using the

consydered as {random) noise and hence modelied by
a random varable Vpi, Whose vanance measures the
magnitude of the noise

The general deviation of a pathologist from the
true score 15 also modelled as a random variable
Upuny This 15 because we want the analysis to be
applicable to a populatian of pathologists and not

assumpuon}llﬁ - Owehave
S Tamt+ 0+ Vo +Z

where a bar as usual denotes average thus

+ W

- 1 = 1
Vo = E% Z =gom LEZew

only to the 6 specific parucxpam; n t!rflrxsn?\\lx:iuye Hence
S Ypi parn fro -

Simularly, the specific deviations Yo Ve )
studying patient pt ar {dpc

score of pathologist path when study: gﬁ et B et mmn sene crnn

as well as the specific deviations Zpan: fro =Ty I R e T

re when pathologist path uses ttem 1 are np:).;m ) ath ra
5e0 I, evenifall =10
modelled as random noise terms Fmally, o= s 10 tord error of 0 174

the so far mentioned corrections were

112



<25 - 164 x 032 - 198 should we
recommend against | 64 being the 95 fracule in
1he Standard normal disinbution In the present
series of patients this would mean that 1722 =
$0% would be wsafely « allocated 1f 6 pathologists
performed the grading the interval would be
ramowed o 221 =279 (250 = 164 x 0174)
so that 17/22 = 77% of the patents wese
allocated with safery in accordance with the
mtention

These examples have important tmplications
Tirstly an evident consequence would be that 1t 13
desirable {0 have several pathologists to grade each
patent (In addwon this procedure would be a
precaution against & careless extrapolation of the
mferences about 2 population of competent patho
Togssts drawn from the present sample« of 6) The
second imiplication 15 that only the extremes of the
scale should be trusted

The Sources of Variation

The analysis of the basic structure of the scorng
system 2d the subsequent analysis of the vanance
components have been uttlized to localize and quan
ufy the sources of noise 1n the grading system Be
fore the discussion of the individual sources 1 1s i
Structive to consider the decomposition of the basic
measurement uncertainty probably best expressed
sthe variance 1f one pathologist grades one patient

The esumated malignancy (average score) has a
vanance given by

Vi&apen )

+wpp + o,
pat W pah
Ut g 050+ T

- 0074 08524 127+ 0865+ 271
=007+ 052+ 016+ 008+ 034
103

Y follows that the main sources of variation are
"B generdl varance {noise) term wp pan /0
Y8 034 and the patient pathologist mter
3U0n wppay 052 The interactions with 1tems
are less smportant because the esimated mahgnancy
'S computed by averaging over 8 items but not
averag ng over pathologsts

Dvergence amang the Patl ologusts in Therr
Eraluat on of the Patients

light deviation from the general level and
4 fference ua the 4 senimination betw een the patents
Were seen (Fig 3 and Table 3) bug it appeared from
the example above that the pathologist pattent water
3Uon has a refatively erear weight 1 the final

computation of the uncertamty of the grading
system This divergence may reflect how the
didual pathologist acts 1n case of doubt which
easily may anse as the four scorng categories of
each item do not represent well-defined separate
entities but rather indistinct parts of a conttnuum
Deviaton from the general opuuon may as
suggested by Iversen & Sandnes (1971) reflect the
1 hy of the sothata
1 optimust
malignancy and vice versa Perhaps this effect
would become more pronounced if t was known by
the pathologists that the gradmg would have
waportant therapeutical mplications  unlike the
conditions of the present imnvestigation

from One di Ity of

Malgnancy

In the following considerations 1t 1 important to
realize the relative role of estimated true malignancy
m this study Our intnmsic companson has no
choice but to use the average score as representing
ytruth« As an extreme case suppose that in fact
only item 1 really represented mahgnancy while the
other seven while highly correlated represented
varymg degrees of something else Then any
mternal comparison would imply that stem 1 ought
to be omitted

It was seen from Fig 2 that stems 2 4 6and 8
affect the concept of h
malignancy measured by the present grading sys
tem Thus becomes even more convincing when 1 1s
taken 1to account that we used the average of all 8
tems (including the one under study) as abscissa
From Table 2 1t appears that the ttem average scores
differ significantly (range — 1 68 ~285) Thisisa
question of score category defimtion which does
not detract from the consistency of the system
however 1t should be noted that these differences are
1gnored When an item which cannot be evaluated
and therefore 15 omutted in the calcvlavon 15
ascribed a value equal to the average of the

nems  This has teen
©

mam oA

v v lalxs 1 be made mn this connectton First
this procedure cannot reacanah e

& wd LUL i tselt provide information an
assumption which 15 perhaps nog completely satg
fied here Since only 35 out of 1056 responses were
missing here we expect any bias to be rather minor
but 1 senies of less suitable bio,

€S no
arse 1m this way ps) iS¢ may sl



TABLE § Esumated Variance Components w hen Patho-
logist Main Effects and Pathologist-Ttem Interactions Are
Conyidered Non-Randont

af a2 w
ptt 47 1030 [Py
Bt path 104 0689 0052
Pt,path 1 708 027 027)

4 gtems namely 1, 3. 5 and 7 The results are
presented 1n Table 4 As above we then compute

Var (XN )

= 0 0418,5¢ = 0205,
Var (Xgiqan ) =

= 0200, se = 0447

Calibration of pathologists We consider an
1dealized case of adjustment, that 1s, the pathologist
mam effect (formecly Ugan) and the pathologst-
tem 1nteraction (formerly Zpyny) now designated
Yrat 50 Sga  C211 bE estimated Without error

The model may then be specified as

Xptpathy
= g+ Bt Yoan + dpam
+ Voo + Ypopah + Wi psthe

From the analysis of vartance in Table 2 we may
now derive the esumated vanance components it
Table 5 We then get

Wpt:  Cptpmh | Wpipathy
Yeuy  ZRpan, PR o
m + e Npath 1 00302

Var Xy )=
se 0174,
Var {&ppah )= 0pepat +

se 0319

Wyt Wy
Pt "lezn.=0 103

DISCUSSION

Before entering 1nto the details of the results of this
nvestigation let uS repeat from the mirpduction that
m here 15 10 study the mirnsic
conssstency and precision of the grading system
Since we do not know any way of directly observing
»true malignancy« {he only possible external
comparison would be to the observed Prognosis
For this to be nformative & different  Study
contatning many moré patients and a considerable
follow-up period would be pecessary

our only &

Stanstical Model
There are several
defimuon ©of analysis

1 alternative approaches to the
of varance models With

v

random effects Although the defimition m terms of
specifying the complete covariance structure (such
as yintracfass cofrefations) may be the more
satisfactory from & statistical point of view, we have
here used an erpor component formulation i the
hope that 1t 1s more easily acoessible for the readers
of the present paper It should how ever be borne m
mind that »negaftive vanances« of all other eror
components than the residual (W pam ) may sell
be interpreted 1n the former framework

In the presengation of the vanance compopent
model above, we performed no sigmficance tests to
obtain a possible simplified model Furst, at 15
immediately seen from Table 2 that all mamn effects
and first-order interactions are highly sigmficant
aganst the residual ghven by the second order mter
action We draw one important inference from this
fact Any wrounding error effect« of the mteger
nature of the basic score would tncrease the residual
variance Stnce this 1s still by far the smallest, that
objection agamst psing the normal distribution can
reasonably be disregarded Secondly the question of
thie negative estmate wpun = ~ 007 (first model)
may be treated by calculaung an approximale
standard error wa being a Linear combinayion of !
— statisties This 16ads 10 wpen = — 007 = D3
meaning that we may well assume wpan = 0 and
thus have no need for a further discussion of the
alternative statistical framework

Basic Measurement Uncertains

1t was seen that if data from only ont
pathologists were used the histological grading %as
perturbed by a standard error of VOT03 = 0321
If 6 pathologists were mvolved the standard error
became 0 174

Any use of the grading system as therapeutical
gndance should conswder the relauvely good pro
gnosis of epidermoid carcinoma of the larynt
wweated by raduation alone (Sand Hansen 1975
Jorgensen 1976) as well as the severity of any
possible surgical ratervention Lund et af 1977
suggested that »In cases where exploratory opera
wahs an the regional lymph nodes are considered
the histological score may be the decisive factore To
Ulustrate the 1mphcations of the measurement
uncertainty of the grading system on 1S use as an
aid 1n such decisions et us assume that 1t o
established that pagents w il true score greater than
2 5 should be operated while patients with true
score less than 2 5 should not Assume further that
we want to make no more than § % nusclassifica
ions 1n the long run and that only one pathologist
performs the grading Then if the patient’s observed
average score was > 25 + 164 x 032 = 302
we should recommend operation and only if 1t Was



one pathologsst grades each patent One recommen
daton drawn from the study 1s that the observer
patient wteraction seems so large that each biopsy
should be graded by several pathologists

From a pracucal pomt of view the fotal
varability of a grading system fike this is composed
of the uncertaynty of prognostic statements for given
fevels of malignancy on the one hand and the
mmasic fack of precision on the ather The present
paper has only studied the Jatter source of vanation

We are graeful for several useful discussions on
VananCe compenens models with Saren Tolver Jensen
Insutote of Mathemarical Stavsstics  University of
Cupentiagen and we thank Pout T Bovesert Claus Petr
Corl O Povisen and Jargen Rygaard for their grading of
the biopsies and for the nspiring 1nterest they 100k 11 the
weshigauon fargen Hulden sopphed useful comments
on the manuseript
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It might be that the items Keratinization
Mitoses, Stage of invasion and Cellular re-
sponse correlate well to chnical malignancy as re-
potted by Jakobsson (1973), but in the grading
system they are mmportant sources of nose and
main contributors to the patient-item interaction
wpoy (Table 2 vs 4) In order to increase the
precision of the grading we omitted these rtems (dis-
regarding a possible psychofogical interactive effect
between retained and omatted stems), but found that
the grading thereby became less precise The
patient-item 1nteraction certawnly was reduced to
one third (Table 4) of the onginal value, but at the
expense of a doubling of the patient pathologist
interaction which i the present example has 4
umes {number of items) greater numerscal wesght 1n
the final calculation of the standard errors (cf
example above)

Presumably an imperfect one-dimensionality,
which 1s not surprising remembening the diversity
of malignant tumours, also blurs the results of other
Histological grading systems This may be expected
not only tn those employing a single sum or average
of scores as the system for grading of breast
carcinomas of Bloom & Richardson (1957), but also
in grading systems 1n which the scomputation« 1s
petformed »within the pathologist« by a complex
psychological process eg n grading of atypia of
bladder tumours (Berghwist et al 1965) and
dysplasias of the uterine cervix (Poulsen et al 1975)

in order to get an optimal consistency in a
grading system analyucal diagrams hike those of
Fig 2 would form a sound basis of the design Of
course 1t should be remembered that other arithme-
tical operations than simple addition of score values
are possle and thas the Score valves may he
weighted differently

Dnergence mnong the Pathologists in Their Scoring
of the Indnidual Items

It was seen from Fig 4 and Table 3 that the
pathologists did not agree In therr use of the
individual items especially pathologist D and F
dissented from the average, and tems 4 (M1toses)
and 7 (Vascular 1mvasion) were scored with great
disagreement The divergence on mutotic activity 1s
temarkable as this theoretically mught be easily
titated and as this parameter 1s often used n
nancy As pomted out by Stherberg
be due to a disagreement on the
fimtion of mitoses  The dis
7 may have a similar cause
The definition of especially score 2onths xzesm 15
vague While the term »p(:‘ssmli;; ’::\ D::;mﬂ& ¢ az:g:

on) 1s farly well un

f:u::: 2:lsllffuse meaning 1n case of vascular mvasion

quanl
grading of maig!
(1976) 1t might
morphological de
agreement on item

316

as the biopsies contatned few and small vessels Ten
out of 35 missing values occurred m item 7
Perhaps 1t would hase been reasonable to drop thys
item 1n still more cases, but just the escape option
»possibly« may have prevented this These exampleg
show that the of d s
should be secured before they are introduced n
routine pathology
In another attempt to find ways of increasing the
precision of the grading system we ymagined the
pathologists to be calibrated In principle — gnen
access to a large sample of scorings — one might for
each pathologist determme his/her particulanities
(in the analysis expressed as ypon and Sy 10 3
standard form However it was noticed that even
perfect adjustment of pathologists would have very
linnted effect as the basic measurement uncertainty
as the & of Xpipan Bas
only reduced from 0 321 to 0319

Variance due to Preconcepiont

It would be interesting o have further psycholo
gical information on how the pathologists make up
therr minds about a given biopsy — proceeding {rom
the 1tems (o a conclusion (such as implicitly assurned
when using the grading system) or by first formmng
a general opinton about show malignant 15 this
tumour?« and subsequently fithing m the score
values 1n accordance with the concluston Obvio
usly, we do not have such psychological nsight It
might however be of interest to point out that the
parameter wp pan May be interpreted as the »pure«
covanance between the responses on o different
1tems by a given pathologist on a given patient that
1s for given general levels of the patient, (he
rathologust and the gems and given interactions
between patient and items and betw een pathologtst
and items

The highly significant positive ntrinsic covars
ance wpi path between responses on different items ot
a given patient by a given pathologist may b¢
snterpreted as an 1ndtcation that the pathologtsts do
not score the items independently but at least 1t
some cases proceed from a general impression fo the
mndividual ttem

CONCLUSION
This paper has defined and discussed methodology
d and p of histopa

for studying
thological grading systems taking parucularly 10to

account the important observer component in the
measurement uncertamnty In the particular example
studied, a grading system concerning epidermord
caranoma of the larynx was seen to be able to
discriminate between extreme cases, even if only
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SURVIVAL IN IDIOPATHIC GLOMERULONEPHRITIS

MARCUS NYBERG ERNA PETTERSSON GUSTAV TALLQVIST and AMOS PASTERNACK

f Medicine University

Central Laboratory of Pathology Umiversity of Helsinki IV Department o

Cc:u:l Hospual r:[ Helsinkt Depaniment of Pathology Maria Hospual Helsinki and Insuwte of
Chical Science University of Tampere Finland

Nyberg M Pettersson E Tallgvist G & Pasternack A Survival in sdiopathic glomerulonephritis
Acta path microbiol scand Sect A 83 319-325 1930

Actuaria) survival was studied in 285 adult patents wih idiopathic glomerulonephrius (GN)
Minmum follow up was 7 years 105 patients had mimimal change GN (MC) 22 membranous GN
{MGN) 20 acute GN (AGN) 11 mesangial sclerosis GN (MSGN) 28 mesangiocapitlary GN {MCGN)
§ crescenuc GN (RPGN) 27 GN 61 focal GN (FGN) and 3 focal
segmental glomerular sclerosis and hyalinosts (FSGSH) Ten year survival was best 1n FGN (91%)
and progressively poorer in MC {90%) AGN (85%) MSGN {(83%) MGN (82%) MCGN {62%)
unclassifiable GN (37%) and RPGN {16%) One of the three patients with FSGSH died durmg
follow up At 10 years survival differed sigmficantly (p<0 01) from expected only tn MCGN RPGN
and unclassifiable GN Our results suggest that — because survival was not significantly different from
¢apected 11 most types of GN - the current classification of GN 15 only 2 crude guide to prognosis
The nephrotic syndrome was found to worsen prognosis 1n MGN and MCGN

Key words Glomerulonephrius nephrouc syndrome survival renal biopsy

Marcus Nyberg Department of Pathology University of Helsinki SF 00290 Helsinks 29 Finland

Receved 13180 Accepted 25 1v 80
Although many chinicopathologic correlation stu

diesof bistopathologically-defined glomerulonephri

U (GN) have included data on survival only 1

more recent investigations (Hardwicke & af 1967

Antorne & Faye 1972 Cameron & al 1973 Habib

&nﬂ! 1973 Habib & a! 1975 Row & al 1975
.

- . . ’ . ’

vl (Cutler & Ederer 1958 Anderson & af

1974) been used that render results from different
Studies comparable These nvestigations however
have dealt with only one or a few histopathologic
P of GN Survival of excluded or unclassifiable
Patents has not been accounted for To obtamn a
more complete picture of mortality from 1diopathic
GN webelieve thay survival should be analysed in a
Comprehensive series that encompasses all histopat
hologic types Including unclassifiable cases There 1
only one report of this ind (Cameron 1972) but nt

does not describe the age distribution of the patients
A study of children has been published (Habib
1970} for which actuanal survival was analysed
tater (Cameron 1973) together with data on survival
from other clinicopathologic  studies by other
authors We have found no study of this kind
describing survival in exclusively adult GN patrents
Prognosts has been considered to be predictable
from the histopathologic type of GN (Habib 1970
Habib 1975, Cameron 1972) However there are
conflictng reports on survival in some types of GN
(Camteron 1973) especially 1n membranous GN

(Cameron 1912 Cameron 1973, Legram & at
1978 Noel & af 1979) e

The purpose of this stud:
relation of the currently used light microscopic
classification of GN 1o long term survival 1 a

adult patient 1 Survival
results were also compared with expected survival
in 2 matched normal Ppopulation

ly Was to evaluate the







siusned JO JQWON o

L 9 133 144 [ 16 95 123 fL-st  #f 6 Icyst 1114 $9U535 [MI0L,
- - 1 - - - 1 i os-tz 8t s¢ R 3 sisout|eAY 7 $1509{3%
aunsswolf mudwsas 1804
£ i vl 9 I u t vl 1-91 6% 6f 1/t 19 NO 2anwaajijoid (804
3 L L [ 2 1 14 6 o=t v vy OIH i ND wqeyIsseUn
I 14 ¥ S 4 1 4 - g-3g U 15 9 3 N IWRY
1 o 4 L ot L S 3 o-st €6 se 2l 8 ND Amrdw0iBuvspy
! [4 ¥ 4 - H £ \ Vgt le L 9 It sis01a[s (BTSN
- [ 9 3 4 6 v 1 -9z e 9 Sl 24 ND WY
- A 3 < 1 ! - 6 g9l o 88w 144 NO srouriquialy
- 6l - 4 61 1€ k14 (19 99-91 62 [T tL i §01 aguTy [
.
,dn MO[0)  JueRiE ey SwOIPUAS BURIBIRY B saed) sjuaned
0} 1507 POINS uoisualiaddy  feudl 1o onoiydsu  euauIdlold wunewsey  wnwaoad  odues UEN pow uead  /sEN Jo JxquwaN
Aouamtggnsut
e
—_—
(sxeaky 33V
-

Jsusig

orog jpop t IYEVL



MATERIAL AND METHODS

Selection of patients From all percutaneous renal
biopsies referred to the Department of Pathology, Mana
Hospital, during the period 1959 through 1971, we
selected those that were reported, on Iight rmicroscopy, to
be normal or to show changes compauble with or
suggestive of GN These biopstes were then re-examined
microscopically without prior knowledge of chmcal or
tustological data  All biopsies were excluded that
oniginally or at re-examination had less than five
glomerul (unrepresentative) Excluded were also all
biopsies 1n which 50 per cent or more of the glomeruli
were hyalinised (end stage lesions of uncertain glomeru-
1ar or non-glomerular onigin) The biopsies unrepresenta-
(ive at re-examination were randomly distributed among
tustopathological categories at the primary examination
Biopsies from patients with diabetes mellitus, amyloido-
si1s, systemic lupus erythematosus, pertarteritis nodosa,
and rheumatoid arthritis were also excluded as well as
those from patients with a normal biopsy having none of
the chinical signs of GN listed below The rematming
biopsies were examined once more and classified
g to h type After of the
biopsies, the climical and laboratory data for each patient
at the ume of biopsy were collected from the hospital
records The final series comprised 285 patients
Histological methods The biopsies had been fixed 1n
either formaldehyde or glutaraldehyde Serial sections 2~
3 pm thick were available for analysis and stained with

made
Crutenia of histopathologic classification The classifi
catton used was based on light microscopic criteria
reported by others (Jones 1957, Ehrenrecch & Churg
1968, Churg & al 1970 Habib 1970, Whue & al 1970,
Burkholder 1974, Hepuinsiall 1974)

A Diffuse lesions (alt or most of the glomeruls
alfecred

Minimal change GN (MC) Glomerult appear normal
with no apparent cellular proliferation or thickening of
the glomerular basement membrane (GBM) and no
accentuation of the mesangial matrix No more than one
out of 10 glomeruls 15 globally hyalimsed

Menbranous GN (MGN) When stained with H&E,
glomerul: show a general thickening of the capillary
wall Stamning with PASM reveals conspicuous needle
like protrusions ('spikes') on the epithelial side of the

A P

Y prol

(MCGN) The GBM appears double-contoured wl\?:
stained with PASM and 1t may also stain strongly with
PAS Mesangtal matrix 1n increased, sometimes gtving
the glomerult a lobulated appearance Prohiferation of the
mesangial cells 15 present The GBM may be only slighty
affected but the prominent mesangial lobulation distp.
guishes MCGN from MSGN

Crescenuc (rapidly progressive} GN (RPGN) Epithelyy|
or fibro epithehial crescents appear within Bowmans
space m most of the glomerul, obliterating the
glomerular tuft Unspecific proliferative changes are alyy
seen within the tufts

B Focal lestons (only some glomeruli affected usually
about a third)

Focal proliferanve GN (FGN) Glomerul show at leayt
one of the following changes cellular prohferation
ncreased mesangial matrix, capsular adhesion, sclerotie
scarring Occastonal crescents may be present as wel! ag
one or a few globally hyalinised glomeruli

Focal segmental glomerular sclerosts and hyahnosis
(FSGSH) A segmental leston m one or a few glomeruly
shows hyaltne material on the luminal side of the
capillary wall Assoctated with this lesion may be foam
cells, mumimal cellular proliferation and some sclerosis
with or without a capsular adhesion Some tubular
atrophy 1s present

C  Unclassifiable  proliferative GN  Glomerular
changes are not compatible with any of the aforementio
ned types

Clinical and laboratory criteria

Persistent proternurta more than 0 1 g/1 of protein mn
the urme 1n repeated specimens

Haematuria three or more red blood cells per fugh
power field 1n more than two samples of urine before
biopsy
Nephrotic syndrome protemuria in excess of 3 g per
day in combination with at least two of the following
oedema hypoproteinaemia (serum protemn less than 55
/1) or hypoalbuminaemia (serum alburmin less than 30
g/, and hyp {serum ch !m
excess of 75 pmol/1}

Renal insufficiency serum creatimne 1o excess of 110
pmol/1 or a creatinine clearance less than 85 mi/mm or
both
Hypertenston blood pressure higher than 150/100
mmHg regardless of age

Folfow-up and calcutation of survnal Follow up ume
was defined as the period between the date of the first
btopsy and the end of the study or death

GBM that occur either globally or fly in the
glomeruli Mesangium 15 normal or only slightly
increased with no cellular proliferation
Acute GN (AGN) A normal GBM s seen 1n
with a p of ! and
bliterate the capillary
endotheliat cells that narrow or O

jumina Occastonal polymorphonuclear leukocytes may
be present In the glomeruh Mesangial matrix 1 m;m;;a;,

Mesangial sclerosis (mesangial proliferative;
(MSGN) Capiliary lumma are normal and patent
Mesangial matrix 1§ (ncreased with or without prolifera-

tion of mesangtal cells

320

W):u:hevcr came first The last day of the study was pot
fixed but was chosen to ensure, for all hving pattents 3
minimum follow up time of 7 years Death when notan
actual death, was considered to have happened on the
date when chronic haemodialysts was started or on the
date of a renal transplantation if not preceded by dialysis
(Cameron 1973, Legrarn 1978) Survival data were
collected from hospital records and from the official
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oh ol type of Expected survival calculated for

Fig 1 Actuanial survival
totaf series

equally regardless of cause Expected survival (Ederer &
al 1961) was calculated from mortality rate tables for
the normal population for the period 1961~70 and the
year 1977 kwndly provided by the Finmush Cencral
Bureau of Swatistics Expected survival rates were
adjusted for sex and age 1 each type of GN

Of the 285 panents seven were lost to follow-up

(Table 1}

RESLLTS

Cluncal data (Table 1) More women than men had
MC, MSGN, and FGN, mean age was highest
among patietits with RPGN, AGN, and unclassifi-
able GN No obvions correlations between chmeal
signs and the histopathologic type of GN could be
found Of the patients with MC, only those with the
nephrotic syndrome had recerved sterods In all
other groups, some nephrotic and some nop-

nephrotic patients had been treated with steroids
b 4 Damartad eurvival wae almost the same

« 7 per

N N m of
expected survival, therefore, the total series was
pooled, all survival r:{es bem(% wr;l)pared with a

ed survival curve (18

msgzltervex::lmwas best ;n FGN and MC and
progressively poorer mn AGN, MSGN, MGN,
MOGN unclassifiable, and RPGN (Flg“l) At 10

2) In RPGN, no ten year survival could be
obtamed In thus group, however, a significam
difference (p<<0 01) from expected was found
already after one year of follow-up No relable
survival curve could be caleulated for the three
pattents with FSGSH Two of these patents
survived with follow-up times of 8 1 and 148
years, respectively, the third patent died duning the
Sth year of follow-up

At ten years, the nephrotic syndrome correlated
sigmificantly (p<0 01) with mortality 1 patients

Expected
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Fig 2 Ten year survival rates = 2 SE according to
1ype of 8! s 10 year

survival not obtaied for crescentic glomerulonephrius
{RPGN)
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veans
Fig 3 Effect of nephrotc syndrome (NS) on survival 1n
and

#ith MGN and MCGN (Fig 3} Survival did not
&fler, however, betwesn nephrotic and non-nephro-
e paveents with MC

Fourteen patients with wnclassifiable GN had
$ome crescent formation 1n their biopstes Survival
93 not differ between these pauents and the 33
“hosz biopsies showed no crescents

DISCUSSION

Ths study was undertaken to re-evaluate the
frogaostic value of the current hight microscopic
assfication of diopathic GN  Immunofluor-
SScence and electron microscopic findings were not
Uken 1t account Hence, some cases of MGN,
they looked normal on higt mucroscopy
hrenreich & Churg 1968, Baridy & al 1970,
omsoth & af 1978 Tallgust & al 1979) may
have teen wrongly classified as MC  As the shoft-
tem prognosis of this variety of MGN s good
Wornroth & af 1978), the effect of this source of
IO 1S probably mummal Electron microscopic
atudies have revealed two types of MCGN type [
\subendothebil deposists) and type II (dense wntra-
membarnous deposits) (Baridty & at 1971 Habib &
:: 1973) That these types are nov differentiated
m“lslmuunlly n our swdy 15 probably of no
nsequence since actuarial survival is the same 1
Both types (Habib & ot 1975, Davss & af 1978)
lh()ur Fesults corroborate earlier observations that
m:‘ & 0g consistent correlation berween symp-
¢ 'S and histopathologic type of GN or vice versa
fabih 1970, Cameron 1975)

In our View, possible effects of steroid treatment

on longterm survival cannot be analysed 1n
retrospecuve studies The inclusion of treated as
well as untreated patients 1 our study conforms
with the practice 1 rmost other reports

As the occurrence of unrepresentative biopsies
was random their excluson from the study does
nat, 1 our optnion, affect the results

In the mdividual groups, survival was fongest in
MC and FON and progresswvely shotter n AGN,
MSGN, MGN, MCGN, unclassifisble GN, and
RPGN For his comprehensive seties Cameron
(1972) reported no or mummal mortality m MC,
FAN ~od QAN ohe o = 8 5 - oen ..
LLE . v . ALY

. [ .. ~

Qur survival curves show the same distribution for
all types except MGN  Among our patients with
MON, the survival fate was even higher than ia
MCGN, bemg about the same as that n AGN and
MSGN

In MGN, survival % as equal to that 1n the reports
of Legrain & af (1978) and No! & al (1979) That
reports on survival 1n MGN differ may be due m
part (o variations 1n the frequency of the nephrouc
syndrome(Table 2) Qur cesults show, 1n ageeament.
with Habib & af (1973 2) and Legrain & al (1978)
that 1n MGN the nephrotic syndrome has 2 negative
influence on prognosts It may be, however, that in
a senes i which 2 high percentage of pauents with
MGN are nephrotic, biopsies have been obtamned
only from those with severe and longstanding
disease — which might affect the mortality rate
Beregi & Varga {1974) performed biopsies on
patients with MGN soom after the onset of climcal
signs, and the frequency of the nephrotic syndrome
m thewr series was very low (Table 2} But the
relation of the nephrotic syndrome to survival m
MON 15 not winhout controversy 1n two of the
ﬁ:z?enuoned studies (Cameron 1972, Noe! & al

* sawuiv Qulosuvivel results agreed with
those i all earhier studies Untane & Faye 1972,
Cameron 1972, Cameron 1973, Cameron & of
1973, Habid & al 1973, Habib & aof 1975,
Barbiano di Belgrojoso & ot 1377, Davis & at 1978,
Legrain & al 1978) That the nephrotic syndrome
aflected morahty m MCON agrees with earlier

reports (Barbuano di
;;pti““ a'r‘fno :Belg:qgs\o& al 1977, Davis &

w1

¥ ol W
‘other proliferative GN' (Cameron 19;1) The mn;;‘
mortality 1 unclassifiable GN

can pantly be
explamed by the finding that falf of the biopsies



TABLE 2 Frequency of Nephrotc Syndrome (NS)
Reported in Membranous Glomerulonephrins

Patients with %
Reference NS/all patients ~ with NS
Forland & Spargo 1969 19/19 100
Hardwicke & al 1967 40/43 93
Gluck & al (973 35/38 92
Habib 1970 37/41 90
Habib & al 1973 a 44/50 88
Erwin &al (973 41748 85
Row & al 1975 54/66 82
Pollak & al 1968 17/21 81
Cameron 1975 53/69 7
Noel & af 1979 84/116 76
Cameron 1972 30/41 73
Ehrenreich & Churg 1968 44/60 73
Franklin & al 1973 21/32 66
Legrain & al 1978 53/81 65
Beregt & Varga 1974 20/260 8
Present study 11722 50

(1975) we conclude that the current Iight microsco
pic classification of GN 1s only a relatively crude
guide to prognosis Chinical findings such as the
nephrotic syndrome, must also be accounted for

We are grateful for the technical assistance of Miss
Rutta Lusa Lame and Miss Rutia Limanen This study
was supported by a grant from the Sigrid Juschus
Foundation
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THE FINE STRUCTURE OF »DIVIDERS«
AND »NON-DIVIDERS« IN PHASE 11
HUMAN GLIAL CELL CULTURES

E BLOMQUIST! E ARRO' U BRUNK! V P COLLINS? and B A FREDRIKSSON!
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o Amo E Bronk U Colms V P K

-dn:'ux::r\;l‘nn‘zd »n::dwlders« 1n phase 11 human glial cell cultures Acta path mucrobsol scand Sect
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electron (TEM) of

A method 15 described which allows a n the n mcroscope (TEM) of
ve capacity from one and the same culture The m

?ﬂ“vslr::;: ?? :“m o 2:::;31“ o palladum sslands n combination with

mero d and preparation for TEM of 1slands carrying various numbers of cells after {0 days in
ml\md s:‘;:::‘\mzh m‘:mglom:s have become density dependeni growih inhibned By means :1‘ \k;;s
technique non-divsders were compared with muntclones of dividers composed of five (o eight oel s
ongnaung from single cells Moreover farge immotidle cells without peripheral ruffing activity
known 10 be non-dividers were compared with small ruffing cells known to be dividers 1n the
feflecuon interference mode i sparse cultures of hving celis and tn the TEM mode 2s whole cell
Dreparations after cucal poimi drying of cells cultured on formvar<coated gold EM gnds Non
@ viders proved 1o contain a moderate number of residual bodies well developed Golg: areas and often
branched or circutar mitochondria they were thinly spread over the substratum with many focal points
of contact and large areas of close apposition berween cell and substratum

Key sords Gl cell cultwres  wlirastructare

E Blomqust Patologiska instituuonen  Uppsala Universitet Box 553 75122 Uppsala Sweden
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A method 15 described which atlows a

m the electron (TEM) of

rom one and the same culture The method takes
:5.:1.‘: T;T :m“ i prollf:uneme e palladium stands i combination with
@icro-dissection 2nd preparation for TEM of islands carrying various numbers of cells after 10 daryx n
chure when all miniclones have become density dependent growth nhibited By means of this
techmque non-dividers were compared with miniclones of dividers composed of five to eight cells
Cngimating {rom single cells Moreover large immotle cells without pefipheral ruffing activity
known to be non dividers  were compared with small ruflling cells known to be dividers 1n the
Teflecuon interference mode 1n sparse cultures of hving cells and in the TEM mode as whole celf
Preparations afier enucal poumt drying of cells cultured on formvar-coated gold EM grids Non
Sviders proved to contain a moderate number of residuat bodies well developed Golg: areas and often
brasched or errcular mitochondna they were thinly spread over the substratam with many focal points
of contact and large areas of close apposition between cell and substratum
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L fecent years it has been clearly shown that any
#5528 of cultured diploid normal cefls will include
195 %ith profsferatve capacity and those with
e or no such potential (Merz & Ross 1969
Tistofalo & Sharf 1973 Smuth & Hayflick 1974)
As defined by Hayflick the normal Life spanofa
wlod nog transformed ceHl population i vitro can
edivided into three periods termed phasesT 1l and
1 oy ick & Moorhead 1951) During phase [
¢ cells are established  vitro 1 phase 11 they
Tow Xponentially and 1 phase II the cultures
ome impossible 1o subcultivate due to insuffics
M proliferation Normal human glial cells behave
#this manner

Tn earlier studies of cultured ghal cells we used 2
mim-cloning system of small palladium squares on
agarose (W estermark 1978 Blomgust et of 1980)
10 study the relationship between cellular prolifera
uve capacity under various defined conditions and
passages of varying age Blomguist er at 1978,
Blomguist et al 1979 Coltins et at 1979a)

The human glal celt Lne, U-787 CG can be
cultured for & maximum of 48 passages  After
about 30 passages the proportion of cells which do
not divide within 10 days after subcultvation onto
palladum squares on agarose {classified as non
dividers) 15 40% whule the cells which form mm
clones of more than four cells on the haptotacuc



sslands number only 10% (Collins et al 1979a,
Blomguist et al 1980)

The non-dividers of this system present a
characteristic morphology They are large, widely
and thinly spread and show almost no outward
s1gns of motility mn the form of lamella formation or
ruffling along their periphery, nor do they translo-
cate (Blomquist et al 1978, 1979}

This 1s in contrast to cells with persisting
proliferative capacity, such cells are smaller, less
well spread and grow more densely (Blomqust et al
1978, Collins et al 1979a, 1979b)

So far, 1t has not been possible to compare known
non-dividers with cells retaining proliferative capa-
city {dividers) 1n the transmission electron micro-
scope using sectioned material, the prohferative
hustory of indwidual cells bemng unknown 1n
ordinary mass cultures We here describe the
application of the haptotactic 1sland system {(Carter
1967, Harris 1973, Westermark 1978) to make this
possible

The causes of the phase III phenomenon are at
present unknown although diverse hypotheses have
been advanced (Hayflick 1977) A detailed study of
the morphology of cells which have exhausted their
proliferative capacity, together with a comparison
with cells from the same culture and passage which
have shown proliferative capacity, might give some
clues to the mechanisms underlying this phenome-
non

MATERIAL AND METHODS

Cell Culfture

The experiments were carried out on the ghal cell line
U 787 CG The cells were cultured as previously
reported (Ponten et al 1969) They were grown 1
Eagles mimimal essential medium supplemented with
antibiotics and 10% fetal calf serum in Nuncton® or
Falcon® plastic Petri dishes Cells from passage 30 were
subcultivated into plastic dishes with haptotactic islands
as described below or 1nto dishes containing carbon
stabilized formvar covered EM gold grids as described
by Wolosewick and Porter (1976) The haptoacue island
cultures were harvested for EM after 10 days and the
gold gnd cultures after 3—4 days

1on of Haprotactic Istands
Pn,}’;:;au’)mcug 1sla€1ds (7 056 pm? squares) were depos
sted on a layer of 1% agarose as previously described 1n
detail (Blomquust et al 1978) The 1slands were formed
with the help of standard (200 mesh) copper grids for

electron mICroscopy

Phase-Contrast and Interference Reftection M/rmm;l,o)s
Cells were seeded out on 25 mm round w:e‘; S| x:pa

After two days the cover ships were n;;)unm &2 m‘;ned

Dvorak Stotler chamber filled with p 5t

culture medium  Sparse cultures of living cells
and at 37 °C 1 ph:

and nterference reflection modes using Kodak
ASA Plus-X-film

The intesference reflection mucroscope {Leitz Diat
1S essentially a standard reflected hght microsc
tluminated by linearly polarized light (50 W merc
hight source) with a crossed analyzer m the view
optics for the reduction of nternal reflections n
microscope The key accessory ts a lambda/4 p
between the objective fens and the object (combinec
the new Leitz P! Apo 40/1 00 immersion objectr
which circularly polarizes the light reflected from
object to pass the analyzer in the viewing opucs

Transmussion Electron Microscopy
A Cells on hapiotactic 1slands The cells were fired

then at 4 °C for one hour The medium covering |
haptotactic 1slands was changed for the fixative with
any previous rinse About 800 palladium squares w
large, single cells {non dividers after 10 days) wt
individually removed from the agarose by means of
thin tungsten needle under a dissecttng microscope a
transferred to a Beem capsule contatning glutaraldehy
fixative Likewise about 500 palladum squares ea
with miniclones consisting of 5~8 cells were collected
another Beem capsule After a brief rinse ;n 0 [5M N
cacodylate buffer the preparations were post fixed 1n 1¢
0s04 1n 015 M Na cacodylate buffer for 90 mun
room temperature The further processing 1ncludr
dehydration and embedding 1nto Epon 812 was carri¢
out 1n the same capsules During dehydration the cel.
were impregnated for 12 hin [ % uranyl acetate n 507
ethanol The islands were spun down 1n a Beckman TJ
centrifuge between the changes of solution Al
polymenization the blocks were cut with a diamon
kmfe on an LKB Ultrotome V The thin sections wer
collected on formvar covered gnds staned with lea
citrate and examined i a Jeol 100 C electron micro
scope

B Whole cells on gold gnds The gold grds witt
cultured whole cells were fixed dehydrated and critic2
point dried as previously described (Blomquust ef al

4 and mnesonal

The

- scope

equipped with a side entry gontometer Stereo pairs were

photographed at various angles up to 20 °C depending
on the magmfication

RESULTS

Phase-Contrast and Interference-Reflection Micro-

scopy of Living Cells

The cultures contatned a considerable number of
large, well spread and tmimobile cells which have
been shown in previous <tndies to he non-dividers
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“efection uest
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lase-contrast mode (24) and muluple focal

'ﬂlumqum et al 1978 Collins & Willems 1980)
Y were wtermingled with apparently smaller
37 less well spread cells presenting a leading edge
4 rufling actwity a celt form and behaviour
demonsrated Previously 1o be assocrated with entry
110 and progression througt the cell cycle (Brunk
#al 1976) Iy the sparse cultures it was easy to
SCriminate betw eeq these cell types and select
Pl representatives
. The tiving cells selected for photography were
oL Menlfied and photographed 1 the phase
wntrast mode and he same cells then immediately
Sudied i the ntertaranns - o mode Vigor

mall moule cel) of the »dividing« type showing a leading lamelta with ruffling actvity In the

e thicker pennuclear area containing organelles can easily be differentiated from the
eral tunner well spread cytoplasm Note the refatvely few small dark areas (arrows mark some of them)
1961 the outer gray zanes i the reflection interference mode (1B) indicating focal contacts between the cell and
Supporting substratum The Bray zones indicate areas w1th close apposiuon between the cell and uts substratum

Large immotle cell of the »aon-dwiding« type show ing an almost carpet like distribution of stress

contacts between the cell and its substratum (arrows} in the

ference mode {2BY The gray zones {areas of close apposition) are large and vrregular The mner circutar
present secondary reflection from within the cell

ously moving cells showed concentric rings of gray
areas which were interpreted 2s areas of close
contact (about 30 am) between the cell and the
supporting glass (Fig 1 A and 1 B) However the
innermost nngs may also result from secondary and
mgher order of reflections obtained from structures
within the cytoplasm or the upper cell surface
Ubercrombie & Dunn 1975 Issard & Lochner
1976)

In addiion to pertpheral gray regions (outer



1slands number only 10% (Collins et al 1979a
Blomgnst et al 1980)

The non dividers of this system present a
characteristic morphology They are large Wwidely
and thinly spread and show almost no outward
signs of motility 1n the form of lamella formation or
ruffling along their periphery nor do they translo
cate {Blomquust et al 1978 1979)

This 1s in contrast to cells with persisting
proliferative capacity such cells are smaller less
well spread and grow more densely (Blomquust ef af
1978 Coliins et al 1979 1979b)

So far 1t has not been possible to compare known
nion dividers with cells retaning proliferative capa
city {dwviders) 1n the transmission electron micro
scope using sectioned material the proliferative
fustory of" individual cells being unknown 1n
ordinary mass cultures We here describe the
application of the haptotactic 1sland system (Carrer
1967 Harns 1973 Westermark 1978) to make this
possible

The causes of the phase 111 phenomenon are at
present unknown although diverse hypotheses have
been advanced (Hayflick 1977) A detatled study of
the morphology of cells which have exhausted their
proliferative capacity together with a comparison
with cells from the same culture and passage which
have shown proliferative capacity might give some
clues to the mechanisms underlying this phenome
non

MATERIAL AND METHODS

Cell Culture
The experiments were carried out on the ghat cell line

U 787 CG The cells were cultured as previously
reported (Ponten et al 1969) They were grown
Eagles mummal essentral medum supplemented with
antibsoucs and 10% fetal calf serum 1n Nunclon® or
Falcon® plastic Petrs dishes Cells from passage 30 were
subcultivated into plastic dishes with hapiotactic »slands
as described below or into dishes containing carbon
stabilized formvar covered EM gold grids as described
by Wolosewick and Porter (1976) The haptotactic tsland
cultures were harvested for FM after 10 days and the
gold grid cuttures after 3—4 days

totactic fstands

on of Haj
Freparauon of pdg (7 056 pm2 squares) were depos
A

Hantotactc 1slan
1
«

electron mICroscopy

nd dnterference Reflection Microscom
ed out on 25 mm round cover ships
s were mounted 1n 2

with pH controlled

Phase Contrast a

Celis were seed
After two days the cover shp
Dvorak Stotler chamber filled

culture medium  Sparse cultures of living cells w
examined and photographed at 37 °C in phase conty
and interference reflection modes using hodak |
ASA Plus X film

The interference reflection microscope (Lextz Diave
1s essentially a standard reflected light microsco
lluminated by linearly polarized light (50 W mercy
light source) with a crossed analyzer in the view,
optics for the reduction of nternal reflections in y
mucroscope The key accessory 15 a Jambda/4 ply
between the objective lens and the object (combined
the new Leitz P Apo 40/1 00 smmersion objective
which circularly polarizes the hight reflected from tt
object to pass the analyzer in the viewing optics

Transmussion Electron Microscopy

A Cells on haptotacuc islands The cells were fived |
2% gh mDIMNz Jate HCJ bofle
with 0 1 M sucrose (pH 7 2 total osmolality 510 mOsm
vehicle osmolality 300 mOsm) at 37 °C for 15 nun an
then at 4 °C for one hour The medium ocovering th
haptotactic 1slands was changed for the fixative withoy
any previous rinse About 800 palladium squares witt
large single cells (non dividers afer 10 days) wen
indwidually removed from the agarose by means of 2
thin tungsten needle under a dissecting microscope and
transferred to a Beem capsule contaimng glutaraldehyde
fixative Likewise about 500 palladmm squares. each

with miniclones consisting of 5-8 cells were collected iy
- - L f aanfISN N

M i
room temperature The further processing including
dehydrauon and embedding 1nto Epon 812 was camned
out 1n the same capsules During dehydration the cells
were impregnated for 12 hin 1% uranyl acetate 1n 50%
ethano! The islands were spun down 1n a Beckman T/
centrifuge between the changes of soluton After
polymenzagon (e Biocks were cut wilk & Suaemond
kmfe on an LKB Ultrotome V The (hin sections weré
collected on formvar covered grids stamed with fead
aitrate and exantined 1n a Jeol 100 C electron micro
scope

B Whole cells on gold grids The gold grds with
cultured whole cells were fixed dehydrated and crnca!

point dried as previously described (Blomqust ef al
4~ somat

The

scope

equipped with a side entry gomometer Stereo pairs were

photographed at vanious angles up ta 20 °C depend 18
on the magnification

RESULTS

Phase Contrast and Interference Reflection Micro
scopy of Living Cells

The cultures contained a considerable number of
farge weil spread and mmobile cells which have
becn shown mn previous studies to be non-dividers
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Fig 6 Peripheral thin part of a non-dmvider with muluple bundles of microfilaments

Fig 7 Swereo
Blaments
[

dual body Note tny
4 with a circular mitochondrnion enclosing a resi

i (I: :::u:c: ;:‘T;:;:: :afiy with the mitochondnion Such filaments are seen around many of the
e deu:xpml: 100 and also along the pertphery of the mitochondria 1t is not known whether these fitaments are

feal of represent artefacts formed duning the inevitable cellprotein transformation dunng fixauon dehydration and

gl point drymg

P2 8 Pans of three cells m a miniclone (cells retaintng duvidung capacity) The palfaduzm substratur is arrowed A
speculized area of close contact between the cell and the surface 1 indicated (arrow heads) Note pinocytotic vesicles

Onginaing from the cell surfaces masnly the lower

g 9 Dewil from a cell in a municlone show
Tesidual bodies.

Fies 10and 11 A dwider and a non-diider Note the difference n
the

VENnuclear area The dwider has 2 few
vty (arrow )

of focat contact (10-15 nm) between the cells and
the glass surface (Curns 1964 Abercrombre & Dunn
915 1rzard & Lochner 1976 Heath & Dunn
1978) The perinuclear part was 1n general light
813y to white indicatng a region of higher
separation (more than 100 nm) between the cell 2nd
the glass surface ____

g part of the nucteus endoplasmic reticutum  mttochondria and few

the number of residual bodies Both cells show

microvills along its wpper cell surface and shows evidence of pinocytotic

The large 1mmobile and widely spread cells were
well endowed with stress fibras (Fig 2 A) and had a
fairly thin peripheral zone outside the perimuclear
area. In the interference reflection mode 1t Was seent
that the gray zomes were far more pronounced
broader and fess regularly arranged than 1
Vigorously moving czlls (Fig 2B) It s unknown



Fig {2 Compostte of four micrographs to show 3
major part of a non dwider Note the extent of the celf
and the adh to the substratum Groups of
pinocytotic vacuoles are formung (arrows) showing tha
some capacity for endocytosss apparently persists at
though the cells he very close to the substratum

whether the mner, crcular gray areas represent
zones of close apposition between the cells and the
substratum or arc du¢ fo secondary reflection
within the cytoplasm The immobile cells also
showed many black arcas representing focal
contacts beiween the cell and the substratum
usuatly i relation to the siress fibres and mostly
siluated at the periphery of the cells

Ultrastructure of Whole Cells Grown on Gold Grids
The small cells presented the morphology pre
viously described (Collins ef al 1978) Large well
spread 1mmobile cells were readily identified on the
carbon formvar coated gold EM grids In low
magnification (Fig 3} these cells had a highly
characteristic morphology with a comparatnvely
thin perinuciear zone occupred by mitachondria and
numerous irregularly shaped electron dense orgd
nelles outside which the cell was very thinly spread
and the cytoplasm contained a few mitochondria of
various shapes and sizes as well as bundles of
microfilaments (stress fibres) At higher magmifica
tions the morphology of the nutochondpa could be
studied 1n detail (Figs 4 and S) They were often
ramafied or cireular findings which cannot be easily
demonstrated 1n randomly ortentated sections as the
mitochondsa with their branches usually Jie hort
zontal to the substratum and secyons 1 such 2
plane are understandably few In the thinly spread
area peripheral to the perinuclear zone the cells
also contained a number of electron dense arregular
organelles resembling residutl bodies (Fig 4} somc
of which showed an inimate relation to mitochon
dna besng occastonally tocated within a ring shape¢
part of a muochondrion as shown in detul m 2
stereo par mucrograph (Fig 7) In such cases 2
number of nny filaments were seen to bridge the
gap between the residual body lke structure and the
mner creumference of the mitochondrion Other
non mitochondna related residual bodics were also
surrounded by ttny filaments Tor the time being 1t
1s hard to say whether these filaments are reat
structures eg related to the mucrotrabecular
iy network as described by Wolasewich and Porter
2, (1979) or artefacts created during the ¢nucal point
- drymg of the cells The most puriphera) regions of

the cell were mainly occupred by mucrofilaments
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Fig 13 Permuclear zone of a non divider showing well developed Golgr areas along Wwith smooth and fough
endoplasmic reticulum and residual bodies

Which were evenly distributed 1 mat like arrays or
amanged 1n bundles (Fig 6)

Transmssion Electron Microscops of Ultrathin
Sections from Embedded Cells

@ Munclones consisting of 5-8 cells The cells
showed the same morphological features as have
already been described in studies of densyty depen
dent growth inhibited cultures from early passages
Brunk et al 1973 Collins et at 1979¢) The cells
Were essentrally monolayered had few residual
bodies and a well developed endoplasmic retcutum
The Golgs zones were well developed with emergent
coated vesicles  Autophagosomes occurred occasto
nally Micropmocytouc vesicles were chiefly assoct
3led with the lower cell surface Occasional ruffles
Rere registered at the cell borders (Figs 8 9
and 10y

b Haplotactic slands containing single cells only
(non disiders ar 10 davs) The non-dividers were
large and flat and had few microvilly Occastonally
stmall Jamellae could be found at the cell perphery
The endoplasmic reticulum appeared to be less well
developed than n the multplying cells The Golga
ones however Were large and surrounded by

many small vesicles both smooth surfaced and
coated The resdual bodies were relatvely nume
rous but far fewer than found in cells which have
been kepl 1 2 stable monolayer for several weeks
Brunk et al 1973 Colfins & Brunk 1978)
Micropmocytotic vesicles were present both at the
upper and the lower surface although less frequently
than in the case of the dividers The cells appeared to
adhere closely to the palladium substratum which
may restrict the uptake of nutrients by Ppinocytosis
from the lower cell surface (Figs 11 12 and 13)

DISCUSSION

The mnicloning technique utlzing  haptotactic
palladium slands and the subsequent registration
duting a 10 day period of the potential for
proliferative acuvity of wtially single cells under
standard cultere conditions makes 1t possible to
discriminate between cells lacking proliferative
ability and cells retanng the capacity for diviston
(abitity to form miniclones of 5 1o § cells on the
7 056pm? palladium 1slands) The combination of
this techmque with micro-dissection and colfecnon

11¢



for embedding n resin and eventual electron
microscopy of islands carrying these two types of
cells allows us to compare their fine structure

The method described offers an opportunity to
analyze populations of cells with defined prohifera-
uve or other abibties and known history, and to
discnmrnate between groups of such cells 1n a way
not possible with mass cultures The findings
morphological studies of the present type should
preferably be analyzed with morphometric techm-
ques Due to the rather complicated and time-
consuming procedures employed it was deemed
Justifiable to limit the present paper to a description
of the preparative techmque to 1ndicate its useful-
ness, and 10 include an account of some of the major
differences between dividers and non dividers
Detailed analyses of eg differences 1n pnocytotic
activity between the two groups of cells require
stereology and statistical evalvation

In a mass culture non-dividers can be identified
by their large size and the fact that they are well
spread withont the ruffling Jamellas characteristic of

v e
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n the TEM They cannot, 1n such preparations, be
compared with the daughter cells of cells which
have shown a large proliferative capacity despste the
fimitation of the factors which are required for
cellular proliferation — as s the case m the
minmclone system where 5-8 cells have resulted
from prohferation on a 7,056 pm? ssland under
otherwise standard conditions
The most noticeable difference between dividers
and non dividers was that the latter, apart from
their size, spreadmg capacity and immobility,
contaned 2 highly developed network of microfila-
ments, often matted but sometimes 1n the form of
stress fibres The findings are not unlike those
obtained when serum starved phase II ghal cells
{which are blocked m Gy and also mmmobile)
(Collins et @l 1978) are examined The non dividers
obviously eypand and spread maximally This is
reflected both 1n the relatively sparse micropinocy
totic actvity from their lower cell surface and n
their reflection-interference pattern showing large
areas 1n close contact with the supporting substra
tum Earlier expeniments have shown that cells
mamfest mcreasing demands for both supporting
areas and growth promotng factors 1n order 10 be
able to divide as they appmad:t:halsfmltlsl z‘;;‘:‘
n 11 . -
these parameters can, within ce e o79. Cotlos ¢
sate one another (Blomgquust et o
4l 1979a) It thus seems probable that glia el
pecome ncreasingly resistant during. continu
tioned growth promotng
passage to the aforement

stimulation, and demand mcreasing amounts of the |
necessary factors mn order to be able to enter the cell
cycle

The non-dividers showed a somewhat Jess well
developed endoplasmic reticulum, and more nume-
rous large, branched and partially circular mito
chondra, than the dividers Simfar observations
have been made in phase I1 ghal cells which were
growth inhibited by serum starvation (Colfins e al
1978)

The increasing number of residnal bodies 1n the
non-dividers would seem to be merely a reflection
of their non-dividing state, since residual bodies
rapidly accumulate even in phase II cells if they are
blocked 1 G for long periods (Brunk et af 1973,
Collins & Brunk 1978) It should be stressed thal the
non-dividers never contamned as many residual
bodes as dividers regularly do after some weeks na
non-dividing state (Collins & Brunk 1978) Accor-
dingly, the investigated non-dividers had probably
been blocked 1n Gy only for a comparatively short
time when they were studied This favours the
hypothests that non-dividers are fragile and rarely
survive the somewhat rough subcultivation treat-
ment (Milo 1973) We therefore belseve that most of
the non-dividers studied became incapable of
division probably in relation to the last subcultiva
tion
The phase 111 phenomenon — typical of 2l normal
diplord cells which do nor transform spontaneously
— apparently arises because an increasing fraction of
cells 1n the cultures lose therr dividing capacity 1t
the higher passages (Cristofalo & Sharf 1973,
Blomguist ¢t al 1980) This has been termed
»degeneration« or even wiermmai differentation<
(Hayflick 1977, Bell et al 1978, Kontermann &
Bayreuther 1979) Since the non-dividers can
survive for a considerable time and at least some of
them clearly are only »relattve non-dividersg ~ they
may be induced to reenter the cell cycle by an
1ncrease 1a growth promoting factors or substratunt
area (Blomquist et al 1979, Collins et al 1979a) -
the relationship between the phase [IT phenomenon
and agemng in the complex multiceliular organism
may be questioned On theory the phase III
phenomenon represents a form of cell growth
control Such a control would prevent unrestricted
neoplastic growth by Lmuting the number of
daughter cells which a cell can provohe
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LAR (C) CELLS WITH
INING OF RAT THYROID PARAFOLLICU!
S ¢ THE SEVIER MUNGER SILVER TECHNIQUE

Erck Wlander Lisa Juntts Berggren Monalit Lundquist and Lars Grumelus

Department of Pathology Umiversiy of Uppsala Uppsala Sweden

Wilander E Juntyy Berggren L Lundgwist M & Grumehus L Stauning of ?IS\:cy‘m;d gn}ﬁ;l;x_c;l:)r
{C) cells with the Sevier Munger silver technique Acta path mucrobiol scan
1980

The argyroptut Siver stam of Grimeliws and of Sevier Munger was studied in ;at lhyl:;d g:lr:h:sl’:’c:lx:;
(€ c¢s afier formalm and Boumn fixation The strongest and most easily rtp{l u e Stams
Iacuon was obtzined 1n tssues fixed with Boums flwid and stamed by the Sevier N :ni" ':cs l:‘.: e

The identity of the argyroptul cells as the calcionin contatning C-cells was established by g
the same sections with calcitonin anubodies according to the method of Siernberger

Rey words Thytoud parafoliicular C-cells silver stammg technique

E Wilander Depariment of Pathology Unwversity of Uppsala PO Box 553 § 751 22 Uppsalz
Sweden

Rectived 71 80 Accepted 12 vi 80

Siver sans are often used 10 sdentfy different types
eMocrne cells The usefulness of these methods
VI 15 dependent on the examiners knowledge of
8¢ Racion of the andividual endocrine cell types to each
SWersiag In ghe Ppresent report an argyrophil reaction
® % the method of Sevier Munger 15 demonstrated 1n

Prafallutar cels of the rat thyrond The dentity of

of

¢ eills 25 the calatomncomiaming Cocells was
Sabuhes by re Saining the same sectons with
Calen

honin antibodies according to the indirect immuno
bistochemical (PAP) method of Sternberger {5)

Materials and meshods

Six adult male albino rats (body weight about 250 g)
©f he Sprague Dawley stramn obuained from Anuamex
AB Siockholm were used Under genera) anaesthesia
néuced with ether the thyrod gland was carefully
Temoved fixed in Bowm s fusd or 10% formalin for 24

ROUrs gehydrated and embedded 1 paraffin Sections
WML mh bowaan e s

m

uc

n

. . o
duDlayed a sironger and more Teproducible argyrophy)
Feaction 1n scattered mostly parafolticular eells than
th

0s¢ staned by the method of Grimelus In the

formahn fixed ussues the argyrophil reactions were
weak or Regatve Areas of the Bounfised and Sevier
Munger stained sections were photographed at a magm
ficanon of x 250 and then de stained with 1% KC\
agueous solution (2} for about 30 mia The sectrons were

10 U SeLLons as before were photographed agair at the
same magmification The calcnonin anubodies employed
(agift from Dr G Lundariss) were rarsed in rabbits afier
conjugauon of syntheuc aleomn 1o bovine serum
atbunin For the present experiments the antibodies were

diluted 1 100 Controls ag recommended by Goldberg (1)
were used

D .

. v wuue
Sevier Munger technique (Fig 1) These s were
- L ussue
against

After

wdies gt

o - APDATETL that the argyraphl ol were idenucal
1o the cells showing calcrtoniy like immuno-reactry 1y
although the intensity of the swining reaction vaned to
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Fig 1 Light microscopic photograph of the rat thyroid
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Fig 2 Photograph of the same area as 1n Fig | after
d. Seviet

with The

gland Parafoliicular cells with heavy black
granulation are seen Sevier Munger silver stain X 250

some extent between individual cells (Fig 2) The control
sections were negative

The results show that tn Bown fixed rat thyroid tssue
both the argyrophil techntque of Sevier Munger and that
of Grimelus can be used to wdently the calcitomn
containing parafollicular cells of the rat thyroid With
the former method however the parafollicular cells are
more sharply outiined and more reproducible results can
be obtatned 1n quantitative studtes for instance

Although immuno cytochemustry with specific antibo
dies 1s the most accurate method for visualizing a
particular type of endocrine cell silver stains are often
used as well because 1) antibodies are sometimes
expensive or difficult to obtain 2) the hormone content
of some endocrine cell types 1s unknown and 3) the
argyrophul silver techniques are nondiscriminating and

340

Munger stained cells seen 1n Fig | correspond comple
tely to the cells showing calaitonin immuinoreactivity
PAP technique x 250

stain several types of endocrine cells {3) and can thus be
utihized as screeming methods for these cells

Ths work was supported by grants from the Swedish
Medrcal Research Council (Project No 102)
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STUDIES ON THE RAT LIVER FOLLOWING
IRON OVERLOAD

letion
Electron Microscopical and Histochemucal Imestigation  after Iron Depi

2
MULAD W ROBLEW SKI
RANTZ! BENGT ARBORGH' RO

FoLF e and JAN L E ERICSSON?

W enner
"Department of Pathology Karolinska [asututet Huddnge Hospuat er Px::hzll::;mgmm“y -
Gren Insutote University of Stockholm Stockbolm and Depaniment of
Uppsala Uppsala Sweden

Hiloranz R Atborgh B Wrblewski R & Encsson J L E Studies on the rat Iner following

on overload  Electron an

d
merobiol scand Sect. A 88 341-353 1980

after 1ron depletion Acta path

and
Strague Dawtey rats were given Jectofer mjections 10 obtain iron overload m rat lver Kupffer

Parenchymal cells The

blesding of tha -

mob iz . -

iron con

s g with X ray at the

release of ron was studied on the light and electron microscopical fevel by

level and presence of acid

Phosphatase was revealed using a histochemical method based on precipitation of lead phosphate at

$16s of enzyme acuvity in

with X ray

Tt was d that all 1P

eonlainng cytoplasmic bodies also showed presence of acid phosphatase mplying that all of them

fepresented |
!

contents and other celfutar structures
Key words

Iysosomes The mechanism of release of won from Kupffer and parenchym:
"Cussed with special emphasss on the fole of the Iysosomes and the relauonship

al cells was
between their

Liver tron overload ulteastructure histochemistry

Rof Hulicrantz. Department of Pathology Huddnge Hosprat § 141 86 Huddinge Sweden

ASthied a5 submitteq 7 v 80

Studies on yron overload i experimental ammals
Ve clanified that a substantial part of the excessive
i1 stored 1n the Liver {23 1 26 10 20)

idetable interest has been focused on the
Plocesses of uptake and storage (26 20 6 19,
U 6 17 In our previous studies we have
deschibed the ultrasurcroral and histochemical basis
for e handiing of excess iron 1n the rat Iver with
P reference 10 the fole of the lysosomat
‘:‘momull 14) On the basis of this knnwledge it

pholo-

BIC expressions of turnover metabolism and release
of tron mn the overloaded Jiver

In order to study the mobulization of tron from
the overloaded fiver rats have been bled fepeatedly
whereby the demand for 1ron for synthetse Ppurposes
0 the ammals has been greatly enhanced By this
means an experimental model useful 1o study 1f and
how different 1ypes of liver cells are able to release
170D has been created It has further been Ppossible to
clanfy whether or not Wifferent types of lysosomes
1n these cells react in the same %ay 1 a sttuation of
1ron demand outside the Jyver



Table I Short Survey over the Handling of the Investigated Matersal

Iron loaged
controls

Perfusion

\ e o

9lutaralde
Tron loaded 7 e ~

bled an mals

Jectofer treatment

Loatrols
{saline njection)

3 weeks one and two months

\. Tncubation for

Embedding tn
paraff n Stain
N9 with Hix
€0S10 and Perl s
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——— -y Light microsc

nvestigation

Postfix 1n 050y
stain ng w th

uranylacetate + __y Uttrastructura
lead crtrate ? avestigation
enbedding fn

Epon preparation

of thin sections

No postfix or

the demonstratyon——y stafaing

of ac1d phosphatase  Embedding 1n ) ray mcroam
+ histochemica) Epon preparation P Iytrcal myests
contrels of thin sections 9at on

(1000 2000 A}

MATERIALS AND METHODS

For a short survey sge Table |
Iron Loaduig

Male Sprague Dawley rats (weighing 200 220 grams)
maintaned on ordinary diet consisting of pellets contar
ning approximately 260 pg won/g (R3 Astra Evos
Sodertalje Sweden) and water ad b were given
mtramuscular iyectons of a caiteic acd 1ron sorbito!
complex (Jectofer® Astra Pharmaceutical Company
Sodertalje Sweden) 15 umes during a three week period
the total dose corresponding to 50 mg Fe+ + + per 100
g of body weight (these rats are referred to In the
following as wron fouded ammats 1 Controf rats were
given intramuscular injections of saline
Mobulizanion of Iron from the Liver

After completed njections of iron the rats were
divided mto two groups cach contaiung 10 animals
One group served as control and recerved no further
treatments The rats 1n this group are henceforih referred
to as stron leaded non blcd ammals  Thus they
constituted the » iron foaded conerol group: The expert
mental group  iron loaded bied animals ¢ was subjected
to weekly phlebotomyzations 1n which | 5 ml peripherat
blood/ 100 g of hody weight {corresponding (o ~25%
of the total blood volume) were withdrawn by punctu
ring the orbital plexus with a hepaninized glass capiltary

under shight ether anesthesia Measurements of the
“~  weekly on

tthe tall In
globin was
before pl The
1 and 2 months after the start of
d controls and

TRV

amimals were sacrificed :
the phlebotomization along with 1ron loade
the control ammals only given saline

342

Fixanon

Al ivers were fixed by perfuston The abdomen v
cut open during ether anesthesta and a catheter ¥
mserted 1nto the portal vein and ligated The infer:
caval vein was opened above and below the hv

buffer containing 0 | M sucrose as described previous
{13) The liver tissue was cut into | mm thich cubes ar
slices and was fixed for 24 hours n the fisatr
mentioned abave

Freparanion for Microscopy

Tissues for light microscopy were embedded I
paraffin and staned wtth hematoxyhin eosin and Perl
blue
The matenat ntended for efectron nucroscopy Wa
postfixed 1n 2% s collidine buffered osmmm tetronide
and 11 Epon after tn ethanol an<
propylene oxide En bloc staning with 1% uvranyl
acetate was performed Ultrathin sections were prcparod
on a LKB ultrotome ¥ staned with lead atrate and
examined 10 a Jeol 100 C efectron muroscope

Demonstranon of Acd Phosphatase

The shees fixed 1n glutaraldehyde for 24 hours were
rinsed 1n 0 1% sucrose 1 O 1% cacodylate buffer
1mmersed i 10% DMSO 0 | M cacodylate buffer and
Q1 M sucrose at pH 7 2 for 24 hours and were then cut
into 50 pm thick secttons using a Lewz freezng
microtome These sections were incubated for 15 45 60
or 90 minutes 10 a Gomor type medum (2) containing



4% suerose and were subsequently rinsed 10 0 1 M
@iz buffer Controls were mcubated 10 medsa

dscrided bove Ulirathin sections were cut on an LhB
daotome § stamed with fead crtrate and examinied in a
Tt 100 € microscope

X rav Micrognalisis

mode at 100 KV using a take-off angle at 30° The
counting time was 50 sec (14)

RESULTS

Hemoglobin measurements Following the bleeding,
hemoglobin concentration of the blood decreased
10~15% The hemoglobm concentration in the non
bled ammals ranged between 155-160 gram
flter

For X ray fixed Ussues
fecher a5 such of incubated for the demonstration of acid
Posphatase) were cut 1n 100-200 nm thick sections
*hh sere placed on nylon grids No postfitation 1n
Smum saimng with urany acetate or lead citrate was
Gned out on this matenal Analyucal eleciron micro
S0Py was performed with a Kevex energy dispersive X
W spectrometer m 2 Jeol C electron microscope
gundad %1t 2 Jeol ASID scanning attachment (14)

* Usse Was examined 1n the scanning transmussion
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Figs 1
‘o and 2 Light microscopical pictures of tron loaded rat liver tice mown — - 1

MORPHOLOGY

Light Mrcroscopy

No pathological changes other than those direcily
dependent on the 1ron overload {described below)
could be demonstrated in the hiver tissue from any
of the amimals

Iron loaded animals Following completed 1njec-
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Tubl. 1 Short Survey over the Handling of the Investigated Material

Iron loaded
controls

Jectofer treatment Perfusion

\ fixation with

glutaralde
fron Tosded = hyde ~.

bled an mals

Contrals
(saline injection)

1 weeks one and two months

\ Incubation for

Erbedding jn
paraftin’ Statn
n3 with Nex
€051n and Perl s
blue

—— 3 Light m croscopical
investigation

Postfix fn 05y
staining w th
uranylacetate +
Tead citrate
enbedding in
Epon preparation
of th n sect ons

Ultrastructural
vest gat on

o postfix or
the denonstration ——s staining

of acid phosphatase Embedding, in. X ray m croana
+ histochemical Eoon oreparaticn—2 Iyt cal investi
controts of thin sections  gation

(1060 2000 AJ

MATERIALS AND METHODS

For a short survey sce Table |
fron Loading

Male Sprague Dawley rats (weighing 200 220 grams)
maintaned on ordinary diet consisting of pellets contal
ning approximately 260 pg tron/g (R3 Astra Evos
Sodertalje  Sweden) and water ad fib were given
intramuscular inyections of a citric acid rron sorbitol
complex (Jectafer® Astra Pharmaceutical Company
Sodertalje Sweden) 15 imes during a three week period
the total dose corresponding to 50 mg Fe + + + per 100
g of body weight (these rats are referred to n the
following as wr n { adcd ammals ) Comtr o rats were
given intramuscular mjections of saline
Mobuls atron of fron fram the Tiver

After completed njections of iron the rals wert
divided 1nto two groups cach contatmng 10 ammals
One group served as control and received no furthes
treayments The rats in this group are henceforth referred
to as swon fcadid non blcd ammals  Thus  they
constyuted the »sron loaded contral group« The expert
mental group +tron loaded bled animals was subjected
o weekly phiebotomizations in wiuch {5 mi perspheral
blond/ 100 g of body weight {corresponding to ~25%
of the total blood volume) were withdrawn by puncty
ring the orbrtal plexus wn!1 a hcpﬂ:""led glass capifiary

Ficaton

All livers were fixed by perfusion The abdomen was
cut open during ether anesthesia and a catheter was
inserted mto the portal vein and ligated The nferior
caval ven was opened above and below the hver

Inyectton of hepartn (500 1E/100 g of body werght) was
- Aa ~ nhhtagprecaton

buffer contasmng 0 1 M sucrose as described previously
(13) The liver tissue was cut into | mm thick cubes and
slices and was fixed for 24 hours m the fixalive
mentioned above

Preparation for Microscopy
Tissues for hight microscopy were embedded
paraffin and stained with hematoxylin-eosin and Perls
blue
The materral intended for eleciron nmcroscopy #25
postfixed i 2 £ 5 collidine buffered osmium tetrotide
and ded 1n Epon after 1n ethanol and
propylene oxide £n bloc Staming with 1% uranyl
acetate was performed  Ultrathin sections were prcpmd
on a LKB ultrotome V staned with lead citrate and
examined tn a Jeo! 100 C clectron mucroscope

ydrat

D of Acid Phosphatase

under shght ether of the

hemoglobin concentrauons were carried out weckly on

il anemals taking 2 20 p) blood sample from the wail In

the case of P d antmals bin was
e e iy et s o
were sacrificed 1 and 2 months afier the star

y sk sca Loaded controls and

antmal
the phlebotomizanon ONY W
the control ammals only given saline
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The shees fixed in glutaraldchyde for 24 hours were
ninsed 1n 0 1 ¥ sucrose tn 01 ¥ cacodylate buffer
immersed 1n 10% DMSO 01 M cacodylate buffer and
01 M sucrose at pH 7 2 for 24 hours and were then cut
mto 50 pm thick sections usmg a Lewz freezms
microtome These sections were incubated for 15 45 60
or 90 minutes m a Gomor: type medium (2) contatning



\oe Fgs 3-6 are electron micrographs of hupffer cells fron nonbled and bled animals Tissues fiwed m
puarddelnyde tun sections staned with lead aitrate Magmificaion™ x 30 000

Fig 3 Non bled one month after completed iran loading Numerous iror pacticles (1P) are present both in the cefl sap

and the tysosomes (Ly}

Fig 4 Bied one month afier completed tron loading Lysosomes are see to contain 1Ps However few IPs are seen

wheodi s3p M1 mitechondnon

Fg § Nonbled t#o months affer completed 1ron loading Large numbers of IPs both In lysosomes and cell sap

F2 6 Bled two months after completed won loading No 1Ps are present 1n the Iysosomes or in the celt sap and the
el bas the appearance of 2 normal rat ner Rupffer cell Ly Iysosome M1 mitochondnon

tions numerous 1fon positve granules were present
wthe Iner parenchymal and hupffer cells with the
bghest concentration in the periportal regions
Witn the parenchymal cells the iron posmve
granules were most abundant 1n penibilary regions

montks showed a slight decrease 1 iron posiive
fiegment in both parenchymal and kupfler cells (Fig
1) The pigment was stll most frequent 1n the
Periportal regions The pigment granules were also
most concentrated in peribilary areas of the
Perenchymal celts

Iron loaded bled amimals Repeated phlebotomies.
4id not result 1n a more rapd or exiensive decrease
10 the total amount of 1ron positive pigment in the
Parenchymal cells than was observed 1n the non
Ve group The same localization with 2 higher
ncentration i the periportal regions was also
e However 2 drastic reduction in 1ron pigrment
a8 seen 1 the Kupffer cells and only small
wabers of wron granules were seen after two

Tonths (Fig 2)
Lectron Microscopy

erEwdewae of cell damage was not obimned in any
the cells studied at the fine structural Jevel

Kupffer Cetts
Iron loaded non bled ammats Derectly after
Completod o -
<ot .
R LX} v e
"”:“h vatiged with tightly packed 1Ps type IT bodies

mnma stretched-out tubular appearance also
N m‘“nl Ughily packed 1Ps and bodies with a
:V \ysosomal structure Al of these organelles

ere found 1o carry aad phosphatase and thus
:‘;’;‘:ﬂm tysosomes (14) In the following they
i erred to as lysosomes type I 11 and 111 In
wll s:: IPs were found diffusely dispersed 1n the

After one month 1Ps were present both in the cell
sap and the three ypes of lysosomes mennoned
above Type I lysosomes were rarely observed but
‘when present ail of them contaned IPs though
usually 1n lower concentration than afier completed
ron ioading 1Ps were also obsenved 1n all type 11
and [Il lysosomes The number of IPs was
generally fower than tn corresponding elements
directly after the loading Likewise the concentra
tion of Ps mn the cell sap was lower (Fig 3

After o months 1Ps were seen 1n all type 11

herd a2 and ranyant anal Treacnoar 3

roughly with the amount of intralysosomally
located 1P s being more frequent in the cells with a
high of IP in the | In the
cells with a low concentration of IPs these parucles
were charactensuically located 1n the periphery of
the lysosomes IPs were not present in the nucleus
nutochondria  endoplasmic reuculum  the Golgr
apparatus or any other part of the celt

Iron loaded bled ammals After one month the
overalt frequency of IPs had diminished conside
rably p 1o the sitzation after
the Jectofer injection and the swuauon 1 the non
bled group However some IPs were identified 1n
the majorty of the Kupffer cell tysosomes (Fig 4)
The latter were usually of conventional type (type
HI) while type Land wpe 1T lysosomes were few or
absent IPs were quite few i the cell sap and were
not present 1n all cells

After two months no clearly identifiable IPs were
seen within any membrane bound body or any part
of the cell s2p The lysosomal vacuome consisted
manly of tw 0 types of elements namely one witha
rather dense matrix and another contatning rounded
Structures with a globular appearance dispersed ina.
:nm'e transhucent  matrix Type 1 and type 11

ysosomes Were not encountered (Fig 6) In general
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b Fp 36 are electron mucrographs of Kupfler cells fron nonbled and bled anmimals Tissues fixed
foenlithvde thin sections staned with lead citrate Magnification™ x 30 000

Fig 3 Mon bled one month after completed ron loadmg  Numerous iwon particles (IP) are present both in the celt sap

i e lysosomes (Ly)

Fe 4 Biod one month after completed 1ron loading Lysosomes are seen to contain [Ps However few IPs are seen

mtecell sip M m tochondrion

Py 3 Nonbled 190 months after completed wron loading Large numbers of IPs both 1 lysosomes and cell sap

F 6 Bed tno months after completed tron foading No [Ps are present 1n the lysosomes or in the cell sap and the
@llbis the appearance of a normal rat hver hupfler cell Ly lysosome M: mitochendnon

YIS numerous won posiuve granules were present
aibelner parenchymal and hupffer cells with the
bighest concentration 1 the periportal regions
Wuhn the parenchymal cells the 1ron positive
$r2ules were most abundant 1n penbilary regions.
Iron loaded ron bled ammals Compared to the
Trer tisue obtained immeduately after 1ron loading
Belves of the anumals sacrificed after one and o
months showed 2 shight decrease 1n 1ron posine
I:lumrm tnboth parenchymal and KupfTer cells (Fig
The prgment was stll most frequent in the
mgﬂ:x:lon‘sednc pigment granules were also
rated i penbiliary are of the

Feeabymal cells e oy areas m
o :m koaded bled ammats Repeated phlebotomies
m :ﬂuasull 112 more rapid or extensive decrease
e total amoyny of iron posittve pigment 1n the
:?;ﬂfhymal Cells than was observed 1 the non
erzimup The same localzation with a higher
o léluun m the pertportat regions was also
Ve sﬂov\ SVer a drastic reduction In1ron pigment
lmmbmn o‘: “".:e Kupffer cells and only small
s (g 31 M granules were seen after two

Eleetron Microscopy

%2 of cell damage
of th 8¢ Was not obtained 1n any
' Cells Studied a the fine structurat fevel

Kuglier Ceptg

I Ioaded mon preg anmm

als  Durectly after

;’;’" ’”:1 ‘ron foading (13) 1P s (etectran dense l{on
. "ipamcla) Were present mn three types of

s mm:db:dls oPe [ bodies which were large
. 1th tghtly packed 1Ps type I bodies
“’ﬂhxnmg ':h;hed-out tubular appearance  afsp
[ |Y§evsog Uy packed IPs and bodies with a
Vet s mal Structure Al of these organelles
oy l‘o €y acd phosphatase and thus
e ey ():momcs (14} Tn the follow ng they
iy 1 25 lysosomes type I Il and 11} In
ol S were foung iffusely dispersed 1n the

After one month 1Ps were present both in the cell
sap and the three 1ypes of lysosomes mentioned
above Type ! lysosomes were rarely observed but
when present all of them contamed IPs though
usually in lower concentration than afier completed
wwon loading [Ps were also obsened 1n all 1ype 11
and TI[ lysosomes The number of {Ps was
generally lower than in corresponding elements
directly after the loading Likewise the concentra
ton of IPs 1n the cell sap was lower (Fig 3}

After two months IPs were seen 1n all type I
bodies and convenuonal lysosomes and also in the
cell sap of all hupffer cells (Fig S} The concentra
tion of IPs 1n the cell s2p and within Iimited bodies
varied constderably between different cells Charac
tensuc type [ bodies were lacking 1n these cells The
concentration of IPs m the cell sap correlated
roughly with the amount of intraly sosomally
located IP's being more frequent 1 the cells with a
high of 1P 1n the | {n the
celts with a low concentration of IPs these particles
were characteristically located 1n the periphery of
the lysosomes IPs were not present in the nucleus
the Golgi

apparatus or any other part of the cell

Iron loaded bled ammals After one month the
overall frequency of IPs had dimimished conside
rably compared to the situation immediately after
the Jectofer mjection and the situation in the non
bled group However some IPs were identified n
the majonity of the Rupffer cell lysosomes (Fig 4)
The latter were usually of consentional type (type
1D while type I and type 11 Iysosomes were few or
absent IPs were quite few in the cell sap and were
not present 1n all cells

After two months no clearly identifiable IPs were
seen within any membrane bound body or any part
of the cell sap The lysosomal vacuome consisted
manly of tw o types of elements namely one witha
rather dense matnix and another contarming rounded
structures with a globular appearance dispersed tn a
more transtucent matnx Type 1 and tpe 11
lysosomes were not encountered (Fig 6) In general
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1 two months afier completed iron loading The

Fig 7 Penib lLiary region of two rat liver cells from a non bled animal

nfmm are packed wih IPs 1Ps are also frequent 1n the cell sap Be bile canaliculus ER endoplasmic retculum
P

Go Golgt spparatus Ly lysosome Mi

G

lead cirate % 25 000

Jnser 1Ps are ughtly packed 1n a tysosome but more sparse 1n the surrounding cell sap % 40 000

1is from a bled rat (2 months) 15 flustrated
F¢ 8 The appearance of peribiliary regsons of three adjacent fiver cel

Numerous IPs are seen both in lysesomes (Ly) and the cell sap Bc bile canalicu Gly glycogen Go Golgi
gpanws My miochondria Glutaraldehyde Staiming with lead eitrate x 30 000

It (a) shows a lysosome fitled with IPs IPs are also scattered m the surrounding RLI Sapolnm (b) shows an
separent fusion betw een an IP-containing lysosome and an autophagic vacuole (AV) X 40 00X

te Rupffer cells and their lysosomal  system

showed the appearance previousty described in the
normal rat (27}

Farenchy maf Cells

ron loaded non bled ammals Directly after
ompleted sron loading there are three types of
Peontaining bodies

present 1n the parenchymal
@ls one with 2 typical lysosome like appearance
Coper bihary dense bodye} ane contaruing no other
ishle materal than IPs and a third body with the
ppeanance of autophagic vacuoles All of these
Oreacles have been shown to comtam acid
PRosphatase and hence represent lysosomes (14)
Great burmbers of IPs were observed in the cell sap
ifier one moneh ant parenchymal cells showed
Presence of 1Ps 1n the cell sap however not as
Concentrated a5 immediately after loading (13)
Completely 1P filled fysosomes lacking other mate
s than the granules were no longer present IPs
were usually although not always observed m the
%C two types of Iysosomes described above
osomes lacking IPs were characterized by
ecurrence of abundant membranous and dense
SBaienals and appeared to correspond to residual
bodies 1n many cases the IP-carrying lysosomes
50 contatned other (degraded) materials
Afiet two months some 1Ps were found n all
Farcnchymal cells The concentration of IPs mn the
82D was not clearly lower than at the one month
ervals 1Ps were also located in the lysosomes (of
“08ventional type and n the form of autophagic
Yauoles) In the fater tha The  na =+
ta

[
(-
t .
t- . 3 mp v
Yacuoles (hg 7) with matenal such as glycogen and
Separated inside the vacuole There ‘Was no clear
difference concerning the concentration of [ps
heen lysosomes in cells at the one and two

month intervals 1Ps were not demonstrated tn any
other cellular organelle or compartment than those
mentioned above

Iron loaded bled ammals After one month 1Ps
were seen i all parenchy mal cells tn the liver lobule
n both the cell sap and different types of lysosomes
No clear difference 1 1P-content tn the lysosomes
or the cell sap could be demonstrated between this
group and the non bled group

After tvo months considerable numbers of
diffusely distributed IPs were stll present 1n the cell
sap IPs were also observed i membranelimited
bodies but only two varseties namely autophagic
vacuoles and lysosomes of the peribiliary dense
body type (completely IP flled lysosomes were no
longer present)(Fig 8) The IPs were sparse in some
lysosomes of the lysosomes of the residual body
type and also n large trregular bodtes containtng
globular and osmiophafic material and probably
representing Iysosomes transforming into restdual
bodtes However in most Iysosomes IPs were
rather abundant Someumes a compartmentahiza
tion occurred 1n the autophagie vacuoles resulting mn
a separation of the IPs from concomutantly present
autophagocytosed matter There were no signs of
fusion between IP-containing boddres and the plasma
membranes  However images indicating fusion
betwesn IPcontaimng secondary lysosomes and
autophagic vacuoles were seen suggesting that the
digestive function of secondary lysosomes was not
impaired by the presence of rron loading (Fig 8) No
clear difference 1n the frequency of IPs between the
bled and the non bled BToup was noted 1n thus cell
pe This applies both for the cell sap and the
lysosomes No IPs were 1dentified 1n other fractions
than the cell sap or the lysosomal vacuome Neither

w35 IPs seen outside the cell in the bile capillaries of
the space of Disse

Endothelial and Fay Storing Cels

Like immediately after 1ron loading no 1ps could
be discovered in any part of these cells The same
applies for both the bled and non bled animalg as
well as those in the control groups
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0 months previously The cell in Figure 915
{ hupfler cells from a rat which had been given iron tw: o
i’z::?;:n:ﬁ:nnmafanu 1n Figure 10 from a bled arumal The Ussues fhave been incubated for the demonstratiol

of aad phosphatase The granutar nature of the reaction product 1

lysosomes makes 1t hard to detect possible dual

ocurrence of IPs Ly lysosome Nu nucleus Glutaraldehyde incubation time 45 min secuon stanung with lead

avate %21 000

Fg 11 Lnver parenchymal cell from an unbled rat (2 months after completed iron loading) Tissue mcubated for the

demonstrauon of acd phosphatase comtatming several

bodies presumed to represent lysosomes One 2pparent

Iysosome {Ly§) s packed with IPs but does not show clear evidence of final product Two :u(:zh:gncl va\dcuo::S (.::l :
tomam both Teaction product and 1Ps {arrows) while 2 lysosome (Ly2) c\ea{:y 15 covered by rﬂ phospl a
prcipitate and may contamn IPs {these seem to be obscured by the t

icubation ume 45 min section staining with lead enrate x 38 000

More Figs 12 14 show a series of pictures from tisste incubated for the demonstration of 2ad phmphamsi shu‘m:;
te postulated development of an autolysosome through fusion of an autophagosome with a primary lysosom
G utaraldetyde 1ncubation time 45 mun secuon stamng with lead curate % 50 000

Felza vacuole (AY

g

for phosphatase

glycogen and 1Ps The vacuole facks evidence of reaction

Fg 13 Anautophags vacuole (AV) contamning undegeaded glycogen and IPs but no reaction product Adjacent u;
Yactole 35 a smatler structure bel eved to b the equivalence of a pnimary lysosome (PL) with deposis of lea
sphate precipitate This lysosome 15 believed to be 1n the precess of fusing with the autophagic vacuole

1 A lysosome (Ly) showing presence of reaction product and [Ps

HISTOCHEMISTRY
ffer Cells

Iacubation for the demonstration of acd phos-
dtase resulied 1n deposiiion of electron dense
tion product over fysosomal structures often
ting the concomitant occutrence of IPs and
iion product hard to substantiate This applies
ost of the 1P-containtng lysosomes

Iron loaded non bled an mals Reaction product
'S encountered 10 all membrane bound bodies
tere IPs were idenufied both after one and tho
ouths (Fig 9) However 1t was sometimes
Ticult to 1denufy the IPs i the individual bodies
I® to the simultaneous presence of reaction
oduct 1n the lysosomes Lead phosphate deposits
ere also observed 1n the Golgi apparatus

Iron toaded bled anmals Disunct deposits of
Ition product were 1dennfied over the different
Pes of tysosomat vacuoles both after one and (o
1onths Also in these groups reaction product was
010 the Golgt apparatus Other portons of the
*Is facked precipitates At the one month wnterval
Ome reacon product-containing bodies showed
resence of [Ps while IPs appeared to be lacking 1n
uh bodies two mosths after tron

instances fendering 1 difficult or impossible to
dentify concomstantly occurnng [Ps Some [P
contaiming autophagic vacuoles lacked feaction
product (Fig 12} Images suggesting fusion between
and such IP. vacu
oles were also obtamed (Fig 13 and 14) Deposition
of final reacuon product was however observed
over other autophagic vacuoles and also in poruons
of the Golg apparatus
Iron loaded bled ammals The lysosomal vacu
ome showed presence of deposns of reaction
product 1 bodies also containing IPs However
reaction product was also noted in structures w here
the distinet features of [Ps could not be revealed
These structures usually corresponded to somew hat
enlarged penbiliary dense bodies lacking recogm
zable content or sign of autophagy some of them
bore resemblance to restdual bodies Reaction
product was furiher deposited over many {but not
all) autophagic vacuoles some of which encompas
sed IPs Some portions of the Golgi apparatus
showed presence of reaction product

Endothelia! and Fat Ssoring Celts
Ly mes 1 endoth

sading

*arenchymai Cells

Iron loaded non bled animals Reacuon product
kas deposited over fysosomal elements in the
Jarenchymal cells Some of these bodies showed a
§ffuse heavy deposiuon of preciprate — 1n many

cells of both grouy
showed a disunct deposition iy

of reaction product
“The occasionally encountered fat storing cells also
contained bodies covered by Precipiates
Controls
Na reaction product w.

s demonstrat
the incubated controls ed 1 any of
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two months previously The cell 1n Figure ¢ 15
= § kupffer cells from a rat which had been given iron
r!;: n,:n :;s:nmalpf:nd 1n Figure 10 from a bled animal The nissues have bm; mix:aalre: lt‘oord :}::::;?g;:z:;r:
es
hatase The granular nature of the reachion product ta lysosomes mal
;n::ig:: ?{ 1Ps ‘Ly lysgosome Nu nucleus Glutaraldehyde incubation time 45 mun sécton staining with lead
rate x 21 000

k celt from 20 unbled rat (2 months after completed 1ron foading) Tissue incubated for the
:ﬁi&ﬂfﬁ?ﬁ‘;&pmm containing several bodies presumed (o represent Iysosomes One ‘:;p(a::;
sosorme {Ly1) 15 packed with 1Ps but does nat show cleac evidence of final product. Two zuwph:gw va:uohos ~
sntam both reaction product and IPs (arrows) while a lysosome wyp cl‘early s covered by rl‘a phospl 2
reopiate and may contain 195 {ihese seem to be obseured by the M

Jcubation e 45 min, sectuon staimng Wwuth fead citrate x 38 000

ote Figs 12-14 show a serses of pictures from tissue incubated for the demonstration of actd phosphatase showng
3¢ postulated development of an auwolysosome through fusion of an autophagosome with a primary lysosome
Slutzraldehyde incubation ume 45 mm - secuon stawnng with lead citrate X 50 000

“g 12 Anautophagic vacuole {(AV) containing undegraded glycogen and IPs The vacuole lacks evidence of reaction
‘of phosphatase

%ig 13 An autophagic vacuole (AV) containtng undegraded glycogen and IPs but no reaction product Adjacent to
e vacuole 1s 2 smaller structure believed to be the equivalence of a pnimary Iysosome (PLY with deposuts of lead

phosphate precipitate This lysosome 15 behieved to be 1 the precess of fusing with the autophagic vacuole

Fg H A lysosome (Ly) showing presence of reaction product and IPs

HISTOCHEMISTRY
Kupffer Cells
Incubation for the demonstration of aad phos

Phatase resulted 1 deposition of electron dense
feachon product over d structures often

instances rendering 1t dufficult or rmpossible to
1denttfy concomntantly occurning IPs Some IP
containg  autophagie vacuoles lacked reaction
product (Fig 12) Images suggesting fusion between

making the concomitant occurrence of IPs and
Teaction product hard to substantiate This applies
to most of the 1P-contatning lysosomes

Iron loaded non bled ammals Reaction product
%as encountered m all membrane bound bodies
here [Ps were 1denufied both after one and two
months (Fig 9) However # was somelmes
¢ Mficult to 1dentify the IPs 1 the individuat bodies
due 1o the smultancous presence of reaction
Product in the lysosomes Lead phosphate deposits
et 2iso observed in the Golgi apparatus

Iron loaded bled ammats Distnct depostts of
feacuon product were dentified over the different
types of Iysosomal vacuoles both afier one and two
months Also in these groups reaction product was
Seen 1n the Golgt appatatus Other portions of the
Cells lacked precipuates At the one month interval
same reaction product-containg bodies showed
Presence of IPs while IPs appeared to be lacking 1n

such bodies two months after completed 1ron
loading

FParenchymal Cetts

Iron loaded non bled ammals Reacuon product
®as deposted Over lysosomal elements e the
parenchymal cells Some of these bodies showed a
diffuse heavy deposiuon of precipuate — 1 many

and such IP. vacu

oles were also obtatned (Fig 13and 14) Deposition
of fina) reaction product was however observed
over other ausophagic vacuoles and also n portions
of the Golg: apparatus

Iron loaded bled amimals The lysosomal vack
ome showed presence of deposits of reaction
product 0 bodies also contaimmg 1Ps However
reaction product was also noted in structures where
the distint features of IPs could not be revealed
These usually cor to
enlarged penibiliary dense bodies lacking recogm
zable content or sign of autophagy some of them
bore resemblance to residual bodies Reaction
product was further deposited over tnany {but not
all) autophagic vacuoles some of which encompas
sed 1Ps Some poruons of the Golgi apparatus
showed presence of reaction product

Endothelial and Fat Storing Cells
Lysosomes m endothelsal cells of both
grou
showed a distinct depasttion of reaction pmdugts
The occasionally encountered fat storing cells afso
contaned bodies covered by precipitates

Controls

No reaction product w:

as demonstrated
the 1ncubated controls 1 aay of
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F]ig 15 Energy spectrum obtatned from hupfter and parenchymali ceils A and B show spectra from ron foaded ror
bled kupffer (a) and parenchymal Il (b} lyspsomes € and D show spectra from hupfler and parcachymal el
lysosomes of bled animal respectively Note the absence of tron 1n the hupfTer cell lysosonie from the bled animal
Energy quanta i keV at which the aignals for different elements were recorded Fe (yon) ke 64 K@ 71 Pb (lad)
Ma24 La 185 LB 126 Clhiornind hy S and P (phosphorous) ha 2 0
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The graphs recorded from the different cell types are

shown 1n Figure 15

The same outcome 1n the analysis for presence of
sron was obtained before and afier incubation for
the demonstration of acid Pphosphatase w all
instances the following descriptian will therefore
only deal with the incubated matersal

350

Rupffer Cells

Jron loaded non-bled ammals n this grovp all
types of Iysosomes showed presence of both ion
and lead (reacuon product) after one and two
months Peaks for iead only were obtained from
the Golg) regions Small peaks tndicating presence
of ron were obtatned from the cytoplasmc ground
substance Signals for tron or lead were not received
from any other part of the celfs



Jron foaded bled anumals AN bodies contaning
ron gave a posiuve peak for lead After two
morths peaks for iron were not recorded 10 any
Kupffer cell whereas peaks for lead from lysosome
like structures were recerved m ihe same way 2s
from Kupffer cells of the otker groups Iron and
tead were not demonstrated 1 any other part of the
celt Signals tndicatmg presence of lead only were
obianed from the Golgi regrons

Parenchymal Cells

Iron loaded bled and non bled ammals No
difference i the distribution of tron of lead has been
seen 1 this cell ype bevween the different groups
After one month the peaks for 1ron % ere stmslar to
hose recenved immedately afier won loading  After
o months some peribiliary dense bodies showed
atugh concentrauen of tron (Fig 15) compared 1o
the bodies mvestigated previously Presence of 1ron
was also recorded 1n the graphs from the cell sap
Signals for lead were also recorded from some Golgs
Tegions but not from any other parts of the cells

Endothel af Celts and Fat Storing Cells

Iy lead ~ and no 1on ~ was found 1 the
Iysosomes analysed 1 these cell types No sigmifi
cant signals for lead ac ron was recewved (rom any
other part of the cell

Contrals

Mo peaks for awon were recorded in the amimals
only given safine Peaks for lead were obtamed from
Tymeal Yysosome ke structures 1 2l cells

o peaks for lead were seen in the ussues from
the evpernmenta) anumals used for histochemical
Controls while the peaks for 1ron were the same as
™ liver tissue incubated in the proper medium for
the demonstration of acd phosphatase

DISCUSSION

The present work demonstrates that during the
mobizaion of iron from the 1ron loaded rat liver
by way of bleeding hupfler cells show a rapid
decrease 1n and almost complete disappearance of
1Ps while there 15 only a himited dectine 1 the 1Ps
Present in the parenchymal cells Depleuon of {Ps 1a
te latier cells was hot noted despite extensive
bleeding of the antmals It was furthes observed that
all 1P-contaiming cytoplasmic bodues also showed
presence of acd phosphatase ane and two montts
afier cessation of 1ron loading implymg that all of
these bodies represent lysasames

Previous studies by Shoden and Sturgeon (25)
concerning the mobilization of won {rom the hver

following overload demonstrated — on the hght
microscopical level — that KupfTer cell hemosiderin
was more readity removed than parenchymal cell

after of d
1ron oude followed by bleedmg It has further been
shown (9) that iron taken up by »reticuloendothel
121 {hupffer) cells in the Liver 15 reteased i an early
and a late phase However 1f body 1ron was reduced
by phicbotomy the hupffer cells were able 1o
release most of the excess won i the early phase
This means that they have the ability to alter therr
release of 1on when there 15 a need for 1t It has
Iikewise been shown (3) that release of iron from
reticuloendothelial cells 1s increased in humans with
won deficency However nothing was revealed

when the demand for ron was increased the stored
ron was readily released from the kupfler cells
while the endothehally stored iron was retained
Hershko et al (11) among others has performed
studies on the effects of a chelaung agent ~
desferrioxamine — and demonstrated that admim
stration of this substance mainly results in reduc
tion of the iron overload 1n parenchymal cells
Bradford et al (5) have claimed that ferntin and
hemosidenin are released 1to the bife through
reversed cell 1
after loading with 1won
In previous papers we have discussed the possible

e Af crehoe  mud -

y

22) and ~ following binding of tron -~ becomes

i} by way of as
suggested by Trump et al (26) among others In the
present study we noted that IPs were present
early autophagic vacuoles along with undegraded
glycogen IPs were demonstrated also 1n an
2utophagic vacuole lacking reaction product which
appeared to fuse with a stwructure with heavy
deposition of final product. This observation seems.
10 support the 1dea that IPs are meorporated
together with other material from the celt sap in the
Jysosomal vacuorne The morphological and cyto
chemical observations have not indicated other
Ways by which IP s might become assocated with
the ntenor of lysosomes Tt appears unhikely that
won could become bound to apoferriun 1 Iysoso
:nes since apofertitin 15 rapidly depraded




therr 1ron morety to the blood to become boung 1y
transferrin when needed (9) However 1t has also
been suggested that ferrstin molecules 1n the cel] sap
or in membrane bound vacuoles of dilferent cejyg
might be released directly mio the blood stream
since the serum level of this protein 1s sncreaseq n
different sron storage diseases (21) Such releasp 15
evidently very difficult (o demonstrate morpholog,
cally However 1n our pictures we never encounge
red any evidence lor a release of this Kind
Furchermore  offier macromolecules ~ such g
thorium dioxide parucles — that are not degradeq by
fysosomal enzymes have been shown to remam
side fysosomes of hupfler cells for up to a year (8
28] This militates agawnst the idea that reverseq
endocytosis of lysosomal content had occurred in
the Rupfler cells The occurrence in the periphgray
B1ooa’ oI IBrriin molecules 1 various tron storage
diseases (21} may possibly be explamed by reveryed
endacytosis m ather types of cells Alternatively
61ts of cytoplasm with ferritin sn the cell sap or
vacuolar elements might become dispatched into the
blood stream whereby the ferntin molecules coyld
be set free through lysis of the cytoplasmue
fragment

If not complete ferriun molecules are. released
from the cells disappesrance of IPs could pe
explained by separation of the 1ron moety from the
ferritin molecule One could then hypothestze the

)

One mught be through tefease of free 1won atoms
from the cell sap to the bile canaliculus a second
iransmembrane movement of fernun molecules
sesiding an the ool sap and a thurd reversed
endotytosis from lysosomes as suggested by Bra/
Jord et al (5}

We have not nouced any signs of reversed
endotytosis m the peribilliary regions or elsewhere
and we have therefore no evidence 1o suprort this
theory The ferritin molecule 1s toq large 10 be able
{0 be transported through the plasma membrane
Alternatively transport of 1ron atoms across the cell
membrane into the bile nught occur It should be
emphasized however that liver parenchymal cells
are saud to be able to excrete lysosomal content by
reversed endocytosis when being under the influ
ence of toxic substances such as arabitosm and
vinblastine (15 18)

The difference 1 IP content between hupffer
cells 1n the bled and non bled groups 1s striking The
fact that the hupffer cells 1ose IPs more rapidly than
the parenchymal cells m the bled group can be
explained 1 several ways One possibiity 15 of
course that the parenchy mal cells have larger stores
1f the rate of release 1s the same from both cell types
the Rupffer cell will evidently by depleted before
Toss from the parenchymal cell 1s substantzd Tty
does not seem Whely since m the normal rar the
hupfler cells have a volume density of fysosomes
that 15 appr y 50% of that in parenchymal

cell sap ferriun 15 first depleted of 1s (ron B
and that the lysosomally stored ferntin ay
h derin | s subsequently release thyr
won and become degrided Another possible way s
that the cell sap ferritn 1s first autophagocytosed yn
order to be Intralysosomafly degraded for subseqy
ent release of yron

The impression obtained from the piciures was
that 1n hupfter cells of the bled 1nimals 1Ps 10 the
cell sap decreased before those m the lysosomes
suggesting that the release of iron commences from
the cell sap when the refease 1s mereased However
the evidence obtamed did not reveal whether o1 noy
this postulated transport occurred throigh move
ment of ferritin moleculés across the cell membrang
or 1 some other way (such as transfer of iron

atoms)
The possible ways for ron transpost from the

parenchymal cells are (a) release of ferritw molecu
les of the tron motety to the blood at the sinusotds
and (b) transport 1o the bile As tegards the release
of 1won for buding to transferrth i the bfood the
same ways are possible as wnd cated concerning the
hauplier cells Presence of won and fernitin molecu

1es tn the bile has been demonstrated by Bradford et
o1 () Thenrencally the transport of ron 1o the bile
can be viewed to occur 1n at least 3 drffetent ways
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cells {4) furthermore 1t appears that the hup(fe
cel} lysosomes are the ones that werease 1n volume
the most after tron overlond indicatmg that (hey
imrally might Store a Yarge postan of the By a
was pomted out previossty {133 The ather possi?
Wy would be that the Rupfler cells selease won
more readidy than the parenchymal cells our
present findwags are compatible with tus hypothe
sis One possibility s of course that the m nally
stored hugfler cell tron becones redistributed 10
bath parenchymal and hemoposetic cells result ng
m 3 depleven of rou o kupffer cells and @
conpmung overioad tn the parenchymal cells In
ordef 1o prove this redistribution model one would
pave 1o WolMe parenchymal and stnusordal cells
after different petiods and measure the iron content
0 both celt types separately

Supported by 3 grant from e Swed sf Ve cal Resear h
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COMPARATIVE SINGLE CELL
AND FLOW DNA ANALYSIS IN ASPIRATION BIOPSIES
FROM BREAST CARCINOMAS
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Karohnska Insutute Stockholm Sweden

Aur G & Tribukat B Comparatve single cell and flow DNA analysis in aspiration biopsies
from breast carcinomas Acta path mucrobiol scand Sect A 88 355-358 1980

The DNA distribution patterns 1a fine needle aspirates from 17 breast carcinomas were analysed using
sngle cell and flow cytophotometric techmques A good correlation was observed to eust between the
modal DNA values obtamed by the two methods Advantages and disadvantages of the (wo methods

are discussed

hey words DNA analyses human breast careinoma

G Auer Department of Tumor Pathology Rarolinska sjukhuset § 104 01 Stockholm Sweden
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Fine needle aspiration biopsy 1s increasingly used
for diagnosis of patpable breast lesions The main
whantage of this technique 15 1ts high diagnosuc
a%urancy combined with speed and Ppauient accepts
bty Since fine needte biopsy 1s munimal traumatic
talso aliows repeated sampling for example during
WSl or endocrine treatment of noperable
tumors.

Recent studies have shown that DNA measure
ments 1n single morphologically identfied breast
@ncer cells from fine needle aspirates are valuable
or the predsction of patent survival (1) In addition
2 stong correlation between DNA distribution
Pattern ang estrogen receptor (ER) content in breast
200 has been demonstrated indicatng  that
D\A measurements may be used m order to
SSumate the. sensitivity of breast cancer to endocrine
1Berapy in cases m which ER levels cannot be
determned with sufficient accurancy se m pre
Mencpausal women (2) 1t 1s thus clear that DNA
Measurements 10 fine needle aspirates contribute
‘aluable informaton

concerning prognosis and
ShOIcE Of therapy of breast cancee masunirs

In the present investigation we studied whether
the relatively tme-consuming single cell DNA
measurements 1n breast cancer aspirates can be
Teplaced by flow DNA measurements which would
decisively facilitate the use of DNA analysis in
routine patient work

MATERIAL AND METHODS
Cell Materiat
Cell samples from humas
obtatned by means of fine
technique (5 61 Tha b ane

n breast carcinoma  were
needle aspiration bopsy

* quUL Was used lor flow Ccytophotometric analysis

Fine Needle Aspirat on Biopsy

The technique consists of INSETUng a thin (0 §-0 7
mmod)needle into 2 Palpable mass & B 1n the present
1MIVESUZANION 11to @ breast tumor and aspirating cellular



material mto the lumen of the needle by negative
pressure produced by drawing back the plunger of a 10
mi syringe attached to the needle During sampling the
needle 1s moved back and forth several times through the
tumor mass usually at different angles to the original
angle of inseruon The aspirated cell material consists of
single cells or clumps of cells In breast cancer generally
the vast majonty of the aspirated cells were found to be
tumor cells Small amounts of non tumor cells espec

ally leucocytes benign mammary epithelial cells fibrob

lasts and fat cells are usually admixed with the tumor
cells

Stngle Cell Cy tophotometry

Smear preparations were flixed tn buffered 4%
formaldehyde for 2 mummum of 15 hours and Feulgen
stained Previous studies (7} showed that hydrolysis for |
hour at 22 °C tn 5§ M HCL resulted 1n optimal staining
mtensities The nuclear Feulgen DNA 1n single cells was

corresponding staining control which was given the
value 2 ¢ denoting the normal diploid DNA conteny

Fiow Cytophotometry
Flow cytophotometric measurements were performed
to a pi ly described (8) The
cell material from fine needle aspirates was fixed in e
cold ethanol after washing in buffer solution (0 1 M Tris
007 M NaCl 0005 M EDTA pH 7 5) Afteratleast |2
hours fixatton the cell matertal was washed 1n buffer
solutton with 1 mg of RNase per ml (RNase A Sigma)
added Single cell nucler were obtaned by subsequent
treatment with pepsine (0 5% pepstne Merck No 7180
1000 Eg) for 10 minutes at 37 °C After further
washing the DNA n the cell nucler was stained with
ethidium bromide (2 5 x 10-5M Serva Heidelberg Nr
21238 1n Tris EDTA bulfer 386 mOsm) All prepara
uons were checked microscopically The DNA contents
of the cell nucler were analysed using a rapid flow
ICP 11 (Phywe W Germany) with a

measured 1n a rapid scanning —

ped by T Casr (3 4 Diplod
amounts of DNA were determined by using leucocytes
and normal mammary epithelium adventitiously present
1 all aspirates as nternal control The discrepancies
between DNA values of leucocytes with condensed
chromatin were partially corrected for by measuring at
the »ofl peak« wave length of 610 nm Usually 100

ﬂow rate of up to 1000 cells/sec The excitation and
emission wavelengths were 455—~490 nm and 590-630
nm The output was sorted by a 256 channel analyser
(Nuclear Data 100} and was presented as a histogram
The DNA values were expressed tn relation to the DN\
content of normal diploid human cells Calculation of the
proporionof G S and G2 + M cells was achieved by

of cells 1nto cor ding chan

tumor cells and 30 control cells were d per each
preparation Tumor cells could easily be distinguished
from normal cells either by their nuclear morphology
or by the additional use of phase contrast All Feulgen
DNA values were expressed in relation to thewr

3

CELL NUMBER %
Y

nels 1 the multichannel analyser The values were
corrected for background nowse On average 30 000-
50 000 cells per aspirate were measured

RIS .
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RESULTS

Fig T dlustrates three examples of DNA-distribu
ton patterns of breast carcinomas obtatned by both

aspirates from breast carcinomas a good correlation
enists between modal DNA values obtamed by
means of single cell cytophotometric measurements.
and those obtained by means of flowcytophoto-

sagle cell and flow que It
@D be seen from the figure that the corresponding
DNA-profiles of the first and the second tumor (Fig
1 upper and sntermediate curves) are more or less
the szme Thus 1 both the single cell and flow
Olophotometnic measurements the first tumor
thbis a distnct modal DNA value 1 the
byperdiplord region of normal mammary epithelal
ells 2nd the second tumor exhubats distinct modal
DNA values 1 the diplod and hypotetraploid
fegions In the third tumor (Fig 1 lower curves)
the smgle cell DNA profile shows modal DNA
valtes 1n the hyperdiploid and hypertetraploid
Tpons whereas the flow DNA profile shows
DMA values 1n the diploid  hyperdiplosd and
hypertetraplod region mndicating the presence of a
rge nurmber of diploid normal cells 1n the aspirate
Fiz 2 ilustrates the correlation between modal
DA values of 17 breast carcinomas obtaned by
St el and flow cytophotometric measurements
ince flow ¢ytophotometry does not allow discrimi
malion berween normal mammary epithetial cells
and tumor getls contaiung DNA amounts corre
Sponding the normal diplosd amount only modal
DM vaues below or above the normal 2 ¢ value
Were compared 1t 45 clear from the fgure that In

5C

5

Flow - Cytotivorometry
®

SC

3 4iC
Single Cell Cytopho!omttry
Relauonshup betneen model DNA values vty
tpuion of those exhibiting values at 2 ¢ of normal
€els) obaincd by using single celt and flow cywphoto-

Fe2

metry The results comy
from 17 b,
DAA valy,

Pris¢ measurement sn aspirates
€51 CArCINOMas 10 3 cases 2 disunct model
s were present

metric

DISCUSSION

Single cell DNA cytophotometry 1n fine needle
aspirates from breast carcinomas has been demon
strated to be valuable for the prediction of the
clinical course in the individual panent over and
above that reflected by climcal stage and morpholo-
grcat criterta Pattents with tumors in which nearly
all cells extubited DNA values 1 the near-diplord
region were found to have a favourable prognosis
whereas 1n patients with increased and scattered
DNA values the prognosts was poor (1)

In the present work we investigated whether
single cell DNA analysss in breast cancer asprrates
could be replaced by flow DNA analysis Cytopho
tometric single cell DNA analysts 1s still 2 relatively
time-consuming procedure and therefore scarcely
suttable 1 routine clintcal work Flow cytophoto
metry on the other hand permits rapid DNA
measurements of farge cell numbers within a
minmal time period

Our results show that the DNA profiles obtained
by the two methods are well correlated to each
other 1t 15 thus clear that 1n aspirates from breast
tumors single cell DNA measurements can be
replaced by flow DNA measurements Besides
sapidity the advantage of the flow techmique 1s the
high degree of resolution due to the large number of
cells measured Fine needle aspiration matenal was.
found to be espicrally suitable for flow measure
ments since the samples are made up of single cells
and small cell complexes which means that well
preserved cell nucles can more castly be prepared in
comparison with surgical biopsy matersal Further

alteration of flow DNA profiles due to excessive
admixture of normal cells Yet since breast
¢arcinomas may be composed of tumor cells wyh
DNA amounts corresponding with that found 1n
normal cells eg  tumor cells with DNA-contents
1 the normal diplod region the cellular composi
tion of each sample has 10 be invesy;
phologically 1n order
A measurements

Supported by Stockholms Ca,
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BRONCHIOLAR EPITHELIAL LESIONS INDUCED IN THE
PREMATURE RABBIT NEONATE BY SHORT PERIODS OF
ARTIFICIAL VENTILATION

R NILSSON GERTIE GROSSMANN and B ROBERTSON

1
Devartment of Pediatric Pathology and Department of Pediatrics St Gorans Childrens Hosptal
Karolinska Insttuter Stockholm Sweden

Nigon R Grossmann G & Robertson B Bronchiolar epithelial lesions induced in the premature

9
fabbit ceanate by short periods of artificial venulation Acta path microbiol scand Sect A 8K 3§
367 1980

Prmature newborn rabbits were ventilated with standardized lf‘d;l u;l:::“ (el"(:a ?};:gs; o; ixragmri_lz‘:%u:yi
T

wufflauon pressure (35 cm H10) for 1-30 min The lungs of the e o
ht and electron microscopy with particutar

Perfusion of the pulmonas artery and examined by Iig!

Ttlerence 10 v.hep prevale:lybt and ylirastructure of bronchiolar epithelial Jesions. rhacwsu am:

Usquamation of bronchiolar epithelum were constant findings 1n fetuses senulated for § mml :‘

more 2ad were also present in some of the fetuses venulated for only 1 mun Since the g

Mictoscopic and of these

buman neanata hyaline membrane disease we conclude that aru

TIbE 1S mught serve as a usefol model of this disease

tesions 15 similar to early stages of
ificrally venutated pre term newborn

Key words Aruficia) ventlauon bronchiolar epithelal fesions hyahine membrane discase  IRDS
Premawre newborn rabbnt.

R Nisson Barnpatotogiska forskningstaboratarier St Gorans Hospital S 112 81 Stockhotm Sweden

Apted a5 submuttea 29 v 30

Merosss and desquamanon of bronchuotar ept
ek are regular findings early in the course of
¢ Reonata] »1di0pathic respiratory distress syn
drame ((IRpS) Gandy er at 1970 Finfay Jones et
9 1974) ang the same type of lesion has been

™3 1 pre term new born experimental ant
4l Subjected 10 aruficial ventulaton (Staklman et
o Y988 Mokdams er al 1973 Schwseler and
Reberiin 1976 Adams et ai 1978 Cure ef al
W8 Msson e ol 1978 Nisson 1979 I
therefore seems likely that when mfants suffering
f10m severe IRDS are treated with positive pressure
YeMlston there 15 g sk that the respirator
\e2tment will aggravate the vendogenous« epithe
20 iesions S might i turn lead to the
Smphcation known as »broncho putmonary dys

3 - a2 syndrome of chromic putmonary se
Quelae which 15 seen parucularly in IRDS patients
1% Whom high peak pressures have he-n used duning

the pertod of aruficial ventilation (Taghizadeh and
Reynolds 1976)

Since most previous expenmental studies 1n thes
field were carried out without adequate standardiza
tion of the ventilator treatment there 1s no precise
nformation about the pathogenesis and early devel
opment of the bronchiolar epithelial lesions We
therefore iniuated a series of experiments in which
premature newborn rabbits were ventilated with a
standardized vdal volume (V) for defined tme
periods and the extent of epithelal lesions was
assessed by histologic morphometric technuques Tn
addion the fine structure of the early epithelsal
lestons was examined by electron mucroscopy

MATERIAL AND METHQDS
The experiments were carried out on 44 premature rahby
eonates delwvered on day 27 of gestation (full terpy 1
3 24 day) (Tade 1) The fetuses were obtzined by
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1 Lung Thorax Compliance and Insufflation

Pressure in Premature Robbss Neonates Delivered an Dav 27 of

Gestation
P vs preceding
1] er of Comphiance P vs preceding Insufflation
‘:n:::cim ;us:r‘vau:ns {mifem 10 kp) time interval pressure {cm H20) ume interval
3

L] W 0262003 38z

-5 4 028005 NS LSS :g
10 e 228+005 NS =S5 N
%-30 H 0312005 NS RXES]

¥s tme mterval 0-f min <0 02

Tecordings were obtained during intermittent positive pressure ventilaon with standardized tidal volume (omt/
Values are grven as X +SD for vanous time intervals after the onset of ventitation

RESULTS

€ Thorax Compiance

2 anmals venulated for more than 1 mn , the
isure needed (0 matan the standardized Vt
teased slightly during the pertod of observation
ather words there was a gradual sncrease tn the
"plance of the lung thorax system However, a
Usteally signuficant difference was found only
:leﬂ;]the mtervals 01 min and 26-30 mm
ible

Ling thorax complance for ammals used for
don microscopy was 025 * 007 mi/om
Ok X = SD) after S min of aruficial
Atlation this value i very close to the compliance
wie for the corresponding interval 1n Table 2

stologic Morphometric Findings

In all fotuses there was poor aeration of the

veolat compariment. as venfied by low figures for
2d there was no difference between fetuses

ventilated for various periods of time (Table 3)
Epithehal lesions were absent 1 all non-ventilated
fetuses How ever, necrosts and desquamation of the
bronchtolar epitheltum was a constant finding in all
fetuses which had been ventilated for 5 mun or
more In the group ventilated for only 1 mn.
pyknotic bronchiolar eprthelial cells were found in 2
of 7 fetuses (Table 3 Fig 1A)

of the individual leston changed however through
out the period of observation Desquamated cells
accumulated 1 the peripheral arways in later
intervals and hyalme membranes made up of cell
debris from necrouic epithelium  gradually became
more prommnent (Fig 1A-C) Figures for I
Tepresenting varnous penods of aruficia) ventilation
are shown 1n Table 3

ABLE 3 Morphametric Data on Aheolar Expansion and Bronchiolar Epuhelial Lesions in Premature Rabbit
eonates Delisered on Day 27 of Gestation Related 10 the Duranion of Artificial Venulauon

Bronchiotar epithehal lessons

:ml..o.. of Number of fetuses
n,:: ion n L - ”~ Ty P vs preceding
out
lesions tesions e e
? u 0712025 0 ] 0
' 1 g’m:nz\; 2 H 00030 005 NS
N 6 612005 6 0 0162003 =0002
5 0822026 H ° 0292011 -
k0] 5 0762035 s Y

3

0272009 NS



Table | Suney of the Material

cheal pressure of 15 cm H20 The whole lungs were ther
in paraffin and sections from the basy

Parameters evaluated

pomons‘wue statned with hematoxylin and eosin anw
By means of the pomt

y
counting techmque (Chalkley 1943) we determined th

Period of
artifical Ultrastructure
ventilation Compliance + of bronchrolar relative volumes of the alveolar spaces (Vi) and solic
(min) I+l eprthelium parenchyma (Vy) and the »atveolar expansion ndex (I
— was by the formula (Enhormag et al 1973)
n BW(g X+SD) n BW( X=SD) A
= i
Ve
[ 1 027 5 27x7 The same sections were then re-examined and the
1 7 3123 number of high power {ields (HPFs) showing evidence of
5 6 302 5 2324 bronchiolar epithehial necrosis were counted and related
10 5 255 to the total number of HPFs examined The »index of
30 5 276 broncheolar epitheliat lestons« {Iy) was calculated accor

BW = body weight

Y under h (hetalar®
Parke Davis MI USA) or following sacrifice of the doe
by rapid injection of 2 ml sodum pentobarbital
(Mebumal vet® 60 mg/mt ACO Sweden) and 5 ml
potassium chloride (150 mg/ml) Non ventilated fetuses
were killed in usero with an sntrapenitoneal injection of
05 ml Mebumal vet ®

Aruficial Ventilation
Immediately after delivery the fetuses received intra
peritoneal imjections of 0 1 m! sodium pentobarbital (6
mg/ml)and O | mi pancuronium bronude (Pavulon®0 2
mg/ml Qrganon Holland) for anesthesia and muscle
They were d keptat37°Cumna
volume constant body plethysmograph and connected to
a Harvard Rodent Venulator 680 set at a frequency of
60/min In the incubator the fetuses were fixed in dorsal
position by ECG electrodes through their paws Fetuses
were included 1n the study only if the ECG recording
revealed cardiac acuvity throughout the period of
ventilation
Insufflation pressure and pressure 1n the plethysmo
graph were registered simultaneously hy pressure trans
ducers (EMT 33 or 34 Siemens Elema Solna Sweden
or Statham Statham laboratories LSA) and recorded on
a Mingograph 24B or 81 {Siemens [lema) or on a
Polygraph 7B (Grass Incorp USA) Fetuses used for
determnation of lung thorax compliance and morpho
enuilated with arr with standardized V1 (10

Tnetry were Ve
mi/kg) for periods varying between | and 30 rn The

quasistatic compliance of the lung thorax system Was
caleulated from registrations of V1 and insufflation

pressure at end inspiration

meiric Techniques
Jation the fetuses were killed with

Intrapertaneal sodium pemobarbnal ©5 ml 60 mg/

Hstologic and Morpho!
After aruficial venti

ding to the formula (Nifsson et al 1978)
I = No_of HPFs with lesion |
No of HPFs examined
In thss calcutation Iy 1s used as a correction factor o
compensate for vanations 1n the volume of the alveolar:
compartment that might nfluence the spacing of thet
bronchioles
Toavoid bias the histologic morphometric evaluations
of the sections was made without knowledge of the
expersmental conditions to which the wndvidual [c(um1
were subjected

Electron Microscopy

This part of the study was carried out on a separale
senies of § fetuses ventdlated for 5 min wih 2
standardized nsufflation pressure of 35 cm H20 and 2
Vyof 90 + 28 mi/kg (X * SD)} Non venulted
fetuses were used as controls (Table 1)

For transmussion electron microscopy (TEM) speat
mens representing marginal parts of the lungs were

dded 1 Vestopal 2 In acetone

Semithin and ultrathin sections were cut with an LhB
Ultrotome 111 (LKB produkier AB Bromma Sweden!
Areas contaming terminal or respiratory bronchioley
were first identified by ltght mucroscopic examunation o
1 p thick sections stained with tolurdin blue Ulira thin
sections from these areas were then stained with uramy}
acetate and lead citrate and examined with a Jeol 1005
electron Microscope

Specimens for scanning electron mMicr
were also cut from the marginal portions of the lung
Areas where the cut surface exposed the mucosd of
longitudinally orented terminal and pretermmal con
ducttng airways were identified wuh 2 conventiona!
dissection micrascope The Specimens were dehydrated
with ethanol and Freon 113 followed b:
drymg They were coated with gold (100 A) and
examined with a Cambrdge S4 scanning electron
microscope  with particular reference to the surface
structure of the bronchiolar epithelium

As m the light microscopic study the evalua
the specimens was made without knowledge of the

oscopy (SEM!

tion of

he lungs were fixed by perfusion of the y
::]t)er}: with gI per cent gluuraldehydc and 35 prcgsccm
formaldehyde in phosphate buffer atapressureo 6 cm
H,0 Durning the perfuston procedure (15 min) ldz(.;ur
expansion of the lungs was mantained by an endotra

360

Stanstical Evaluation
The Wilcoxon two sample 1est
1n our statisucal calculations

wo taifed) was used

y cnitical pomt \

1

!
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Fig 2 Utirastructure of bronchiolar epithehum m non venulated control fetuses showing smmature glycogen rich
Clara cells bulging imto the lumen There 15 no evidence of eputhelial necrosts

A TEM x4 800
8 SEM x 4600

The exact of the epithe

defi

batlesions cannot be deduced from the present data
but our mosphotogical observations are concordant
With (he concept that these lesions reflect shear
Stress in the atrway mucosa secondary to overdss
tension of preterminal conducting airways 1 the

lung (Hawker et af 1967
Roberison 1976 Nilsson et al 1980 b) It 1s of
particular interest that simplar eprthelial lesions
develop in premature infants during the early course
of IRDS Gands et af (1970) nioted such lesions n
mfaots dyng as early as 15 mn after birih and
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Fig 1 Light microscopic appearance of hranchiolar
epitheliat lestons 1nduced by positive pressure ventila
tion Hematoxylin and eosin X 260

A Early lesions with pyknosts of individual epithelial
cells This fetus was ventilated for 1 min

More advanced fesions with pyknosis and desquama
tion of epithelral cells This fetus was venulated for 5

w

mia
Prominent epithelial necrosis with hyahne membrane

formation (arrows) 1 a small bronchiole after 30
mim of artificial ventilation

[}

Etectron Microscopie Findings (TEM and SEM)
1n fetuses klled m utero the bronchioles wen;
lined by a regular epithelinm, without evidence o

362

necrosis or desquamation The epithelium
dominated by non-ciliated celis containing

amounts of cytoplasmic glycogen We 1nterp
these cefls as immature Clara cells, as their su
bulged 1nto the bronchiolar lumen 1n a cobbles
[tke pattern This pattern was a promment fir
n both SEM and TEM specimens Cyliated
were comparatively scarce in the bronch
mucosa (Fig 2)

Epithehial lestons were absent i all |
ventilated fetuses but present i ail those subje
to artificial ventilation

In general, the ultrastructural appearance of t
lesions corresponded well with the ight mucrosc
findings described above As shown in Fig 3A
SA, the lesions were characterized by pyknoss
wdnidual cells, or small groups of cells with
without desquamation Some of the desquam:
cells were flattened, elongated, and situated on
surface of apparently intact cuboidal epithelal ¢
(Fig  3B)These compressed necrotic cells W
difficult to sdentify with certainty in SEM sp
mens, as flattening of the epsthelium 15 a norr
feature 1n aerated bronchioles (Fig 4) O
necrotic cells, scattered Like grains over the muco
surface, were easily recognized by SEM (Fig 5t

In addition to the bronchiolar lesions, fo
necrosis and desquamation of the alveolar epitt
lum was occasionally observed 1n some fetus
{Fig 6)

DISCUSSION

Our results show that bronchiolar epithelial lesior
develop 1n premature newborn rabbits after only
few minutes of positive pressure venttlaton Thes
findings are 1n agreement with earlier observation
on premature newborn rhesus monkeys (Mcddam
et al 1973) or lambs (Stakiman et al 1964 0
those series however, the methods for artificta
ventifation were less standardized than m th
present study
Judged by our morphometric findings the

number of affected bronchioles does not mcreast
after the first 10 munutes, although the character of
the 1ndivadual lesion does change Moreover, values
for 1p represenung the 30 min mterval 1 the
present study are in the same range as those
obtained 1n previous experiments where the fe(uses
were venufated under simifar condtions for oné
hour (Milsson et al 1978) A standardized ventla
tion pertod of 10 muin has therefore been used it
other experimental series in which we analyse the
extent to which the development of epitheliaf lesions -
depends on variations in Vr and posttve end
expiratory pressure (Nidsson et al 1980 a, b}
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Mechan ¢s during the course of the experiments.
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chiolar and alveolar hyalne membranes develop 1
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Lsing an ndizect labelled immunoperoxidase technique the influence of fixauon ttme on the antigeucity
of nracellular \mmunoglobulin 1 lymphosd tssue fixed 1n buffered formalin has been investigated
Whn a firation period of 96 hours a decrease of 15% of staimable immunoglobulin contamng cells
¥ found for cvery 24 hours the fixauon ume was prolonged By comparing sections from ussue
Txed 1n buffered formalin and selected fitatives (Lilics AAF Boums flud Clarkes flud and 96%
“hanol 1% acetc acd (E-A) processed at 4°C and at 25°C) an imncreased number of stained
"mmunoglobutin containing cells was found 1 tissue fixed 1n Lillies AAF Bowns fluid Clarkes flud
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Usste fixed i Lillies AAF and Bowns fluid In contrast trypsin treatment of secuons from tissue
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MATERIAL AND METHODS

Tissues

Lymph nodes removed during cholecystectomia
colectomia and hysterectomia were used

Immediately following the removal the nodes were
divided 1n two parts One part {the reference specimen)
was always fixed for 4 hours 1in 10% phosphate buffered
formahn at room temperature The other part (the test
specimen) was treated according to one of the following
procedures

A Fuation i 10% buffered formalin at room
temperature for 4 8 12 18 24 48 72 and 96 hours

B Fixatton for | 4 8 24 hours at room temperature
in the following fixauves Lilltes AAF (10 m1 30%
neutral formaldehyde solution § mi glacial aceuc acid
85 ml 99% ethanol) Bown's flud (75 ml | 2% pienc
acid aqueous solution 25 ml neutral 30% formalde
hyde solutton 5 m| glactal acetic acid) and Clarke s fluid
(80 m1 99% ethanol 20 ml glacial acetic acid)

C Faxation for 24 hours at 4 °C 1n 96% ethanol 1%
glacial acetic acid (E-A)

Followtng the fixation tissues treated according, to A
and B were dehydrated 1n ethanol and xylene at room
temperature and embedded 1n Paraplast® at 5860 °C
Tissues fixed according to C were either processed as A
and B or dehydrated at 4 °C untii the last change of
xylene after which the temperature was increased to
25 °C and the materral was then embedded as described
above (19) In cases where the ussue could not be

bedded fol ng the d ussue was preser
ved 1n 70% ethanol for 2 maximum of 18 hours unuf
further dehydration

5 pm sefial sections were cut

Trypsimzation
In order to examine the effect of pretreatment of the

sections with trypsin on the number of siained
immunoglobulin cantataing cells dewaxed sections from
Ik sodes Sxed for 24 hours 1o the ahove menuoned
fixatives were incubated for 5 20 min with 0 1%
trypsin (Stgma type 1) 01% calaum chenide n
disufled water adjusted to pH 7 8 with 0 | M NaOH

(14)

Anusera
Following antisera and lots were used anti Jambda

(18B) antr kappa (18 C) anti a (18 B} anty y (28 Cand
ant; p(88 C 18 A){DAKG Denmark) and anti 5 (1102
C 1102 L 1104 B} and anue {1203 E 1203 D)

(Behringewerke Hoechst Denmark}
The specificty of the anuisera was venfied by

For control stainings the tmmunoglobulin fraction of
serum from unimmunized rabbuts (lot 38 B) {DAKQ)
was used m difution [/80 (corresponding to 1he
maximum protein concentration of the used antisera)

All antisera were diluted 1n phosphate buffered saline
(PBS) pH 72

Stavneng Procedure

Each set of lymph nodes was stained for lambda
kappa « y p & and ¢ chams

Indirect peroxidase labelled antibody techmque (5)
was used

As control stamings the specific antisera wer
replaced by 1) immunoglobulin fraction of serum of
unimmunized rabbits 2) PBS In addwon the staining of
different cell populations by usmg different antisera
served as an inherent control

In each staming sertes sertal sections from both pars
of each lymph node were stained for all the tmmunogly
bulins menttoned

Counting Method
The number of stamed cells was determuned by
caunting alf celfs with positive intracytoplasmic staining

reacuon in every second counting unit defined by the
- Afla 210 < 10 mm 100

cular Not less

umber of cells
per umi was cakeolated In order to evaluate the
reproducibility of the counting method used the same
section was counted five umes and the varauon
coefficrent was calculated to 2% the variation from one
sersal section to another was less than 4% and the
variation from one part of the lymph node to the other
part 1dentically processed was less than 4%

Esaluation
Evaluatton of the influence of the fixaton time on the

mumber of stauned cells was made by expressng the
results as a percentage between the number of cells the
test section and 1n the reference section

The of
fixation time and number of stained cells was made by
means of correlation and regression tests When
comparing regression equations the F test of vanance
was used The Limit for type 1 error was set at 005

Evalvation of the effect of the different fixatives on the
pumber of stamed cells compared to the effect of
buffered formaltn was performed by covnting the
number of cells In the sections related to increasmng

difution of the primary antisera The number of cells was
Juated ding to the followmg

values of

performance testing on formaln fined paralfin dd
matersal from muluple myeloma of known monoclonal

protem type

Working dilutions were found by utration Anu

a; swere used 10 diutions 1/100-
[;Rg;?%ggda?\:"ak yp:):d p in difutions 1/40-1/20480
anty & and ¢ 1n diutions 1/5-1/2560 R

Peroxidase
Inlot 28 A 3¢ -
dilution 1/20

370

y
sconng system O + #+ +++and +it+ {+
indicating up to 20 cells per unit ++up to 40 cells per
umit +++up to 60 cells per unit and ++++ more than
60 cells per unit)

A comparative evaluation of the different fixatives 2t
constant fixation ttme and the effect of pretreatment with
trypsin was made by comparing the dilutions which gave
the same number of stained cells mn the reference section
and test section
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MATERIAL AND METHODS

Tissues

Lymph nodes removed dunng cholecystectomya,
colectornia and hysterectomia were used

fmmedately following the removal, the nodes Were
divided 1n two parts One part (the reference specimen)
was afways fixed for 4 hours 1 10% phosphate buffered
formalin at room temperature The other part (the test
specimen) was treated according to one of the follow Ing
procedures

A Fixaton n 10% buffered formatin at soqm
temperature for 4, 8, 12, 18, 24, 48 72 and 96 hours

B Fuixatton for 1, 4, 8, 24 hours at room temperature
n the following fixatives Lilie’s AAF (10 mt 30%
neutral formaldehyde solution, $ ml glacral acetie acid
85 ml 99% ethanol), Bowns Nwd {75 mt 1 2% picne
acid aqueous solution, 25 ml neutral 30% formalde-
hyde solution, 5 ml glacial acetic acid) and Clarke's flud
(80 ml 99% ecthanol, 20 mi glacial acettc acid)

C Fixation for 24 hours at 4 °C 1n 96% ethano, 1%
glacial acetie acid (E~A)

Following the fixation tissues treated according 10 A
and B were dehydrated 1n ethanol and xylene at room
temperature and embedded 1n Paraplast® at 58-60 °C
Tissues fixed according to C, were either processed as A
and B or dehydrated at 4 °C unti the last change of
xylene, after which the temperature was mncreased to
25 °C and the material was then embedded as described
above (19) In cases where the tissue covld not be
embedded following the dehydration tssue was preser.
ved 10 70% ethanol for a maumum of 18 hours umn
further dehydration

$ pm senial sechions were cut

Tr psinization

In order to examnc the effect of pretreatment of the
sections wuth urypsin on the number of stained
immunoglobulin contatning cells dewaxed sections from
Ilymph nodes fixed for 24 hours tn the above mentioned
fixatives were incubated for 5-20 muin with 0 1%
trypsin (Sigma, type 1) 0 1% cajcium chonde m
distlled water, adjusted to pti 78 with 6 1 M NaOH

{8)]

Antisera
Following antiscra and lots were used anu jambda

{181) anti-kappa (18 C)ant a (18 B} anu y (28 Chand
antp (88 C, 18 AY{DAKRO Denmark)and antt § (1102
C, 1102 L. 1104 B) and ant-c 0203 E 1203 Oy
(Behrmgewerke, Hoechst, Denmark)

The specifiaty of the anuisera was venified by

For contro? stanings the smmunoglobulin fraction of
serum from ummmumized rabbus (ot 33 B) (DAK
was used m dijution (/80 (corresponding to
maximum protein concentration of the used antisesa

Alt antisera were difuted 1n phosphate buffered sa'
®BS)pH 72

Stayring Procedure

Each set of lymph nodes was stamed for lambé
kappa-, a-, y-, p-. d and c<chans

Indirect peroxidase labelled antbody technique
was used

As control stainings the speafic antisera wi
teplaced by 1) immunoglobulin fraction of serum
ummmumized rabbits, 2) PBS In addition the stainng
different cell populations by usimg different antise
served 2s an inherent control

In each staimng series, senal sections from both pai
of each lymph node were stained for all the immunogl
‘bulins menyoned

Counting Mcthod

The number of staned celis was deternuned t
counting all cells wath postiye intracytoplasme St
yeaction 10 every second counting uni, defined by tt
outer frame of an ocular grd (Leitz 10 x 10 mm 1(
squafes} with 2§ % objectne and 10 X ocular Not les
then 25 uons were counted (3) and the number of cel
per unit was calculated In order to evaluaw th
reproducibility of the counting method used the sam
secuon was counted five times and the vanatiol
coeflicient was calculated to 2%, the vanation from on
serial section to another was less than 4% and th
variation from one part of the lymph node to the othe
part identically processed was Jess than 4%

Evaluanon

Evaluation of the influence of the fixation time on the
number of stamed cells was made by expressing the
results as a percentage betw cen the number of cells in the
test section and 1n the Feference secuion

The statistcal evaluation of corresponding values of
fixation tme and pumber of stamed cells was made by
means of correlation and regression (ests When
Lomparing regression equations the ¥ test of varance
was used The ltaut for type | error was set at 0 03

Evaluaton of the effect of the different fivatives on the
number of staned cells compared to the effect of
buffered formalin was performed by counung the
number of cells in the sections related to tncreasing

dilution of the primary antisera The number of cells was
I 1 10 the fotlowng

performance tesung on formalin fixed paraflin embedd
matersal from multiple myefoma of known monaclonal
type
pm\‘\c":rk{:g dilutions were found by traton AS(;L
Jambda and anti-kappa were used n dilutions l/ol yor
17102400, anu-a, y and p m difutions 1/40-1/204
~ % and ¢ 1n dilutions 1/5~1/2560

cantat

sconng system O + 4+ +++ and rEi+ (+
tndicating up 10 20 cells per unit ++ up to 40 cetls per
unit +++ up to 60 cells per uart and ++++ more than
60 cells per umit)

£ ta d acane Tyannes 3t

the same number of statned cells 1 (€ refereiee secun
and test section



w5, T

N @; <
b
o o,
> 3

o g, 5

o
N

Fg 4 o-b 2) Immunoperoxidase staming for 12G of a lymph node fixed I buffered forma{lmgf;rq 3:" ::;:;
{Coumerstained with hematoxyhn x 800) b) Adjorrung section stained asa with trypstaization of

&g (Counterstaned with hematoxyln x 800}

The Effct of Trypsinmation

Trypsin reatment of sections from tissue fixed 1n
Clarkes flud and E-A completely destroyed tissue
orphology Trypsinization of sections fixed

Bouns fiyd and Lilkes AAF had no essential
Infloence on tissue logy or b

Thus comparing results obtamned by immunohis
tochemical stainng for immunoglobulin m forma
Iin fixed material knowledge of the fixation time
used 15 essential

The effect of different fixatives on the antigenicity

$1aning Tn contrast trypsiruzation of sections from
formalin fised matersal showed a pronounced effect
o0 the immunoglobulin staming  Tissue mor
Pielogy did not ehange but the number of stained
cells wag considerably increased and the stammg
TN 0 trypsin treated sections was more
Uaform ang finely granular (Fig 4 b) Dufferent
"Mmunoglobulin classes showed the same reaction
fattern

Following trypsin treatment of formalin fixed
U 1mmunoglobulim on the surface of the small
PROCYIES was 1o some extent demonstrable and

e Staning of the connective wssue fibers was
Shebly more pronouncea

DISCUSSION

Lnul now only few papers have systematically dealt
Mtk the influence of fixation tme on the preserva

von of anvgenucrty K rachenunt (15) sing ghuta

Pldehye and formaldehyde described a loss of
ntigenicnty of vanous antigens wncluding IgA of up
40% during the first 24 hours of the fixation
Perod Using formatin as fixave we have likewise
Tor all tasses of immunoglobutins demonstrated a
b deree of correlation betwoen decrease of
Stauned cells and fixation tme

of has until recently
onty been investigated to 2 limited extent Table |
presents a survey of results published within the
tatest five years including our own results

Qur results are 11 general in accordance with the
previously published results In addition to Bouins
flnd we found that Lilies AAF gave good
preservauon of antigenicity of immunoglobuling
sharp demarcation of the stasning reaction as welt as
satisfactory preservation of ussue morphology
Clarke s fluid likewise gave good antigen preserva
uon but ussue morphology was less satsfactory
Using fixation in E~A at 4 5C and cold processing
of the tissue 1n accordance with Sainte Marie 19)
resulted 1n moderate to good antigen preservation
while routime processing Bave a less satssfactory
Tesult In both cases however ussue morphology
was bad and background staiming ntense

The employment of digestion with proteolytic

CNZymes on sections from formalm fized and

paraflin embedded matenal was introduced by

Hunno (10 ta ar ne
1 1l
nique

The treatment has been described o resuft 1p
utmasking of Immunoreactive sites With increased
number of stained cefls demonstration of surface

asby tech



RESULTS

The influence of the fixation time on the number of
staned cells m formalin fixed material 1s shown i
Fig 1aandb The number of stained cells in tissue
fixed 1n formalin for varying time period (T) 1s
related to the number of stained cells in tissue fixed
m formalin for 4 hours (R} The number of cells
stained for & and ¢ chains was to small to be taken
ito account As the regression equations for the
two light chains (kappa lambda) and the three
heavy chains (a y p) respectively showed no
statistical differences the results for the hight chains
and for the heavy chatns were pooled

1t 1s seen that within the fixation time examined
there was a decrease of statned cells of 10-20% for
every 24 hours the fixation time was prolonged

The influence of selected fixatives compared to
the influence of formalin on the number of stamned
cells 1s shown i Fig 2 a—d Al the lymph nodes
have been fixed for 4 hours (E-A for 24 hours at
4 °C)and the number of stained cells 1s correlated to
increastng dilution of the primary antisera

It 1s seen that tissue fixed 1n Lillies AAF Bouins
fd Clarkes Dud and E~A followed by cold
processing at all dilutions contained more stained
cells than tissue fixed in buffered formalin In
contrast no substantial difference wn the number of
stained cells was found i tssue fited mn E-A
followed by routme processing compared to tissue
fixed in buffered formalin The different tmmuno

e
fr
1L & ‘y_

H
e 2o 8

Fig 3 Immu
(Counterstained with he:

noperoxidase Staining for kappa
matoxylin x 800)

n

N
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globulin classes showed the same pattern of rege
uon

In addition to quantutative differences differeng
1n regard to tissue morphology and quality of y.
immunoperoxidase  staimng  were  foup
{summarized in Table 1) The morphology of ty
tissue was good when using Lillies AAF Bouny
fluid and buffered formalin while fixation 1n E~,
and Clarkes flwd lead to a rather pronounce
shrinkage of the cells increasing with prolonge
fixation time

The intracytoplasmic stamning was homogeneoyc
granular with well defined cell borders when usiy
Lillies AAF Bouns flud Clarkes flud and E-a
(Fig 3} In buffered formalin a rough granuly
staiming with heterogeneous distribution and
defined cell borders was found and this was mor
pronounced when longer fixation time was used
{Fig 4a)

Statning of the extracellular immunoglobulin anc
surface immunoglobulin on small lymphocytes %
to some extent demonstrable when the tissue Was
fixed in Lillic s AAF Clarke s flurd or E-A butng
mn tissue fixed m Boums flud and bulferse
formahn

Stamng of the connective tissue fibers an¢
background for especially IgG was most pronout
ced m formalin Clarke s fluid and E-A fixed tissue
whereas Boun s flud and Lillies AAF fived tissu
showed a Wweaker connective tissue and background

staiming
s €|
6. joy
o
' -
14
~
3,»’ ,.

| N

v

”
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L

.

B
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chams of a lymph node fixed i Lillies AF for four hours
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Fe 4 ob 2) Immunoperoxidase stamung for 13G of a lymph node fived in buffered :ormz’lzef:cra |Z:n ::;.:e
(Countersta ned w th hematoxylin x $00) b) Adjorming section sta ned as 2. With trypsinization o

sanog (Countersta ned with hematoxyhin x $00)

The Effect of Tryps n aton

DS treatment of sections from tissue fixed 1
Qarkes flurd and E-A completely destroyed tissue
Rophclogy Trypsimuzation of sections fixed m

Bouns flud and Lillies AAF had no essential
Bfluence on pissue h or

Thus comparing results obtarned by immunohis
tochermical stainmg for immunoglobulin 1n forma
hin fixed material knowledge of the fixation time
used 15 essential
The effect of different fixatives on the antigemiaty

Stamng T contrast trypstawzation of sections from
formal p, fived material showed a pronounced effect
o the immunoglobulin staining  Tissue mor
Fhology ¢ 4 not change but the nurmber of statned
alls nas considerably increased and the statmng
Ttatuon 1 trypsin treated sections was mofe
“tlorm and finely granular (Fig 45) Different
"mlinoglobulin classes showed the same reacton
Rltery

Folloning trypsin treatment of formatin fixed

¢ immunoglobulin on the surface of the small

D 0hocytes was to some extent demonstrable and

B Samog of the connective ussue fhers was
sLghtly more pronounced

DISCUSSION

Lot now onty few papers have systemacally dealt
*h e influence of fixatton time on the preserva

on of ang gemcity Kraehenbuhi (15) using gluta

Tadehyde and formaldehyde described 2 loss of
Mgenicity of various antigens including 1gA of up
1 40% during the first 24 hours of the fixaton
Pnod Using formalim as fixative we have hkewise
for af ctasses of immunoglobulins demonstrated a
Beh degree of correlation beween decrease of
Sined cells and fixation tme

of has untl recently
only been investigated to a himited extent Table |
presents a survey of results published within the
latest five years including our own resulis

Our results are in general in accordance with the
previously published results In addition to Boumn s
fud we found that Lillies AAF gave good
preservation of antgemcity of immunoglobulins
sharp demarcation of the staning reaction as well as
satisfactory  preservation of tissue morphology
Clarke s fuid Iikewsse gave good antigen preserva
tion but ussue morphology was less satisfactory
Ustng fixation in E-A at 4 °C and cold processing
of the ussue 1 accordance with Sainte Mare (19)
resulted 1n moderate to good antigen preservation
while routine processing gave a less satisfactory
result In both cases however tissue morphology
was bad and background staning intense

The employment of digeston with proteolytc
efzymes on sections from formaltn fived and
paraflin embedded material was introduced by
Huang (13) later on trypsin (7 8 14) pronase (11)
and pepsin {18) have been used 1n the demonstration
of immunoglobuhin 1 paraffin sections as we]] by

asby tech

nique
The treatment has been described o result 1n
snmasking of immunoreacty:

Ve sites with Increased
number of staned cells demonstration of surface



TABLE | Survey of the Results Obtawned by Immunolustochemical Starning for Immunoglobulin in Tissue Fixed
n Varwous Fixatnes

Preservation  Definttion

Reference Frxative :xau?g) Hours of of stmng Background Tissue
mp antigenicity  reaction staining morpholo
Burnsetal Abs ethanol 4° 24 +4+ ++ stron, ++
(1974 Formol saline 10% +++ 44+ modefa(e 44
Kuhimanan Buffered formaldehyde 4 % 4° b1 +
(1976) Buffered formaldehyde 1 %
+ glutaraldehyde 1 % 40 +
Glutaraldehyde 1-1 5% §° -5 +
Ethanol 96% + aceticacid 1 % 10-15 ++
Bosmanetal  Buffered formalin 10 250 3 + it
(1977 Boun s fluid 25° 3 ++ e+ weak L
Sublimate formaldehyde 25° 3 +++ et modecate  ++{<20ho
Formalin 10%
+ glmaraldehyde 6% 25° 3 0 +
Zenker s fluid 25° 3 + + strong Rhad
Buffered methanol formahin 25° 3 + it
Periodic acid lysine
paraformaldehyde 25° 3 ++ + moderate  +++
Dorsettetal ¥ Boumn's flud 25° 6-8 4+t +++ weak it
1977
Curran et al Buffered paraformaldehyde 4%  4-20° 24 +
{1977) Buffered formaldehyde 4% 4-20° 24 +
Formot saline 10% 4-20° 24 ++
Aqueous formaldehyde 4% 4-20° 24 ot
Formaltn 10% + glutaralde
byde 05Y +caloum acetate 2% 4-20°  2-24  +(<2hours) +H strong 44
Ethanol 95% 40 24 + + strong +
Dsethylpyrocarbonate 550 3 ++4 +++ ++t
Jacobsenetal  Buffered formalin J0% 250 =96+ + moderate  +++
present results  Lillies AAF 250 1-96 +++ +++ weak +++
Bowns fluid 25° =96 +++ +++ weak +++
Clarke s flud 250 196 +++ +++ strong +
Ethanol 96% acetic acid 1 4
(routinely processed) 40 k) + + strong +
Ethanot 96% acetic acad 1 b
{processed av 4°) 40 24 et + strong +

+++good ++moderate + poor 0 extremely bad % Immunofluorescence

jobulin on small lymphocytes and sup

pressfon of background staimng to some degree
In accordance with these observations we have
found that trypsin digestion of formalin fixed
material caused increased number of demonslr?b]e
\mmunoglobulin containiag cells just as surl :;::
stayming on smal lymphocytes to some ex(;ent com
be reveated No reduction of background stawning

was observed

374

The mechamsm of the demashing effect of
trypsimization has not yet been completely clarfied

As explanations increased permeability of the
cells (7) or cleavage of cross links between fixatve
and antigenic determinants (8 14) have been
suggested The latter hypothesss 15 supported by
investigattons performed by Takamiwya et al 0
who showed that antigenic determinants could be
masked bv modificaton of amino groups with



Yoyl chloroformate and demasked by treayment

9ith protease
Qur vestlts lend support to the latter hypothesis
= a e had only

only when trypsin digestion was used for 2 hmined
@ed Trygsmnation of matenal fixed i Rxatives
without formalin caused digestion of the tissue Just
u trypsinzaon of formalin foxed matetal for
prolonged periods

[n concluston we want to stress the imporiance of
specifying the fivayon bme when companing
different results obtamed by stammng for immuno
globufim on formalin fixed matersal

In order to obtan 3 result combing high

, dmount of staned ymmunoglobulin containng cells

b acoepiable ssue morphology on paraffin
eabrdded matestal we suggest fixation 1 Bowins
fud av Ljles AAF It should however be
oreatwned thae Boumn s fixauan 1s not compatible
with the Use of Methyl Green Pyromn staining for
nucleic acids which sometimes 1s used 1 characte
nzavon of lymphod cells m fissue sections
Formalin fixation within a limited period 1s usable
2 the masking of stamable immunoglobulin
conaning cells when prolonged fixation has been
ed can to a great extent be broken by controlled
r3psitization of the section
——

We wish o thank mus Brita Arbarn for carefully
P ng the manuscript and mr Aksel Ankersierne for s
VDR Q) asstance
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TABLE | Survey of the Resulis Obtained by

hemical Starnng for Ir n Tissue Fixed

w Varous Fixatoes

>
1

Preservation Definition

.

Xeference Fixative :::au(og) Hours of of stamng Background Tissue &
P antigemiaty  reaction stanng morpholog
1
Jurns et al Abs ethanol 4° 24 44
97 ++ strong ++
1974) Formol saline 10% +++ +++ moderate  +++
suhimann Buffered formaldehyde 4% 4° 24 +
1976) Buffered formaldehyde 1 %
+ glutaraldehyde 1% 40 1-15 +
Glutaraldehyde 1-1 5% 40 1-15 +
Ethanol 96% +aceticacid 1 % 10-15 ++
Bosmanetal  Buffered formalin 10% 250 3 +
1977) Bouin s fluid 25° 3 4+ o
Sublimate f Idehyd: ° b i e
ormaldehyde 25 3 +++ +++ moderate ++<20 hour
Formakin 10%
+ glutaraldehyde 6 % 25° 3 1] +
Zenker s flud 25° 3 + + strong  +++
Buffered methano! formalin 25° 3 + +t
Periodic acid lysine
paraformaldehyde 25° 3 +4+ + moderate +++
Dorsettetal ¥ Bounss fluid 25° 6-8  +++ e+ weak +++
(1977)
Curran etal Buffered paraformaldehyde 4% 4-20° 24 +
(1977} Buffered formaldehyde 4% 4-200 24 +
Formol saltne 10% 4-20° 24 ++
Aqueous formaldehyde 4% 4-200 24 +t++
Formalin 10% + glutaralde
hyde 0 5% +calcium acetate 2% 4-20° 2-24 +{<2hours) +4+ strong R
Ethanol 95% 4° 24 + + strong +
Diethylpyrocarbonate 55° 3 +++ 44+ +++
Jacobsenetal  Buffered formalin 10% 25° 1-96 + + moderate  +++
present results Lillie s AAF 25° 1-96 +++ i+ weak +h+
Bouin s flud 25° 1-96  +++ +++ weak +++
Clarke s flud 25° 1-96  +++ +++ strong +
Ethanol 96 % awcticacid 1'%
(routinely processed) 40 24 + + strong +
Ethanol 96° acetic acid | ¥
24 +++ + strong +

{processed at 4°) 40

+++good ++ moderate +poor 0 y bad %

immunoglobulin on small lymphocyt

pression
In accordance with the

found that trypsin
' cad 1nrreaced

be revedied Nu s
was observed
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es and sup
of background staming to some degree
ese observations we have
digestion of formalin fixed
number of demonstrable
+t as surface
extent could
und staiming

The mechamism of the demaskmg effect of
letely clarified

trypsinization has not yet been compl

As explanations increased permeability of the
cells (7) or cleavage of cross links between fixative
and antigenic determinants (8 14) have been
suggested The latter hypothesis 18 supported by
investigations performed by Takampa et al 0
who showed that antigeni¢ determinants could be
mested hv madification of ammno groups with



benny! chloroformate and demasked by treatment
with protease

Our results tend support to the latter hypothesis
s we have found that trypsimzation had only
posttive o at least no negative effect on the staning
result, when using formalin contaning fixatives and
only when trypsin digestion was used for a himited
feriod Trypsinization of matenal fixed in fixatives
without formalin caused digestion of the tissue Just
& typszation of formalin fixed material for
prolonged periods

Inconclusion we want to stress the importance of
spafymg the fixation ume when comparmng
diffetent results obtatned by starmng for immuno-
¢lobul n on formalin fixed matenal

In order to obtan a result combiung high
#mount of stained immunoglobulin contairung cells
“h acceptable nissue morphology on paraffin
¢mbedded material we suggest fixation 1 Boumn's
flud or Liles AAT It should however be
mentioned that Bowtn's fixation 15 not compatible
with the use of Methyl Green Pyromin staiming for
nucle ¢ acids which sametimes 15 used 1n characte
fEuon of lymphod cells 1n Ussue sections
Formalia fixation within a Jimited period 1s usable
and the maskmg of stainable immunoglobulin
€ontamning cells when prolonged fixation has been
Used can {0 a great extent be broken by controlled
Uypsinzauon of the section

N wih 1o thank mrs Bra Arbjarn for carefully
P08 the manuscript and mr Aksel Ankersiyerne for his
techoicat assistance
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IMMUNOHISTOCHEMISTRY IN MONOCLONAL
GAMMOPATHY AND REACTIVE PLASMACYTOSIS

PREBEN JOHANSEN and MOGENS KROGH JENSEN

Depanments of Pathology Hematology and Chinical Chemustry Aalbarg Hospual and Tnsutate of
Pathology Umversity of Odense

Jobansta P & Krogh Jensen M Enzymecy
mmopathy and reacuve plasmacytosis Acta

Y and y
path microbiol scand Sect A 88 377-382 1980

Peripherat blood smears and bone marrow smears from 29 patients with mahignant M components {25
wi myltiple myeloma and 4 with mahgnant lymphoma) 13 patients with bemign monocional
emmopathy (BAG) and 20 pauents with polyclonal reactive plasmacytosis were examined by
lumcyie alkaline phosphatase score {LAP-score) and by 2cid phosphatase score in plasma cells {rom
bone marrow smears Furthermore lssue sections fiom marrow biopsies from all pauents were
#amined by the three layer unlabetled immunoperoxidase technique to detect cytoplasmic immunoglo
tulin The LAP score was stgmficantly higher mn paltents with malignant M-components than in
Paents with BMG and also higher i IgA and 1gG myeloma than in IgA and IgG BMG but the fatter
dfference was not significant Furthermore a sigmificant positive cofrelauon between paraprotem
concentration and LAP score was found m muluple myeloma Acid phosphatase score n plasma cells
Showed no clear distinction between muluple mveloma and BMG Immunotustochemical examination
showed a distinct monoclonal pattern 1n both muluple myeloma and BMG allowing idenufication of
the Mcomponent which in all cases corresponded to the M-component detected by serum examination
Cells producing 1mmunogtobulin classes not matching the M-component were more rare in multiple
Tytloma than 1n BMG but the difference between the two conditions was quantitative and aflowed no
dear disunction
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Perpheral blood smears and bone marrow smears from 29 pa)ue;‘;‘ ;:h"lrh‘gv:\;mbzlﬂmm::en:so(g
i moluple myeloma and 4 with malignant lymphoma. 1ef
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bote marrow smears Furthermore tssue sections (rom marrow biopstes from all paten ‘
tumned by (he three layer unizbelled immunoperoxidass technigue (o detent cytoplasmuc nmmuhn;)g or»,
bulin The LAP score was sigaificantly higher n pauents wih malignant M-components u: n 1
Palents with BMG and also higher 1n IgA and 1¢G myeloma than in IgA and 13G BMG but the latter
dfference was not sigmficant Furthermore a sigmificant positve correlanon between pzrapmu;n
cancentiauon and LAP score was found i muluple myefoma Anid phosphaiase scose 1n plasma eells

sbowed no clear distinction between muluple myeloma and BMG Immunohistochemical examination
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reactive polyclonal plasmacytosis show a high mean
LAP score with 2 considerable vanauon i indist
dual scores The mean LAP score in patients with
malignant M<ompanents 1s [46 with a range from
7 to 308 white the mean score 1n patients with
BMG 1s 87 with a range from 15 to 244 this
dufference being sigmificant (P<001) The LAP
score 1n patients with muluple myeloma of IgA and
12G type 1s higher than the LAP-score tn patients
with BMG of the same types but the difference s
not sigmificant In the BMG group pauents with
serum M.components of Ig\ type tended to have
fower LAP scores than pauents sith M-compo-
nents of 1gA and 1gG type Of the four patients with
a malignant M-component of IgM 1ype all had
malignant lymphomas the score was elevated
o and 1 two within the range of the heatthy
controls Fig 2 wlustrates the correlation between
serum paraprotein concentration and LAP-score
patients with muluple myeloma and shows a
positive correlation (r=058) between the two

Fg 1 LAPscore levels 1m mahgnamt and benign
mononal gammopathy and reactne

this being
(P<00}) In pauents with BMG of IgA and 1:G
type LAP-scores also increased with increasing

The follow ing srgnatures are used to dennify indvidual
mmsnoglobulin classes AlgA OfgG OlgM x hight
han dsease The hatched area on the interval scale
feresems the fange of LAP scores in the healthy

controls.
RESULTS

Fig 1 dlustrates the LAP-score levels The range of
Pscores from the healthy controls 1s shown by
thehaiched area on the mterval scale Patients with

P score
300

200

30
Fy
12

40

Paraprote n concentrat an

while patients with
BMG of 1g\M type showed no correlation betw een
LAP score and paraprotemn concentration All pa
tients with monoclonal gammopathy had normal
feucocyte counts at the ume of the LAP-score
determination Three patients with muluple mye
loma received therapy at the time of blood and bone
marrow examination the LAP-score levels in these
cases were all within the range of LAP scores from
the controls

The acid phosphatase scores are illustrated

/|
N

‘8 2 Corretalion between LAP.
<oon scofe And paraprotein concentration 1n Patients with mutupte myeloma (¢ - 058
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actvity mn neutrophuls 1s also reported to be elevated
n patients with multiple myeloma (3 12) but
mformation 15 lacking concerning the level of this
enzyme 1n patients with BMG

I tochemical 1ons with special
reference 1o the percentage of cells producing the
immunoglobulin matching the serum M compo
nent have not revealed a clear distinction between
patients with a malignant discase of plasmacytic or
lymphocytic ongmn and BMG (6 15)

The purpose of this study was to test the
difference 1 cytoplasmic acid phosphatase actwity
between plasma cells of multiple myeloma and
BMG and to sce 1f the level of leucocyte alkaline
phosphatase actvity (LAP score) allowed a distine
tion between multiple myeloma and BMG Further
more bone marrow biopsies were examined by
immunoperoxidase technique fo evaluate the distr
bution of mmunoglobulin producing cells by an
mmunolustochemical method tn these conditions

MATERIAL AND METHODS

The material consists of 62 consecutive pauents from
whom peripheral blood smears bone marrow smears
and bone marrow biopsies were examuned dunng a 12
months period (February 1 1978 1o January 3] 1979)
The critena for entering the study were 1) presence of an
M component 1 serum and/or vrnne and 2) bone
marrow smears With an increased number of plasma
cells (more than 3%¥ of nucleated marrow clls) The

4 34 athesapra ne 1) mal gnant M

st5 (20) Muluple myeloma was diagnosed when at least
two of the following three criterta were present 1) M

campanent ta scrum and/or urnac 2) osteslytic skeletal
lesions and 3) bone marrow smcars with more than
15% plasma cells and/or tssue sections from marrow
biopstes showing large solid plasma cell infiltrates The
dagnosis of malignant lymphoma wis based on
histologic exanunation of lymphatic tissue {lymph nodes
and spleen) Cases with serum M components of 1 A and
IgG type not fulfilling the critena for multplke myeloma
and cases with IgM serum M compcaunts without
entarged lymphoid organs were classified as BMO

patients in (s group have been followed for at least one
year without significant increase in the serum M

component Reactive plasmacytosis was diagnosed 1n

patients without a serum M component but with more
tha © eearens cmears

n
ne phosphatase accarding w L
{;); a01:21‘I‘\ungredpconsccunve neutrophils were counted
and the mtensity of enzyme actvity was graded from O to
++++ Stmultaneously with each blood smear from a
patient a smear from a healthy control was staned a::
scored Bone marrow Smears were air dried and stain

378

for acid phosphatase (8) In patients with multt
myeloma BMG with IgA and 1gG M components a
reactive plasmacytosts the 1ntensity of acid phosphat:
activity n individual plasma cells was graded by
semiquantitalive scoring system from 0 to ++++ T
weakest reaction consisted of a diffuse rose cytoplase
tnt with increasing activity a granular reaction occt
red the strongest reaction consisted of conflue
granular posivity In each smear the cytoplasm
actvity of acid phosphatase was registered 1
consecutive plasma cells and the result 1s referred to
the acid phosphatase score Scoring was not performed
cases with less than 100 plasma cells 1n the bone marro
smear
Tissue sections from formahn fived paraffin embec
ded bane marrow biopstes (marrow clots or thag cret
biopsies) were examined by the three layer unlabelle
mmunoperoxidase (PAP) method described 1n deta:
elsewhere (5) The method consists of the followin
steps 1) sections are deparaflinzed and brought &
absolute alcohol 2) endogenous perowidase activity
blocked with H207 1n methanol sofution 3) sections ar¢
incubated for 30 min with rabbit anthuman immuno
globulin antisera W orking dilunons of anusera in this
step were found by titration In the demonstration of
heavy chamns concentratons from 1/81 to 1/1001 were
used for the demonstration of hight chans dilutions
from 1/81 10 1/2001 were used 4)incubauon with
swine antrabbit 1mmunoglobulin 1 diution 1/41
5)incubation with rabbit peroxidase antiperoxidase
{PAP) complex 1n dilution 1/101 6) perotidase activity
1s  developed by ncubaton with  005%
3 3 draminobenzidintetrahydrochlonde  (Sigma)  and
001% H3021 0 1 M phosphat buffered satine pH 76
Insteps 3 4 and § antisera contained 20% normal
swine serum  Antisera were diuted 1n phosphaté
buffered saline pH 7 2 All sections were examined with
antisera against human alpha gamma my heavy chamn¢
fambda and kappa Lght chas Cases of multiple
myeloma without alpha or gamma heavy chans weré
also exanuned for the presence of delta and epstlon heavy
chains Antisera against human delta and epsiton heavy
chatns were purchased from Behringwerke Hoechst
Denmark  all other antisera were purchased from
DAKRO Denmark In all cases control secttons were
made by 1) with the tin frac
ton of serum from ummmunized rabbits tnstead of
specific rabbit antiserum  2) incubation with PBS instead
of specific rabbit antiserum Furthermore the varying
number of cells stained with each antibody acted a5
1nherent controls All secttons were counterstained with
haematoxyln and mounted 1 Pertex® (Histofab
Bethlehem Trading Ltd )
In each patient the leucocyte count at the time of LAP
score determinagion was recorded
of the M "
serum was based on tmmunoclectrophoresis and the
serum concentration of all M components was measured
)
Stanistic analysis of differences i score levels was
made by the Mann Whitney test




Fg 4 Immunoperotidase staining of marrow biopsy
fiom 3 case of BMG wuh 2 serum IgA kappa M
omponent show:ng scattered postuve cells (arrows) and
& focal il lirate (upper right) 3 layer unlabelted 1mmu

noperoxidase techmque for IgA haematoxyln counter
sainng x 512

Flg 5 Same case a5 Fig 4 stamned for 3G showng
sattered posive calls (arrows) 3 layer wnlabelied
Immunoperosidase techmaue for 156G haematoryhn
counterstanung x 512

Fig 6 Immunoperoudase stining of marrow hiopsy
for 1gG from a case of 13G kappa myeloma showng
heavy infiltration with onty small uninvolved areas.

3 tayer unlahelled immunoperovidase techmque for 1gG
haematoxyhin counterstaiming x 512

for this elevated LAP-score 1s unknown Intercur
rent infectious diseases known 1o cause an elevated
LAP score scem unbkely as we find normal
feucocyte counts 1n all patients with M-components
corresponding to the findings of Brook and Dreis

bach (3) In ths study we find a significant postuve
correlation between serum paraprotemn concentra
uon and LAPscore In patients with muluple
myeloma supporung the observation by Jberla et
al (16) who found a positive correlation between
LAP score and serum gamma globulin concentra

tion The reason for this correlation 1s not known
but the finding 1s of practical importance as the
determination of LAP scores 1n patients with M

components seems to give no further 1nformation
than can be achieved by determination of serum
paraprotein concentratton However 1t stll needs to
be known whether an elevated LAP-score precedes
@ Tise in paraproten concentration Therefore a
patient with an M-component and a fugh LAP score
but without sufficient evidence of muluple myeloma
should be followed closely

Immunocytochemical exammaton of bone mar

FOW smears 1 monaclonal gammopathy using
immunofluorescence technique has demonstrated a
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Fig 3 Acid ghosphatase score m mutuple myeloma
benign monoufonal gammopathy with IgA and 1gG M-

components, and reactive plasmacytosis

Hultiple mysloma

Fig 3 The tughest mean score 1s found 1n patients
with multiple myeloma but a considerable overlap-
puag batween the three groups evists and the
differences 1n acd phosphatase score are msignufi-
cant The acid phosphatase score did not correlate 1o
serury paraprotent concentration

Immunotustochenustry

In reactive p tosis the
statned bone-marrow sections wnvarably showed a
palyclonal pattern with the presence of an equal
number of IgA and IgG producing cells and rare
1gM producing cells In the presence of a seram M-
component, whether muluple myeloma or BMG,
the immunoperoxidase-stamed marrow sections dis-
closed a plasma cell population, where approxima-
tely 80% or more of the celis produced the same
immunoglobulim class or the same hght chamn which
always corresponded to the serum and/or wrne M-
component In cases of BMG with an IgM serum
M component immunoperoxidase stmng showed
a population of lymphoplasmacytord celts posive
for IgM These cells occurred singly and mn small
groups In multiple myeloma, plasma cells produ-
cing smmunoglobulin not matcting the serom M
component were rare wiile tn BMG such cells were
mofe numetous up to approumaidly 20% (Fig 4
and 5) However, marrow sections from cases of
BMG sometimes copained very fow cells not
matchung the serum M-component 1o multple
myeloma plasma cell nfiltrates tended to be more

extensive (Fig 6) but owang 1o he relative small

A
oxIdase-
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samples of marrow-tssue plasma cell mnfiltran
cases of multiple myeloma could be discrete
these reasons the diflerences between mul
myefoma and BMG were only quantitative
allowed no clear distinction In three of the |
cases of mal, ly the b Iy}
was infiftrated, and the cytoplasm of the Lymp
plasmacytoid cells contained monoclonal smmu
globuhn hing the serum M-co In
of the three cases, marrow myolhement 1

[ but the manoclonal eytop mmu
globulin faciitated the recogmuon of marrow
tration from malignant lymphoma

DISCUSSION

Enzymecytochemical studres of normal and react
plasma cells and plasma cells in multiple myeton
have revealed an ncreased activity of acid phosph
tase 10 the latter condition (19, 11} Ths éafferery
1s of little value n chinical practise, as apart fro:
rare cases of nonsecretory myeloma, the different
diagnosis between multiple myeloma and reactn
plasma cell hyperplasia 15 easily made by serolog
exammation Of considerable interest 1s, howeser,
study by Cassuto ¢t al (4) who found a significar
difference between multipte myeloma and BMG 2
regards cytoplasmc activity of acid phosphatase ¥
plasma cells We, however, cannot confirm th
abservation Though we have been able to quants
tate only a Tew cases of BMG, our results show :
onsiderable ovetlapiung between the values in the
two groups The mean score 1s ugher m muliph
myeloma but the difference 15 not sgrificant Nc
major Gifferences Seetn 10 ewist between the
entymecytachemical techrique s our study and the
one by Cassuto ¢t af (4), but minor differences may
be found m the criera tsed to separate multiple
myeloma and BMG. as Cassuto of al (4 do not
spectly the criteria 1n theit paper The cause of the
elevated, but 1 our study not significantly higher,
acd phosphatase acuvity n plasma celis from
muluple myeloma 1s unknown We find as Lofffer
(11) no correlation between serum paraprotemn
and acd phosph acty
We find a stgntlicantly higher LA P-score tevel in
patients with maligrant M-components than
cases of BMG In our study thus difference 1s due to
the facts that patients with BMG of IgM type all
have a LAP-score within the fange of the healthy
comrofs and that the LAP scare th patients with
multiple myeloma of IgG and [gA 1ype 1s fugher
than wn patients with 1gG and 18A BMG The LAR-
score has previously been reported to be elevaied in
patients with multiple = ~lrma (1 191 The reacan
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THE ANTRAL GASTRIN-PRODUCING CELLS
IN DUODENAL ULCER PATIENTS

A Densiy Study before and during Treatment with Cimendine

H OVERGAARD NITLSEN h BIRGER JENSFN and L A CHRISTIANSFN

The Tnstite of Pathology Dept of Surgical and Medical Gastroenicrology Odense University
Hospuial Odense and Dept of Surgical G: c C

gshosy g nmark

Nelen H O Jensen K B & Chrstiansen L A The antrat gastnin producing cells in duodenal ulcer
pauents A density study before and during treatment with cimendine Acta path mucrobiol scand
Sect A 8% 383-336 1980

A density study of the antral gastsin producing cells has been performed before and after eight weeks
of Ureatment with a hustamine H; receptor antagomist (cimetidine | g per day) 1n a series of 38 patients
sulfering from chrome duodenal ulcer The treatment produced a significant increase 1n numerscal
density and a decrease 1n mean celi volume The volume density of the cells was unchanged sugzesting

*  Usnunuauon of the treatment

hey words Duodenal ulcer cmeudine gastric acid secretion serum gastrin - gastin<cell density

H Overgaard Nielsen Tnstnute of Pathology Odense Untversity Hospital DK 5000 Odense € Denmark

Acczpled as submuvted 28 v 80

The treatment of chromc ducdenal ulcer by
sclective vagotomy or histamine H; receptor anta
Eonists 13 followed by mhibited basal pentagastrin
and food stimulated gastric acid secreuon (2 9 21)
#d by elevated levels of basal and food sumulated
rum gastrin (6 10 22) As hypo and achlorhy
T2 may cause efevated serum gastrin levels and
Bastrin-cell (Gcell) hyperplasia (12 17) i 1s logicat
10 Suggest that the treatment of duodena! ulcer as
vsed today can increase the G-cell population

Becker et al (5) and Detince er af (8) contrast
10 Creaghe et at (7) found that vagotomy performed
On rats resulted in a hyperplasia of the antral G

lls Wiz ef ¢t af (27) found no change 1 volume
denc 1y af oo

duning treatment with a histamine H-receptor
antagonist cimetidine

MATERIAL AND METHODS

AL 3110 16 vears) Guuemn o g b o '
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shuft in the distribution of immunoglobulin produ
cing cells towards the type matching the serum M
component In multiple myeloma usually more than
95% of the immunoglobulin producing cells pro
duce the same immunoglobuln class (6 15)
Though this figure 1s lower m BMG some
overlapping exists and no clear distinction between
the two conditions can be made (6 15) Ths also
holds true for immunohistochemical examina 1on
By immunoperoxidase staiming of bone marrow
sections 1n multiple myeloma the light and heavy
chain type can easily be achieved and corresponds 1n
the vast majority of cases to the serum M
component (5 13) Contrary to Tmorera/ (13 14)
we were able to identify the heavy and light chain
type th multiple myeloma as well as in BMG by

ion of stained tissue
sections and in both conditions the result corre
sponded to the serum examination Though plasma
cells productng tmmunoglobulin classes not match
ing the serum M component are generally more
numerous in BMG than 1 multiple myeloma this
15 not always so and 1n our experience immunoper
oxidase stamed bone marrow sections offer no
further information for making a distinction
between BMG and muluiple myeloma Identification
of discrete marrow nfiltrates from malignant
Iymphomas producing monoclonal immunoglobu
fin 1s facilitated by the immunoperovuidase techni
que illustrating the monoclonal cytoplasmic immu
noglobulin

We wish to thank cytotechnologsts Dorthe Thuen and
Preben Sandahi for expert techntcal assistance in
performng the 1 and

chemical reactions

nzymecy
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mnTable | It 1s seen that eight weeks of treatment
with ametidine results 1n a significant increase n
Ny (i3%) and Nv (15%) and a decrease in V
(E1%) The latter 15 greater than the median value
of CE before and during treatment No change was
found 1 the value of Vv Beside alterations of G
clf dnsity the morphology as seen 1n the light
mucroscope were unchanged before as well as
durmg treatment with cimetidime  Serum gastrin
obtawed n 26 paws of patents was increased

dunng treatment but the difference was msigmfi
cant

DISCUSSION

Einated serum-gastrin caused by vagotomy or
bistamume Hyreceptor antagonists 15 probably n
duced by reduced gastric acid secretion (9 21) and
must be due 10 2 G-cell change euther a hyperplasia
andfor hyperfunction Earlier results after vago
tomy are conflicting since 1 two series G-cell
byperplasia was found 5 8) whereas in another a
decrease of Gcell density was reported (7) A
difference 10 the Senstvity and specificity of the
nigastrin may be an explanation of the conflicting

Tesults as prerequiste to dentification 1s a content of
Bastnn

Several authors have demonstrated ultrastruc
fural changes during sumulation and secretion from
l}h;)(}cells especrally in the granulae (4 11 13 16

This study shows that cimeudine treatment of
duodenal ulcer patients results tn a Gcell hyperpla
% and that the volume of the ndividual cell

€458 10 such an extent that the volume density
femans unchanged Assurming the antral mucosal
Yolume remans the same both before and dunng
teatment then the total Gecell volume will also
mam unchanged Wirzef et af Q7 also found
v2changed volume density during medication of
Tats with metiarmide but they report no calculation
of the mumber of G-cells

The Gecell hyperplasia after eight weeks of
Ueatment with cimetdme and the elevated levels of
SIUm gastnin even six weeks after withdrawal {3
19 may be a factor of importance with regard to the
frequentty rapid recurrence of an ulcer at times
Presenting as perforation afier short term treat
Tent(23 26) In contrast other authors (3) did not
find a tugher frequency of re ulceration after a short

DeNtagastrin remams uncha;
treatment with aimetdie (1)
[

iy an eventual

autonomous function of the increased number of G
cells after ametidine treatment as a factor In
recurrence of the ulcer

s that of
duodenal ulcer pauents results in antral gastrin celf
hyperplasia withoat ctanges in the total G-cell
volume and that nis hyperplasia may be a factor of
smportance with regard to the rapid recurrence of
many ulcers after cessation of the treatment

The ants gastrin serum No 2717 was kindly donated by
Professor J F Rehfeld Instnute of Biochemistry
Aarhus Uninversity The authors wish to thank Professor
Daniel Andersen Dept of Surgical Gastro-emerology
Odénse Unnversity Hospital for his advice and review of
the manuscript The study was supported by grants from
the Damish Med cal Rescarch Councd (Journal No
512 5255 and 512 679)
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trin 17 gastrin 34 and component I} with almost
equimolar potency (19) The concentrations were expres
sed in pg/ml Tastng serum gastrin was measured
before and at the end of eight weeks of treatment

Tissue preparation Three biopsies were taken approx
1mately 2 cm osally to the pyloric ring i connection with
gastro duodenoscopy before and after eight weeks of
treatment The biopsies were immediately fixed 1 4%
methanol free paraformatdehyde pH 7 4 and embedded
n paraffin - without any attempt at openating the
biopsies Three 5 pm thich sections were cut at a distance
of 25 pm from each biopsy

Immunohistochemustry The G cells were sdenufied as
described earlier (14) by means of the indirect immuno
peroxidase technique using anti gastrin serum No 2717
ratsed in rabbits against synthetic human gastria 1 {18)
which n radioimmunoassay acts as anti gastnn No
2604 afthough with a slightly increased cross reaction
with cholecystokinn compared to antibody No 2604
£20) 3 ammno 9 ethyl catbazol (Sigma Chemical Comp
St Lowrs USA) was used for the development The
followng controls were employed a) exclusion of the
anti gastrin serum  b) reaction between anti gastnn
serum and gastrin (synthetic human gastrin I Calbio
chem Bering Corp US A ) 10 pg per mi diluted anu
serum before applying to the secttons c) letting the ant
gastrin serum Feact with cholecystokiuin octapeptide
(Calbiochem Bering Corp U S A} 15 pg per mi diluted
anti serum hefore applying to the sections

Morphometry  This was carried out as described
earfier {15} where the ertor of measurement was
characterized with regard to between and within
observer varation as well as wihin patient vartion
and showed that acceptable fevels of vanation n
endoscopic biopsies were reached when a mmmum
number of about 200 G cell profiles were counted The
following variables were esumated [) volume density
(vy) of G cells which relate the volume of G-cells to
that of antrum mucosa volume 2} Numerical density on
area (N} te the number of G cell profiles per antral

mucosalarea 3) Numencal denstty (Nv) te the aamber *
of G cells per antral mucosal yolume and finally 4
Mean G cell volume (V) The coefficient of error (CE) |
was deternuned for the varable with the greatest
varaton V. ooan every count {15) The proporuon
between the long and short axis of the G cell profile was
determined from randomly selected fields of vision
using a Reichert projectng microscope to ensure that
tlus proportion did not change during treatment wih
cimetidine

Section thickness This was controlled by a Tesatron!c
Electronetester (TESA S A Renens Schweiz)

Stanstical methods The Wilcoxon test for pared daia
was used Duffe were )
significant when P <0 05

RESULTS

The contro) staimng a) and b) were negative In o) 2
10% reduction of the G cell profiles was seen
ndicating some degree of cross reactivity betweert
ants gastrin and cholecystokin on the cellufal
plane In the morphometric analysis 30 paus of
patients fulfilled the mimmum number of Geell
counts gving acceptable levels of error (15) only
bropstes mcluding muscularts mucosa Were used for
morphometry The median value of the proportion
between the long and short axis of the G-cells was
1 63 (cbserved range | 5110 1 78) before treatment
(n = 179 and 1 65 (observed range 149 to {99
during cimetidine treatment (n = 194} (P >01)

indicating the same proportion before and during
treatment The median value of CE was 6% before
{observed range 3 to 12%) and 6% dunng
treatment (observed range 4 to 11%) The results
of the morphometric analysis the fasting serum

gastrin and acid secretion before treatment are seea

TABLE [ Afcasurements before and during Treatment with Cmet dine

Before treatment

Median {observed range)

Durtng treatment
Med an (observed range)

Basal acid output (BAO) (mmol/h) 138 (0-93)
Peak actd oupwt (PAC) (ramol/h) 329 (109-679)
Serum gastrin (pg/ml) 58 {(27-165)
Volume density of G cells 242 (142-321)
(V3 )% mucosat votume}

Number of G cells per area 294 (152-436)

(Na) (cells/mm?)
Numerical density of G cells

tis/mm7}
(et 1004 (790-1330)

23687 (11166-34727)

71 (39 155) 3
249 (155437 x
332 195599 XX

27149 (15492-50481) wx

896 (779-1052)  xxx 3

Mean G cel! volume (V) (um3)

xP>010 xP <010 xxx P <00t

384
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aTable | Tt s seen that eight weeks of treatment
sth ametdine results 1n a significant increase 1
M (13%) and Ny (15%) and a decrease in

11%) The latter 1s greater than the median value
i CE before and during treatment No change was
ound 1n the value of Vv Beside alierations of G

el density the morphology as seen 1n the light
mcroscope were unchanged before as wetl as
hirmng treatment with cimendine Serum gastrin
bamed 1 26 pairs of patients was wncreased

furing treatment but the difference was msignfi
ant.

DISCUSSION

Hevated serpm gastnn caused by vagotomy or

ustamine Hj-receptor antagorusts 1s probably 1n
hred by wad 3 0 -

Weertlasia was found (§ 8) whereas 1n another a
lecrease of Gcell density was reported (7) A
Ifference 10 the sensvity and speaificity of the
ADUEAStrin may be an explanation of the confhicing
Tesults a5 prerequiste to 1dentification 1 acontent of
gestn

Several authors have demonstrated ultrastruc
turel changes durng stimulation and secretion from
tzhs:)GeeUs especually i the granulae (4 11 13 16

This siudy shows that cimeudine treatment of
odenal ulcer patients results 1n a G-cell hyperpla
2 and that the volume of the nduidual cell
€458 10 such an extent that the volume density
TeMANS unchanged Assuming the antral mucosal
Yolume remarns the same both before and dunng
Ueatment then the total Gecell volume will also
weman unchanged Wi ef er af 27} also found
Unchanged +olume density during medication of
RIS %1th metiamide but they report no calculation
of the qumber of G.cels
The Gecell hyperplasia after eght weeks of
\featment with cimetidine and the elevated levels of
SETUM gastrin even sIX weeks after withdrawal ®
10) thay be a factor of Importance with regard to the
ntly rapid recurrence of an ulcer at times
Presenting as perforauon after short term treat
ment (33 26) In contrast, other authors (3) did not
find a hygher frequency of re ulceration after a short
Successfull course of cymy

dug

treatment with aimetidine (1)
Further studies are needed to clanfy an eventual
-

o\

autonomous function of the increased number of G
cells after cmeudine treatment as a factor n

recurrence of the ulcer

tss 1y that of
duodenal ulcer patients results in antral gastrin celt
hyperplasia withost ctanges i the total G-cell
volume and that ms hyperplasia may be a factor of
importance with regard to the rapid recurrence of
many ulcers after cessation of the treatment

The anu gastrin serum No 2717 was kindly donated by
Professor J F Rehfeld Insute of Biochermstry

Aarhus University The authors wish to thank Professor
Danief Andersen Dept of Surgical Gastro-enterology

Odense Unnersity Hospual for hus advice and review of
the manuscnipt The study was supporied by granis from
the Danmish Med cal Research Counail (Journal No

5125255 and 512 679)
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A path microbuol scand Sect A 88 387-395 1980

IN SITU IDENTIFICATION OF INFLAMMATORY CELLS IN
MALIGNANT, NON-LYMPHOID HUMAN TUMOURS

J L SVENNEMIG

Unnersity of Oslo nsutute for Experymental Medical Research and Department of Pathology Ullesdt
Hospial Oslo Norway

Sweaeviz J L fa siuu idenuficauon of inflammatory cells in malignant non lymphoid tuman
wmowrs Acta path microbiol scand Sect A 49 387-395 1980

Inflammatory cells (the term ts to include | h plasma cells h; mat
cells and Pr\yNP were sdentified and quanulated 10 sections from human carcinomas Two types of
@liular inf ltrates are described In the siroma surrounding the cancer tissue l(pemu;n;;ural) and 10 2
lesser degree also within the malignant ussue 1ymphi plasma cells

and mzsgl t:aelfa&S‘:ﬂonﬂf\leﬂ \\hllsgl numerous polymorph nucleated cells {(PMN} and ageregates of
macrophages characterized central tumour necroses The demonstration of both T lymphocytes and
Macrophages in and around the cancer tissue supports the view that a local immune reaction s imitiated
by the wmour and the consistent finding of 186G IgA and IgM plasma ceffs at the borders of the
@reinomas ndicates that plasma cells are also part of an immune response at the mour site This
¥iew 15 further suppored by the demonstration of an ncreased proportion of gG containmg plasma
celis m the stroma of colon wmours compared With normat mucosa

hey words Inflammatory eells non fymphoid tumours

L Svennevig Institute for Expetimental Medicat Research Ulleval Hospital Oslo 1 Norway

eved 13V 80 Acoepted 6 vi 80

Several reports have ndicated that a cellular
onse may take place 1 and around malignant
Sues The nature of this host response has only
0 sparsely imvesugated and i 1 not proven
bether human tumours possess new antigenic
2FCENSUCS Which could explamn the induction of
locat veacuon
Many mvestigators have been able to demon
"2ie a positive correlation between the degree of
Mphoreticular wfiltrauon and prognosis (Under-
%d 1974) By analyzing these cell infiltrates the
™ of reaction taking place within human tumours
14y be better understood Untal ow most studies
e dealth with the 1 vagro characterization of
ammatary cells Wberated from the neoplasms
't am of the present study was to 1dentify the
Wlereny cett types infiltrating human malignant
AMOUIS and to study the distribution of these cefls
-‘llhm the tumours and 1n the peritumoural stroma
ontact with the cancer ussue

MATERIAL AND METHODS

Non lymphoid wmours from |4 patients undergorng
operation 1n Departments 2 and 3 Ullevdl Hosprial
were examined The material included 5 adenocarciao
mas of the colon 3 adenocarcinomas and 1 ductal
carcinoma of the breast and 4 bronchial carcinomas (2
squamous cell carcinomas | adenocarcinoma and 1
poorly differentiated carcinoma)

Lymphooytes Lymphocytes were counted in 6 »m thick
R -

“ure U eI nduding the
stroma tissue 1m contact with the cancer ussue {pentu
moural)

T bmphocyses Fresh biopsses from al) tomours were
fixed i formalin sucrose overmght then 1n gum sucrase
overmight and frozen sections were ncubated for 22
hours with a naphthy! acetate (Sigma) The method was
tested on pormal lymph nodes and spleen where 1 gave
distinct red brownish dots n the cytoplasm of the



lymphocytes 1n T dependent areas while cells m follicu
lar areas were negative The ANAE method (Know fes
and Holek 1978) was used to 1dentify T cells in sections
from all tumours and the number of T cells was

as p of a)l lymph

yte

B hmphocvtes This population was included among
esterase negative lymphocytes together with »null«
fymphocytes No speaific method for the demonstration
of fymphocytes with membrane bound Ig was available
when non lymphoid tissues were considered even when
these cells could be easily demonstrated in ceil suspen
sions from the same type of tumours (Svennevig of al
1978 1979)

Piasma cells WG IgA and Igh contasing cells were
tdentified 1n and around the cancer tssue by using the
peroxidase antiperonidase method of Tazlor and Buras
(1974) on formalin fixed paraffin embidded material
Six pm thick sccuons were mounted on gelatine
h { treated ¢ ps i d (xylol)
dehydrated (abs alcohol) and treated for |7 minutes with
a 0 1% pronase (Boehringer Mannhetm GmbH) solu
tion Endogeneaus perovidase was blocked by placing the
preparations 1 3% hydrogen peroxide in methano! for
25 minutes The sections were then covered with heavy
chan specific rabbit anti human 1gG IgA and [gh and
with kappa and lambda chain specific antisera (DAKO
lobulins  A/S) fier with swine anti

rbbut 1gG (DAKO) and finally with soluble complex of
horseradish peroxidase and rabbit antt horseradish per
oudase (DARO) for 30 minutes respectively cach step
performed at room temperature and followed by a 15
minate wash in trishuffer pH 76

The reaction was made visible with duaminobenzidin
(Sigma) and hydrogen peroxide and the preparations
were famntly counterstamncd with haematoxylin dehydra
ted cleared and mounted 1n canadabalsam

The specificity of the antisera was tested on different
myelomas where they gave selective staming of cells
containing one Ig class and on normal colon mucosa
All preparations were further tested by changing the

heavy chain speaific antisera with rabbu Ig {DAKO) 3
with phosphate buffered saline to ensure that no I
specific reaction had taken place

Both plasma cells and fymphacytes were counted
corresponding central and peripheral fields 1 paral
sections from each tumour and the number of ¢
different cell types was given as the average cells t
field

Mast cells The 6 pm thick sections were deparaffimze
rinsed in aleohol and stained for 10 (5-30) mnutes w;
pacyanol erythrosinate (Bensiey 1952) differentiated
abs alcohol rinsed 1n xylene and mounted t canadab;
sam

This method lead to purple stanmng of mast ceff
whereas both epithelial and muscle cells were <ky bl
with bright blue nuclet

Macrophages A representative sector of each tumoy
was fixed 1n formalin acetone overmght then in gug
sucrose overmight and frozen secuons were incubaly
for 22 hours with a naphthyt butyrate for demonstratig
of diffuse esterase actvity (Sremnag e ab 1979
Monocytes/macrophages were counted in [0 central ang
penipheral fields selected at random

RESULTS

Inall 14 tumours studied the stroma surround:ng
the malignant cells contammed varymng numbers o
inflammatory cells and these cell mfilirates »ex
mamly composed of lymphocytes plasma cells
macrophages some mast cells and PMN The
mayonty of PMN were neutrophils except for coloy
carcinomas where a large portion of PMN were
eostnophils There were no evident signs of tuntour
cell necrosts on the borders between the » host « celly
and the neoplastic ceits Al ceff types were 2lso
found to mfiltrate the cancer tissue however the
ntratumoural cell reaction was sparse compared

TABLE | The Number of Inflammatory Cells/ Microscop ¢ Frold (at Magnificaton 12 5 x40} i and around 14
Human Carcin mas (Mcan Value and Range)

Lymphocytes  Plasma cells Macrophages  Mast cells PN

Intratumoural 4 (08-7) 1400 3 9 {1-300 01(0-03) 4 (1-8
5 colon Pertumoural 35 (20-46) 36 (22-82) 26 (1i=46) 450 2-19) 10 02-2)
carcumoms Adjacent mucesa 19 (5-35) 56 (29-17) 10 (1-19 7 (-6 10 12-14
Intratumoural 3 50 6-9) 03(0-06) 08(0-2) 09(0-2) 020005}

mar? g
;‘x:«‘)masy { Peritumoural 25 (2-60) 1 G171 8 (1 3-20) 5 04-D 1 0(0=16)
[traumoura) 8 (0823 56(08-12) 10 (8-16) 01002 2(05-9
! —
:;::;:,’:s { Pernumoural 76 (11150 53 01-66) 17 (=22 4 08-8) 21508
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th the perntumoural stromal reacuon (Table )
he average number of inflammatory cells found 1n
chtumour was reproductble by repeated counting

TABLE 2 The Relaive Proportion of Plasma Cells with
IgG g4 and IgM 1n Pertumoural Siroma  Mucosa
adsacent 1o Tumour and Aormal \fucesa

Central tumour necroses were found
Wl these areas were dominated by aggregates of
M\ and macrophages Because of necrosis and cell
31S 11 was not possible to quanttate the number
“oels in these areas
There were some differences between the three
mour types studted  All five colon carcinomas
hich befonged to Dukes stage C contained large
numbers of fymphocytes plasma cells and macro
ohages(Fig 1) These cells were mamly found 1 the
Stroma between and around the neoplasuc tissue
{ertumourat) where Ilymphocytes often formed
7S¢ 20065 1n close contact with the cancer tissue
The strongest stromal reaction was seen m the
svperfical parts of the tumours while the cell
tfilteates. surrounding  groups of cancer cells

wflraung musculagure and pericolic fat tissue were
sparse

Latgt macrophages ofien contamed drops of
bpd ke material and macrophages were occasio
#2lly found diffusely distributed within the malig
ant tssue (Fig | A)

Lymphocytes and plasma cells dominated 1n
®lon crcinomas On an average 33% of the
MAmoure) and 35% of the peritumoural
mPhocyies were Tocells according to the ANAE
SN pattern In some lymphocyte rich areas T
&lIs domnared {Fig 1B)

Acumylations of 1¢G and [gA plasma cells were
2und close 10 the cords and nests of cancer cells
Fe 1C D) whie 1gm contaming plasma ceffs
Were most ofter; found as single cells tn the stroma
Only 2 fex.Tg-contaiming plasma cels of all three
BPES were found to mfiltrate the cancer ussue

¢re W ere no differences with regard to the total
mmber of cells 1n the »transitional«  mucosa

" een tumour and normat intesunal wall and the
umour stroma but the tumour stroma was richer
? hmphocyies  whereas the number of IgA
Ontainung plasma cells was decreased The relatne
z:z'x)cxl‘mon of plasma cells contaiming 1gG was
\um: or¢ Increased 1n the connective ussue of the
uuna]m compared with the non malignant » transi
mum;amuoosa 2djacent o the tumour and normat
b taken at least 8 ¢y prouimally or distalty
oM the tumour (Table 2
n R:;‘few Stngle mast cells were located within the
ho ra‘;suc ussue but the majornty of these cells were
e ol;nd 10 the pertumoural stroma The mast
Wit m:med typical metachromate granules
s Arlr‘\a ¢ the 1dentification of the cells easy (Fig
els hough a sigmuficant accumulation of mast

had taken place 3 the edges of the colon

1¥G IgA 1\
Colon carcinomas 51 40
Adyacent mucosa 23 66 "
Normal mucosa 3 93
Mammary carcinomas 31 62 7
Bronchl carcinomas 41 36 2

carcinomas the highest number of mast cells was
found 1n the transiional mucosa from the same
cases

Only a few PMN were located within and around
the cancer tssue However large ulcero necrotie
areas of various sizes were present 1 all colon
wmours These areas were dommnated by numerous
PMN and macrophages some ly mphocytes and cell
debris (Fig 1F) The necroses also contained a few
158G and IgA plasma cells

The average number of all cell 1ypes identfied 1n
and around the colon carcinomas s gnenn Table
|

Dense peritumoural cell 1nfiltrates were also
present in the four bronchial carcnomas Similar to
the cell infiftrates found tn colon tumours lympho-
cytes plasma cells and macrophages dominated
except for necronic areas with numerous PMN A
refatvely high number of plasma cells were present
i these wmours and the relative proportion of 1gG
comatning plasma cells was comparable with the
proportien found 1n colon tumours (Table 2) Of the
lymphocytes on an average 36% had Tecell
markers

Although the morphology was less disunct with
regard to the differenniatton 1n a stromal and a
neoplastic tissue  the histological picture of the
bronchial tumours gave the impression that an
evident accumulation of mononuclear cells had
taken place at the borders of the cancer tissue

Mast cells heavily loaded with purple stamned

Were numerous m the pentumoural
stroma The cells were oval or spindle shaped and
most cells were diffusely distributed m the stroma
while some cells were found 10 line the cancer tissue
and the stromal vessels They were only occasio
nally seen 1n necrouc areas of the tumours

The mildest mflammatory cell reaction was
found ull mammary carcinomas In these tumours
Practically no central 1y,
Lymnhoc);'e‘ et .Y:‘:Oul' H‘EQTOSES were present
we
© -
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I Ioflammatory cells 1n and around a colon

oo
imraiemoural miikrauon of macrophages and tym
phocytes @ naphthy) butyrate esterase staming 6 pm
yosiat section X 500
Pentumoural 1y mphocyte zone with ANAE posiuve
Terlls § pm cryostat section % 1250
IiG<ontamng plasma cells lining the cancer issue
fmmunoperovidase 6 pen paraffin section < 500
Moplasie usse wiih groups of IgA-comainmg
plasma celfs and lymphocytes Techmique as Fig €
Mist cells Gmung the cancer ussue  Pinacyanol
sammg § pe paraffin secion < S00

F lointymoural necrouc area with aggregates of
mictophages and PAIN Technique as Fig A

frespectively 1n colon and bronchial carcinomas
(Table 3)

The stromal infiltration of mflammatory cells
was 6-8 times stronger than the ntratumoural
infiltrauon for all three tumour types when the
necrouc areas were not considered

DISCUSSION

The present work represents an attempt to quanti
1ate and charactenze the iflammatory cells wnfitra
ting and surrounding the malignant tissues in a
series of human non lymphoid tumours By study-

PN A relatwvely constant proporton of lympho
s both 11 (33%) and around the cancer tssue
38%)bad Tcell markers Most macrophages were
&flistly giyributed 10 the connectrve tissue of the
g

w"; :IE; plasma cells gA-containing cells domina
ot mlc“d by IeG and 1gM In both mammary
v W tumouTs there was a sight dominance of
i chain lg whereas plasma cells with kappa
\th Were most frequent 1n bronchial tumours
ten mn the fotal nuenber of mflammatory cells 10
o ours was considered (Table 3) the mntratu
b Cell infiltration of mammary carcinomas
E;’:)&cd as cells/microscopsc field was signifi
b{mzh‘;caker than the infiltration found m
v and colon carcinomas (p<<0 05) This
e o the case when the mtratumoural reaction
numbernrsm as number of inflammatory cells/
gl Of tumour cells 1n mammary carainomas
nli, herage 1% of the tumour cells were of an
Matory nature compared to 6 and 9%

g the Y cells in micro
scopic fields by means of different staming techni
ques performed on senal tissue seclons we were
able to analyse the nature of the nfiltrates and to
compare the local cell reacuion of different tumour

pes

The infiltrates w hich are often termed nmononu
clear cell infiltrates« or »round cell nfiltrates« were
composed mainly of lymphocytes plasma cells and
macrophages but varying numbers of mast cells
and PMN were also present Most cells were found
1n the stroma between and around the cords and
nests of cancer cells (penitumoural) No evident
signs of cell necrosis were present on the borders
between host cells and neoplasuc cells and a few
mflammatory cells were diffusely distributed
among the cancer cells Even electronmicroscopic
studies have falled to demonstrate any cytotoxic
effect of inflammatory cells close to neoplastsc cells
{Carr and Underwood 1974) However n some
tumours central necroses were found and these
areas were domunated by aggregates of P\IN and
macrophages While a marked lymphocyte infiltra
\on may wmprove prognosis the presence of

ThBLS
£ 3 The Totat Number of Inflammatory Cells tn Areas maialy Composed of henplastic Cells and 1 the
Peritumoural Stroma (Vean Value and Range)

Cancer tissue

Tumout type

Pertumoural stroma
_—

Inflammatory  Cancer
cells cells mna:;,: ory
Colon tarcinomas 9 301
12
(6-41) (180-529)
Mammary carcinomas B o1 e
3-10) (318-77, 50
Bronchual carcinomas % 282 ¥ 1799
9-51) 1101-356)

153
59-206)
4
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4 Gillespre 1975) and human tumours (Lauder ef
191D

The accumulation of mast cells i chrome
aflammation and around carcinomas was described
Uready by Ehriich in 1865 {see Sefye 1965} but the
wact role of the mast cell reaction 1in malignancies 1s
#ll not clear An mcrease m the number of mast
xlls has already been shown to take place prior to
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turmour necroses 1s considered to be an omnous
prognostic sign (Fisher et al 1975) Except for these
necroses which may be explained by insufTiciency
of blood supply in growing tumours the cells
dominating the tumour infiltrates were mamly
idenucal to the cells knawn to act as medrators of
cellular and humora! mmunity suggesting that a
local host reaction to the neoplastic tissue may take
place The present findings are m agreement with
the results of our previous works demonstrating T
and B fymphocytes macrophages and PMN 1n cell
suspenstons from different human non lymphoid
tumours (Svenncvig er ol 1978 1979 Srennevig
and Svaar 1979)

The significance of tymphocytic infiltrates 1n
human malignant tumours has been discussed for
many years Most but not all studies confirm the

The role of plasma cell infiltration 15 and arer
malignant tissues has been sparsely mvestigated ¢
there are conflicung reports with regard to
content of plasma cells 1n human tumours Gerst
al (1977) were able to demonstrate plasma cells
Or near tumour Lissue 1n only 6 out of 12 cases w
bronchial squamous celf carcinomas w hile Scfo
et al (1976) reported the finding of a small t
constant number of plasma cells containing IgA a
1eM in a series of breast carcinomas or
occastonally were IgG producing cells found Ro
num et al (1979) found the number of Ig producy
cells sigmficantly increased in the non maligna
stroma adjacent to colon carcnomas compared
normal mucosa whereas W eis+ Carrington et ¢
(1976 and Green et al {1977} found the number:
plasma cells markedly decreased In nasopharynge
car plasma cells of IgA (Ho et al 1978)an

pri d ge of dense cell
wfiltration (Underwood 1974)

We were able to demonstrate T lymphocytes 1n
all tumours On an average 35 of the peritumou
rai and 33% of the intratumoural lymphocytes
were T-cells which 1s 1n contrast to some previous
studies using T-cell anusera (Fushy et al 1976
Schoorl et al 1976) However our findings are in
agreement with several works on lymphocytes
Iiberated from human non lymphoid tumours
reporting that most often less than half of the
tumour lymphocyles were T-cells (Hayry and
Totterman 1978 Hersh eral 1975 Siennervig et al
1978 1979 Josc e al 1977 a b) The E rosette
technique which 1s the most tmportant marher for
T lymphocytes 1 cell suspensions {Jandal et af
1972) may fait when applied on ussue sections
(Edefson ¢t af 1973 italker 1976) and well
charactenized antisera agamst human T lymphocy
tes have until recently been difficult to obtain (Braa
then et al 1979}

By 1solating lymphocytes from disaggregated
tumours we have previousty found that 5-30%
{mean 11%) of the lymphocytes had membrane
bound immunoglobulin  According to some re
ports B-cells may be 1denufied 1n tissue sections by
means of fl cence or peroxi
dase techniques howeser theterm B-cell hasalso
included cells with cytoplasmauc Ig (usky er al
1976) We find it difficult to wentify lymphocytes
with membrane bound Jg safely m ussues other
thar lymphod even when the same technique may
be used to identify Ig producing cells (plasma cells)
mn the same sections The 1den(x|'1l<l:;m!r; cill'ssfe

(3
lsgﬁ,‘;:c(yé:albo{mb:‘ i’lngl 9,7‘5E (:;‘:;1 araetal 1972
Stngl et al 1977} '"ayfbe”m,?'su{x%r. cé”é’i"hfh“:
when groups of cells a
:;s:}:x:;ﬁ; s less suable for the study of single cells
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18G (Kororza et al 1979) have been reported |
dominate

There are conflicting reports concerning th
correlation between the number of plasma celfs an
the amount of tumour associated Ig (Gerst! er a:
1977 Hurliman et al 1976 Roberts et al 1973
and 1t 1s still not clear whether tumour bound Ig1
associated With an wr suu expression of humora
immunity (W iz 1977) or whether it may act as ¢
blocking factor of cellular cytotowicity (Romsdal anc
Cox 1975)

The relative proportions of IgG IgA and IgM
containing plasma cells 1n colon mucosa are shown
1in Table 2 The results are in agreement with the
findings of Rognunt et al {1979) wha also found 3
relative increase of IgG containing plasma cells 1n
the mucosa adjacent (o the tumour

The present study demonstrated a further 10
crease of the portion of IgG producing plasma celts
1n the tumour stroma and the demonstrauon of the
relatnvely farge portion of IgG-containmg plasma
cells 1n the tumour stroma contributes 10 the view
that there exist stimulatory factors bypassing the
secretory IgA 1mmune system (Rognum et al
1979)

Macrophages were easly identified 1n the tissue
sections by demonstration of their diffuse esterase
activity Other authors have used the Fc receptor
(EA rosette binding to tissue sections) as a marker
for macrophages (Caralona eral 1975 Roubinetal
1975 Stungl et al 1977) These results may be
difficult to mterpret as other cell types 1n human
tumours may also carry Fc receptors (Tundcr ¢t al
1974 Vose et al 1977 a b} Although the
significance of macrophages m malignant tumouss
15 still under discussion some recent reports

therr p i for both

g g
experimental (Eccles and Alexander 1974 Wood
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ULTRASTRUCTURE OF
THE TAIL STUMP SPERM DEFECT IN THE BULL

ERIR BLOM and ARSEL BIRCH ANDERSEN

ha
Matens ve snasre Serumlaboraterium and Dipartment of Biophysics Sutens Seruminstitut Copen!
gen Denmark

Biom E & Birch Andersen A Ultrastyucture of the tail stump sperm defect in the bull Acta path
merohiol scand Sect A 88 397-405 1980

A charactenstic major sperm defect, With akl»‘om (60% of e‘;h;s’;e;m‘[ch:ell; s:;:::lg s:[ dr‘\)l:‘rr:ec::rt;y :::
Sump wzs found 1 two stenile Danish bulls of smpon '

nd has been observed n several breeds of catle and 1n different anmal
:::;smm:u;r‘u:ﬁr:::dlil’;r:n microscopy of ejaculated sperm and testicular ussue l;ol:nl one ::' ::e
Bulls has shown that 2 dysfunction of the centtiolar apparatus during spermiogenesis 15 like y ‘oed °! ';
cause of the defect In epaculated defecuve sperm the proxsmal centrie 1s often found ::nnc;cl lflll
the normally transitory organelie the centriolar adjunct In the defective spermids Ium istal centriole
Bas logt the faculty to form avonemal fibers so thal no tail formation can take place

Key words Sperm defect ranl stump stertlity n butis spermiogenesis distal centniole dense granulese
@ntnofar adjunct

E Blom Statens veterinaere Serumlaboratorsum Bulowsve) 27 DK 1870 Copenhagen v Denmark

Acepled as submined 11 v1 80

12 1964 Coubrough and Barker (9. 10) described
2 chasactersstic sperm defect found 1n the semen of
Yree Canadran bulls 1n which the majority of the
srerms showed a rudimentary tail stump while the
Morphology of the sperm heads was normal The

lls were of Ayrsture Shorthorn and Holstein
breeds respectively Eleven years fater a similar
2% 3 found 1n a stenste Danysh Friesian bull G
e dam of wich had been insemmated with
‘mporied Amenican semen (6)

Recently another Danish case was found 1n an
{mported purebred Hereford bull This bull was also
Teponted totally sterile For methods used for the
#valuation of sperm morphology see ref S

After publication of the firsg Danuish case (6) we
»ese informed of a German case 1n a Friestan bull
16 W Rieck pers comm ) a Swedish case mn an
SRB bun Setrergren pers comm) and an
Australian case 10 a2 beef bull (R L Fees pers
©mm) In Braz! a suiar defect has been

demonstrated 1n the semen of 1wo mnbred sterile
Zebu bulls (17)

P

This particular sperm defect has also been found
10 the rabbit (14) the stallion and the dog (3} In
mice an arrest in the development of the sperm tail
has been demonstrated 1n 2 new mutant the ; hop
stentex stram (13) This defect may be identical with
the tatl stump defect found in the other mammals
menuoned In two infertle Itahan men a similay
wshort tail « sperm defect has been reported (2)

MATERIALS AND METHODS
For electron microscopy an epaculate was collected w hen
the bull G was 21 months old The semen quality was
very poor (Figs 1 & 2} 60% of the cells showed the tayl
swmp defest the sperm concentration was fow 250

SR uin crate) Blocks fabout 1mm? wyn clusters of
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Figures [ and 2 Photomicrographs of India ink smea

. ‘*..x_

rs from ejaculates of bull G More than half of the sperms hav

rudimentary tail stumps 450 x and 1130% (From ref 6}

cells were cut after sohdification of the agar and fixaiion
was contined overnight at 4 °C in 3% glutaratdehyde i
3% sodwm citrate After a brief wash i 01 M
harbtiurate buffer pH 7 3 the blocks were fixed for 2
hours at room twmperature 1n | ¥ osmuum tetroude
huffered with barhiturate pH 7 3 L { joc treatment for
1 hour with 2 % urany) acctate in the same buffer was
used before dehydration through a graded cthanol sertes
Finally the blocks were embedded 1n Vestopal W after
propylene o%1dc ircatment

Three months afier the first ejaculates were ohtained
unilateral castration was done (Icfi sty wescht 400 )
Small blocks of ussue from the tesus and cauda
epdidymidis were exused and prefixed withn {0
minutes afler removal tn 6 glutaraldchyde in 0 1 M
cacodylate buffer pH 7 2 After one h ur the hlocks were
subdivided 1nto preces of 1 2 mm3 and wransferred 1o
fresh 6% glutaraldehyde for 5 hours of conunued
fixation The uissue blocks were stored overnight at 4 °C

1 02 M sucrose 1n 0 | M cacadylate buffer pH 72
before they were postfixed for 2 hours at roon
temperature in 1% osmum tutroxde 1 01 N
barbituraie buffer pH 7 3 containing 4 5% sucro ¢
Finally treatment with urany! acetate dehydration and
embedding was carried out as describd for the ejaculated
cells Sections were cut with glass hnives on an LAB
ulirotome Tl microtome stained with magnesium
urany) acetate (12) and Jead crtrate (16} and examined
with a Philips EM 300 electron microscope operated at
60 kv
After another five months the bull was staughtered
and ussue from the remaining right tesuis (weight 4108}
was studied after preparatton n the same way as the
materaal from the left testis

Tesus tissue from two normal young bulls on¢
slaughtered before and one after bult G was fixed and
ptepared in the same way and used as control material

Frgures 3-9 are electron micrographs of sections of ejaculated sperm cells and spermds from tesus of bull 6 or from
normal controf bulls Sections poststartied with uranyl and lead salts The bar on each mcrograpit represents 0 5 um

The following abbreviations are used throughout ad ~ centriolar adjunct an — annulus ax
chromatord body dc — distal centriole gt — tail guide tube ma

proximal centriole s¢ segmented column

= axonemal fibcrs cb
manchette md — membranous debris pe

Figurc 3 Ejaculated cell bull G Note the praxemal centriole and the membranous debris in the taif stump regron

45 000 x .
Frure 4 Tyaculated cell bull G The centnofar adjunct is present on the proximal centriole The distal centriole 15 seen
LS

distally to the segmented column 45600 >
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RESULTS

Electron mucroscopy of sections of ejaculated
sperms from bull G (Fig 3) clearly demonstrated the
of the droplet-rk ded body surround-
ing the implantation region of most of the ntailless«
heads Frequently the normally transitory centriolar
adjunct persisted and was attached to the proximat
centriole (Fig 4) Up to this time the centriolar
adjunct has never been observed 1n ejaculated sperm
from bulls In some cases where the tail stump was
cut rather peripherally 1t contained only an accumu
lation of different types of vesicles and membranous
debnis  Frequently a muxture of remnants of the
the d and/or disper-
sed mitochondria together with membranous debris
was found to be enclosed by the cell membrane of
the tail stump (Fig 4)

In sections of sperm cells from the cauda
epididymidis the findings were similar, but the
mdividual taif stumps appeared somewhat larger, as
1f their contents were not as condensed as demon
strated 1n the ejaculated cells

The different phases of spermiogenesis were
studied 11 normal as well as 1n abnormal testis
ussue 1n order to determine at what stage the
pathological material showed deviattons from the
normal development of spermids thus attempting
to eluctdate the genests of the tail stump defect

Through the early phases of spermiogenesis there
were no differences betwecn normal and pathologt
ca) cells However from the acrosome phase when
the transitory organelle the manchette was present
(Fig 5) differences were noted In the bull this
»manchette phasex as we prefer to call it most
probably includes the stages Az and Ay described 1n
a study on spermiogenesis 1n the blue fox (1) To our
knowledge a sumilar ultrastructural differentiation
1n the bull has not been established

In our normal material the implantatton region
of a spermiid 1n the »manchette phase« contains the
following organelles (Fig 6 and Text Fig 1) The
proximal centriole with its transitory adjunct 1s
situated distal to the basal plate Th:: so canleq

Tear Fig | Schematic drawing of the implantaton
region from 2 bull spermud in the mancheite phase Note
the transttary organelles and the tail guide twbe (see text)
a = acrosome ad = centriolar adjunct an = annulus
and accumulations of granular matertal av = avonemal
fibers ¢b = chromatoid body dc = dustal centriole gf
= tail gwde tube ma = manchette n = nucleus p¢ =
proumal centriole s¢ = segmented column = Lars
Blom fec Ertk Blom dir

1s usually present on one or both sides of the
capitulum at the level of the distal centniole In
properly oniented scctions the annulus ts seen as two
teiangular dense bodies at the distal end of the
d column The annulus 1s at the same time

capitulum further contains the
with its implantation plate and the elongated distal
centriole situated within the distat parts of the

segmented columns A transitory chromatoud body

situated at the proumal end of the cell membrane
mvagination which has at this stage been formed
around the tail primordium Thus configuration has

region at tne

stage Note the presence of distal centriole

Figure 5 Tesus normal bull The
axoneme tail gwde = "7 1 < manc
Figure 6 Testis n¢

proximal ceptriole

segmented column are also present 43 00U X

400

hette and a chromatord body 45 000 x
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been described as the »tail guide tubew (9) ythe
cytoplasmic invagination« (15) or the »eytoplasmie
canal« (1)

In a favourably oriented section {close to the
median axis of the tail) the axoneme can be followed
from sts base at the distal centriole and the annulus,
and as far as the section and the field of view wyll
allow (Figs 5 and 6) The number of axonemal
fibers vistble depends on the level and the thickness
of the section

By light microscopy 1t was impossible to
d ate typical hological changes 1n the
testis tissue from bull G However, the ultrastruc-
ture of the implantation region did show a
pronounced difference between normal and abnor-
mal spermrogenesis, especially from the nmanchette
phase« and funther on Many spermuds 1 the
manchette phase were studied both 1n sagittal (Fig
7) and 1n horizontal sections (Figs 8 and 9) In the
most successful horizontal sections all the previ
ously mentioned more or less transtent organelles
the manchette (Fig 9) the centriolar adjunct, the
chromatoid body and the distal centriole, could be
seen 1 the section At this stage the detaged
morphology within the neck region seemed to be
almost identical with that found for normal bulls,
but one important difference was noted In the
typical abnormal spermid there was no axoneme
formation The statl« simply termunated as a short
»stumpc at the end of the distal centriole and no
axonemal fibers were present within the tad gutde
tube which contained only cytoplasmic matrix and
some nibosomes (Figs 8 and 9) Sagittal sections of
three spermuds n the manchette stage one of them
with an empty tail guide tube, are shown in Fig 7

In addition to this main type of abnormality
another charactenistically abnormal detail was
occasionally demonstrated 1n cells at the later stages
of sper and in d sperm from the
bull G Clusters of 300-500 A dense granules
resemblmg those described earlier (7) were often
seen 1n association with disorganized accumulations
of mutochondria This type of arrangement was

DISCUSSION

The tail stump defect 1n the bull 1s a character:
stenhzing defect which affects only the sperm |
While the ordinary histological picture of the te
tissve from bull G seems normal, the ultrastructt
studies have shown that spermtogenesis 1s nevert
less sersously affected The genests of the defec
linked mainly to the function of the distal centrs
1n early spermiogenests 1 e 1n the formation of
axonemal complex
In recent hterature on the ulirastructure
mammalan sperm very hittle mformation 1s av:
able on the distal centriole It 1s an organelle whi
loses 1ts functton during early spermtogenesis a
1n the mature sperm 1t 1s either completely absent
radunentary, tt 15, tn other words a npactl,
transitory organelle In the bull sperm the so-call
»dense rods« have been identified as rudiments
the distal centriole (4) Accordmg to other report
however, the distal centriole does not disappe:
completely, but persists in a modified form as a s
called »transitional connecting centrzole« (18)
The following description has been given of tt
function of the distal centriole (8) »The earltes
events m formation of the tail consist of migratio
of the centriofes to cell surface 1n the postntciea
region and polymerization of microtubule protet
on the template provided by the distal centriole /
typical 9+ 2 axoneme 15 formed and the sunpl
by of microtubul
subunits to 1its distal end« Ths early stage i the tat
formation 1s lustrated by Fancett et al {11)mthen
Fig 7, where the tail primordium and the centriolat
complex sull are situated far from the pucleus
In the present study 1t was observed that
eaculated sperm with the ta stump defect could
show retention of a typical transitory organelle such
as the centriolar adjunct As far as we know the
presence of the centriolar adjunct has not beet
observed previously 1n bull ejaculates However im
normal human ejaculated sperm the presence of the
centriolar adjunct 1s considered a sign of relative
1ty (18) Itis fore tempting to suggest

usually present 1n the peripheral cytoplasm of
abnormal spermuds or at the perphery of the
droplet of the sperm cells

cyiop

that sn the abnormal sperm cells of the present
material the normal function of the prowmal
centriole 1s also affected

The dense grapules found 1n our sections 1n the
peripheral cytoplasm of abnormal spermids and

Figure 7 Tesus bull G Three
upper cell (see discussion) § 000 x

Figure 8 Testss bull G Spes
the chromatoid body The distaf centriale

present 45 000X
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spermids 1 manchette stage Note the distal centriole and empty tail guide tube n

rrmd m manchette stage The proximal centrrole and 1ts adjunct 1s present together with
ends 11 an empty 121) gide tube 1o axoneme 1s formed but the annulus 1s
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Fgire 9 Tests bull G Spurnid 1n manchette stage The prox mat centriole 1s seen wath its adjunct A chromato ¢
hody and part of the manchette 1s also present Note the d stal centriole the empty fa ) guide tube and the annulus

45000 x

sperm cells morphologicaily resemble those demon
strated n the pseudodroplet defect tn the bull (7)
However 11 the case of the w1l stump defect m bul
G the axonemal fibers are laching tn the defective
spermids and this may have reference to the
unorganized accumulation of clusters of mitochon
dna and dense granules At present no explanation
can be given as to the onigin of the dense granules
neither n the pseudodroplet defect nor in the tail
stump defect

It 1s peculiar that the tail guide tube appears to
develop even if no axonemal fibers are formed (Figs
8 and 9) Normally this canal 1s present at a very
early stage in spermiogenesis (1) but how it can
possibly develop without a tatl primordium s
difficult to understand

Some doubt could probably be raised about the
missing axonemes 1n our dtustrations (Figs 8 and
9) of the abnormal spermuds 1f a tail primordium
happens to be cut penpherally n a longitudinal
section the tail guide tube will most probably
appear emply However with one exoeptmr;d our
lustrations are from sections close to the median

404

axis of the neck  because the annulus appears as (W0
well separated dense triangles Therefore 1f present
some of the axonema) fibers should have DT
evident mn the sections The one exception 1s the
sagittal section shown in Fig 7 where the annulus
seems to be it tangentally and Where the
emptiness of the tart guide tibe may therefore be
doubtful

In summary the tail stump defect may be traced
back to some defect(s) at an early stage of
spermiogenests Wwhich seems to originate 1n abnof?
mal conditions in the centriolar complex causing i
a retention of the adjunct of the proumal centriofe
1n ejaculated sperm cells and 2} a compfete or partial
mhibition of the formatton of the axoneme by the

distal centriofe
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LATE EFFECTS OF COLCHICINE ON THE BURSA OF
FABRICIUS AFTER NEONATAL APPLICATION
ON THE ANAL LIPS OF CHICKENS

TIMO ROMPPANEN and TAPANI E SORVARI

Depariment of Pathology Umiversity of kuopio Kuopio Finland
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Bursectomy dulfers dustumet
Studyng bursal function 1 chicken

Late effects of colchucine on the bursa of Fabnctus afier neonatal
lcaton on the anal Ls of chickens Acta path microbiol scand Sea A 88 407-413 1930

¢ application of colchicine on the anal lips of chickens the bursa of Fabrics was
W cells and contatced only a few epithelial buds a1l of which were later repopulated
olls o form mature lymphod follicles After the ntraperitoneal anjecuon of
¢ dumerous epithehal buds were found in the bursa and 3t the age of six weeks only
were populated with lymphotd cells On week 6 the bursal weights of the chickens
chicing were onty about 10% of the normal and about 80% of the bursal weights of
hamide treated chickens The colchicine treatment affected the morphology of the splecn
treatment with cyclophosphamide It 15 concluded that this new modet of chemical

y from the cyctaphosphamide model and therefore Serves as a new tool In

Key words Bursa of Fsbriows chetical bursectomy  colchrine

T Romppanen Department of Pattiology University of Kuopio POB 138 70101 Kuopio I0 Finland

Recened 21 4 g9 Accepted 14 vi 80
® g‘:"‘dy the effects of various tussue components
oB bursal microenvironment on the maturation
el lineage 1115 Tecessary to selectively destroy
i fymphocytes For thes purpose varwus celf
:’cﬂum have been applied on the anat hips of the
ﬂm};m Recently we deseribed a new model of
- 42 bursectomy  where bursal Iymphod cells
1€ elecynely destroyed Together with the cefls of
o fofiicte associated epithehum by applying colchy
¢ solition on the ana) lips of chickens (12)

MATERIALS AND METHODS

Laboratory amimals
chickens were recery
chickens were given
ad 1 b tum

~

Newly haiched White Leghorn
ed from a focal hatchery The
commercial chicken food and water

0 1his work ta.o eeaums nf ran

¥ was £ven On the day of hatclung



TABLE | Body Bursal and Spleen Welghts (Mean+ 8 D)

Unireated Treatment with Treatment with cyclo
colchicine phosphamide
Body weight (g)
| week 542 52(20) 578+ ST(25)*c  421% 600100
2 weeks 863x 141(5) 830 94(5)
4 weeks 2155+ 249(9) 21342 314(7) 18742 223(5)
6 weeks 4330 59(8) **3622+ S517(9)° 2633£1038(9) "
10 weeks 958 5121 1(10) 8771126 1(18)
Bursal weight
(mg/100gbw)
1 week 2523+ 551Q0) *er50 618 6(25)0 938x188(10)
2 weeks 546+ 598(5) *Te49 7228 2(5)
4 weeks 471212404 *tdl6£235(N) 89 824 8(5)*°
& weeks 5929 1389(8) ***53 724 7(9) 67 12114090
10 weeks 4119101 8(10) ***205=101(18)
Spleen weight
(mg/100gbw)
[ week (121377020 " 890x198(25) " 476209010
2 weeks 1632£197(5) 1343244 8(5)
6§ weeks 270 587 0(8) 203265 7(9) 2134258809
10 weeks 244360 2(10) 2356%323(18)
The numbers 1n brackets indicate the number of chickens in each group
Marks beneath the values of the colch group mdscate o the untre

controls (on the Ieft) or to the cyclophosphamine group {on the right) Marks benca(h the values of
cyclophosphamide group indicate significant differences 1n a comparison to the controls * PE005 ** PO

**t PE0001

The number of chickens 1n different experimental
groups 15 presented mn Table |

Tissue sampling The chickens were killed | 2 4 6
and 10 weeks after hatching with an overdose of ethyl
ether The chickens their bursae and spleens were
weighed Histological samples were taken from the
transversal midine of the bursa spleen and caecal
tonsils fixed overmight 1n 4 & neutral buffered formalde
hyde and embedded in paraffin Tissue sections six p
thick were stained with Hematotylin Eosin van Gieson

Hematoxylin and methyl green and pyronin methods
Staustics  Students ¢ lest was employed
comparison of the means

RESULTS

Body bursal and splcen weights The body bur
and spleen weights are presented 1n Table 1
When the body weights of the chickens treal

TABLE 2 The Occurrcnce of Epirl ¢l @l Buds and Lymp) oid Follicles in 11 e Bursa after Colchiane Treatment

No buds follictes  Both buds and

Age of Total number No buds Buds present

chickens of bursae no follicles no fotltcles Ppresent follicles
ab %2 n X n % n %
8

25 7 28 15 60 1 4 2
; 5 2 40 2 40 0 1) ] 20
4 7 2 29 0 0 0 0 5 71
9 ¢ 0 0 0 ! 1 8 89
lg 18 0 0 0 0 16 89 2 1
{ bursae
1) Number of bu of bursae

2) Percentage of total number

ANG
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Fig 1 Bursa of a ane week-0ld chiken treated wath colchucine No lymphoid follicles present. Small eputhetial buds
are indigated by srsows (H&E % 100)

Fig 2% Dewatl from figure | An epithelial bud with rudimentary corvical zone 1s see. The Open atTow pownts 1o the
follicle assoiated epithehum The closed arrows show the snterfollicutar surface epuhelium (H&KE X 400)

Fig 3 Bursa of a tno weck-0ld chicken treated with colchicine. A few follyles (F) and epubichial buds (open arrows)

are setn The closed arrow pounis 1o a cluster of small lymphocyles around a venule 1n the bursal sroma (HAL
« 100)

Fig 4 Bursa of a tho-#eck-old contsol chicken F = lymphowd follicles open arsows = foflicle assocrarzd
epithelium closed arrows = interfollicular surface epithehum (H&E < 100)

400



TABLE | Body Bursal and Spleen Weights Mean =S D)

Untreated Treatment with Treatment with cyclo
colchicine phosphamide
Body weight (g)
1 week 422 52020 578%  57(25)
e 43 see
iweeks 8632 141(5 8302 94(5) te soan
weeks 2[55% 249(4) 234 314(D 1874 223(5)
6 weeks 4330 59(8) **36222 517(9)" 263 3103 8(9)**
10 weeks 958 5121 1(10) 87712126 1018)
Bursal weight
(mg/100gbw)
| week 2523= 55100 **r506+186(25) 0 93818 8(10)*
2 weeks 3546 598(5) ***497£282(5)
4 weeks 74712124008 “e*41 6223 5(7) 89 8£24 8(5)* "
6 weeks 59292138 9(8) 4053 727(9) 67111409
10 weeks 411921013010 0510108
Spleent weight
(mg/100gb w)
1 week 2137700 * 890219 8(25)* 476+209(10)°"*
2 weeks 16322197(5) 134344 8(35)
6 weeks 2705287 0(8) 203265 7(9) 21342588(9)
10 weeks 244 3260 2(10) 2356x323(18)

The numbers 1n brackets indicate the number of chickens 1 each group
Marks beneath the values of the colchicine group indicate It

10 the untrea

controls fon the left) or to the cyclophosphamine group {on the right) Marks beneath the values of
cyclophosphamide group indicate significant differences 1n a comparison to the controls * P=005 ** PZ0

=** PZ0001

The number of chickens 1 different experimental
groups 1s presented in Table 1

Tissue samphing The chickens were killed ) 2 4 6
and 10 weeks after hatching with an overdose of ethyl
ether The chickens their bursae and spleens were
weighed Histologieal samples were taken from the
transversal mudiine of the bursa spleen and caecal
tonstls fived overmight 1n 4% neutral buffered formalde
hyde and embudded tn paraffin Tissue sections S1X p
thick were stained with Hematoxylin Eosin van Gieson

Hematoxylin and methyl green and pyromn methods {
Stanstics  Students ttest was employed 1 1
companson of the means

RESULTS

Body bursal and spleen weights The body burs
and spleen weights are presented in Table |
When the body weights of the chickens treat¢

TABLE 2 The Occurrence of Epuhehal Buds and Lymphoid Follicles mt the Bursa after Colchicine Treatment

No buds follicles  Both buds and

Age of Total number No buds Buds present
chickens of bursae no follicles no follicles present ollicles
nl) a4 n % n % n
i 25 7 28 15 60 ! 4 2 8
2 5 2 40 2 40 0 [ 1 20
4 7 2 29 0 0 0 0 5 n
6 g 0 0 0 o ] 1 8 89
10 18 0 0 ] 0 16 89 2 u
1) Number ol bursae

2) Percentage of total number of bursae

408
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TABEL 3 The Number (Mean £ SD) of Lymphotd Follicles and Epithehial Buds in a Cross Bursal Section

Age of
Chzlckz " Epithelial buds Lymphoid follicles
{weeks}  Untreated Colchicine Cyclophosphamide  Untreated  Colchicine Cyclophosphamude
1 0@3) 13£28(25) 627£77(5) 487+ 3¢
3) 7260290 0(10)
i 003) 27+39(5) 483264 (3) 10+22(5)
. (28] 542 96(7) 305+ 70(5) 502x71(3) 6213(7) 3+3(5)
. 0(3) 30£29(9) 417x97(9) 652+ 68(3) 30x30(9) 72909
1 [HK)] 0,4=1,4(18) 592+.83(3) 16+22(18)

1)1n 22 cases 0, remaiming 3 cases 7,90 and 96

The numbers 1n brackets indicate the nuniber of ammals 10 each group

with colchicine were compared with those of the
untreated controls, a sigmificant difference was
noticed only on week 6 The body weights of the
cyclophosphamide group were significantly lower at
weeks 1 and 6, when compared with the other two
groups

In every age group, the bursae of the chickens
treated with colchicine were remarkably lighter
than those of the untreated controls The effect of
colchicine on the bursal weight appeared to exceed
that of cyclophasphanude

In the colchicne group, the spleens were slightly
lighter than those of the untreated contro} ammals,
but only on week 1 was this difference significant
On week 1, the chickens treated with cyclophospha-
mide had spleens which were markedly Jighter than
1n the other two groups

Histology of the bursa Attheage of | week 28%
of the bursae 1n the colchicne group (Table 2) were
totally devosd of both lymphoid follicles and
epithelial buds, consisting only of fibrous stroma
and nterf surface epithel In 60% of
the bursae (Table 2) scattered epitheltal buds (mean
13 per section, Table 3) with follicle-associated
epithelium were found m the relatively wncreased
bursal stroma (Figures 1 and 2) Practically no lym-
phoid follicles were observed 1 the bursae of the
colchicine groups whereas n the bursae of the
untreated ammals they were abundant (mean 487,
Table 3) The bursae in the cyclophosphamide group
contained numerous epithelia) buds thus differng
distinctly from the bursae of the colchicme-treated
chickens (Table 3)

At the ages of 2, 4 an!
pursae contaimng lymphor
colchicine group (Table 2), indicating 2 spontaneous
Iymphod repopulation The number of meﬁe lgrrlm-
phod follcles, bowever, Was sathes smg “;:)“
compared to the controls (Table 3, Figures 3 an .
At ths tme, follicles m different  stages Ol

d 6 weeks the pumbes of
d follicles increased m the
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repopulation were seen in the bursae of the
colchicine group In most follicles the repopulation
seemed to begin in the medulla (Figure 5), although
cortrcal accumulation of lymphoid cells was someli-
mes observed, too Some lymphosd cells around the
buds 11 the Stroma were also chserved (Figure 5) In
the bursae of the cyclophosphamtde-treated chick-
ens numerous epitheltal buds were seen, but a
repopufated Iymphoid follicle only occasionally
(Table 3) thus differing from the bursae of the
colchicine-treated animals

At the age of 10 weeks, the bursae of the
o -treated d lymphord fol
Iicles, but practically no epsthehal buds {Table 2,
Figure 6) The number of the lymphoi follicles
remaned low, however (Table 3) Numerous lym
phoid cells were found diffusely m the stroma as
well as aggregated 1n clusters beneath the mterfollt
cular surface epithelium (Figure 7)

Histology of the spleen and caecal
the apphcation of colchicine, the amoun
tymphotd cells around the Schwergger-Seidel sheats
seemed fo be smaller when compared with the
untreated controls, but greater than i the cyclo
phosphamide group On week 6, the number of

— e —

Fig 5 Bursa of a four week-old chicken treated with
cofchwcine The medulla of an epithelial bud 1s poputated
with pyromnophilic cells (F) whereas the cortical 2one1s
pootly developed Note the epithelial buds (B} with few
scattered pyrontnophilic cells 1 the medulla and the
cortex (Methyl green and pyromn X 300)

n treated with
t but

tonsils Aftet
t of

Fig 6 Bursa of a ten week ald chicke!
colchicne Mature lymphoid follicles (F) are presen
no epithelial buds are observed (H&E, x200)

I a ten-week-old chicken treated with
colctucine  Lymphoid cells are scattered 1n the stomd
subepithebially of aggregated as follicle ke structure
(asterix) (H&E, #400)

Fig 7 Bursa o

ey



wheh 5 m accordance with earhier sudies {10 14)
2rd they were more pronounced than those in the
wkhone moddl I 1 possible that after the
treatment with cyclophosphamude there are not
enough sutable lymphotd cells w the chickens to
repopulate the bursal epithelial buds unless the
chickens are transplanted with bursal cells (14~-18)

According to our earlier (12) and present studies
colchicine treatment 1nduces a rather selective tjury
10 the bursa affectng the lymphoid cells and the
follcutar epuhelium This model of chemical
bursectomy differs markedly from other models of
bursectomy as discussed previously (12) and in this
Tper and apparently serves as a mew 100l
studymg the development of the B cell lineage 1n the
chickes, bursa

The techmeal assistance of Mrs Pujo Kortevuor Mrs

{rma Vaananen and Mrs Raba Pikanen 15 gratefully
acknos ledged
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TABEL 4 The Number of Gernunal Centers (Mean+ SD) in a Cross Spleen Section

S‘g‘:k(;i; . Number of germunal centers
(weeks) Untreated Colchicine Cyclophosphamide
1 0(20) 0(25)
0(10;
g ggill(s) 0(s) w
*63(8) 26234090 01%09(92
16 Tt£93010) 513918y @

) PZ0 05 when compared to the controls

) PE0 01 when compared to the controls PS0 05 when compared to the colchicine group
3) No significant difference 1n a comparison ta the controls
The numbers 1n brackets indicate the number of animals  each group

germunal centers in a spleen section tn the colchicine
group was smalfer than 1n untreated controls
whereas on week 10 the difference was mimmal
(Table 4) The cyclophosphamude group distinctly
differed from the other two groups because
practically no germinal centers were found on week

Caecal tonsils were examuned on week {0 In the
colchicine treated chickens the amount of gernunal
centers and lymphoud cells m the stroma was
smaller than in untreated controls The caecal
tonsils of the cycle de treated chick
were not nvestigated 1n this study

DISCUSSION

After with the bursa
only a few epithelial buds while after an ntrapent
toneal injection of cyclophosphamude the number of
buds 1 the bursa approximately equatled the number
of follicles in the bursae of untreated control
anmmals Durning the observation period ait of the
few epithelial buds 1 the colchicine reated bursae
were populated by lymphond cells to form mature
tistologteally normal appearing lymphoid follicles
The number of lymphoid follicles on week 10 how
ever, was only about 3% of that found m the bursal
sections of the untreated control animals
The repopulation of each stigle epitheltai bud by
lymphotd cells seemed to take place mdependently
because lymphoid follicles were found in different
stages of repopulation This repopulation resembled
either embryonal development of nhT_ f;rsal {oll;]cles
d 1n the bursae of the cyclophos
( Dorsiaies rou? l ty (S T)oor
1th bursal lymphoud

de treated p
lowsng transplantation W

. 2 f the repopulating lym

unclear, (1) they can be

cells (14-18) The onigm o
photd cells remains

412

descendants of lymphoid cells which survived ¢
1n1tial necrosts caused by colchicine or (2) they o
be peripheralized bursal lymphocytes which hy
returned to bursa or (3} they are lymphocytes fro
a non bursal site of B cell development {8)

In the colchicine model no nacute« direct effee
on the spleen or cascal tonstls has been demonsty,
ted (12) However, later the spleen weight 1t
amount of lymphotd cells i the periellipsoid are;
and the number of germmnal centers 1n the spleen g

dary due to total depl of the lymphon
cells 1n the bursa On week {0 ncreased weight
and normalized morphology of the spleens indicate
their partsal recovery This injury recovery cyclus i
the bursa also partially reflected in the spleen i
our present model bears some resembiance to thay
caused by Inte %
ingection (4)

The chickens which received intrapentoneal
jections of cyclophosphamide did not gat as
much weight as those treated with colchicime a fact
apparently indicating a more serious systemic effect
Beswdes the total loss of lymphoid celfs no other
apparent damage was observed histologically 1n the
bursae of the cyclophosphanude treated chickens
Cyclophosphamide did not destroy epithehal buds
As reported tn earler studies (6 7} tn ¢yclophos
phamyde treated chickens only a part of numerous
eptthelial buds are spontanecusly populated with
tymphoid cells on week 10 while n the present
study all of the few buds  the colchicinie group
were populated Thus the cyclophosphamude and
the colchicine models also differ m thetr type of

phord of the bursa
which 1s less actuve 1n the former The effects of
cyclophosphamde on the spleen were evident




whyh 5 1n accordance with earlier studies (10 14)
and they were more pronounced than those in the
wiimre model Tt ts possiple that afier the
tratmept with cyclophosphamde 1here are not
enough suitable lymphoid cells i the chickens to
sepopulate the bursal epitheltal buds unless the
¢hickens are transplanted with bursal cells (14-18)

According to our earher (12) and present studies
soipeine treatment induges 4 rathet selectve wnyury
m the bursa affecting the lymphoid cells and the
folicular epithehum  Thuis model of chemical
bursectomny duffers markedly from other models of
bursectomy as discussed previousty (12) and m this
aper and apparently serves as 2 new tool m
studying the developmen of the B cell lineage 1 the
¢hicken bursa

The techoscat asststance of Mrs Pirgo Korteruor! Mrs

Irma Vaananen and Mrs Raya Fukanen 15 gratefully
aknowledged
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TABEL 4 The Number of Germinal Centers (Mean = $D) sn a Cross Spleen Secnon

Age of
chgxsk(;ns Number of germinal centers
{weeks) Untreated Colchicine Cyclophosphamide
! 0020 0(25)
(2, 06x13(5) 0(s) ou
8,3+6,3(8) 2,6 £3,4(9)0 01z 2
10 71293(10) 51289018 {020

1) P=0,05 when compared to the controls

2) P 0,01 when compared to the controls, P=0 05 when compared to the colchicine group
3) No significant difference 1n a comparison to the controls
The numbers 1n brackets tndicate the number of animals n each group

germunal centers 1n a spleen section 1n the colchicine
group was smaller than i untreated controls,
whereas on week 10, the difference was minimal
(Table 4} The eyclophosphanude group distinctly
dilfered from the other two groups, because,
practically no germinal centers were found on week

Caecal tonsds were examuned on week 10 In the
colchicine treated chickens, the amount of germinal
centers and lymphod cells i the stroma was
smaller than in untreated controls The caecal
tonsils of the cyclophosphamude-treated chickens
were not nvestigated mn this study

DISCUSSION

After treatt with colch the bursa
only a few epithelial buds, while after an intraperi-
toneal myection of cyclophosphamide the number of
buds 1 the bursa approxmately equalled the number
of follicles m the bursae of untreated contro
ammals During the observation penod ab of the
few epithehial buds 1n the colchicine-treated bursae
were populated by Iymphoid cells to form mature,
hr lly normal-appeartng lymphod follictes
The number of lymphoud follicles on week 10 how
ever, was only about 3% of that founad 1 the bursay
sections of the untreated control ammals

The repopulation of each single epithelial bud by
lymphosd cells seemed to take place mdependently
because lymphod follicles were found 1m d\(\‘er‘em

descendants of lymphotd cells which survived the
il necrosis caused by colchicine, or (2) they can
be peripheralized bursal lymphocytes, which have
returned to bursa or {3) they are lymphocytes from
a non-bursal site of B cell development (8)

In the colchicime model no »acute« direct elfects
on the spleen or caecal tonsils has been demonstra-
ted (12) However, later, the spleen wewght, the
amount of lymphoud cells 1n the periellipsoid arez
and the number of germinal centers in the spleen as

. ant

secondary due to total depletion of the lymphotd
cells 1n the bursa On week 10, ncreased weights
and pormalized morphology of the spleens indicated
ther partial recovery This spury-recosery cyclusin
the bursa, also parually reflected n the spleen m
our present model bears some resemblance to that
caused by intramuscular testosterone propionaie
injection {4)

The chickens which recerved Intraperitoneal
myecsons of cyclophosphamide did not gain as
much weight as those treated with colchicine, 2 fact
apparently ndicaung a more serious systenic effect
Besrdes the total loss of lymphoid cells, no other
apparent damage was observed histologically tn the
butsae of the cyclophosphamide treated chickens
Cyclophosphamide did not destroy epithelsal buds
As reported m earlier studies (6, 7) tn cyclophos-
phamude treated chichens, only a part of numerous
epithelial buds are spontaneously populated with
d cells on week 10, while 1n the present

stages of repopulation This repopuiation

erther embryonal development of the bursal follicles
{1, 2) or states found in the bursa¢ of the cyclophos-
phamlde-treated chickens spontaneousty €5, 7 ot
following transplantation with bursal lymphod
celts (14-18) The ongmn of the repopulating lym
phoid cells remains unclear, (1) they can be

ALY

lymp!
study,

were pop
the colchicine models also differ in
noid 1

all of the few buds i the colchicine group
ulated Thus, the cyclophosphamide and
their type of
p Iymp: repop of the bursa
which 15 less actve 1n the former The effects of
cyclophosphamede on the spleen were evident
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CORRESPONDENCE

HISTOLOGIC TYPING OF BREAST CANCER

Si¢ Lo 4 rectat monograph (9} and 10 a brief report (8)
which appeared m this Journal Lnell er a! proposed a
new classificaion for breast cartinoma Theit system
wis elabacated upen on the observation of a large
number of mastectomies 1 which they recorded a
stepwise evoluttont from wradual scars« wnto carcinomas
they called tubulare

In our opmion an obvious merit of their exEnSIVE
imvesigation has been to intend to apply to breast
pathology the acception which appears now established
fos lung cascinoma (Roessle (1)) that cancer seems to
anse n scar issue They also tried to introduce a concept
of dynamic evolution 1n the process of degeneration
suggesting that both Mustologic type and grade of a
tmour does evolve with tme We also have been
terested 1o breast pathology and hstologie classifica
ton of mammary cancer (17 18) Therefore we would
1ike 10 comment on some of the basic pounts of Lunell et
af {8 9)studies

1) When the authors claim that tubule formationt asa
Tugher degree of differentiauon and of better prognosis ts
nowadays zn obsolete 1dea« they are iy contradiction
with ther own Statements (—»  tubvle formauon 1s
pure in early carcinoma < 1 1n well differentiated

parameters currently 1n use (19 20}

2) The mgh percentage of wtubular carcinomasw
which reached 21% (8 9) 1 1 profound disagreement
with literature data of 2 10 to 20 fold lower frequency
This discrepancy 15 cbviously aunbuiable 1o dfferem
histopathological crteria and definuon of fubular
cranoma We (17 18) have already stressed the
confusion berween true twbular carcinoma and well
differentiated infiliraung duct carcmoma or even With
other subtypes which has appeared repeatedly (Savino &
Koss (12) So Hamper] (6) pomted out that even
Haagensen misused some terms vz by designaung trué
tbwiar carcinoma under heading of apocyine carcinoma
Few reponts (Eusebi eral (2) Fisher et al (4)) suggested
that true tubular and lobular carcinoma mught be two
distnct vanants of secretory carcinoma the former
being the most differentiated of both subtypes However
most avthors (Lagios er al (1) Taxy (14) Tavior &
horris013) san Bogaert & Maldague (17 18)) agree with
a ductal onigin rathes than & lobular one

Thom et fomenioms o

he confusion with highty

dilfferentiated mfilraung duct carcinoma. Atmost all the
papers on the subject of e tubular carcinoma agree
Suth the following tustepathologic cruera well-defined
tubutar structures with angulated contours usually hined
by a single layer of bland appearing cells and prominent
. . .

lesion they consider a »radial scare« 1¢ not yet a
carcinoma  although it may progress nto tubular
carainoma. They beliese that malignant degeneration of

the nradial scar« may evolve 1nto § subtypés according

‘e bmama F

woncerve that with time the degree of differentaton
may decrease 1t seems rather confusing to name wtubular
carcinoma O« 2 amour which by defimuon 15 2lmost
totally devord of tubules

3) Radial scars« are said to be also charactenzed by

observation might be correct one could get the wrong
impression that efastosis 15 one of the diagnostc
ballmarks As a mattee of fact true whulac carcinoma
generally show such changes (Tobon & Salazar (15)
Tremblay (16 however infiltrating duct and lobular
carainoma Uz opard: & Laursm (1} Marnnez Hernan
de~ et al (100 sarrhous carcinoma Uz opard: &
Laurme (1)) and bemgn breast tissue (Marnnes Hernan
dez et al (10)) have been shown to exhibit the same
deposits Moreover studies on this peculiar elastord
substance emphasize that the deposits are found not only
m the periductal stroma but also around the blood
vessels The latter topography was not mentioned by
Linetl et al (8 9) Fially Fisher er al (3) suggested

Some 2350012U0n between Marked elastica and tumours
from pauents of older 2ge

Conclusion The awthars (9) clamed that a new
classification system 1s warvanted only when 1t offers
advantages from both a chnical and Pprognostc point of
view Although we fully agree with their statement their
study unfortupately was hmited to a 1-3 year follow

up From a pathologist 5 potnt of view we feel that thear
system 1s based on the mususe of a name mtubular
Qranema« which has been tonsacrated 1 a very precise
sense W hile the authors do Tecognuze all the criteria of
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A sign ficant posstive corvelation was found 1 11 antrectomy preparations betw een the product of antral

length along the lesser and greater curvatures
09297) This means that the antral mucosal v
the curvatures a procedure possible during

and the antral mucosal volume {coefficient of correation
olume can be estimated hy measuring the anteal lengih along.
operation with the organ in siu

key words Human antrum curvatures mucosal volume

H Overgaard Nielsen Insutute of Pathology Odense

Accepted as submitted 23 1v 80

The surgical treatment of chronic duodenal ulcer as
performed 1oday preserves the antrum  Antrectomy is
only the treatment of choice tn some cases of recurrent
ket This means that direct determunation of the antrum
area and/or volume can rarely be obtained m duodenal
uleer patients These parametres can be useful 1¢ for
determunat on of the G cell mass and when the antrum
S22 15 to be correlated 10 other parametres It was
thetefore considered of 1Rerest 10 report a method for
the esumation of antra) mucosal volume by means of

Mmeasutement of the length of the antrum along the fesser
and greater <urvature
The m o

iduse of early gastric cancer

Alter removal
greater curvature
border be wmen
was deter
sections {
from the
thetaoc
the pylor
Stripped
principles of Aq

the antrum was opened along the
and placed on a sheet of cork The

U I volame determined following the
feMimedes by submersion in water Ag

Unmversity Hospital DK 5000 Odense C Denmark

Corrected volume of
antral mucosa (ml)
20

y=015x+115

2

L 6 8 100
Length of lesser wrvature x

length of greater curvature fcm?)
Fig 1 Shows the constructy

120

he hne intercepy the Y ausof
slopeof 0 15(mitem?)



such lesion 1n the »radial scar< which they apparently
constder as a possible precancerous lesion they use the
term to designate @2 wide range of carcinomas with a
progressive loss of tubules We can hardly agree with
their new classification
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Sir -We thank Dr van Bogaerr for the interest he has
shown o our papers and would like to comment on
some of his views

We are glad that Dr van Bogaert seems to accept the
possibility that tubular carcinomas start in radeal scars

| Dr van Bogaert means that we are in contradiction
with our own statements about differentiation There
is no cantradiction 1f one ctes also the following
sentence »When the tumours grow larger the
progression towards less differentiated structures
takes over and the tbules ate there only as remnanis
of the eather structure of the tumour To us
differentiation means the development of higher
dilferentiated structures 1n an undifferentiated tu
mour and progression the development of less
differentiated elements 1n & highly differentiated
tumour
»The high percentage of tubular carcinomas 15 1
profound disagreement with literature data Mot at
all As we pointouton p 63 our material contans a
big proportion of tumours found at mass screeming
The same has been found by other authors ctted by
us
Dr van Bogaers finds 1t confusing to use the name
ytubular carcinoma O« for 2 tumour devoid of
tubules We cannot find it confusing when reading
our text
About elastosts »One could get the wrong impressien
that elastosis 1s one of the diagnostic hallmarks
Naturally we mean this 15 true and the finding of
efastosts 1n all our tubulo ductal carcinomas is one of
our histologic arguments for the progression We
describe But elastosts 1s not pathognomic as stressed
onp 122 where we point out that mfiltrating lobular
. L -

~

w

.
2dd that 1t 1s impossible 1n this publication to have 2 long
follow up when Wwe use a modern matersal with many
small tumours found at mass screening We cannot
agree that we misuse the name » tubular carcinoma  To
us 1t 15 not consecrated but subjected to the changing
pattern of new knowledge

“To the 1ast sentence »W e can hardly agree with theit
new classification« we can only say that several
correspondents  who have gone through ther own
materials > with new eyes have agreed with our views

Forxr LinEIL
Or10 LIUNGBFRG
INGYAR ANDERSSON

Deparyment of Pathology
General Hosputal
Malmo Sweden
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A sigmificant postuve correlation was found 1n 11 anirectomy preparations hetween the product of antrat
length along the lesser and greater curvatures and the antral mucosal volume (coefficient of corretation
09297) Thus means that the antra) mucosal volume can be esimated by measuring the antral length along
the curvatures a procedure possible duning operation with the organ in situ

Key words Human antrum curvatures mucosal volume

H Overgaard Nielsen Institute of Pathology Odense Umiversity Hospital DR 5000 Odense C Denmark

Accepred as submutted 23 1v 80

The surgical treatment of chronic dodenal vlcer as
gerformed today preserves the anttum  Anteectory 1§
ORlY the frgarmant ~F <+ -

Pl e
a- o o

Lorrected volume of
ontral mucosa (mi)
20

Ve e
Nl oy e
et pauents 1hese parametres can he useful 1e for
deerminauon of the G cell mass and when the antrum
S1z¢ 15 10 be correlaied 1o other parametres [t was 15
therefore consdered of mierest 16 report 2 method for
the esumation of antral mucosal votume by means of

measurement of the (ength af the arurum along the lesser 40
and greater curvature
Tha

y=015x +115

! 5
[

widuse of early gastric cancer
Afier cemoral the amrum was opened along the
greater curvature and placed on a sheet of cork The 0

:u:div betmeen the antral mucoa and fundic mycees 0 20 4 & & 10

- Length of lesser curvature x

:; . length of greater cyrvature (cm?)
n .

u
or .
submersion 1n water As

Fig 1 Shows the constucuon line of TEEression herween
antrum mucosa volume and the product of lesser and
greater curvature length The ine intercept the \ aus of
pomt 1 15(m1) and havea slope of 0 15 tmi/em2)
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the smpped mucosa also includes submucosal tissue the
proportion of mucosa) and submucosal tissue Was
determined from three § pm thick tissue blocks taken
from the strpped mucosa, using the point counting
techmque (1)

‘The results are seen 1n Table 1 A significant posiive
correlayon (P <0001) with a coefTicient of correlation
of09297 was found between the product of the antral
length along the lesser and greater curvatures and the
corrected antral mucosal volume The bnear equation
and construction Line of regression betheen thest (R0
varables are shown m Fig |

Measurement of the antral length can be performed
during operation with the stomach 16 Situ using etther a
pH electrode to establish the border between the pyloric
and fundic mucosae or the border can be estimated by
microscopic examnatton of step wise biopstes taken
from the pyloric ring and orally along the lesser and
greater cufvatures
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