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Electron Microscope and High Resolation Autoradiographic

Studles of Megaloblastic Erythropolesi:

S N WicKAMASINGHE and VALERE BusH

s o d MRC Unit,
St Mary Hompetal Medical School, Univerty of Loodos, sad
Divisioa of Expernimental Pathology The Mathids and Tereocs Kemmedy

Loodoa
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Abstract Bone marrow fragmexts from 10 putents with  mepaloblastic apas-
ricroscopy

mdcltdmu A proportion of the erythroblets

thoved shirstructent, sboormahtics. Sorms of tbe cells coctaleing ankophagkc vac
wokes, Largo shaped mocler, mem-
hrm-hmdundmxddﬂ.ulm-pim membrann wot foxd o be

from cther muried depremon of 50 ATEM protess and RNA ryuthesh, sa
w cre presumably desined for phagocytosis by reticalum ceth.

Although several autbors have on varons
abnormallnes which affect the erythroblasts of patents with megaloblay-
&hxmopmnhls 9 17] there have been few detalled reports on the
i ety In this paper we describe
Lbclbmrnnﬂﬂadrmcddmhgmeledmumiumcopﬂbdydtheernb«
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data on the metabolic activity of the cells showing some of these ultra
structural abnormalitics

Patlents and Methods

‘Ten patlents with a megaloblast] anacmia were studied 4 of these were vi-
tamin B y-deficient (Hb 6.0-8.7 g/dl MCV 109-170{1) and the remainder were folate
deficrent (Hb 49-93 g di MCV 105-142 1) Marrow was aspirated from the ster
num and a portlon of the aspirate was Immediately mixed m about Sml of
Hanks solution containing presenative-free heparin A few marfow fragments
were removed from this marrow suepension, using a Pasteur pipette, and these
fragments were flaed in u 235% solution of glataraldchyde in 01 phosphate
buffer (pH 7.3), usually for —4h.

A mi aliquot of the marrow suspemsion was incubated with 40 ;Ci of 63H
thymidine (°H TdR specific actlsity 26 Ca/mmol) in 1 patient with vitamin By, de-
ficiency (Hb 6.7 gd1 MCV 106 1) and 1 patient with folate deficlency (Hb 49
gdl MCV 142 ) with 1°0 «C{ of 14,5-7H leucine (specific activity 58 Climmol)
in 1 patient with vitamin B deflciency (Hb 7.0 g/dl MCV 1 0 f) and 2 patlents
with folate deficlency (Rb 69 and 93 pg/dl MCV 105 and 109 f1), and with
100 »Ct 5-H uridme (specific acthvty 24 Ci‘mmol) in 1 patient with vitamin B,
deficlency (Hb 70 g/dl MCV 120 fl). All incubations were carried out at 37 C
for 1h, after which a few amall Iabelled fragments were fixed in glutaraldebyde,
as before

The glutaraldehyde-fived marrow fragments were washed in 0.1m phosphate
buffer post fl ed in buffered 1 osmium tetroxde for 3 h, dehydrated in ascend
ing grades of alcohol embedded in Araldite which was polymerired at 60 C for
T h and sectloned on an LRB Ultrotome 11T using a glass knife. In the caw of
the pon radroactive tisspe, the sectloas (60-50 nm thick) were mounted on uncoat
ed copper grids, seqaentlally stained in uranyl acetate and Reynold's lead cltrate,
and exam ned o an AEI 6B electron microscope

For the prepnnllnn of electron mkroscope autoradiographs, the unstained sec
froms were on collod ted lides, ted with carbon and
covered with a monolayer of Ilford L4 emulsion. The autoradlographs were ex
poted fo 4-10 weeks, developed elther with 1D19 or with gold latensification and
Elon ascorble acid [15] and fived in 25 wsodium thiosulphate. Tho collodion
membrane was then stripped of€ the slide and the sections together with the aver
Iylog autoradiographs were nttached to grids for stalning and camination mnder
the electron microscope.

Results

The electron microscope findings were qualitatively similar in all 10
patlents with megaloblastic haemopoiesis, but the frequency with which
various abnormalitics were found varied consderably from patient to
patient,
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Ultrastructure of Megaloblastic Erythropotesis

Basophilic megaloblaxts These cells potsesved a large, more or less
mundcdnndnnwthlhﬂemnopaiphcrﬂchmmaﬂuwndmmﬁmmd
ome or more nucleol. Thelr cytop

{monly amanged as poly ) & mod namber of mi dri
mdmmuﬂybngmmd:ofrwghcndophmﬂcmduﬂm&mca"
profiles contained annulate [xmellae a Golgl apparatas or & small gromp
of pleomorphic cytoplasmic granules. The longest strands of endopias-
me reticulum coursed through half or more of the cell profile. An occa
sloaal profile contained several short strands of endoplasmic reticulum
stacked parallel to each other or contained one or two more or kess cir

cular strands of endopl {culem which Bofated por
tons of the cytoplasm withm them.

Polychromatic [obl The of the b hile mega-
loblasts Into pon-dividimg Iate poly h
n'kdby(l)npmgxmlmhmlnlhcekmundcmjtyo(lhccﬂo—
plesm ( due to a progr mcTease in its haemoglobin con

tent), (2) a progressive increasc in the amount of heterochromatin within
the nuclens, and (3) a decrexse In the number of ribosomes and mito-
chondﬂlnthinlbecﬂapumwchmmmqulmﬂvdynmﬂulu
those observed doting the tion of normal basop cryth

fe cells into Iste palychromatic nonmoblasts. However the amonnt of
heterochromatin present in some or all of the emrly and late polychro-
matic cells appeared to be smaller in megakoblastic marrow than ig nor
mal marrow In addition, some polychromstic megaloblast profiles
thowed vanous other ultrastroctural abeormalities. These abnormalites
\hid:mmmmulzndlnublclmnmomlreqnmuymlnlbehu
(non-dividing) polych than i the ewrly (dividing)
pnlychumﬁcmcphb{uumo(lbclhmmﬂ.ﬂalmcdhuhlel
are ilfustrated in figures 13 and are dealt with in greater detafl below:
Aptqnﬂhudthedrwhrcﬂqﬂmcmcmhmaprﬂm!wﬂhh
the poty d those seen within the baso-
phﬂlcmegn]obllllhl‘pln(mm!h:hc(lhntbcymﬁmdldnm
show membranc-associsted rbosomes (fig. 1a, ¢} The regloas of cyto-
plasm hsolated by such membrancs vanced io area and shape, were some-
times partlally digested (Le. showed & decreased electron demlty), and oc
casionally contained myehn figures {fig. 32), femntin partickes, degencrat
ing mitochondrin or several small vesicles. At least some of these mem-
brane-bound rones probably repreient autophsgic vacuoles. Apotber
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type of presurnably autophaglc vacuole encountered within the polychro-
matic megaloblasts was composed of 2 concentric layers of membrane
scparated from each other by electron-dense materal (fig. 1b d) The
inner membrane appeared to enclose a portion of the cytoplasm within
it. The cytoplasm of some of the polychromati. erythroblast profiles
contained inclusions consisting of nuclear material Most of these Inclu-
sions were bounded by & double membrane and consisted elther of con
densed chromatin only or of both condensed ond expanded chromatin
(fig. 2a) A few of the inclustons were not surrounded by any membrane
and consisted entirely of condensed chromatin (fig. 2b)

Bone marrow reticulum cells These cells contamed one or more de
generating erythroblasts erythrocytes and granulocytopoletic cells within
their cytoplasm. In general the phagocytosed erythroblasts showed more
advanced degencrative changes than the erythroblasts which lay outside
the reticulum cells

Electron Microscope Autoradiographs

The clectron mucroscope sutoradiogrnphs of marrow fragments la
belled with *H TdR showed that basophilic megaloblasts contalning an
nulate lamellac or abnormally long strands of endoplasmic reticulum are
often m active DNA synthesls As » high proportion of the ultrastructurally
abnormal polychromatic megaloblasts belonged to the non-dividing late
polychromatic cell compartment 1t was not surpnsing that most of the ultra
structurally abnormal polychromatic megaloblasts werc unlabelled with

Fig 1 Exnmplu of ulxrun.ruc(nnl sbnormalities affecting the cytoplasm of
soTE P ! a Memt bound dderosomic (above) and cir
cular nn.nd of roagh endoplasmic rettculom (below) in a vitamin B (deflctent
megaloblast, X50,000. 5 Scveral presumably autophagic vacooles boonded by
two concentric layers of membrane in a vitamin B ,deficent megaloblast. The
space between the two layers of membiane fy more or lew clectroa-lucent in the
vacuoles marked 1 and 2 and s flled with clectron-demse materinl ln the vncmlcs
marked 3 and 4 X25000. ¢ Electron mk Jevel
with 1D19) of an JH leucine-labelled, rohlc-dcﬂclcm megaloblast containing a dr
cular strand of endoplasmic reticulum One of the lincar strands of endoplasmic
retkeulum in this cell profile s continuons with the nuclear membrane. X 30,000
d Electron mi d with gald Iatemification aed
Elon ascorblke ackd) of an  H TdRdabelled vitamin B deficlent megaloblast
thowing two prevumably autophaglc vacuoles. The wall of the upper vacuole con-
tafm 2 concentric 1 yers of membrane and that of the lower vacoolo has 3 layers.
The space between the layers has a cross-stristed appearance. X 33,000,
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Table I Ultrastroctural abnormalities encountered in some proflies of the polychromatic
Toblasts

megal
Cytoplasmic abaormalities

Long strands of endoplasmic retlcubum
(sometlmes dilated or twisted into blzarre
formations)

Clrcular membranes encloalng portions of
the cytoplasm, protably autephagic vacuoles
(fiz. 1 32)

Anmlate lameflae, mainly in the baso-
philic celly

Incressed number of free ferritin molecules

limg, loss

Tron-laden mitochondria

Inclusions consisting of nuckenr materlal
(HowellJolly bodkes) (fig. .a, b)
Clustering of cytoplasmic organctics near
the nucleus (Ag. 4)

Reduced electron demity and ribosome
coatent (fig. 4)

Nuclear abnormalities

Reduced quantity of heterochromatin
Membrane-bound nuckear clefis, usually
within the heterochromatin (fig. 2¢, d, 3¢)
Irregutarly shaped or frgmenting nuckd
(fig. .4 3
Intra-nuclear inchmions (ferritin aggre-
gates, mitochondria myelin figures,
7 ribosorrwes) (fig. 3a b)
Spongy appearance of heterochrowmatin
Absence of partt of the nuckear membra
ne (fig. 2d)
Myefnization of parts of the nuckear
membrane

foa of the nockear b
from the nucleuns
Dilation of the tpace between the
2 layers of the nuckear membrane (fig. 4)
Heavy deposit of ribosomes on parts of
the outer layer of the nuckar membrane

'H TdR However a very few polychromatic megaloblasts contalning

bly autophagle v les (fig. 1d) irregularly shaped nuclel an
incomplctc nuclear membrane or membrane-bound nuclear clefts were
found to be labelled with *H TdR.

Whereas in normal bone marrow virtually all of the erythroblast pro-
files were labelled with *H leucine, a small proportion of the erythro-
blast profiles in the vitamin B,, or folate-deficient bone marrows were
cither unlabelled or only very weakly labelled with this radfoactive pre
cursor These unlabelled or weakly labelled profiles usually showed ad-

Fig 2 F_umplcl of ulLrl.uructm'll abnormalities cncounlcrcd In some vitamin
B defikclent poly bl a Intracy membrane boand in
clusion coasisting of both heteroch In and X23,000. b Intracy

1 ke lncimik n ch fi X45,000. ¢ Membrane
bound puclear clefts within the heterochromatin of an otherwise nomallooll g
nuclews, X 45000, d Grossly abnormal, Irregularly shaped nucleus lacking part of
its muclear membrane and contalnlng several Intranuclear clefls. X 17,500
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vanced degenerative changes, such as the dilation of the space between
the two layers of the nuclear envelope, the clumping of cell organclles
beside the nucleus, a scarcity of ribosomes an abnormally clectron lu
cent cytoplasm with a granular appearance, and the presence of several
intracytoplasmic presurnably autophagic vacuoles (fig. 4) Cells showmg
advanced degenerative changes were also either unlabelled or only very
weakly labelled with *H urldine (fig 4e¢) Several of the cell profiles
showing less marked ultrastructural abnormalities including those con
taining abnormally long or circular strands of endoplasmic reticulum
(fig. 1c) annulate lamellae, siderosomes a few presumably autophagic
vacuoles iron laden mitochondna irregular nuclel (flg. 3d) membrane-
bound nuclear clefts (fig. 3c) or a combination of 2 or 3 of these abnor
malrties were found to be labelled with both *H-uridine and *H leucine.
Some cell profiles containing an mcomplete nuclear membrane were also
labelled with both these radioactive precursors. Although many cells
showing a distended nuclear envelope paranuclear clumpmg of cyto-
plasmic organelles and a reduced electron dennty of the cytoplasm were
uplabelled or only very weakly labelled with *H leuaine (fig. 4) & few
such cells showed a significant degree of labelling with this amino acld
Most of the erythroblasts situated within the reticulum cells were &1

ther weakly Iabelled or unlabelled with 3H leucine and *H undine
(fig. 4) However a few of the phagocytosed erythroblasts were found to
be more strongly labelled with *H leucine The intensity of labelling over
these labelled erythroblasts was higher than that in the cytoplasm of the
reticulum cells containing them

Discussion

This study has demonstrated a wide vanety of ultrastructurnl abnor
malities 1 the erythroblasts of vitamin B, or folate-deficient patients.

Flz 5 Nuclear -b-normllltiea cnmun(crcd ln wome vitamin B (deficient poly

Pl ising of an aggregate of
clectron-dense particles, prasumably contalning lron. This cell profile also fn
clodes wn fntrac vacuole a myelin figure. X22,500, b In-

tranuclesr myelin flgures. X 28,000 ¢ Electron mkroscope actoradlograph of an
H-midine-labelled megaloblast showing sovera! intranuclear clefis  (arrows),
X17,500 d Electron mkcroscope autoradiograph of an *H lencinedabelled megalo-
biat contalning an [rregular nocleoy X 11,250,
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Fweser part from the presence of an sbnormally smalt quantity of
rc ir matn 1 th nucleus, most of the other abnormalities affecung
prlch o natic cythroblasts (table 1) were usually encountered In

small proportion of these cell profiles. In particular only a few

sblasts howed advanced degenerative changes such as the disten

> the pace betmeen the 2 layers of the nuclear membrane, &

7120 uon m the electron density of the cytoplasin the clumpiog

o pan les near the nucleus, the presence of multiple presumably

a-uoles and a searcity of nbosomes These findings contrast

he  of GoobuaN er af [5] who studied 4 patents with vitamin

> folate dificrency and found degenerative changes in crythroblasts

th had been phagocytosed within the reticulum cells but not in the
con-phagocytosed erythroblasts.

Most of the intracytoplasmic inclusions consisting of nuclear material
were completely surrounded by a double membrane which was indistin
guishable from nuclear membrane (fig. 20) Clearly the possibility that
some of these membrane-bound inclusions were continuous with the
main nuclear mass cannot be excluded without serial sectioning. Never
theless, 1t scems likely that a proportion of these inclusions are not con
nected wath the main nuclear mass and correspond to some of the How-
cll Jolly bodies seen under the light microscope An occasional Howell

Fig 4 a Two folate-deficient, non-phagacylosed erythmbladts (macded 1 aod
) illestrating severul ultrastructural features of advanced degeneration. They con-
talo & granular abnormslly electron-lucent cytoplasm which {1 deficient {a tibo-
tomes. Their cytoplaamic organclics are clumped near the nuclens and the space
between the two layers of thar nuclear membrsne is expanded X35000 & ¢
Electron of folate-deficient marrow cclls which had
been Incubated with H leucine for 1 h. The erythroblast (marked 3) at the ceatre
of b shows advanced degenerative chapges, does not lie within a reticufum cell
and s unlabelled with 3H-leuclne The mrrounding cells had Incorporated thh
amino ackd, The erythroblast at the centre of ¢ Irey within an *H leucine-labelled
retieulum cell but B pelf virtually unlabelled with TH leucine. b X4,500 ¢
K7500 4 An SH lescinelabelled, vitamin B deficient erythroblast showing
advanced degenemtive changes. This cell b altuated within & rethculum eefl.
Y5000 ¢ j Blectron microscope avtoradiographs of vimln B -deficdent mar
raw celh which had been incubated with 7H uridine for 1h. The cell marked 4
shows advanced degencrative changes, does not lie within a reticulum cell aad ko
virtually unlabelled with *H-uridine The adjacent neutrophil myclocyte and eryth-
roblast are both Jabelled with this precursor The erythroblast at the centre of ¢
lies within an ¥H-uridine labelled reticulum cell but is Hsell unlabelled. ¢
X6.500 f x4400. d {The nuclen of the retfcnlum cell s marked N
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Jolly body was not membrane bound consistcd only of condensed chro-
matm and resembled a chromosome fragment (fig. 2b) Those Howell
Jolly bodics which were surrounded by a nuclear membrane could have
either ansen by hryorrhexis or by the orgamsation of a nuclear mem
brane around chromosome fragments which had become isolated outside
the nucleus alter the previous nutosis

None of the ultrastructural abnormalitics listed in table I arc spealfic
for vitamin B,, or folate deficiency and most of them appear to repre-
sent non speaific reactions to cellular injury Thus (1) varous types of
autophagie vacuoles have been described in the erythroblasts of paticnts
with homozygous 8 thalassacmin [I 13 18 19] alcohol-induced side-
roblastic anacmtia |6) and congenital dysery thropoietic anacmia [11] and
m human volk sac crythroblasts [3] (2) large siderosomes, tron laden
nutochondrta and an Increased number of free ferntin molecules within
the cvtoplasm have been described 10 primary acquired mderoblastic an
acmiz [1 10 13 16] secondary mideroblastic anaemia [4 6 13] heredl
tary sidcroblastic anacrmia [7 20] homozygous A-thalassacmia [1I 14
19) the congenital dyscrythropoictic annemias [8 11 12] aplastic anae-
mia [2] and in erythroblasts from human yolk sacs [3] (3) various
anomalies of the nuclear membrane have been reported in homozygous
p-thalassa mia [14 19] the congenital dyscrythropoictic anacrmas (8
11 12] and aplastic anacmia [2) (4) membrane bound nuclear clefts
and irregularly shaped or fragmenting nuclef have been deseribed in eryth
roblasts from human yolk sacs [3] and patients with aplastic anaemia
[2] (5) intra-nuclear ferritin aggregates have been described in homozy
gous g thalassacrmia [14 19] and (6) intranuclear myelin figures have
been reported in tho congenital dyserythropoictic anacmias [8)

The data from the electron microscope autorndiographs indicate that
slderosomes, iron laden mitochondria, a few autophagic vacuoles, irreg-
uvlarly shaped nucled ncomplete nuclear membranes or membranc-
bound nuclear elelts may be present ln ¢clls synthesising DNA  RNA
and protein However all these blosynthetic processes were either ar
rested or marhedly depressed in most of the erythroblasts showing ad
vanced degenerative changes. Such growsly abnormal cells are probably
cventuslly phagocytosed by the reticulum cells

Some of the phaogocytosed erythroblasts were labelled with H Ieu
cine indicating that 2 total arrest of protein synthesis docs not always
precede the phagocytosis of an crythroblast. The phagocytosed erythro-
blasts which were labelled with *H leucine were presumably engaged in
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protein synthesks and labefled with this redicactive amino acid shortly
prior to ther phegocytosis Two slternative explanations for the pres-
ence of 7H leucine-labelled phagocytosed erythroblasts are (1) that pro-
tem synthesis can cootinue within a proportion of the phegocytosed eryth-
roblasts soon afier their phagocytosts and (2) that at least some of the

transparted into the phagocytosed cells, rather than in newly synthesised
erythroblast protein
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Jolly body was not membranc bound consisted only of condensed chro-
matin and resembled a chromosome fragment (fig. 2b) Those Howell
Jolly bodies which were surrounded by a nuclear membrane could have
cither arlsen by karyorrhexis or by the organisation of a nuclear mem-
brane around chromosome fragments which had become isolated outside
the nucleus after the previous nmutosis

None of the ultrastructural abnormalities listed In table T are specific
for vitamin B,, or folate deficiency and most of them appear to repre
sent non specific reactions to cellular mjury Thus (1) various types of
nutophagic vacuoles have been described 1 the erythroblasts of patients
with homozygous 7 thalassaemia {1 13 18 19] alcoholdnduced side
roblastic anacmia [6) and congenital dyserythropoletic anacma [11] and
in human yolk sec crythroblasts [3] (2) large siderosomes iron laden
mitochondna and an increased number of free ferntin molecules within
the cytoplasm have been described in pnmary acquired sideroblastic 2n
acmia {1 10 13 16] secondary sideroblastic enoemia [4 6 13] heredi
tary sideroblastic anacmia [7 20] homozygous g thalassaemia [1 14
19] the congenltal dyserythropoienc anacmias [8 11 12] aplastic anac
mia [2] ond in erythroblasts from human yolk sacs [3] (3) various
anomalies of the nuclear membrane bhave been reported in homozygous
f-thalassacmia [14 19] the congenital dyscrythropoletic anacmias [8
11 12] and oplastic anaema [2] (4) membranc bound nuclear clefts
and irregularly shaped or fragmenting nuclei have been described in eryth
roblasts from human yolk sacs [3] and paticnts with aplastic anacmia
[2] (5) ntre-nuclear ferritin aggregates have been described in homozy
gous f-thalasssemia [14 19] and (6) intranuclear myelin figures have
been reported in the congenital dyserythropoictic anacmias [8]

The data from the electron microscope autoradiographs indicate that
siderosomes, iron-laden mitochondrin a few autophagic vacuoles irreg
ularly shaped nuclel, mcomplete nuclear membranes or membrane
bound nuclear clefts may be present In cells synthesising DNA  RNA
and protein However all these biosyntheuc processes were cither ar
rested or markedly depressed 1n most of the erythroblasts showing ad
vanced degenerative changes. Such grossly abnormal cells are probably
cventually phagocytosed by the reticulum cells.

Some of the phogocytosed erythroblasts were labelled with *H lcu
ane Indicating that a total arrest of protemn synthesls does not always
precede the phagocytosis of an erythroblast. The phagocytosed erythro-
blasts which were Inbelled with SH leucine were presumably engaged in
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Abstract Wwwmmnmm{maﬁpm
whh wequired ref anemia (LARSA). Ove patwat wxs
lumiwhnmmﬁmﬂ&khhdlmllﬂddnduﬂm
thone redictase Booe mamow ciromosomes from the other patiests showed  nor
mal Laryotype. 28 pathenty with JARSA, incloding cur 6 patiests, have had chromo-
soma!

brokemm
of chromosomal absocmality appears to hav 0o wfloece on the early course of
IARSA.

Idropatint scquired refractory nideroblastic ancrnia (LARSA) & a dis-
ense of the fifth and sixth decades. It &5 avsociated with a dimorphic popu-
latian of red blood cells a hypercellular bone marrow resulting from ery-
throid hyperplasts  hyperferremua the presence of sboormal (‘rmged’)
sideroblasts, and sbpormalities m porphyrin metabolom [15 18] The
clinical course of patients with IARSA s uspally benign, with patlents
having & medlan sunvhal of 100 years (18] Controversy cxsts as to
whether IARSA terminates in acute vy eloblastic keulemia {(AML) of re
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Tabde I Laborutory findings in shx patienty with IARSA

Patent  Aps 3a 1 MCV MC Ret- WBC Pluts- Berom Booe M/E Rmged
yan 8% sxm HC culo- 10° ts Fs, mar nno sdeo
% ot 100 m% row blats
% celio- %
Inrity
%
TH 6 M 12 35 40 32 357 4% a0 80 1)1 &
FE N M 64 108 23 29 39 1S 195 MW 12 B
EH 71 F &3 $6 315 27 94 20 165 W N5 D
F L 61 M 74 [00 30 39 19 413 155 W /15 R0
NL 4 M 66 92 12 47 47 3330 20 ™ 13 ¥
iT % M %3 1@ 29 44 64 X0 m %0 13 £

Normal 6)-120 g%

s redcell precarsor with fivs or more ooo-coataining granekes over coe-third or
mer of the anclear erenmierence, () MDd to modente megaloblasioes oo the
booo marrow smear in the erythrosd sere, absence of way by oc trinockeated ey
LhmupmcummdncmeAScywyddnmnwm ) Ab-
seace of any

Crwmnnlym-—pu-lu—mtdnlnlmmlﬂdxmud sec
ood ampls wxy obtalned from frve, Th kacteded direct enatyss of mamow specl-
mess & well w3 72-hoor cultures of blood lymmp wich
PHA to refkeet the pateats constriations] chroeosomal paftere,

The chromoeomses were amelyzed by wee of staodard Glemes—stalned dides and

rmrtard for

mal. Patients whom cells thow ed no siteratiom, or 11 whom the alicrxtoss wvotred
@fferent chromosomes m differext cefly,  cre combdered 10 be pormal
Red-cell exryme determinatons were performed o 13 m? of vemows blood, ab-

tained b ACD ubex and Tha amabyses for
sixtathions redoctese, pyrovate kmass, giwcosc-6-phowphate dobny drogensse, end
& were d Dr Hexxt Fuscm by

method described [10-12). The actrvuses of the followmg erytimocytc en-
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mains a chronic refractory anemua associated with a long survival [5 9]
KUSHNER cf al [18] In a review of IARSA found only 3 of 61 patients
who died of AML [18] Two of the three died after 7 and 13 years, rc
spectively the duration of the disease was nat given for the last patient

Chromosomal changes in JARSA were first reported 1 1966 [6 21]
and have been confirmed subsequently [1 4 13 14 16 171 The
<hanges most frequently observed have been the addition of a C group
chromosome [1 14 16 21] or a deletion or pericentric Inversion of one
F chromosome [4 6] The chromosomal changes are an acquired somatic
mutation affecting the marrow cells, since phytohemagglutinin (PHA)-st1
mulated lymphocytes and cultured fibroblasts have & normal haryotype.
Whether these mutations are evidence of malignancy or predispose to the
malignant transformation of cells 15 unknown. The deficiency of many of
these chromosomal studles is that few were done by the new banding
techniques wath elther quinacnine mustard or Giemsa [3 25] These band
g techniques permit the precise Identification of cach human chromo-
some and the detection of structural rearrangements that do not alter the
shape of the chromosome (e balanced translocations) They also aliow
the precise identificatron of deleted or extra chromosomes.

The purpose in thus study was to determine the frequency and type of
chromosomal aboormalities In JARSA and to attempt to correlate the
chromosomal changes with possble associated brochemicnl markers In
particular because of a previous report (8] that an increased level of glu
tathione reductnse was observed In patients with an additional No 8 an
enalyns of red cell enzymes was carned out on the one paticnt in this se-
ries who showed an abnormal haryotype

Materials and Methods

All dlx patients with a dlagnosls of IARSA from whom material for chromosom-
2l analysis was available from January 1, 1971 to December 31 1974 wero Included
In the study The clinical and laboratary course, including iron studics, peripheral
smears, bone MAMow snears, and marow sections, was reviewed by two of s (J B
and H. M G)

The following criteria were waed to establish the disgnosh of JARSA [18] (1)
The presence of anemla not assoclated with an illness or drug or toxin exposare (in
cluding alcohol), and the presence of a dimorphic population of red blood celly on
peripheral smears. () Hyperferremia, with pormal vitamin B , and folate Jevelr. (3)
Hyperplastic bono marrow with erythrodd hyperplash, and ‘ringed sideroblasts on
the Prunsian blue fron waln of bone marrow tectiom. A ringed skderoblast s defined
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Tadis I Laborutory findings in slx pathents with TARSA

Patlent  Apc $ex Hb MCY MC Retic WBC Plate Berumt Boow M/E Raged
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s red-cell precursor with five or mors lroa-coalating granola over one-thurd or
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bone marTow emear ja the erythrold serks, brence of axy bi- of trimocheated ery-
mddmmdupﬂnpummmnuummwm
sence of ey hemmasologic Inprovement with pyndotne.

Cytogenatic analysh was performed at lexst coct om all nx patienty, and  sec
ndu-phvnobuhcdmmmhdudoddrmmﬂmdmmd-
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PHA 10 refiect the patients conmitutions! chromosoaal patternt
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muumuoWuWMc&wdm
hypodiplodd cefls showing the tame aboormality was comwdered evidencs for the
wrexcace of an abnormal clone: paticts with sech cloacy were clamfied &2 boor
ol Patients whose celly showed po alterations, or m whon the alterations mvol od
&fferent chromosomses In diffcrent celly, » ere cosskdered to be pormal
lniﬂﬂmxy‘mdt&rm!mﬁmﬂ!mptdmmdml&nlu(mﬂwd.ob—
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Table If Cytogenk analysis of bone marrow (BM) or periphersl blood (PB) cells bo six
patients with IARSA

Patlent Date Source Numnber of celbse Karyotype
number of chromosomes  other total
4 45 46 4 chro-

DO~
somal
abnor
malk-
ties
TB 3674 BM 1 B(5* 14(12) 1(1p *6(18) 47 XY +3
42674 PB(*4h) 4 () 46, XY
PB(72h) 3 3Q3) 19014 S(19) 46 XY
FE 10-2573 BM 4 P2 46, XY
1-15-74  BM 30) 15(9 - (1) 20(10) 46 XY
EH 2872 BM 2 48 47 46, XX
719-75 BM A1) 3(3) 2569) 45(13) 46, XX
FL $20-711 BM 1 6 0 3 40 46, XY
5-.6-73  BM 3(0) S 474 1QY 56 46, XY
N.L. 10- 474 BM 54 180 27(8) 46, XY
JT 6675 BM 3@ 193108 1 (1p 2303 46, XY
6675 PB@h 1 403) 64 1N 46 XY
10-10-75 BM 84 3® 13O 1 27(15) 46, XY

Number in parentheses indicates number of cells examined with quinacrine fluores
cence.
* Only two of these were normal 3 had +8 minm some otber chromatomes.,
Cell bnd 48 +8 phn sboormal 97
¢ Broken with 53 and 38
Tetraplotd (92 chromosomes).
¢ Cell had gn extra C which could be a No. 8
One cell had an unkd structural rearm
» Ono cell had a large sob jc marker ch:

Results

Data on the six patients are summarized in table I All patients had o
hypercellular bone marrow with ringed sideroblasts present In marrow
sectfons and ail had mild to moderate erythroid megaloblastosis

The results of chromosomal nnalyses are presented in table I Five of
the patients had & modal chromosome number of 46 without any dele



Fig 1 haryotyps of bm-mm—rwcd]ubumtdkun patent (T B) with
IARSA end stained with No.g n

zh-m:ymmydam:d,mum lmhn:l'lhﬂXY +2

Table 11, Rexd cell eazyme aaays n the patkent with trisomy B (T B)

Enryme Patient Normal valoss
mwan Ny ommber of
determbmtions
Clatatheone reductsse &7 69 89 60-124 14
Pyrovaty kioase 7 1?1157 2
Ghocose-6-phosphate dchydrogrnase 197 24 &11LT N4
& Phophoghuconats dcin drogenese 104 33 601212 114

Performed by Dr Heoo F pomx, Rmb-Probyterian 8t Lake  Medcal Center
all ennymes arc cpromed &3 pmoies of NADMH) oxidizzd (redoced)  mer g Hb
Q7'°CL The folowing eryibrocytc cazyme scinvitim were pormal adanhite kinase,

mase, 3

wod,
phosphoghycerats Liose.

tions, tramjocationy, or mersioms. One patient (T B) bad 47 chromo-
somes, with am extra No. 8 that hxs persisted mntll the present dme
{fig 1). Two other patients had incoosistent abnormalhtkes. Patient F L.
had ove cell with 47 chromosomes and sn extrn C. This chromosome
could not be identified with certalaty although it could have been an ex
tra No.8 The sccond patient (J T) bad two cells with two dilferent
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Toble II Cytogenle snalysis of bone marrow (BM) or peripheral blood (PB) cells in six
patlents with TARSA

Patlent Date Sonrce Number of celiss Karyotype
nember of chromosomes  other total
“4 45 45 47 chro-

mo~
somal
abaoe
mall-
thes
TB 3674 BM 1 (5 14(12) 1(1)* 26(18) 47 XY +8
4-26-74 PB (24 h) 4(0) 46, XY
PB(2h) 3@ 310) 19014 S(19) 46, XY
F E. 10-25-73 BM 41 H 43 46, XY
1-18-74 BM I3 15(9) 2(1)* 20(10) 46, XY
EH 2872 BM 2 45 47 46, XX
7-19-75  BM 4130250 45(13) 46 XX
FL 521-71 BM 1 6 3 3 40 46, XY
5-26-73 BM 30 5() 474 1Y 56 46, XY
N L 10- 474 BM SO 4 18Q) 2T(6) 46, XY
JT 6675 BM 30) 19 (10 1 (12 23(13) 46 XY
6675 PB(T2h) 1 4Q) 6(4 M 4XY
10-10-75 BM 8(4) S 16 1 27159 46, XY

Number in parentheses indcates number of celts examined with quinacnine fluores
cence,
* Only two of thete wete normal 3 had +8 minua some other chromosomes,
Cell bad 48 +8 phus aboormal 97
< Broken loids with 33 and 58
Tetraplodd (92 chromosomes).
t Cell had an extra C which could be s No 8,
# Ove ccll had an unidentified |
® Onec cell had a large tric marker chr

Results

Data on the six patents arc summarized in table I All patients had a
hypercellular bonc marrow with ringed sideroblasts present in marrow
sections, and alf had mild to moderate erythrold megaloblastosis

The results of chromosomal analyses are presented in table I Five of
the patients had a modal chromosome number of 46 without any dele-



Fig I Karyotyps of bon-mnwu_ﬂobunndm patient (T B) wth
IARSA and samed wih mostard. An ch No.s i

the only baormalhty detected the karyotype of this cell is 47 XY +8.

Table 1f Red call enzyme meays in the patient whth irhooy $(T B)

Enzyme Pathet Normal aloes
mesn  rangs pumber of
determinations
Qiatartdons rednctase 67 69 89 60-124 114
Pyruwst kinese 37 117 &1 157 50
Ghacose-6-phosplate dehydropenats 15,7 %4 £1137 14
&Phospboghoconate dehydrogemase  10.4 3 60zl 14

Performed by De Hesat Fancore, Rush-Presbyterian 5t Luke  Mecheal Center
all enrymey are expresed a5 pmoles of NADP(H) ondired (redoced)  pwr ¢ HY
(37°C). The followmg erythrocytic crzyme ectvitie wers normal  ademylsse kmase

-phosphats md,
phosphogiyceats kinese,

tions, translocations, or Inversions. One patient (T B) had 47 clroemo-
somes, with an extra No.8 that bas persisted untll the present tume
{fig. 1). Two other patients had Inconsistent aboormalities. Patlent F L.
had onc ccll with 47 chromosomes and an extra C. Thh chromosome
conld not be identified with certainty althoogh ht could have been am ex
tra No. 8. The sccond patient (J T) bad two cells with two different
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Table II Cytogenk analysls of bone marrow (BM) or peripheral blood (PB) cells in alx
patlents with JARSA

Patient Dato Source Number of cells* Raryotype
number of chromosomes  other total
4 45 45 47 chro-

mo-
somal
sbnor
mal-
thes
TH 3674 BM 1 (5 14(12) 1(1¢ 26(18) 47 XY +8
4-26-74 PB(24h) 4(0) 46, XY
PB(72h) 3 () 3Q) 19014 25(19) 46, XY
FE 10257 BM 41 P 46, XY
1-15-74  BM 3159 2(1) 20(10) 46, XY
EH 2472 BM 248 47 46 XX
718-75 BM 4 IG)B® 45(13) 46, XX
FL 35171 BM 1 6 30 3 4 46, XY
52673 BM IS 4T 11y 56 46, XY
NL 102474 BM 54 18R 27(6) 46, XY
JT 6615 BM EXORLEHO Bt 23(13) 46, XY
6675 PB(IZh) 1 4(3) 6(4) 1M 46 XY
10-10-75  BM B(4) S(4) 13O I 27(15) 46, XY

Number in parentheses indkeates number of cells examined with quinacring Muores
cence,
* Only two of these were normal 3 had +8 minos somo other chromosomes.
Cell bad 48 +8 plus abnormal 97
¥ Broken lolds with 33 and 58 chr
Tetraplold (92 chromotomes).
t Cell had an extra C which could be a No. 3
¢ One cell bad an unidentified structoral rear
X Onc cell had a large sub i marker

Rezults

Data on the six patients are summarized in table I All patients had a
hypercellular bone marrow with ringed sideroblasts present In marrow
sections, and all had mild to moderate erythrold megaloblastosis

The results of chromosomal analyses are presented in table 11 Flve of
the paticnts had a modal chromosome number of 46 without any dele-
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had IARSA according to the criteria defined by Xusran [18] In five re
ported patlents with sideroblastic anemia, assocuated flnesses, drog expo-
sare, or malignancy were present [13] one patient had chromie erythremic
mye}cn;h[z] onchsdnwnzmhlldd—embhniclncnﬁx[ﬂ snd ope had a
Py e1p snemia [13] For two others, efther
no ch | data were available for snalysis or the analysis had been
performed only when overt keukemia developed [10 24] With the eddi-
tion of our 6 patients, thero was a total of 28 reported cases of TARSA on
whom chromosomal snatyses [1 4 6,13 14 16 17 21] (@ble IV) were
performed early in the courss of the disease.

The presence of an extra C group chromosome has been confirmed in
5 of theso 28 cases of IJARSA [1 14 16, 21] In thres instances whers
‘banding techniques were used, incloding the six cases in the present study
the extra C group chromosome has been a No. 8 [14 16] The presence
of extra chromosome No 8 m booe marrow cells hw now been described
in TARSA, other refractory anemis, myelofibrosis, acute kenkemta, and
chroaic myelogenons keukemia [22, 23]

Threo patients with IARSA have been described who hed a deletion of
a portion of one F group chromosome [4 6] Comxe ef ol [4) reported on
a patient with JARSA who had a deletion of the Jong arm of chromosome
No. 20 (20q-) identified by banding tectmiques. Two of 6 pa-
thenrts with IARSA reported by DE GROUCHT ef al. [6] had & deleton of sn
F chromosome, and three had what appeared to be & pericentric invernon
of ane of the F growp chromosomes. The deleted F in the former patients
was a No 20 [pe GroucHY personal commron.]

Two paticots, males aged 59 und 68 yean, showed a Joss of the Y
chromasame [13 17] The sgnificance of this observation i mmcertain
since 10 w0 20Y of hematologically normal males 1o this age groop wonld
be lacking & Y chromosome in therr bone marrow cells [20] Anotber pa-
thent had a pomxdble translocation to the long arm of one No. 2 chromo-
some [13] Fourteen patients had 0o detectable chromosomal aboormality

Dx 1A CRAPELLE [8] reported that 3 of 4 patients with en extra No. 8
bad an d level of ery Y d (GSSG-R).
Two of these patierts had IARSA  the GSSG-R waa clevated 1n one and
normal in the other Onc patient of the present series had an extrz No 8
and & normal kevel of GSSG-R a3 well as of the other red cell enrymes
studled except for an clevated lovel of G-6-PD Analyshs of further pa
thents will be needed for clarification of the relabonthip between an extra
No 8 and the lovel of GSSG-R.
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Table It Cytogenetic analysis on patients with IARSA

Pathents Agthex Chromo- Abnormality Reference
somes

Case 2 [*3) 8 47 +C 2
Observation 1 70/M 4 Fq- 6
Observation 2 67/M 46 nogo 6
Observation 3 34/ 46 Fq- [
Observation 4 68/M 46 inw(F) 6
Observatlon 5 63/M 46 inv(F) 6
Observation 6 TIM 46 inv(F) [
Case 1 63/M 4s -Yor -G 13
Case 2 B9/F 46 none 13
Case 4 (3 46 2+ 13
Case 5 HM 4% noac n

SIM 47 +a 14

S0/M 47 +C 1

38/M 45 20q-* 4
Case &3/F 47 +8 16
3 patients N GJF 46 noac 17
J patlents NGM 4% none 17
1 patient »M 45 - 17
TR 6™ 47 +3* present study
FE 3 46 nono present atudy
E H He 46 nonc present study
FL 61/M 46 none present study
N L. 43/M 46 none present atudy
3T 56/M 46 none present study

N G = Not glven
Inv(F) b a pericentric inversdon of ane F chromosome.
Bandlng techniques tsed.

structural rearrangements. The level of red-cell enzymes was analyzed in
the one patient (T B ) whose bone marrow cells showed a +8 Laryotype
The sample was obtained 7 weeks after & transfusion of 5 units of packed
red blood cells. The results sre presented in table 111

Discussion

Although chromosomal analyses have been performed in 32 patients
with sideroblastic anemia {1 2,4 6,7 13 14 16 17 21 24] only 22
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The presence of an extra chromosome No 8 does not appear to influ
ence survival in TARSA also no patient with JARSA and an extra No 8
has been reported who developed acute leuhemin, Most patients with
TARSA have died from hemochromatosis a complication of iron over
load. The median survival for the six patients reported here is 24+
months the panent with the +8 abnormality is alive and well at 30
months, with no cvidence of lcukemia Longer follow up is needed to
provide information as to whether the presence of an extra chromosome
No 8 predisposes to a Jeuhemic outcome however current evidence sug-
gests that this abnormality does not influence the initial course of JARSA
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dicates a disturhance of beme snd/or bemogiobln synthesis [1 2, 8
9.11]

It was the wim of this study to pare varons techrk d
fwhunnxlulngo(bonemmlndmmbﬂ:h:ﬂmfmum}qmu—
tative and qualitatt foation of b We propose the introduc
mdnﬂdanbmmbmndcltb:mswm‘rymupalm

ining ery Our prelimigery resolts suggest that the sidero-
bisst scare provides valuable the bility of

transport fron in relation to hemoglobin synthests and erythrold prolif
erstion.

Material and Methods

Booe marrow ipecmens were cbtarned from illec crest, occawonally from ster

o0mlioflh and (4) with Mayer's banal
wm. 1 g hematem » dosolved oo 1,000 m} drstilled water Sabsequently 02g NalO,,
50 g potaslirm elom, S0 g chioralhy drate and 1 g cltric ackd are added the sotution
b immediately ready for oac and sable W foosd that sdditonal short flmsbing
with drstilled water bmproved the stabrity of staining [16] asd remowed artifacts.

WMAmnlnlmhhdl;lunbmcdb.:ﬂdlmmm

are clearly by ther deme muclen (In mepe-
Ioblastic or dyserythroposetsc apcmay 1t 15 move difficalt to difforestists matorabon
tagn) The following wores wers arblrarily attmboted to each sormobiest or to
abaormal {ros-costaalng crythrold precarory 0 = no stusable bom; 1 = single,
fine lron granule 2 = (WO or more ffae graselar, 3 — om¢ ar mory (<U5) coerse
granmie ), and 4 = pomerouy (5) coerse grumie,

Storaye rom A scabe sculer ®0 the one proposed by Rt and Fouow {17] was
med. The followmy ux sapey were mdcpendently dufferentiated by ts»  persom ¢
= 10 storsps oo, 14 = ireces of storage, koa detectable; 26 = more diffose, bat
wesl mainiag; 38 = low norme! 46 = porm, 6 = moderat incresee, sad 65
= mastvy bemodidaous. [a carres with Low row cootest, steiving artifacts o
external contanination, § with dost particles, should be recogalred.
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Sideroblast Score A Sensitive Indicator of Iron Deficiency and
Hypoproliferathe Anemia

REGULA BAUMOARTNER STAUBLI and EUGEN A Beck

Central | 1 Lab y Inselspital Bern

Aey Words Anemia  Bone marrow Iron  Iron metabolesm  Iron staining  SK
eroblasts

Abxract The detection and ion of 1 lasts depend critically on the
method used for iron staining of bone marrow smeart. Several methods proposcd
for semiquantitative evaluation of bone marrow hemosiderin (Iron stores) were
compared with respect to their suitabillty for detection of normal and abnormal sid
crodlasts. Instead of the customary of bl the Introduction of a
sideroblast scare fs proposed and its disgnostic relevance was prowpectively studied.
Low sideroblast score are amocisted with iron defickency and hypoproliferntive
ancmis A normal sideroblast score, despite the alsence of stalnable hemosidering,
excludes the diagnotis of severe iron depletion. Elevated sideroblast scores may be
correlated cither with fron overload and/or sfderoblastie (slderoachrestic) anemias

Histochemical hods are suitable for detection of mainly two types
of nonheme iron in bone marmow (1) storege iron (hemosiderin) pre
dominantly within cclls of the reticuloendothellal system and (2) granular
material (probably ferritin) in the cytoplasm of crythroblasts (sidero-
blasts) or red cells (siderocytes) The clinienl importance of histochemicat
evaluation of storage iron is well estnblished [1-5] However available
methods seem not to be uniformly sultable for detection of sideroblasts,
Thus, controversy still exists concerning the proportion of erythrold pre
cursors contaning stainable fron under normal condulons [T 2 6-8]
Without this baslc knowledge it is difficult to Interprete disorders asso-
cated with low or increased mderoblast counts. Most authors, however
agree that the presence of coarscly granulated or finged” sideroblasts in
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Table I. Correlation of uderoblast scove with [ron kinetes

Chnical Sadero- Serum Trany-  Plsma  Erythroed Iroe
disgnosh blest  won femn, clear mom Store In
wore g 100 saturs-  eace of tarnover booc
ml oon, ron maTow
men
Chroale rhermatold
arttrith. 3 » n? 3 normal Eh 3
Hodgiin's dmesse (11 A) L] 1 ns 3 Dorme) hL 3
Hodgkin'y decase (IV By 41 14 63 P morml
Hodgkin's disese (1 A) 53 6 208 75 normal s
Sderoblestic amema pE - 422 49 ncTessed s
Aplastic snerala B 7 264 16 decremsed 26
Anciz, megaloblzstoid
aythropokess 9 H 07 ] meroaed 46
Fettys syndrome (hyper
cellular marrow) 7 el 123 7 mereseed 4%
Hematologically normal
cartrol " 5% 49 ™ normal ELY

ready suggest that 0o simple correlation between the sideroblast score and
amy single other labormiory result can be regularly expected. Figure 1 {I-
lustrates the of the score with
Mmmkmum&umolﬂxmﬂlmwmhﬂmm-uh
this figurs it is of interest to give addith t oof
trerts (table IT) Thm,ﬂwpllknhwhhhy‘po‘pmﬂfmﬂvumrmhhxﬂ.
markedly decreased sideroblast score, despite adequate iron storer Tho
matn clmmeal were chronic 1 arthrits, by
phoma end chronk infecton (patient No. 1 4 7 8 amd 1) Table II ako
indicates that the sideroblast score may be of interest in specimens where
storage lron i Dot detectable becwmse of insdequate crllularity (patient
No 5and 19 not shown m figure 1).
Thclhdedmontbel\gw:lndudaaponlycnimmdmrmal
tncludt Htkes of fron stores (/5 and S/5)
Hzcnm[ls]hdkntunmrmlrlngto(m-w of skderoblasts con-
taining fine granulcy Assuming that 3*  of sideroblasts contain a single
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Results

In & first retrospective study 100 bone marrows examined sequential
ly in 1974 wer recyvaluated Iron staimng according to the method of
LUDIN {12] had been performed on 88 smears, whereas the remaming
bone marrows orlginated from patlents with leukemia, ete, where evalua
uon of iron stores was not of pnmary interest. According to a previous
studv this simple procedure was suitable for evaluation of iron stores and
detection of mderoblastic ancmia [8] but less sensitive for recognition or
normal sideroblasts. The present evaluation produced some surprising
results concerming iron stores iron staining had only been speafically re
quested on eight occasions, twice with the question on possible increase,
six imes concerning decrease of Iron stores. By routine jron stalning we
found however 34 marrows with no detectable storage Iron and an addi-
tional scven marrows with decreased stainable iron Iron stores were
markedly increased In 16 marrows. Abnormal sideroblasts were found in
four Instances In concluslon aboormal iron stores were suspected in
more than hall ol this particular group of patients.

Comparison of different mcthods, performed on smears onginating
from the same patient Indicated that all other procedures were equally
suliable for detection of Iron stores. However they varied mainly with re-
spect to clear-cut staining of iron granules in normoblasts of those speci-
mens where neither iron deficlency nor other disturbances of iron metab-
oliym were to be expected. The methods proposed by WiLLIAMS ef af [13]
and HECXNER [15] were both scnsitive for detection of normal ndero-
blasts The latter method was finally preferred becauso it permits cosler
recognition of morphological features of nonerythrold cells and staging of
crythropotests.

An additioral 17 marrows were then simultancously stained by the
methods of LODIN [12) end Hrcxwer [15] These included specimcens
from two patients with sidcroblastic anemia The method of LODIN again
did not permit recognition of normal sideroblasts, but clearly revenled ab-
normal sidcroblasts. Staining according to HLcxner showed normal sid
eroblosts n 16 preparations Abnormal sideroblasts were characterized
by their coarse granulation (using both methods)

In subsequent prospective studles the modified procedure of Hecxner
[15] was used exclusively and the sideroblast score was compared with
other parameters A small number of patients, on whom [ron kinctics
were studied, was thus cvaluated The results summarized Ja table T o)
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Tabie Il Comparison of chnical diagnoshs, rideroblast score and froa store

Pathent Clinkal diagnoshs Sederoblast  Iroa storc
No. care

1 Chronkc rhewmatosd arthrits 3 36
2 Felty's eyndrome 7 48
3 Proochia] carcinorma 91 56
4 Hodgides doscase (I A) . 36
EH Hodgidn  diseasa (IV B) -2 ?
[ Hodgkmn's drsease (T A) ] 6
7 Mabgnent lymphoma 9 4
s Mabgrant lymphoma 4 4%
S Tdiopathic pencytopenua, sidcroblasoc amemsa 236 55
10 Pernicious anezmm 9 45
n Perniciows anenm 198 46
1 Pernicions anem, remmaion 53 445
1 Aplastic anemie o3 %5
14 Immnogemic thrombociopenia 108 11
15 Polycythemaa wera 7 a5
16 Acuta mryciogenou beakerma 67 3
17 Lympindenopatty vial? m &
1 Chronx akoboksn m £
19 Anemis, stiology umdctormmed 4 ]
0 Anemia, ctiology undetermmed 2 36
21 chronc mfechon 2 e 3
b-3 Tron deficxency 3 o6
2 Addoon's diexso L} 3
4 1 bome marrow bemoudeross 4 &5

talnly pot rep: tve for e larger pop [8]. Comp malyrhs
of several published procedures for iroa stabing [2, 7 12-15] indicates
that all arc cqually suitable for cvatuation of tron deposits withm retico-
loendothelial cells.
Minor technica! differences seem to be moro crucial for detection of
i:m—cumdnlngpn.rﬂdumth: Y of pormal by light
described by Hecxxex [15] was found to be &
pmﬁcuhﬂyn:m{d‘emddm'pkmcthodlorlhhpurpou_lnuuincﬂmof
ldd.:mblm-corc.ndm’lhm counting of s
[( may be ically in several respectss a normal

sideroblast score, in the absence of sufficient bone marrow (“stroma’) par
tickes for evaluation of iron stores, excludes the dlagnous of scvers ron



-8 BAUMOARTNER STAUBLL/BICK

FL I
6- « o
20 1418
5 ] *e o
© 3 g
4 2 Z lz % ']
E 1 . ] ]
3 . . LI I ] .
2 B k|
él
5 2 I3
0 2
10 50 100 200 X0

Sederublast score

Fig I Cotrelation between wm]quxntiudvely cvatuated Iron stores (bomo mar
row h Merin) and cour di scores. The shaded area indicates
an approumate normal range.

iron granule (stage 1) the lowest normal sideroblast score would be 30
Since the presence of coarsely granulated sideroblasts in normal bone
marrows 18 exceptional [8] the upper Iimit was defined as 60%s of ery
throblasts contaning more than one fine granule (stage 2) with a corre-
sponding score of 120 The group with a supposedly increased sideroblast
score includes three patients with lron stores grnded 5/5 or 6/6 (No 17
18 and 24) as well as a patient with untrcated pemicious anemia
(No 11) and, the highest score, a patient with refractory sideroblastic
anemin (No 9) A very low sideroblast score was found as expected in
Iron deficiency anemia (No 22) and polycythemia vera (No 15)

Discussion

According to previous studies there 13 ample evidence supgesting that
1ron stalning of bone marrow provides at least qualitative information on
body iron storcs [1-5 17] Our retrospective study on 88 specimens
shows that 1t is indeed sensible to perform iron stalning routinely in add,
tion to Wright or Pappenhcim stalning for overall morphological evalua
tion However the high inadence of increased iron stores was rther gur
prsing and the proportion of marrows with abnormal sideroblasts is ecr
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Table Il Comparieon of cinjcal dugsoin, siderobiast score and fron store

Patient Clinical Segoctie Sidrrotlast  ron store
No. wore

1 Chronic rheneatold artheith 3 36
2 Felty's yndrome 97 46
3 Beoochia] carcinama 91 3%
4 Hodgida's discass (T A} L] 16
5 Hodgide's disense (IV B) 42 1
6 Hodgkins dmsease (1 A) n Rk
7 Maltgrumt fymphora L} 48
1 tymphoma 4 46
’ Hdiopathic pancytopenia, siderntlestic apamnm. 236 I8
1o Pernicions ancmis 4 6
n Peniciom anema g 46
o Pernidons anemis, remiudon 5 46
13 Aplastic anemis I3 26
14 Immemogenic tirambocytopenin 108 5%
15 Polycythernla yo 7 o6
16 Acute rrysogenom beskernia « s
17 Lymphadenopathy viral? E2.} 66
1 Cranke akcohoksn 1 36
1 Anerma, chology indetermmed 14 ?
ke Amemle, ctiology tmdetermined 3 I
21 Anwcnia, chronic lnfection 2 216
2 Iron defickncy Derrt 3 Y3
n Addson’s decrss ” kL
24 %, bons marrow bemoskderows 144 &6
tainly pot for a larger population [8] C analyss

of several published procedures for fron stalning [2, 7 12-15] indicates
that a1l ars equally suitable for cvalustion of tron deposits within reticu-
loendothelial ceits.
Minar techmca] differences seem to be more crucial for detection of
irm—mnuhingpnrﬂdeﬂ.uth: ytopl of normal by Oght
The described by Hicxwen [15] was fomnd to be 8
plrﬂmhﬂymmmemddmplnmctbodfoﬂhhpurpoulnuodncﬂmof
lﬂdaub!.mﬁcum.nﬂrrthmimﬁmmﬂnn:ccmngolddcmblm
go), may be Ity In several respects: a normal
ﬂdu-oﬂmimre.lnlhenhscncco{mlﬁn:ntbmnmm(umm’)p‘r
tickes for evaluation of iron stores, excludes the diagnosls of severe fron
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Fig 1 Correlation between semiquantitatively cvaluated iron stores (bone mar
row hemosiderin) and corresponding sideroblast scores. The shaded arca indicates
an approximate pormal range

iron granule (stage 1) the lowest normal nderoblast score would be 30
Since the presence of coarsely granulated sideroblasts in normal bone
marrows is exceptional [8] the upper hmit was defined as 60%s of ery-
throblasts containing more than one fine granule (stage 2) with a corre-
sponding score of 120 The group with a supposedly increased sideroblast
score mcludes three patlents with iron stores graded 5/5 or 6/6 (No 17
18 and 24) as well as a patient with untreated pernicious anemia
(No 11) and the highest score, a pauent with refractory sideroblastic
anemia (No 9) A very low sideroblast score was found, as expected, m
{ron deficiency anemia (No 22) and polycythemia vera (No 15)

Discussion

According to previous studies, there is ample evidence suggesting that
wron stainlng of bone marrow provides at least quahtative information on
body iron stores {1-5 17] Our retrospective study on 88 specimens
shows that it is indeed sentible to perform iron staining routinely in nddj
tion to Wright or Pappenheim staming for overall morphologseal evalua
tion However the high Incldence of increased iron stores was rather sur
prising and the proportion of marrows with abnormal sideroblasts is cer
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Tuble 1] Comparison of clinkal diagnou, sideroblast score and fron store

Pathent Chnica] diagnosh Sderobla  Fron store
No. xore

1 Chronic rhevmatond arthms 3 36
2 Felty's syndrome 97 4
3 arcinome ” 16
4 Hodgkin's dhease (T1 A) 6 36
5 Hodgidn s drease (TV B) 4 1
[ Hodghin's daesss (1 A) i) 6
7 Mallgnant lynpboma 9 4%
$ hympboma 4 45
9 Lomthic pancylopeaia, tdcobiastic ancrie. 236 3
10 Pernicious anemin “ 46
1n Pemkdions soemme 198 46
R Pornkions ancmee, reminion n 4%
4] Aplastic ancmia L4 2%
14 Immonogrnk: thrombocytopens 108 a6
13 Polycythom vera 7 o
16 Aarts pryrogoot kenkemia 67 i
17 Lymphadeopathy  xal? m &6
n Clronue aleoboksm 11 55
19 Ancma, etology indeterminad 124 ?
E-] Ancw, etivlogy ondesermmed 2 36
2 Anemis, chrosse méccton 2 ¥
n Lron deficancy anermm. 3 o5
) Adduon  drsease t9 36
H 7 booe mamTow bemoskhrom 144 &5
tainly not rep for a larger pop 18] & analysts

of several published procedures for fron siaining (2, 7 12-15] indicates
that all gro equally suitable for evalmation of iroa deposits within reticu-
loendothetal cells,
Minar technucal defferences scem to bo more croclal for detectron of
lrun—omtliningpnﬂdnh'.hc, of normal sid by light
described by Hecxres [15] was found to be o
P‘fﬁl‘ﬂlﬂ‘yt&m}wmddmpkma.bodlorﬂmpwpow Introducuon of
@ sideroblast score, rather than indhcriminate counting of sideroblasts
[ may be ctically imp in several respects: a normal
ﬂdcmb!m:cme,mthunbnenuo!mmdm:bmemna-(‘mum')w
tickes for evaluation of iron stoses, exclndes the dingnosls of severe kron
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deficiency The data presented In figure 1 and table 11 furthermore sup
port the concept that the number of sideroblusts is reduced in hypoproli
ferntive ancmia ¢ g. 1 patients with tumor chronic Infection rheumatoid
arthotls ete. [17-19] The desenbed method furthermore provides at
least qualitative 1nformation on the availability and/or utitization of trans-
port 1roa which might otherwise be obtained only by more elaborate tech
nlques, such es fron kineucs or quantitative measurement of serum ferrd
tin [20] Our prelimmary data do not support the concept of BanitoN and
FincH [1] that there exists a close correlation between the number of sid
eroblasts and wron saturation of transferrdn but are in agreement with the
studies of HANSEN and WEINFELD [2] Evaluation of the sideroblast score
in a few patients with increased bonc marrow hemosiderin however indi-
cates that an Increased propaction of narmsl sideroblasts wdeed reflects
fron overload, unless erythroid prolferation ond/or iron transport are
suppressed Extrernely high sideroblast scores are to be expected m side-
roblastic anema with iron overload The presence of coarse rop granules
sbould however always be dexcribed as an nbnormal feature of erythro-
poles, trrespective of the sideroblast score

In conclusion we propose that sideroblasts in bone marrow should re-
ceive more careful attention 1n analogy to the misused reticulocyte [21]
Further studies are Y to clearly blsh normal valucs and to de-
fipe the diagnostic relevance of the sideroblast score in vanous disorders
of hematopoieals
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Quantitation of Hb A, with DE-52 Microchromatography in
Whole Blood as Screening Test for
p-Thalassemia Heterozygotes!

R. Gatanero M A Meus P Murontand A Cao

Pediatric Clinkc, Unlversity of Cagliari, Cagliari

Rey Words. Hb A, ) Mieroct Th I
screening § Thalassemia

Abstract Hb A, was ussayed by means of DE 52 microchromatography In hem-
olysates from 285 normal subjects and 223 # thalassemfa heterozygotes, No overlap
was found between both groups. Comparable results were observed analyzing whole
blood samples collected in capiilary tubes from 550 pormal subjects and 295 § thal
asscmia b Our results d that this technd is wmefal In a
screening program for f-thalassemia trait.

The increase of hemoglobin A, (Hb A,) is the man diagnostic feature
of 4 thalassemia carners [1] Therefore a rapd and reproducible quantta
tlon of Hb A, Is a fundamental step in a screening program for this trait.
A satisfactory estimation of Hb A, may be achieved by several methods.
The most reproducible results have been obtamned by starch-block elec
tropboresis [2] DEAE Sephadex or DEAE-celluloss chromatagraphy
[3-5] polyacrylamide gel electrophoresss [6] and ccllulose-ncetate elec
trophoresis with quantitation of Hb A, after elution of the hemoglobin
fractions [1] A very simple and rapid microchromatographic method
applicable to hemolysate, whole blood collected by fingersuch aither in
microhematocrit hepannized capillary tubes or on filter paper was re
cently introduced by EFrrsov et al [7] and successively modified by
HuissiaN et al [8] The purpose of this paper Is to present the results ob-
talned using the modified method 1n the identification of thalassemia car
riers in Sardinia.

1 This work was supported by a rexcarch grant from Asessorato Igiene & Sanitd
della Reglons Sarda
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Tuble I Avcrage valoes, standard deviations (¥0) and ranges of Hb Aq kevels (%) with
DE-52 microct o solutions from

Nuomber of cascs  Metn 0 Rargo
A s 28 a3s 17230
B 1m 133 s 402681
c 1o 138 053 434651

A=Normal ertjects B=parents of chikirn with homorypons #timbemernia C=
#-thmlrmemia beterozypotes.

Table [T Avernge vatoes, stancrd deviations (SD) and ranges of Hb As levels (%) with
DE 22 microchramasograplry of bamaglobin soletions from whole blood

Romber of cses Moo n Razgs
A 150 1% a4 17220
B 95 53 045 440656
c 200 33 ass An-500

A-Normal subjects B—pereuts of chukdren with homorygos fGmlemernia Co
Ahaiememia beterorygoter

Materials and Methods

Samples wers obtabned from parents of children with homorypoos #-thalsssemia
and from individmals wko participeted in a screcoing program for A-thalrmemis tn
Sanfinia

Hiood was collected by whh heparin m or by finger
stick n microbsmatocrit beparinized capillary tobes

Microchromutography kas been carrled out according w0 HUmMUN of of. [8] 0
trg DE-S? mirogranefsr (mansfactmed by Whitman Blochemiall Ld) i
05X5 cm chromatographic columms, The optical demshy of the doste was deter
mriwed at 415 om (Spectropbotorneter P4, Curl Zeim)

Remlty

‘Table I preseats tho results obtained with hemogiobin solutions from
hemolysates of 103 parents of children with homorygoms f-thalssemls,
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Quantitation of Hb A, with DE 52 Microchromatography in
Whole Blood as Screcning Test for
p-Thalassemia Heterozygotes!

R. GaLANELLO M A MEus P Murontand A Cao

Pediatric Clinle, Unlversity of Cagliari, Cagliari

Key Words Hb A, Hemoglobl jes  Microchr by Thalsmemi
screening f-Thalassemia

Abstract Hb A was amayed by means of DE 52 microchromatography in hem
olysates from 285 normal subjects and 223 A-tbalassemin heterozygotes. No overlap
was found between both groups. Comparable resulis were observed analyzing whole
blood samples collected in capillary tubes from 550 normal sebjects and 295 £ thal
assemia b Our results & that this technl s useful In &

The Increase of hemoglobin A, (Hb A,) 1 the main diagnostic feature
of g-thalessemia carners [1] Therefore, & raprd and reproducible quantita-
tion of Hb A; 1s & fundamental step in a screening program for this trait.
A satlsfactory estimation of Hb A, may be achieved by several methods
The most reproducible results have been obtained by starch-block clec
trophoresis [2] DEAE Sephadex or DEAE-cellulose chromatography
[3-5] polyacrylamide gel electrophoresis [6] and cellulose acctate elec
trophoresls with quantitation of Hb A, after elution of the hemaoglobin
fractions [1] A very simple and rapid microchromatographic method
applicable to hemolysate, whole blood collected by fingerstick either 1n
microhematocrit heparinized capillary tubes or on filter paper was re-
cently introduced by EFreamov ef al. [7) and successively modified by
HUISMAN ef ol [8] The purposc of this paper bs to present the results ob-
tained using the modified method in the identification of thalassemia car
riers in Sardina,

1 This work was supported by a research grant from Aswesiorato Iglene & Sanhh
defla Reglone Sards
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Tudle [T, R o DE 52 Hb Ag valoes in %
Materinl Numnber of Mean D Rangs
deternieationy

A hemolymats s 240 o 2.06-260
‘whols biood 3 2 a7 223314

B bemalysate 5 i a13 320-331
whole bload 5 33 o ATH581

B bemolymts 5 i7e a1y 3153608
'whole bicod s i35 L3 156617

c emolysts 3 an aos 600-621
'whole bicod 3 Rl ) o7 ss621

c hemotymte 3 LS ate s19-5.8a
whole blood 3 i an 45525

A=Normal mbjects Be=paresty of children with bomazygoas f-thatwsemia C=
beterozypotcr.

Discussion

The DE-52 mucrochromatography i a simple end reflable method for
the quantiation of Hb A, The main sdventages of the method are the
uso of very mmall amousnts of whole biood, the casy and rapid execution,
the high reprodudhility and the low coste. In addition, a bgh mumber of
samples can be analyzed simultspcomly Presently in our laboratory a
technician can determine the Hb A, levels in 50 samples of wholo blood
within 1 day Another sdvantage of tho method is the possibility of do-
tecting minor changes in Hb A, levels,

It {2 koportant to emphatize that wo have pot encountered overlap be-
tween values from f-thalassemis heterozygotes and controls, Moreover
prphmtbmmupmfmdmbchmhmw

between - 13 snd controls was
hﬂdﬁﬂnimwhznthngA,lﬂehmddrmﬂncdbyc:ﬂu}mmm
y of whole blood collected in mi-
szwmmmmmm
obtained ming hemolyrates.

This findings demonstrate that this technique can be wsed in a screen-
ing program for p-thatssscrnia trait.




HbAz %

Fig 1 Hb A, levels (/o) with DE 52 mlcrochromatography of hemoglobin solu-
tlom Irocn hemolysates. A = Normal mhjacu, B = parents of children with homo-
Tygous i C = p-thal

A a c

? ¥y &

3

o = Ay -

ot

2,

Fig 2 Hb A, levels (%s) with DE 52 m! hy of b lobin solo-
llomlromwbolohlood.A-Narma!mbjccuB parents of children with homo-

2ygous # thal ta, C = futhal

110 previously diagnosed A-thalassemia heterozypotes and 285 normal
adults. Thers is no overlap between heterozygotes and controls. The val
ues of Hb A, from heterazygotes identified in the screening program are
nearly {dentical to those from known heterazygotes ecmphestring the sccu
racy of the sssay

Similar results were obtained with hemoglobin solutions from whole
blood (table IT). The reproducibility of the method is shown in table 11T

The level of Hb A, was significantly reduced in a child with Hb H dis-
ease (0 64%e) and in onoe of his parents (Q 60%e).
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Inherited Erythrocyte Pyruvate Kinase Deficlency Studles on
15 Members of Two Related Familiest

M. Dacrd, F CANesTRARL, M. Bossl P L. Rosst FErrant and
G FouNana

Intitato &f Chimica Biologics, Usivanith i Urbino, Cttedra dl Ematologhs,
Unversit} di Firoars, and Dividone dl Krutologia delF Archpedalo df
Saxta Marls Noova, Frexro

Kay Worde Erythrocyts saxrymes Hesmolytic ansamfa  Pyrovat diness deff.
chency  Red cell metabofium

Absirect, The caze of & haomalytic nos-plerocytic fascmis with pyrovats kiz-
290 (PK) dafickency b reported. The tovetigation concarm two familes whts  Sow
level of P In the propocitos and b (b members of bis family we bxes abo a-
amined the behaviour af some carymes and the concentration of red cell metabok
Hes We confiem the heterogenctty of the manifestaton and sgreo thet ansemies
d08 10 P defickency are campdex faam fn which the earyme defect s caly ooe
of the ymptoms.

The present work b a report of research carried out fint on the
erythrocytes of a subject with lytic anmemia by a
Jow level of PK and ako on the RBC of 13 of Ms relativex. Tho defect
was ovident on both the paternal and maternal sides of the farmdly In
the propositos end in ather subjects, wo cxamined the activity level and
other featnres of PK, and abo the bebavionr of enzymes and the con

of red cell bolites. Thess obeervations cemfirmed the re-

i ity of this kind of

The presemt work has besa carried oot with CNR fonody,
The koilowing abbrwvations have besa med G6PD = giocoss-6-phosphats
66D

- FEK = pyravus kis-
ae; GESOR — ghuiathlone rednctess HK ~ haxokizese; LDH — factsts deby
drogmes QSH = redncsd APH = ATP =

s ADP = sdosioe-S AMP = sdenosineS-

mosophompbate; 25P0A = dmuruwnm freciow-1 68
FEP =
redoced form, RBC = rtdbhndudh:wu:-‘mahbodunx
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fxtber and mother

Results

In table I the acthity of PK, the behaviour of some enzymes most
ﬁuqnmﬂynhowngencﬁ:-hmﬂmnuﬁthtamcmmﬂmdmln-
ter of glucose bolksm of the prop d In
mpmhmﬂmmnnlm,ﬂnﬂ-ﬂv&yhm\;lymdnwd.
G6FD and 6PGD activities are normal The activity of GSSG-R b alo
puﬂyrednctdundHKtcﬁvhyhmdcntdybmmcd.GSHdhphp
a Mgh labifity sfter incobatton with The concen-
tration of adenine mckcotides does not show significant changes while

Twbly L Prrymn sctivites and some tretions in the of the
propostns

Propeitm Narma! vaios
1 4 162 SO 59
oD 24 620 61
&aD 436 499 60
GIIG-R 58 132 217
HK a7 44 07
QSH befors APH 543 676 =64
wher APH 07 22 +30
ATP .2+ a70£01s
ADP 013 [ELFLT
AMP Q05 009:0.02
2,5P0A 1M 19 x03
F168 on 12400
Triose-Phospiates oan 0104002

mmmwmwmnzstwm
thon in me7100 ;! of pecked of the other I
m&nﬂmmnh-hﬂsnrwmhnmhmdﬂn—mnntdmm
Hood sempies cobectod at dificrent periods. The parmal veloos are the mesn of Len restts
obtained from our tests and from other data.
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Materials and Methods

Blood was collected with a dliconized syringe and a sofficlent amoont of he-
parin was added. After ceatrifogation the plasma and the white cells were re
moved by suction the erythrocytes were washed three times with Isotonle solution
of KCl at pH 74 The haemolysates were prepared by treating washed erythro-
cytes with 2 vol of cold distilled water The ghotts were removed by centrifuga-
tion at 10,000 rpm for 30 min All procedures were carried out at 42 °C. For the
determimation of the the waahed erythrocytes were resuspended fn an
equal volume of brotonic solutton of KC1 and then deproteinized with 3 vol of
10%y HCIO, After centrifugation the supernatant was removed from the precipl
tate and the latter washed twice with 5/s HCIO 40% KOH was then added to
thest two reunfted supernatants In order to remove HCIO, after centrifugation,
the supermatants were neutrulized and then broaght to volume All procedires
were carrfed out in the cold room at 4 °C. F-16.P and the triosephosphates were
measured sccording to Statem [1], 23PGA according to Kxnosxy [2] ATD ac
cording to Laurnecnt [3) ADP and AMP according fo ADaw [4] the glatathlons
content and stability according to BruTLER €1 ol [5)

PK activity was determined according to the method of Buchrr and Priemx
zex [6), which was modified by VALINTINE and Taraxa [7] and further adapted by
us. In this method, low snbstrate concentrations are used which permit to obtain
more reliable resolis for PK deficlency [8] the valoes of absoluts PR activity are,
bowvtr hmdmlhoewhldunmo&nlmdhthemceolmmungcm-
were as follows: Tris 0.045u, KCl 0.075x,
MpCl 001m, NADH 00001 4 PEP 0.002 M, ADP 0.0004 u, LDH 1.5 IU/ml
erythrocyte haemolysate suffikient to determine optical absorbance varlation of
0.0/m

Tho activitis of G6PD and 6PGD were determined according to horwsmza
and 9] and H and s [10) HK activity sccording to
Frovu and Zrwn [11], glutathk redi activity Jing to Howor [12]

GSH content |y expressed [n mg/100 ml of packed erythrocytes: the metabolites
contalned are measured In pmol/ml of erythrocytes. The actlvity of the enrymes ks
expressed in pmol/h/ml of erythrocytes at 25 °C. The affinlty constant for phos-
phoenolpyravate was obtatned first with the vsaal praphic method of Lineweaver
Burk and then reconfirmed using the Olivetl programme 101, which alwo con-
firms the linear Index of the points obfalned by the experiment.

Case Report

At 40 days the patient displayed remarkable palenem and eobicterns, He was
given a blood transfoton every 20 days up to the age of 2 yeare. Until the age of
4 yean no morc transfoxions were required but afterwards a blood transfuslon
was plven every 2-3 montha. From 1973-1975 blochembeal irvestigations were
never carried out ¢loss to the time of tramsfusion
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Harmatolagical analysls carrled oxt during the first period n hoaplhal (st 6
yean of agx) gave the following results RBC 1790.000/xL, WBC 5,000/a1 hacma-
ok 1., remariable anisopollilocytods; amobsemolyss £8h with glocoss
455, witwont glocow 167 ¢ & dlagoosis of talewsemia wis made for both
father and mothier

Rexudts

In table I the activity of PK, the behaviour of same enzymes most
trequently showing genctic alterations and the coocentration of some in-
dk of glecose lsm of the prop oy d In
comparson with normal values, the FK sctivity is strongly reduced.
GSPD and 6PGD actlvities aro normal. Tho activity of GSSG R & ako
greatly reduced and HE activity is modenately Increased. GSH displays
& high lahility after incubation with scetytphenylbydrazine. The concen-
tration of adenine necleotides does pot show significant changes while

Table I Exzyme activites asd same i the of tho
Proposdtnt

Proposian Norma! valocs
14 162 540 £39
G¢PD .6 Q0 61
€D a6 499 £60
axa-R 59 132 217
HK 37 44 207
GIH befors APH pre 676 464
fter APH a7 513 +10
ATP o 070015
ADP 018 0204002
Avp 005 009::002
23P0GA nH 38 03
Flep on 0 12x00
Triose Phospints on ajozom

w.ﬂﬁﬁ-mwhwanth
thon {n mgf100 2 of packed erythrocyses Coucrntration of the otfer ewtsholies fn
molfzl REC. Tho values for te propotstns are the average of thres sesty curmied oat oa
hood sarrpics coihactod at different perods. The cormal valoct are the mean of ten resulns
Obtained from our tests end from other datn
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B st o
A Prposa

Fig I Gescalogy of the propoutss’ fumlly b which membery woro tosted foc
the PK activhy

the coocentratoms of 2,3PGA, F-1,6-P and of the triosepbosphate are
incressed.

Analysn of the genealogy of the proposites (Hg. 1) shows that the de
fect i present both in the paternal snd maternal branches of the family
On the besis of the PK acthvity the pareats, propositos, sister and m-
cles woukd secm to bo homozygotes, an the basis of the activittes and
other festurey shown in tables II and ITI, the consims should be consid-
ered to be heterozygotes. The family snammesis showed that clinical
mamfestationy other than in the proposttus occmrred also in the father
md mather who in thetr youth displayed snacmic syndromes withomt
scuts hacmolytic cpivodes. Case I1-6, the st on the mother's side, with
= normal actiity i particulardy interesting. Table IT shows the enxymat
ic xctivities of Pk, GSPD 6PGD snd the concentrations of some meta
bolites in the relatives of the proposites. A remarkable beterogencity of
results i seen, as mamy other aathors have already observed [13-18]
Particnlar attention deserves caso [1-6 in whom all the parameters are
normel with exception of a diminntion of 2,3PGA.

In the propositus and fn some of his relatives we also evalusted the
affinity coastants for the PEP and the thermcactivation of PK (table
UI). The changes in affinity constants, such &3 the index modification of
the mutent protein, bave been given comidenable tmportance by many
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Table 111 Propertles of erythrocyte Ph of the peopositus and some relatives  thermo-
activation and affinity constant for PEP

Propositus and Thermoactivation Aftinity
some relatives! befoce after varation constant
iocubation  cubation 4 for PEP
Propositus, 111 10 162 48 - [¢8{1]
Father 114 26 158 =30 033
Mother I 5 216 109 —49 -
Aunt (mother's side), 116 436 66 +30 029
Uncle (mother s side) 118 188 9.9 —47 -
Wife of I1-8, 119 478 M4 ~-28 aso
Sister T 11 - - - a33
Female cousin, T 12 - - - 016
Female cousin 11 14 26.4 219 -17 Q13
Normal values 525 ns +M 035013

1 Ses genealogical tree (fig. 1). The thermoactivation was performed by incubating
the haemolysato for 90 min at 53°C. The values are expressed In gmol/h/ml RBC, For the
subjects under examination the values are tho average of four testy, The normual vahwes
arc the average of ten reslts obtained from our tests and from other dam.

authors [8, 19-29] but we have found that these changes do not occur
in all subjects. A more relable mdex of the modification of the protem
is obtained from the thermoactivation All subjects examined with the
exception of case I1-6 (the aunt on the mother’s side) showed a decrease
In the specific activity while normal subjects are characterized by an
increase.

Discussion

The deficlency of PK first demonstrated by VALENTINE ef al. [30]
which Js most common as that of G6PD is transmitted as a recessive
autosomal condition Research carned out in recent years has, however
shown that anacmias duc to the defect of PK are charactenzed by a vast
heterogeneity in the clinical and metabolic features, rather than in the
genetic aspects [31 32] Anscmia 1s cvident only in the homozygous
state [33 34] eltbough dlinical Ifestations of in in heterozy
gotes have been reported [14 35 36]
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As far &3 metabollsm b concerned, the activity of PK vartes bn differ
ent subjects, a3 do also tho characteristics of this enzyme and the behav-
four of other enrymes and metabolites. It has been noted that the in-
cresses fn the sctivity of hexokinase or in the triosc-phosphate and
F-1,6-P content, which were als0 sten by us, could represent & mecha-
nhm which P for the tic defich camed by the ge-
netic defect. This is achleved by means af an incressed glocoss optake
or by means of a regalatory activity in the phosphorylate compornds.
Much jmportance has also been given to the behaviomr of GSH and
GSSG-R [37-39] changes at this stage can in fact producs modifica-
tions in the erytirocyte reductive stato snd hencs ead to the so—calied
oxidative haemotysts of Jacop and Jandle.

The cases reported by uy are interesting both because they concem
mlmﬂymxﬂncdma:huﬂ]nmdbcmdrymnﬂmdn

geneity of the mamf The nature of the defect Is varhable
tioch Ib amd gencth Even in the most scvere cases,
dnlmln!PRlnﬂwtygmenﬂypemﬂuthnmxymclofmmnm

bolically and in eddltion, by means of the Rapoport Luchering cycle, o
postible deficlency in the resynthexit of ATP can be compensated for
Considering thess facty we are inclined to join all thoss who muintsin
that snaemiss due to PK deficency are complex farms in whrch the en
ryme defect i only one of the symptox. Becsss of the complexity of
the problem, therefore, particolar aticntion must be given to pomible
modifications in the reductive state of the erythrocyte systerns.
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with vonoms dirombosts m reported. § mrembers of the family wers af
fected. In these patheats, AT I and hepann activities were decressed.

ufhh:rh:mufm-dd-:thlml

Antithrombin I (AT IIT) i the main physiokogical thrombin inhibi-
tor responsibie for 75% of the total plasma AT activity (1] AT IT in-
hibits also activated factor X [34] and factor VII [26] and insctivates
plasmin, trypsin end chymotrypsm [3] moreover AT I bas s potent
heparin cofactor activity [2, 34] Recently the report of a oumber of
famiBes with bereditary AT [0 deficiency with » high incidence of ven-
ons thrombosts [12, 19 25 30] pomted to the fmportant Wological role
of AT III in blood finidity In the present study inherited AT IT defi-
clency awsoctated with yenons thrombosis i3 described in a Greek family

Famdly Report (able I flg. 1)

The proposkms Oz 1, [F-5) b 25-yesr-old oole who wes f1 excelbent baahh
Rl Soptambar 1973 whea be wet admiited baio the howpital beckme of ‘ence-
phallil During recovery ho developed farombophlebiths of the right keg and put-

W are prutefod 0 Mim REMATE STomd for Mechaical esshrtance.
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Familial Thrombosis Due to Antithrombin ITI Deflclency in a

Greek Family
N E STATHAKES, A. G Parayareds, M. ANToNoecULOS and
C. GARDIZAS!
P Medical Unt, E Hosplal, Athesa
Key Words. Antith m Yy O Facaital

cofactor activitier &-Macrogiobaie
of Inheritance of the defect is  ttosamal

Antithrembin IIT (AT IT) is the main phystological thrombin inhibd-
tor responsible for 75% of the total plesma AT sctivity [1] AT IH in-
hibits also sctivated fector X [34] and factor VII [26] and insctivates
playmin, trypsin and chymotrypsin [3] morcover, AT O has a potent
bepatin cofector aciivity [2, 34] Recently the report of a mumber of
{amilies with bereditary AT ITI defich with a high jncld of ven-
ous thrombosis [12, 19 25 30] palnted to the important blalogical role
of AT Il in blood flukdity In the prescnt stody inherlted AT IMI defi-
ciency axsociated with venouos thrombosis i described in a Greek family

Family Report (table I fig. 1)

The propoctms (.1, N b Z8-rear-old anle who was kr excellent health
antll September 1973 when be wes admitted 1o the hompinal became of ‘ence
phabith’ During recorvry be dertioped thrombophlebits of the right Iy sad pol-

We are grasetul to A RuTE STURK for technical emistance.
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Flg 1 Pedigree of the family enxdied.

0min ot 1,200g +2°C Serem w1 obtamed from blood dlotied m glan tobes
and mcobuted for 21 at 37 °C pnor to ceninfoganon. The sampley wers storsd
—25 °C. Plastc syringes and siliconized twbes » ere tsed.

For evaluxtion fplndﬂ(nn:lm.thfoﬂo"m:lm;Impu‘an-ﬂ.phldﬂ
cowt [5], biccdmg tame [16], platelet (22, platelet

partal

DL factor V [29L fector VIIT (1], factor X [11] cuglobulin clot Iyws time [31),

axtipltamin and sentirckinae sctiveer (8L plesmmsogen (5] and Forfa/flbrinogen
producty (20]

AT [0 sctvity wes measured oalng the techmaues of AMipasinp of o [4),
B of al [6] and voN Kavtla nd vom haults (1) The metbod of Anzp-
QAsXD ot af [4) vsey dihetrd defibrmated plewea and thrombin Afler Imin of -
cobution at pH 00, the thrombia activity m determuined cumg standerd adworbed
bovine plewna. The techmeqoe of Baocs et ol [6] tnizes 60 min menbation, The
resldoal doomdxn sctivity n delermancd vung standerd fibrisoges sototion T
the mcthod of voN havtta and vow Kaoira [R2], usdiced serwn b incubated
with thrombin for Smm Alquots from the incobstion mivture wery added to
stxodard fibriwogrn solston and the clotting temey were recorded.

AT I concentrution m phasms wu mesmred emmwnochemically by the Max-
a1 [18] toctmapec wamg monctpeaific hwmsa AT 111 eatrveruos suppled by Bebr
g

Dugamoce.

Heparin cofector acthity was determined by the method of Ecextza [17] 02
] sampley of fibnoogen sokation (100 o 100 ml), heparin (5 umity/ml) and plas-
ma (i vatioms mlng dilohom) werv mised and pcobated for 3mis at 37 C, af
ter which 02ml of thromb  soluton (30 wutmD) we added smd the clathag
1imes were recorded, the hepann cofactor actnity wio detcrmoed from the chot

gt of Gooat. [14] wis applied.
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Table I AT IIT studles

Num- Age/ Ve AT III levels Heparin arMa  ar-Ant
berin Scx  nous  plumacoagn-  serum  plasma cofactor croglo-  trypsin
family throm- latlon tests, % coagu- Immuno- (12, 4 buln A
pedigree bo- g 5] lation  asmay A
s taat{3Z), [18L %
sec

12 7WF + 46 50 6.1 3 47 105 134
02 48F + 35 36 71 43 61 .l 128
I3 aM 108 106 aso 72 96 100 102
o4 36M 352 30 70 A5 56 k] 125
nmi 1M 60 hi - 5 66 94 132
M. 14F 112 110 440 112 113 98 13
nrs3 28M + 51 54 54 42 43 9 13
o4 17F 125 1.8 .0 13 102 - -
s 1M 110 100 Mo 106 110 - -
-6 &M 10 112 s 116 100 - -
Nommal
values
Mean 102 100 198 101 103 96 108
+5D 153 151 119 £13 +162 194 211
Range 70-128 72-128 16-75  75-125  T2-130 50-1%0 50-150

monary embolizn. 3 months later he developed a new episods of pulmonary em
bollem together with thrombosis of the Ieft renal vein and of tho snperflclal veins
of the right srm. He was treated initially with heparin and subsequently with oral

k lants without evid: of new b

Subject 12 bad a history of recmorent thrombophleblts of both legs, which
first appeared after the delivery of her first child at the age of 20. During the last
10 years she had recurrent swelling and pain of both legy.

Sobject 111 died at the age of 36, death has been attributed to thrombosis of
mesenteric velns.

Subject 112, a 48-year-old female, developed thrombophlebiths of both legs af
teT the delivery of her first child at the age of 21 Since then she has been com
plaining of pain and swelling of both legs.

Sobject IT4, a 36-year-old male, presents marked varices in both legs without
 history of venous thrombosis,

Materlal and Methods

Plasma was obtalned faging by collecting @ vol of venoms blood into 1 vol of
trisodium citrate 3.8%. Immedintely after drawing, the blood way centrifoged for
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0min ot 1,200g +2 C. Sertm was obtamed from biood clotted in glars twbes
and incnbated for 2h at 37 °C poar to centnfugston. The smnples were stored at
~25 C. Plastic wyminges and llicomrad tabes wrre osed.

For svalmtion { platchet funchan, the following tests were performed. pl.nd:l
comnt [5], bicedmg trms (16], platciet (2L piatelet
collagrm, ADP aod adrcoalis (7 Zl].ADPrdmilrmﬂamm]ndphidd
factor 3 avalabllty [27] The followmy cougulanon and fibrinolysh tests were ap-

plied prothrombin, thrombln asd partial umes (101
mmvm;mwnnuwxuuwwmmm
and antrored activities (8L

prodocts [20].

AT I actl ity was measured ming the techniques of Asnnausp ef L [4],
Boos ¢ & (6] and voN katiis and vov FKious (32) The method of Asap-
QuED ¢t ol [4] owes chiused defibrioated plasama end thromben. After 3min of o~
cubatoa at pH &0, the thrombin sctivity B determined oiing sandard sdarbed
bovne plesma. The wechauqoe of Baoos o ol (6] oulize 60 mis incabetion. The
residnal thrombie actrty B determmed swng standerd fibrmogen solution, 1
the method of von Kavtrs and voo Katita {32], uodtuted serom b ocubsted
wih thromten for 5mm. Akqoots from the incobetion mirtwro were sadded to

femopen soluton and the clottiog toney wers recorded.

AT 111 concentration m plasma was mesmred fmmanochemically by tha Maw
Cpa [18) tachmque using monotpecific human AT {1 antrerum cappised by Behr
mg Disgnosticy.

Hepann cofactor sctivity was determned by the matbod of Ecexrac (1] Q.
nl ampler of fbrmogen solution (100 mg. 100 mb, heperin (5 main‘mD and piss-
ma (o vanoos mhoe dilutiom) wery mixed and incubated for 3 min at 37°C, af
W which 0.2ml of thromts solwbon (30 mnih‘ml)  »s edded and the clotiing
tmen were recorded, the bepana cofacsor activity was determined from the clot
thag times of  control plawmm.

The «,-macroglobolln and  -anilrypsia wers messared immenochemically ws-
g M-Partigen (Behriag) platen For the s Hro beparin wderance test the tech-
wique of Govar [14] wus spplied
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Results

The propositus was extensively studied for cvidence of hacmostatic
abnormalities. All tests performed for the evaluation of platelet function,
coagulation and fibrinolyms (‘Matenal and Methods ) gave results with-
in normal limits.

Antithrombin studles Teable I shows the results of the AT III mea-
surerpent In the 10 members of the family studied. AT III activity in
plasma and serum as well as AT 111 concentration in plasma were found
to be markedly decreased in 5 members of the family The results ob-
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tained by the techniqoe of ABILDGAARD e al. [4] (short incnbetion) and
Broos et of [6] (bong meubsbon) were almost identical. The levels of
AT 1T obtrined | were slghtly lower
compared to the coagulation sssay In the tecimique wsed for estimation
of sertum AT IT the results are expressed in clotting tmes and are not
comparable to those obtained by the other methods. The scparation of
tho deficlent members of the family by this technique was even casier

The heparin cofactor activity was fomd to be decressed In S pa-
tients, the same with AT IIT defidency The values of plsme Immuno-
reactive AT IT1 showed a algnificant positive correlation to both plasma
AT TIT activity and heparin cofactor sctivity (fig. 2, 3) The sams corre
lation existed in the other 5 spparemtly normal, members of the family
as well ax in 10 controls. Tho a, macroglobulin and o -antitrypsin were
within pormal Hmits tn all patients studied.

The heparin tolerance of the patients with AT III deficiency was in-
creased (fiy. 4)

Discarrsion

Hercditary defidency of AT HI has been reported in several famiBes
[12,19 25 30] In all of them, the mapority of the affected individmals
were to disesse. In the present
lmdyoflGrceklnm{]y 5 out of the 10 members stodied had AT 1II
deficiency 3 of them bave e history of scvere vepows thrombosts and
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another has mgns of venous wsufficiency tn both legs The fifth deficient
potient was a young man free as yet of any thrombotic complication

The pattern of inhentance of the disorder in our farmily as well as in
11 o far reported families, was autosomal dommant The incidence of
“¢ dommant character of inhentance suggest that it Is extremely low

m the other hand, many cases may escape attention because AT III as-
ay s rarely performed routinely In most laboratones

\ll methods used demonstrated the AT III deficiency in all 5 pa

uents but the difference from the normal was more stnking by estimat
wng serum AT III A recently reported [24] family with deficlency of
vlasma progressine thrombm nactivanon but normal immunorcactive
AT III pownts however to the need of the performance of both coagula
non and immunochemical tests.

The antithrombin effect of heparin 15 mediated through a plasma fac
tor the hepann cofactor or antithrombin 11 There is evidence that AT
11 and hepann cofactor activities arise from the same molecule [2 34]
Hepann cofactor was found decreased 1o families with AT IIT deficlency
[12 19 24] In the present study a highly sgnlificant postive correlation
of AT III concentrations (Immunoassay) with AT III actwity (coagula
tion assay) and heparm cofactor was found These results, are in accord
ance with similar earlier observations [12] and support the molecular
tdentity of AT 11I and hepann cofactor

Apart from AT 1II two more proteins, a, macroglobulin and a,
antitrypsin are known to act as antithrombins [13 17 28] The biologi
cal significance of them In the prevention of thrombosis, 15 obscure.
Both were found normal 1n the serum of patients with AT IIT deficiency

This findmg, appears to support the assumption that their blological role
if any is minor
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zird wht atypcal acato beuknemia the malignant call Has n perk
aarrow during three relapees was found o be tetraplold.

from iis pathent and from the blest cells fousd
Ho Leskaceria,

3 In acute leuknemia of childhood are
sberration, when it occurs, does not
of changes have been observed
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a T3/ -year history of an acte
to be tetraplodd.
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Ky Wordy. Cell cultwre  Cywoklnetis DNA myatheshs  Karyotypo  Lemkons-
min Tetraplodd blact cells

Abstracy, 1 sirl wih stypical acote benkwernia the mallgnaxt cell kme in peri-
pberal bload and bone marrow during thres relapses was found 0 bo tetrapiold.
The abootrual cxlls were mxoce profiferutiry thes thowe wially present in acute lew
kesemia. The ctrapiold DNA content of the blast celbs distinguhihed them from oth-
o colls tn blood and boos marmow from this petent and from the blast cells found
In Ocher tastances of scuts lympboblestic leskacmis.

Abnonmal chromosome patterns io acute Jevksemia of childhood are
well recognised [17] Chromosomal aberration, when it occur, does not
appear to bo specific and a great varicty of changes have been observed
[16] Polyploldy has been described in malignant lymphoma [13, 19)

Tho patient presented bere is a gird with a 7%/ -year history of an acute
Icnkaemia whose malignant cells were observed to be tetraptold.

Caze Report

A Hipyour-old b gl wes seen witully with polymyoshis, extessire brolsing
over tho legs and eplenomepily Haemoglobia 7 gidl, WBC 19 10%/1tre, platriets
X 10°/titre Differcatial white call commt. wewtropbils 4%, monocytes 2%, -
pbocytes 490/, amd bixst celh 2%/

A diagnosts of scoi @em cell Jenkmomis wws made from the fradisgs in the
bose marTow in whach nearly all cells were largs ead mmatore % ith scamty cyto-
plasn and chefted mockd Rembwion wet indoced with predaisons and 6-mercaptn-
parine (EMP) and malntalned with @P for 6 moothe. Elcvm months afcr the inidat
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Flg 1 Peripheral blood film 1hos ing the charsctermtsc large blaxt cell

Table I H TdR uptake of reahitmg blagt ool dormg the trestmont of first reispes

Dan WBC/d Blert cele LI Towl bisst  Total mbefled
% % celi/al bhet cells/r

O(imial) 12,400 17 17 100 13

2 13,300 ” i 2,200 a2

5 20,400 2 s 1,100 o8

7 0,300 0 103 16,100 1,630

] 0,000 13 105 126% 132

n 21,200 3 s 7840 “t

13 10,600 » 16 26% 208

17 3100 1l [ M1 10

» 3,060 2 10 6l 06

n 2,30 4 10 100 1

4 1320 0 o ° °
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adminion she was found to have splcnomegaly 6MP was restarted and continued
for 6 months

The patient remained well with no chemotherapy for 6 years she then presented
with bleeding purpura and ecchymoses. There was hepatosplenomegaly and a [arge
mass rising up to the umbllicus, which was thought to be ovarfan In origin. At this
ume the haemoglobin was 11 1g/dl snd WBC 12X 109/litre of which 17%s wero
Iarge blast cells with scanty cytoplasm and 1-7 nucleoll. These cells were present in
the marrow and similar to those seen 7 /, years previously Treatment with predni-
sune and 6MP was agaln instituted, After 1 month the clinical and haematologleanl
findings became normal. She relapted 2 months later when the circulating blast celis
and bone marrow appearances were Kentical to those scen previously The third re-
lapse 6 months Iater was complicated by septicacmia and she died shortly after

Methods

Cytokinetic nudy Bope marrow or penpheral blood samples were incubated
separately with 1 «Ci/ml of *H TdR and 5 «Cl/ml of JH/UR. Autoradiographs were
prepared and stained using Glemsa 1000-2,000 blast cells were counted and the
oumber of labelled cells expressed as & percentage.

Short-term culture Heparinsed ‘buffy coat preparatioms from the peripheral
blood were incubated with TC199 and AB serum at 37°C *H TdR (I 4ClUml) was
added to individual cultures 30min before termination at 2, 3, 4 6 and 8h and
Pocessed ag above.

The DNA content of blast cells was messmred by Iight absorption of Feulgen-
slained nuclei niing a Deely pattern mlcrodensitometer

Using » of microdenit Ty and aphy the percentapes
ofcells in 8, G G and M were determined [1] The cell cycle time was measured
wnlng the method of STrEL and BrysTED [21]

Chromotomes were atodied in peripheral blood culture and directly on bone
marrow

Results

Labelling index peripheral blood In the first relapse, after 6 months
remi the blood ined very many larpe primitive cells with a
mean diameter of 15-20 pm and scanty cytoplasm (fig. 1) The uptake of
*H TdR by these circolating blast cells was high (17%s) before chemo-
therapy and was 18.5 /s 1n the final relapse. During the treatment of the
first relapse the labelling {ndex of peripheral blast cells was measured ev
ery 2-4 days as shown in table T

In figure 2 the labelling Index (LI) of blast cells in the peripheral
blood in short term culture Is shown It is evident that the nember of cells
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Fig 3 Distribution of oechear DNA consnt of blest cells in blood (top histo-
pram) and bows marrow (lower histogram). = Modal average.

Labelling index bone marrow Insnfficient marrow was obtained at
the time of first relapse for study During the sccood relapse, when blast
cells formed 9/ of all nucleated clements, the LT of blest cells was 18v/,
This decreased 10 13% in the subseguent renmsshon and 5ose again 1o 47v
during tho final relapse. Soch a high prohferative activity of blast cefls
has been observed in only a few of the lcukaenmic children we hne stud-
fed. The amomt of H TdR incorporated mto blast cells of thh patlent
was much greater than in a pormal diploid populstion. This fs shown by
comparing tho mean grain count over blast cefls and myelocytes present
on the same slide (tabke IT). It may be that the higher grain count b doe 1o
the fact that the cells are larper and have at lesst twice the DNA valpes of
2 normal cell population bat the pattern of DNA synthetic acthvity was
unlike a pormal population In that there was no correlstion between the
grain count and the DNA coatent of the blast cells. Thos meany that there
B ro defimts changs in the rate of DNA synthests a3 the cell proceeds
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Flg 2 Comparison of the proliferative activity (LI} of tetraplokd cells and other
leuksemlic blast cells o short term cutture. Five observations taken on separate oc
casions showing the increase in the LI of tetraploid cells compared with the mean
and standard deviation of blast cells from 10 children with acute lymphoblastic lTea
Lacmia (lower curve)

Table 1] Comparison of the labelled myelocytes and blast cells in a single autoradiograph

Individual grain counts Cells
120 110 100 9 % 70 6 350 40 30 20 [0 counted

Blast cells

No 1 - & 7 6 71111 4 3 20 &

% 2 13012 10 12 18 18 7 5 30

Myelocytes

No. 7 10 8 7 2

% 2 31 25 n

in DNA syntheshs increased markedly duning the 8 h of culture. The rise
in LT of blast cells In culture is imlike that studied in acute lymphoblastic

lenkaemia in which the number of proliferative cells remalns unchanged
as {llustrated in flgure 2
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Table IIf Chromosoms stidues durny remission and reiapse

Strte of dncer Sampic Number of chromotomes
<46 46 00 31 35 §7 B3 39 90 91 91 100

Relxpse blood 10 [ 301 4 s g

Durmg induction

of remission

@ weeks therapy)  blood ERF-]

Termieal

retpee bone marrow | [ [ I I 1]

traplokd. In the final relapse cells were mainly tetraploid with a spread of
cells around 4n indicating some heterogeneity
Ch analyns (b studres dormg the finst relape
thowed 64 of penpheral biast cells were polyplotd, of which over 60%
wv:ruu:u*lplo‘d (frg. 4) Aﬁrrtmluntnl with prednbsone and 6MP the
ploid and p celhy disapp from the blood
mdd:ompﬂfyo[mmhd%thmlnlﬂmm]mmctc
traplotd cells were clearly present in the bone marrow (50*  wble IIT).
Compartmental analysis The dotributron of blast cells in different
mmp:nmmuoflh:c:ﬂc)dewudﬂermmtdbylcombundouo[nno-
diography and mi tnmg 1000 cells, post-mutotic
(G ) comprised 785  while thosc m DNA tyulbesb were 17%. Pre my-
totic (G,) were 4 1 /4 and mitotic, 04 /o. The S/G rutlo s 41/1 Thh s
much bigher than that osually found m acate hymphoblastic leukaemia
and more Hie that assocuated with solid tumors [12] The potentlal dou-
bling tme of blast cefls wsmg Stecl s formula [21] was in the order of 44 h
which s shorier than that usmlly recorded o acute kuksemia [4] The
RNA synthetic acti ity of the blast cells was high during the firt relapse
(about 70% ) end remained at the same [evel 1 the final refapse.

Drscussion

This patient presented with severn! atypleal features but was consid-
ered to be suffering from acute lympboblastic kulacmia. The course of
the disease wos csual m that an cauby mduced remission was mam-

“Ho

Mo



Fie 4 Metaphaso plate from circulating blast ecll

through the S stage Thus the grain count cannot be used as an Indlcation
of a tetraploid state.

DNA content The amount of DNA in penpheral blast cells at the
time of the first relapsc is illustrated in figure 3 The nuclei of myclocytes
and lymphocytes were also measured to obtain the DNA value of normal
diplold cells. It is evident that the majority of blast cells have a DNA val
ue twice that of normal diplowd cells Cells with more than tetraplod
DNA content were cither in § phasc (labelled with *H TdR) or in G,
Analysis of nuclear DNA content of blast cells from the bose marrow in
the sceond relapse showed two populations of which tie majority were te
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longed admmistratfon of broulpban to young rats camed inhibition In mi
tots giving rsc 10 tetra- and polyploidy in lens epithelial cells [9] The
morphology of bone marrow cells of our patient at dlagnosis was simflar
to that studied in relapsc and thus the large cells were probably tetraplotd
from the commencement of the discase and it i3 unlikely that ber short
course of chemotherepy mflrenced the modal chromesome nomber It fs
also unlikely that during the proloaged drug-free remission & mutant geae
developed. It a suppresnen in mrtosiy had given rise (o & tetraploid state,
this wonld have affected only one gencration a3 there was no eccumuls-
tion of blast cells in 8 and 161 An external influence zeems unlikely to
have modified the mallgnant process in this patient and we consider she
had a persistent tetraplaid cell line from the commencement of her dis-
ease, axsoclated with marked sensitivity to cytotoxke therapy and a relx
tively pood prognosiy.

A bnowledgmaen: 1 am gratefol to Prof. R M HawoTY for hn cosstrectve
eritciam and W Prof. B2 H Cooerx for tos valwable gedance bn both sodying the
Patient and preparing the manuscript.
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ained without chemotherapy for 6 years after only 1 year of treatment
wath 6MP alone The prohferative acuvity of the patient s blast cells was
nr need in culture where the LI rose markedly over o period of 8h It is

sirble that in this culture environment, there was recruitment of cells

S phase and the high proliferative actrvity may not reflect the situa-

71vho Sioular in vitro enhancement has been observed in cells from
+uts with glandular fever [6] The proportion of blood blast cells ac
synthesising DNA s much greater than that usually observed in
ute lymphoblastic leukaerma {7 10 18] Labelling indices of over 30%s
are uncommon 1n relapse of acute leukeemia [8 14] The pattern of pro-
Dferative activity in the blast cells seen in this patient is similar to that of
a child with widespresd lymphosarcoma [unpublished observation] Burk
it s lymphoma {5] and reticulum cell sarcoma [12] The leucoerythro-
blastic blood picture found in this patient together with the densely ceilular
marrow and soft hssue volvement suggests the possibility of lymphe-
sarcoma rather than acute lymphoblastic leukaema,

The ratio of the number of cells in the S and G, has been used as an
other parameter of proliferative activity The S/G, ratio of 4 1/1 ln this
patient ks simliar to that found 1n reticulam cell sarcoma [12) and Burk
itt s lymphoma [5] There is no accumulation of cells in G, and therefore
cells with 4n DNA content are a tetraploid line

The DNA content of leukmemic celis in this patient remained tetra
ploid in each relapse studied although tetrnploid cell lines are not & fea-
ture of acute leukaermuz Hypotetraploldy and endoreduplication has been
reported in a few patients with acute leukaemin [2, 11] bat 1n none were
the tetraplold cells prominent. Tumours with tetraploid features have
been noted with greater frequency In reticulum cell sarcoma [12] and
thero appears to be some correlation between the modal chromosome
number and climeal presentation of the discase. Patients with tetraploid
reticulum cell sarcoma had more locahsed discase were mostly female
and responded favourably to treatment Polyplold tumours in the bladder
show higher chromosome numbers in the most malignant forms [20] Te-
traploidy is a feature of normal liver and bladder cells in man.

Polyploldy may develop in severnl ways of which endoreduplication has
been observed in acute leukaemia [2] and cul of lian cells
[15] Another mechanism Is mitosis with a single spindle giving rise to
cells which can return to Interphase wath a tetraplold level of DNA The
development of tetraploid, octaplold and hexadecaplold muclel has been
observed in fibroblast cultures in the presence of busulphan [3] Pro-
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Effect of Blood Transfosion on the Immune Response
of Children with Thalesssemia

F KaMaxoupt-Tsaxannis, K. 5FYRo0LoU R. TZAFI and C. Cassidos
Pacchatric Clisic (Director ProL C. Castosos), Artstotle Untvershy Thessaloalk

Key Words. Kiood thandfowon  Inumwme respomo after blood tramdfosion  Im-
mune responss in thalamsermia  Thalrmaemia

Abrirect. Tha effect of blood trusitwions on the Immune repontc of 46 thalsy-
sszuic children was stodled. Cell-medisted mmone respoass wa svaloated by per
forming skin tesy %0 pecific (Hrvpaokinasc-streptodornes end cundiding and boo-

Antigenic {actors as well as antibodies may be transferred to a patient
recelving blood tramstosion. SCHECHTER ef al. [9] believo that sdminktra-
tion of even & mmall amount of blood camses a delinite Immunological

in the recip ye d by the app of atypical actl-
vated Jymphocytes in the clrenlation 1 week after the transfusion. It
would seem, therefare, that it might be interesting to stody the Immmune
response of subjects recelving regularly blood tramsfusions for therapeut-
cal purposes. Such subjects arc those suffering from thalssszemnis and a
stody regarding thalepzemic patients would scem more fustificd as these
patients ars more often affected from various lafections than other peo-
ple.
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0,1 ml of varidam solxtion wers knjected brtradermally esd tho rescit was resd after
43k, (o) Condidin skin test 01 ml of Candide allivcams buradermal testing solution
w1 injected letracutanecnly sad the rerait was resd after 46-72h. Siba tests were
charncterized a9 positive when an indwration of >5.mm dsameter was presest at
tho site of Injection.

Tetawxs antitoxin titratiom before end after veccination. The antiotin kevel in
the e befors and afier yaccimation againt tetanas was measured by heemapylo-
teation oang & olightly modified technique described by Frrrmomes (4], Tetanm
tozold (XTO9 Wellcoms) and tetasms ¢tasdard anthoxin (XAOS, Wellcame) ware
used. Fresh beparintred sherp blood was med 53 soares of erythrocytes obtaimed
on the day of the cxperiment The antitoxin titration was pearformed ia 45 peticats
amd in 73 coatroks. It was alwo performed la 15 musdomiy selectad blood vialy wed
for transtinios of thalanacmic childrea who had never been previcoly vaccissted
againgt tetanms

Biochemical Extimaetions

Scrom antistreptobyrta O (ASTO) titrs was meascred i all thalescaemic chiliren
asd controh, who had  pegative SK-SD akin test, sccording to standurd methods.

Results

Cutaneous reoctivity to various antigens. Ths results of cutsncous
reactivity to DNCB, PHA, SK SD and candidin are Hsted in table L No
Y in the 0 DNCB and candidin was observed
between the patient (932 and 45 7%) and the control groups (92.7 and
51 6% posltive skin tests, respectively). The PHA sod SD-SK skin tests

Table . Resais of the skin pests & DNCH, PHA, 5K 3D and candudin of children with

thtsacsermin and control

Number of patients Children with thabrscurmie major

DNCB PHA $K-5D condads

¥ - ¥ - ¥ - ¥ -
“ 4 3 135 3 12 15 19
Nomber of controls Coantrobs
a 3 3 » 8 ¥ 1 16 13
7 ° 24 13 0as

P 1 < oom <001 >08
Induranon dizmeter = 3 mm.
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VaLasst ADAM [12] measured the immunoglobulin Ievels in children
with thalassaemia. She did not find any significant difference in any of the
immunoglobulins between patients and age matched controls, unlike SEr-
TANDIS ¢t al. [10] who found high immunoglobulm Ievels in splenecto-
mized thalassaemic patients. SETANIDIS ef al [11] also measured the third
component of the scrum complement and did not find any significant dif
ference between patients and age matched controls. No information 1s
available regarding the cell mediated i y m thal fc child
On the other hand, no data are available rcgnrdmg the effect of the trans-
fused antibodles on the recipient s primary immune response to a homo-
logous externally induced, anugen

These reasons led us to study the cell mediated and b 2l
response in a group of children sufferng from g-thalassaemia major

Materials and Methods

Sublects Stwdled

46 children (27 males and 15 fermales) with thalassaemia, aged between 6 months
and 13 years, were studied. 35 of them had been transfised for at least 20 Hmes
when the stedy began, The interval between two transfusions was, In most of the
ratlents, 1 month. None of the patients hed been splenectomized. All the akin tests

and vacelnes were performed with the permtssion and co-operstion of the parents of
the chitdren.

Collecilon of Blood Semples

The first specimen of blood was obiained from all patients at the time they were
admitted for transfusion. At the same time, a careful history of the previomly done
vaccines was talen from the parents and then a vaccination agalnst tetanus (ad
sotbed tetanus foxold Glaxo) was performed The second blood specimen was ob-
mlmuwwhmmmﬂmmhmwrnmmrnﬂm
The same procedare, as far as ling and d, was fallowed
wnhth-mt:hcdlor-nud-exmam--mmadmdw.x-zooc_

Immunological Studley

(o delayed ky sdrivity to spedfic end non-specific entigeny. Slin
teuts to varions antigees were performed in 44 patients at the timo of collecton of
blood samples. These included slin test to db hlorob (DNCB) eding
to the technlque detcribed elsewhero [7] and tests o phytobacmag.
siutinln (PHA, Wellcome) streptolinase-streptodornase (Sh-5D 'Varldase Lederle)
and candldin (Bencard) performed as follows: (4) PHA siin fest 0.02mg of PHA i
0.1ml of nommal saling were injected intradermally and the result was read after
244, (b) SK3D skin ter 10U of streptoklnase and 25U of sireptodornase tn
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0.1 m! of yaridise sclmtioa wers injected intradermmally aad the resait was read after
4Vk; (¢) Candidty shim te5t. 01 ml of Coomdlida afdicant iradermal testing sobetion
Wt jojected lotrneotanconaly and the resalt was read afier 43-72h. Skin (oot were
characterired a3 positire when an indontion of a>$-mm dameter was prosent at
the eito of injection.

Tetumus entiterin thratiom befors ond after veccisetion The axtitoxta lewl In

for tramefoston of thatermembc ¢hbilkinm who had oevar boe previowsly vaccinated
painat tetaros,

Biochesticel Estimations
Scrom antistreptolystn O (ASTO) titrs way eawred in all thalesasmic children
and cantroh, who had  egative SK 5D skin test, sccording to standard methods.

Renuis

Cutaneous reoctivity to various amtipens Tho results of cutsneom
reactivity to DNCB, FHA, SK SD and candidin are [isted in table I No
dif in the to DNCB and candidin was obscrved
between the paticnt (93.2 and 45 7% ) and the control groups (927 and
51 6% positive skin tests, respectively). The PHA and SD-Sh skin tests

Todke [ Ramalts of the skin keats to DNCB, PHA, SK-3D sad candidin of children with
thatescaerin

and coatrob
DNCB PHA SK-3D oy
¥y - ¥ ¥ < ¥ - 7 <
4 4 3 13 5 1 1 n s
Number of controbs Control
o B 1 X 83 3% o1 1618
2 o 24 (8 ) 02
1 < 000 Ea-14] >0

Indurstion dmmeter = 3 xme.



Fig 1 Antbody reaponse to tetnnns toxold fn children with thalamaemia com
pletely (group A) or Incompletely (group B) vaccinated against tetanus,

Tetenus amtoTn, Utmt

nated sgainst tetanus.
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Flg 2 Antibody response to tetanus taxodd fn pormal children previowly vacd.

were found to be negative m a mgnificantly Jarger proportion of patlents
(54 7 and 53 6%s) In comparison to the cantrols (7.3 and 25% respective

ly)

Antibody response to tetanus toxoid antigen The patlents were divid
ed into three groups (A, B and C) according to their vaccination history
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Fig 3 Axtlbody roposse to tetaots toxokd in chiidren with thalssaemby never
vaccinated against tetanm (group Q.

against tetanus in therr Infancy end to the antitoxin titre foond in the first
scrum sample at the tims vaccnation was performed. Grosp A incloded
13 chikdren who had been completely vaccinated against tetanus during
infancy A high sntitoxin titre was found and this increased 1 month after
the vaccmation of the present study (fig. 1) In the matched for age end sex
control group the antltoxin level waa alio found to be high before end af
ter the vaccination (fig. 2). Group B mncluded 6 children who had been in-
completely vaccinated agamst tetanus during infency Nen-detectable an-
toxm levels were found befors vaccination, whereas were found to be
high 1 month thereafter (f1g. 1). Matched for gge and sex controls were not
available for this group of patients. Group C included 27 children who
hxd never been immumized against tetanus. The children of this groop
were divided into three subgroups (C;, G and G,) according to the serum
antitaxin kevels found before and after vaccination of the present stody
(f1g. 3). Subgrowp C Included 13 children who had no detectable anthox
in level in thelr scram before vaccimation. In all of them the antitoxin
titre was found to be equal with or above the critical protective level
(0.01 antitoxin U/ml serum) 1 moath after vaccinabon. Matched for ape
and sex coatrols had & very similar antibody respoase (fig. 4). Subgrowp
G, Inctuded 6 children who had an anthoxin titre equal with or above the
eritical protectove Ievel In ofl children of this group the snfitoxin titre
was found to be higher 1 month after tho vaccination. Subgrowp C, fo-
cloded 9 children who had a similar to subgroup C, eatitotm level before



a1

Tetawm antioon, Uiel
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Munber of rormal childrm

Fig 4 Antibody response to tetanus toxodd {n pormal children pever vacclnated
spinst tetanoy,

vaccination but this was found to be unchanged, kower or not detectable 1
month thereafter

Tetanus antitaxin titre in the transfused blood. In 5 out of the 15 sam
ples taken from transfused blood units, the antitoxin titre wes found to be
above the critical protective level. All theso blood units had been trans
fused to children Incloded in the C, subgroup

Antistreptolysin O Titre In 6 out of 17 patlents with negative Sk-SD
skin test, the ASTO titre was found to be ¢levated (>>150 U/ml), whereas

it was found to be normal (<125 U/ml) fn all controls with negative
SK SD skin test.

Discussion
Cell Mediated Immunity
The study of cutancous reactivity to various antigens did not reveal
any gross impalrment of cell-mediated 1 jty in thal ic children

of the present series. The cell mediated immune response can be evaluat
ed using skin tests to specific and non-specific antigens. Contact sénaitiza
tlon to DNCB {s & more reliable and exact test for cellular immunity for
the following reasons. (a) previous exposure to this substancs Is not need
cd (b) over 95%» of normal subjects can be sensitized to DNCB 3] and
(c) circulating antibodies do not develop with sensitization [13] Skin re-
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actiom to PHA is and histod similar to the delayed
typehypcrwnﬂﬁvhyrmdms[l] However PHA skin test b not con-
ddered 10 bo specific for g cellulsr mmune compe

tmu,dncelnmﬁmxﬂnl&myxm!tﬁomlhmmﬂﬁulnﬂxh
flammatory response as well as from specific impeirment of delayed type
bypersensitivity {2]

In the present seres, a significantly larger proporbon of negative PHA
skin tests was found in thalsssaemic children (54 7%/ ) when commpared to
the control growp (7.3% ), whercas the proportien of negative DNCB skin
tests was approximately the same in both groups (6.8 and 7.3%., respective-
1y). This finding can be doe to the fact that PHA is not such a potent frmi-
tant and Immunogen a3 the DNCB and the skin reaction to PHA partly
depends on normal skin infl y rop [2, 6] In thal
children, k iderosts of skin and organs wsoally develops
and can affect the pormal production and function of Iymphocytes and

The larger proportion of pegative SK SD tkin test found in thalas-
seemic children (53 6% ) when compared to the coatrols (25% ) might be
explained by the pasttve transfer to these children of antistreptococeal an
tibodles in an smount that could inhibit their sensitization to streptococ
cal antigens. In favour of thhs concept is the following: (1) most of the
thalavsaemic children in the present series had never suffered from tonsili
tis attacks and (") a high scrum ASTO titre was found in 8 out of the 17
thalasssemic chikiren, who had negative SK SD skin test but in noac of
the controls.

Humoural Immunity

The antibody response to tetanos toxokd in thalzsaemic children of the
present setics was found to be alfected by the tetanes sathtaxin kevel found
in thelr serum, due to passive transfer with the transfused blood. It Is
known that the critical serum protective level of tetanus antitoxin s
0.01 U/mL studies have that p antf-
wdnlndspaduhmdmntpktelyvmdmbkcufmm
10 years [8] Furtbermore, a protective kevel of tetanus antltodin cxa be
achleved with a single booster dose of tetanns soxodd, even thoogh 10 or
more years have lapsed tince the primary series [5] According to these
datn, the immnne respoase of the children in the present stody was char
scterized 10 be nommal if serum tetanoes antitoxtn titre was rafsed to pro-
tective leveh after vaccination.
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Our findings m the thres groups of thalassaemic children suggest the
followmg: (1) When n primary senes of tetanus toxoid injections had been
done in the 1st year of life (group A and B) the antibody response to
booster tetanus toxold doss was normal and approximately the same with
the matched for age and sex control group (fig. 1,2) (2) When immuniza
tion agginst tetanus had never been performed (group C) the antibody re
sponse to the vaccination of the present study mostly depended upon the
serum level of tetenus antitoxin which had been passively transferred to
the patients with the transfused blood. Thus, the antibody response of
children included m subgroup C, (no detectable serum antitoxin level be-
fore vaccmation) was normal (fig. 3) and approximately the same with the
control group (fig. 4) whereas the antibody responso of chuldren included
in subgroups C, and C, (detectable antitoxin level before vaccmation)
varied widely In only 5 out of 14 children in these subgroups, the antl-
toxm titre was further raused after vaccimation (subgroup Cy) The re-
maming 9 children did not develop any antibody response (subgroup G,)
In other words, the presence of the passively transferred antibodies (teta-
nus antitoxin) to the homologous antigen (tetanus toxold) inhibited the
scnsitization and primary immune tesponse in thess children. The ant
body response was not related to the patients age and to the number of
blood transfuston that they had received

It is concluded that the passive transfer of high levels of antibodies to
the transfused thalassaemic patient may result in inhibition of his primary
sensitization and development of primary Immmne resporse to the homo-
logous antigen whereas it has no effect on the secondary immune re
sponse.
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Abstract A dmple one-step procedare for the demonstration of complement
receptor lymphocytes (CRL) with 1 ted bacteria (BC) as Indicator
pasticles Is described. With this assay the pereentage of CRL in normal peripheral
blood ranged between 6 and 219/ (mean 11%) In a scparately performed com-
bived asmay for tymph with b bound b M Ig) and
lymphocytes, which form rosettes with cowplement-coated bacteria (BC RFC),
four different fractloma of lymphocytes could be detected. (M-Ig*-BC*
MIg-BC- M Ig-BC* M Ig—BC). Thess resulta suggest that the subpopuls-
tioa of lymphocytes with complement receptor sites averlaps with, bat [3 pot total-
1y identhcal with the lymphocyte subpopnlation bearing Iy on the surface.

In recent years & great deul of evidence hes accumulated indieating,
that among othens, receptors for modified C3 exist on Iymphocytes, ma
crophages, granulocytes and platelets in several mammalian species [1
7 9 11 14 16} Complement receptor Iymphocytes (CRL) are usually
demonstrated fn e rosetting procedure by incubatng lympbocytes with
red cells (E) coated with antibody (A) znd 1 (C) Besides
erythrocytes also bacteria coated with antibody and complement as indi-
cator cells [5] and complement-coated zymosan beads [8, 13] were used

In this study an attempt Is made to develop a simple one-step meth-
odlor\hndemm&nnﬁmolcm.,whkhcanhecomblu:dwuhmedhw
immunofluorescence technique and therefore can be emsily used for the
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sl d of i receptor sites and Immmno-
globuling on the surface of lymphocytes.

Matertal and Methodr

Lymphocyter. Blood from 23 bealthy adults and 10 children with chrondo too-

Preparation | comphement-couted bactarie (BC). 0.1 m! of hesth-killed bacter
Ia (B) E. col 01258:15 oc Sab ile (4-8X101 /ml), fn verom! boff
cred saline pH 74 whh 01% geintios (VBS-GEL) were incobated with 01 m! of
fresh or stored at —70 %C buman sera (Cha) or wh guinea pig sera (Cyp) In sever
al &dons at 37°C for 60 min Coutrols wers parformed by incubating the bac
taria whh medom or bea scrum. In 7 001 cthrylene-

or 001M was added to bemsa

Dorcastration  § C3 bowad t0 the bacterial rarface BC were stained with
floarescein fsothiocyarate (FITQ) Labelled goat aati-buman beta 1 C/beta 1A (Beh-
ringwwrls, batch Na. 619D) or FITC-labelled rabblt aoti-guines pig bt 1 C/beta
1A,

Rozrtte  formation | lymphocytes  with  complementcoatrd  bacieria
(BCyy-RFC). 4+-8X10° bacteria proviously lcubeied with 12 dilwtion of Cgp
were mized with 2-4X10¢ lymphocytes eod becobated for 3 min st 37¢C
omder rotatior. Afrer the were checkad for ro-
-cmru-m;ﬂou.xn-ucd(m:nudmham tached to the hmpbocyts

b wero cosnted in sveral fieih. A toat of
mmwummndhmm

Demomsiration ¢f EAC rosstte-forming  ofls (EAC-RFC). This test way per
formed ementhlly wecordmg to Mcmsavs and Hosen [14] Briefly EAC-RFC
wers dalermined ting sheep erythrocytes, est-Formman axtibody asd moese com-
Plemwnt.

Damonstration of lymphecyies with membrane-bourd immumoglobuling (M-Ig-

wur performed ementally
P(ab), coafugate habelled wikh FITC way prepared accordiag w0 Howos (6] and
axtensiraly absorbed wih mormal guimes pig srom covakmily boond to sparom
beads according to AxaN of ol [I1
Combined assay for MAg-Ly end BCppRFC Lympbocytes wers rtained with
then Afterwards, fympbocytes
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Abpract A simple onc-step dure for the & Jon of complement
receptor lymphocytea (CRL) with 1 ted bacteria (BO) as Indieator

particles b described. With this aswsy the percestage of CRL In normal peripheral
blood ranged between 6 and 214 (mean 11%). In & separately performed com-
blned assay for lymphocytes with b bound | lobuling (M Ig) and
Iymphocytes, which form roscttes with complement-coated bacterta (BC RFC)
foor different fracticns of lympbocytes could be detected. (M Ig ~BC*
MIg-BC~ M Ig-BC* MIr-BC) These restlts suggest that the snbpopuls
tion of lymphocytes with complement receptor sitey overlaps with, bot i not total
Iy identical with the tymphocyts subpopulation bearing Ig on the surface.

In recent years o great deal of evidence has accumnulated Indicating,
that among others, receptors for modified C3 exist on lymphocytes, ma

phages, granulocytes and platelets jn several llan species [1
7 9 11 14 16] Complement receptor lymphocytes (CRL) are usnally
demonstrated In a rosetting procedure by incubating lymphocytes with
red cells (E) coated with antibody (A) and complement (C) Besides
erythrocytes alio becieria conted with antibody and complement as indi-
cator eells 5] and complement-caated xymosan beads [8, 13] were used

In this study an attempt is made to develop a simple one-step meth-
odiorlhﬂcdctcmﬂnnﬁonofCRL,Whlchanboccmb{ncdwiﬂlthedlmct
i eacence technique and therefore can be easily used for the
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stmol d of p receptor gites and immuno-
globulins on the surfscs of hymphocytes.

Material and Methods

Lymphocyter. Blood from 23 bealthry adakty and 10 children with chrordc too-
bolated

«llith was collected in heparin and hymphocytss wers scrording to Boros
mmmmmmwm wn
sboot 160/s

Preparetion | complemem-cosied bacteria (BC). 01ml of buetho-killed becter
fa (B) E. coll 0125B:15 or & fle (48X 10%/ml), i veroma! baff
ered alios pPH 74 with 01/ gehtine (VBS-OEL) were hncubated with 0.1ml of
m«mn—m%m-m(q.)amnhnpum(q,)hm
al dilutions &t 37 °C for 60 min. Cantrols wers performed by ncubatiog the bac-
teria with medinm oc b srum. In 7 001 m ethylens-

o 001w W added to tmman

bothlocrenats
ringwerke, batch No. 619D) ar FITCHabefled rabbit ant-guinea pig bea 1 C/beta
IA.
formation of lymphocyter with  complementcosted  Becteria
{uwﬂuxtmmmwm-udﬂmmdcﬂ
were mived with 24X100 hmpbocytss snd iscabated for 0 min xt 37°C
rotation. After

wers commted {n several flelde A total of
mlympm'ncoumiluldwﬂ.
Demonstration ¢f EAC rosette-forming cells (EAC-RFC)L Thb test waa per

formad sceording o Mxomure and Hontz (14]. Briefly EAC-RFC
wers determined wibng abeep arythrocytes, antibody asd moase com-
Plamaect.

bound (Mg

axicrmiraly
beads according 10 AXew of ol [2}
Combiacd army for gLy amd BC,y-RFC Lympbocyies wore stained wikh
the anti Flab), conjagats amd then rosetied with BCyy. hrmphocytes
wers dmaltascomsly coamined for both, rosetts formatiom in phawe costrast and
kwmmuM
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Absract A wmple onc-step procedure for the demomtration of complement
receptar lymphocytes (CRL) with complement<coated bacteria (BC) as indicator
particles bt described. With this assay the percentage of CRL in pormal peripheral
blood ranged between 6 and 21 / (mean ll'lyln-npnndypafomcdcom-
bined asay for Iymphocytes with brane-booad globulim (M Ig) and
lymphocytes, which form rtosettes with complement-coated bacterla (BC RFC),
four different fractions of lymphocytes could be detected (M Ig*-BC*
MIg-BC- MIg-BC* MIg—BC). These results suggest that tho subpopuls-
tlon of lympbocytes with complement receptor sites overlaps with, but b not total
1y kdentical with the lymphocyte snbpopulation bearing Ig on the rurface,

In recent years a great deal of evidence has accumulated indicating,
that among others, receptons fur modified C3 exist on lymphocytes, ma
croph granulocytes and platelets in several species [1
79 11 14 16] Onmp]ement receptor lymphocytes (CRL) aro vsually
demonstrated In a rosetting procedure by incubating lymphocytes with
red cells (E) coated with antibody (A) and comp} (C) Besides

also bacteria coated with antibody and complement as indj
cator cells [5] and complement-coated rymosan beads [8, 13] were wsed.

In this study an attempt is made to develop a simple one-step meth-
od for the determination of CRL, which can be combined with the direct
immunofluorescence techmique and therefore can be easily used for the
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Tabis If Combined sy for A-fg-Ly £ad BC pp-RFC (33 experiments)

Mean, % Range, %

MIgt—BCyy 3 22
M-Igt-BCo 1343 4%
MAE-BCpy &6l E
MAg-BCyy .09 3o
gLy toal 211 2%
BC*Ly total 1494 220
Mg xnd BC tota) z40

periments) 4 different types of [ymph coukd be disting d

2-20% (mean 8.33 /) of peripheral blood Iymphocytes were detected
‘hhbuthnmtmontbdrmnhnne(MI;—BCn)ﬂ:epacmnp

Iymphocytes carrying  oaly
(MI;’-BC,,)m;:dtrmn4m50‘/ (mean 13 48% ), Lymphocytes
cumphncm:ec:ptmunly(m—lr.acn)m;cdfmmzmztﬂ
(mean 6.61 /+). Lymph withoat or membra-
ne-bomd immunogiobulins (M-Ig~-BC,, ) were found to be between
55 and 82% (mean 7109% ) The total mumber of lymphocytes bearing
complement receptors was fornd to be in the rangs of 2-20% (mean
1494 /), and the total pumber of those bearing Ig ranged from 2 to
30 (m:nll.Bl/).Awu]u(ZBﬂ'/ (mnpcmnmp)cl}ynqmv-
cytes showed either P boand immm-
or both. C ing the p agea of the singlo fractions
belonging 10 this group, it Is cvident, that 479 belong 1o the fraction
M Ig* BC- whereas 31/ cary both markers (M Ig*-BC,, ) and 239/
were found to carry only complement receptors (M-Ig-BC,, )

Discssion

The above-described method for the determination of CRL with
complement coated bacters is simple and rapid. C3 can be bomd to
becteria (E coll 0125 1S and Safmoneils) by ncubating them with el
ther fresh pormal human scra or with freth guinea plg sere. Comple-
ment-costed bacterla can then be used for the demonstration of comple-
ment receptor lymphocyter. Bacteria coated with C guinea plig wero ored
Ju car 33 experiments, altbough abo G, can bo msed. Since after the
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Toble I BCr-RFC in norma! peripheral blood

Indicator Rosetto-formng celbs, %

mean rangs
BCo-RFC (n =33) 1 6-21
Coatrols
Biml-RFC (n=22) 136 04
Bram'-RFC (o =27) as7 04

1 B incubated with beat-inactivated serrm.
1 B incnbated with PBS.

Results

C3 binding to bacteria After incubation with fresh normal human or
gulnea pig sera up to a dilutlon of 132, C3, or(:i,,wumundtobe
bound to E coll as well as to Salmoneila. No bmding of C3 could be
detected, when £ coll had been incubated with PBS, heat inactivated
scra or with G, EGTA, C, EDTA or C,, ABS

Demonstration of BC,, RFC in normal penpheral blood (table I)
Peripheral blood lymphocytes of 33 individuals were checked for rosette
formatlon with BC,,. It was found that 6-21% (mean 11%) were
BC,, RFC. 22 control experiments were performed. After the incuba
tion of B with heat Inactvated sera 0-4%/, (mean 1.36%/s) and after the
mcubation of B with PBS 0-4%/s (mean 0.57%s) of lymphocytes formed
roscttes with B With Increasing serum dilutions the number of
BG;, RFC decremsed (correlation coefficlent r =~ 094 p<<Q001) A
dilution of 1 64 showed no more roscttes.

Comparison of BC,, RFC with EAC RFC In a setles of 22 sepa
rately performed expenments the number of lymphocytes forming ro-
settes with EAC ranged from 5 to 30% (mezn 12.63%s) and the percen
tage of lymphocytes forming rosettes with BC,, ranged from 6 to 21¢/,
(mean 12.95¢/s) (correlation coefficlent r = 0 64 p<C0 01)

D lon of lymphocytes with memb bound i glok
fins The percentago of lymphocytes with membrane-bound immuno-
globulins ranged from 8 to 38¢/s (mean 20.54%) (sctles of 14 experi-
meats)

Combined assay for M Ig-Ly and BC,, RFC (table IT) In a
rately performed combined msay for M Ig-Ly and BC,, RFC (33 ex




Co md 1 fobeillms oo L »

ticipated without combined assay by the higher percentage of M-Ig cells
(20.54%) in comparison to CRL cells (11/), and cn the bash of this

ansnﬂ;hilptcuhmlhnCRLmlmbpopnlldonofM«Ig
B lymph tve explanation might be however that a part
dthaMIg‘-pdﬂwmﬂsuhih{tonlyp:ﬁn}ylhwrbcdl;mdmno
real M Ig synthesizing B cells ay recently reported by Loso ef ol. [12]
and WivcHEsTER ¢f &l [18] while this study was performed. This will bo
investigated in further cxpert Our findings that about 50% of
M Ig-positive and/or CRL-positive [ymphocytes belong to the fraction
M-Ig -CRL arc comparable with the results of Ross ef al. [16] who
formd about 60%s, whereas HouM ef ol [7] and Ammanamysox er al. [1]
reported Jower p (24 and 5% respectively).

As (o the frection M-Ig"-BC* our resuhs that about 20% are repre
sented by this group arc in agreement with Hous e ol [7] (304 ).
Axzaravsson et al. [1] and Ross et al. [16] ca the other hand fornd 0
and 1/ respectively As to the actual clessification of this group several
uplmnmmmybuoﬁ:md.Thhtn:ﬂmmiginbdon;mlhnTc:ﬂ

ton which i bymend.[ﬂvhnohzvcd
lymphbocytes bearing both C3 P for
sheep red blood cells, or to & subpopulat u( h h. fred

by the presence of Fe and C3 receptors but absence of Ig receptors snd
-aivelnthnlymphocm-mtdmcdlyd:o(mﬂhody-cmmdumtmm
[9) or might be with |

gyAxtnummmlud:ow dmmbpopullhonolly‘m'pbocytum
complement receplor sites seems to overlap with, but to be not totally
dentical with the sub bearing b bound Ig. This
wmmmmmmwxumm
fration of pop i aod other &~

CRILL.
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incubauon of E coll with EGTA sera no binding of C3 to bacteria
could be observed one may conclude that the binding of C3 from nor-
mal sera to E. coll 118 mawly due to the ectivation of C3 via the classl

cal pathway This Indication is also supported by the fact that after in

cubation of E coli with normal human sera previously absorbed with E
coll in the cold no C3 binding to bactena could be demonstrated. Anti

body agamst Enterobacteriaceae can be found in the sera of different
species [17] It Is therefore suggestive that under our test conditions
these antibodies nre at least pnmarily responmble for the binding of C3
to bacteria. These natural antibodies seem to be non-IgG since bacter

ia incubated with heat-inactivated sera did not bind to Fc receptor lym

phocytes,

Bacteria os indicator particles have several advantages over erythro-
cytes. They arc not [ysed after incubation with normal fresh sern titra-
tion experiments for the estimation of the optimal antserum and com
plement duution can therefore be omitted. Monocytes can be easier rec
ognized ¢mce bactena are smaller than erythrocytes and allow o better
udgement of the morphology of the central cell The differcntiation be-
tween Jymphocytes and monocytes is further facilitated by the fact that
most of the monocytes engulf complement-coated bacteria. In normal
penipheral human blood we found 6-21% (mean 11%s) of lymphocytes
to form roseties with BC,, A number of investigators reported similar
percentages [1] using EAC as indicator cells while others [7 14] found
higher percentages (20-30%/s).

Our results of the mmultaneous determinstion of BCy, RFC and
M Ig-positive lymphocytes showed that four different fractions could be
detected 2-20%s (mean 8.33%s) of the lymphocytes had both markers
4-30%s (mean 13 48¢/s) carned only M Ig, but had no C3 receptors,
2-20%s (mean 661%) had only complement receptors and 55-82%/
{mean 71 09%s) had none of the two markers. Using a combined asay
for the detection of EAC RFC and M Ig-positive lymphocytes in humen
penipheral blood, Hotxt et al. [7] Ross et &f [16] and ABRAHAMSSON ef
al [1] could also detect four different lymphocyte fractions. As ta the
group M Ig -BC,, our findings are in agreement with those of Roas e
al [16] and Hotat et al. [7] who reported that 30-40%e of the tota] of
lymphocytes with complement receptor sites and/or membrane bound Ig
is represented by this group, whereas ABRAnAMSSON e al [1] found that

95%s of lymphocytes with complement receptor sites and/or M Ig arc
M Ig -EAC* The existence of &« M Ig ~CRL group can already be an
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Histogenesls of Myelold Vetapladia In the Spleen
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Key Words. Y Yt apeoty  Mydold mets-
plaie RE csis Splenk bemopotesty

Absrect. Hemoposetxo activaty in 1he splesn 1 cawscd by the proliferstion of
the RE cells of the red palp, hniag the savscch and the eadothelia]l colls Hning
the venams chennels and their vasa vasor. The RE cells of the marginal rone do
wot contribate. As the calh invotved kas blood speces, and the {mmatore ceils are
washed {nto the appean to be

Dufferest agents prodoce diffcreat offects: copper salphats an early profifers
boa of both the red pulp and venoos cells, phenylbydrasine  red polp prolifen
tiont wad antirerom & high veoous eadothelnl] activity

The role of the spleen in hemopoiesis in well Imown. From the stod-
ies conducted in this laboratory and in others [1] tho exsct site of argm
of the hemopoictic cells withm the spleen, and the celly of origin ere still
in dbpute. In the present stndy an attempt has been made to ascertam
the sites of Invotvement in this process. The effect of different agents
has also been stoded,

Maerials and Alethods

Hemopowtic sctrvlty was stirralatad b the spiecn by prodecing scot bemoly
sa. Theve groaps of 50 rats each were adminhicred copper sulphate (5,000 wx/
aythrocyte

ot atervals of 24 b, €38, 72h, S dayr sad 7 dayr The sphesa was removed asd



80 WINTERLETTNER/ROTTER/KNAPP

4Camo J W Pantic, V S, and Gooo, R. Human peripheral hymphocytes
bearing both B cell complement receptors and T cell characteristic for sheep
erythrocytes detected by a mixed yotette method. Clin. exp. Immunol. 13
483490 (1974)

5 Gomxus, B. ] Cwaxpuir, R C, and Smiwxos, ] W.. Endotexin stimoiated
spleen cells, mitogenesls, the occnrence of the C3 receptor and the produc
lon of Immunoglobulin. J Immrun, 112 770-775 (1974)

sHmmW.M(mmoﬂmumdmfmmemofmmul

tuotin, Clin. exp. I 1 4 541-551 (1969)

7Hm.u.0 Pertersox, D MeLustept H., HeDross, E., and Brote, B Lym-
phocyte mbpopulations {n peripheral blood of henlthy persoat.
tion by surface markers and lack of selection during purification. Clin. exp
Immunol. 20 443457 (197%)

8 Honer, C. rad WrozrL, H.. A sdmple rosette atmy for demonstration of com
plement shtes tsing complement-coated rymosan beads, Eur J Imomunol §
432435 (1975).

9 Joemar, M., Wiazeir, H, and Arutt, F Homan lymphocyte subpopulations
clamification nccording to surface markers and/or functiomal characteristica
Transplantn Rev 16, 163-195 (1973)

10 Kxarr W Bousum, R L. H., Raor, 7 and Hosuns, W Independent move
ment of IgD and IgM molecnles on the surface of individual lymphocytes J
Tmmynol. 111 1295-1298 (1973)

11 Law W H. and 0, V.. R for on leucocytes.
I oxp Med. 128 5911009 (1968).

12 Loso, P L WestmrveLr F B, and Hoxwrrz, D. A Identification of two

L of lobulin-bearing tyruph et in raan. J L 114
116-119 (197%)

13 Mexoes, N. F, My, S. $§ and Penxnaao, ZZ F Combined detection of ho-

medBlrmphocytmbymnafmﬂunwimMerythmmamd
3 3 1, 713 531-536 (1974).

14 Mrcwurs, G snd Hosee, H.. Receptor ltes for complement oa certaln ho-
man peciphal blood lymphocytet. Y Immaunol. 105 670-676 (1970)

15 Prom, J S_ The um of a vertical fllomk with {n dicrole
mirrors for floorescence microscopy with incident light. 2. wis. Mikroek, 62
129 (1967).

16 Ross, G Ruosmiimg, B M. Pouter M.J snd Guzy H. M Combined stnd-

dm,pcmhmmarmmzfumﬂn;cdhinmlmdkukunlclmpboqm.
T clin. Invest, 52 377-38S (1973).
17 Senwax, J und Rescee, H.. Bnterobacteriaceae Infektionen (VER Thieme, Lelp-

g 1968).

18 Woewestey, R. I Fo B.M.,Bovmm,'r -ndem..KG_l,ganlym_
phocyte surfsces; and the signif] of n third cell popu
lation. J Immmnol. 114 1210-1212 (1975).

Dr H. Worreeoines, Tatitat fiir Immunologle der Universitht Wien, Borschke
ane 8, A-1090 Wien (Anstris)




the Spleen

Myclosd Metaplas:

drani
tmo
from
1m0 the lomen, 5 days

wathed

LI L 0y i3
Sl M&n
3 ey y719)
WO d} A T .Vf
AR wﬂww

~ ~

Fir ! Dilsted and coogested amncads, T2h after poeuylhy.
layer of eodotheii! cels have become plomp and protredo
Fig 2 Vein showisg hayers of profferaimg cells artwag
cefls Many calls are seen w0 be kocsemed and
copper suiphate. HE X 100.

X 400.



IypNaan

i 10+ buffered formalin § m thick paralfin sections
Seur st \ylin and ecosin (HE) QGiemsa’s staln, Wilders reticulin
1y Vi mn. The different zones in the spleen were studked fn de

! s were studied for the normal morphology

Results

¢ obsenved that the artertoles within the Malphigian corpuscies,

t  cuifing Iymphocytes the marginal zone reticulo-cndothelial (RE)
wlls sud the germingl follicles did not show any hemopoletic actinty
The red pulp and the venous channels showed the following changes
which followed o mmilar sequence with all three agents but with shght
vanations as will be shown later

Red pulp (fig. 1) At thc commencement of the hemopoletlc activity
that RE cells lining the sinuses become plump with prominent vesicular
nuclel Mitoses are scen wathin these cells. Clones of blast cells are
formed with occusional megakaryocytes. These cells fan out from the
centratl sinusod. The cells gradually get converted into mature cells, At
this stage the coheslon between the cells is lost and the cells are swept
into the lumina Gradually the entire red pulp RE cells show actlvity

Veinr (fig.2) The veoous endotbelinl cells also participate In the
hemopoletie nctivity Along the lumen there are small projections pro-
duced by the proliferated endothelinl cells These cells accumulate in the
subendothelisl zone They appear simliar to the plump stem cells of the
red pulp These cells gradually mature inta erythroid and myeloid cells
and lose their cobesion to be swept into the venous lumen The vasa vo
sorum of the venous channels become diiated Here and there hemo-
poletic cells are seen wathin theso vessels by the proliferation of the Lin
ing endothellal cells The red pulp cells split directly into the venom Iy
mina through some of the prominent vasa whick apen from the red pulp
directly into the lJumen of the veln

The dufferent hemolytic agents produced slightly different patierna of
hemopoietic activity

Copper sulphate The prolilerative activity of the red pulp com
mences within 24 h. The area of involvement gradually increnses until by
the 7th day the entire red pulp shows complete replacement by blood
cells. The venous endothellum shows a similar sctivity Hemopoiete

cells are secn to enter the lumina from the red pulp 2 days after admin
Istration



Myeloid Metapisus m the Spleea 15

poletic activity also vanes. Thus copper sulphate causes praliferation of
the RE cells within 24 h. Both the red pulp sinusoidal cells and the ve
nous endothelial cells are affected. These activated cells give rise to the
hemopoletre cells. This process increases to s peak on the 7th day bemg
enhanced by the hemolytic eptiode

With phenylbydrazine and antserum there ks o direct effect on the
profiferation of the RE cells. This s evidenced by the lack of activity af
ter 24 h. Tt is abso scen that these two apents prodoce a marked dilata-
tion of the snusolds so that their ontlines can be easily made out With
phenylhydrazine these smusokds wre filled with agglutinated mawes of
red cells. The lning RE cells appear stretched over these masses. Prohf
erative activity increases after 48 h and 15 seen to be more prominent af
ter the 3rd day as compared to copper sulphate. This ks in keeping with
the progressive hemolyns taking place [6] The venous endothelium 13
kess affected although it plays an important part in the actiity

Antiserum at first causes destructton of the RE cells, the
cells bemg extremely mactive These cells start thelr activity after 48 b,
the ric being very gradoal up to the Sth day From the 5th to the 7th
day there B & spurt m activity As compared to the other agents antise-
um ap venous endothelral activity perhaps to com-
pensatc for the inactive red pulp. This activity remains high up to the
Sth day On the 7th day there bs & slight fall.

These observations show that the hemolytic agent bs of importance 1o
the prodoction of bemoposetre actvity Copper which produces a direct
effect on the cells comverts the RE cells into actrvely dividing coils.
Phenylhydrazine snd antisernm produce their effects mamly doe to the
hemolytic process and the feedback of red blood cell destruction. Ant-
serum shows a lag 13 there is a destruction of the red pulp RE cells at
the outset.
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cal College, New Delb, for permattiag mo to poblish thrs work. T mould kke ¢
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Fmon There 15 marhed dilatation and congestion of the
i 11 ‘hese are filled with mtact red cells. The sinusoldal
[ 1. tened and ment, stretched over the dilated space.

= u1 .o ppears intact Duc to the stretching the RE cells
cut weparately They become plump ond active sfter 48h
1~s L st the Jumen From these cells groups of hemopoetic
~3 Iy nll up the entire red pulp withm 5 days This sctivity is
t h 1 that of copper sulphate The actvity within the venous
ot L1 less than that following copper sulphate, after 24 h. Later
i efe L a rapid increase to @ plateau after 3 days.

fatrs rumi Alter 24 h there is a marked diatation of the sinusolds
which are filled with eosinophilic structurcless matenal The lining cells
of the stnusoids arc destroyed in many places, so that some sinusoids are
surrounded only by the reticulln framework. The few scattered surviving
RE cells get acuvated after 72h to replace the lost cells. These cells
thien contmue to proliferate to form islands of hemopoiesis reaching a
peak activity on the 7th day As compared to the other two groups ve-
nous proliferation s very much more prominent and commences within

24'h There 1 o rapid ris¢ in activity reaching a peak on the 5th day

Discussion

From the above experimental results it s evident that although dif
ferent hemolytic agents do have different properties the main sources of
hemopoletlc cells in the spleen In all cates are the RE cells lining the
sinuses within the red pulp the venous endothelial cells and the vasa va
sore  Although the marginal zone RE cells proliferate particularly after
copper sulphate [3] they do not participate In the hemopoletic sctivity
The lymphotd cells of the Malphigtan corpuscies are also not contributo-
ry lthough thero 18 & prominent blast transformation with germinat folli
cle formation (5]

The proliferating cells line the sinusolds They arc thus within the
walls of the sinusoids and arc just washed Into the circulation as they
mature. Thus 1t appears that intravascular hemopoiesis is the rule The
hemopoietic cells cnter the vepous channels from tho red pulp just as
malignant cells do [4] by entering the dilated vasa which apen directly
into the lumen.

Dufferent hemolytic agents produce different effects and the hemo-
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Abstrect Siow mtravesocs lefosion of N haorat (Nal) int  guines pegs catsed

toag-chuin fatty scis may plry ol m tho devclopment of thrombows and thiom-
boemboltism b discomed,

During landin synthess from arschid peroxide inter
mediates (PGG, and PGH,) are formed [6, 19 24] These substances are
potent of platelet aggregath mdm.typl.lymlm—
portant role in the thon of and
r:cmﬂyrepuntdmoddexpcﬁmtuulmdwppﬁnmthbhypotbub.(l)
I () 1o} of small It NaA)
into rabbits caused olphtelcl ggregates n heart blood and

microcircolation leading to rapid death of the animals [16]
(2) The infection of the samo fatty acld into the carotid artery of rats pro-
duced & stroke 53 pdrome which was due to obstruction of the cerebral mi-
by platelct aggregates (3]
Thrombocmbolism akso occury after iv inpectioa of saits of many other
lang-chain fatty scids [2, 20, 25 26] The question was raised whether
NeA caused experimental thromboshs by a spedific blochemical mecha-
nhtm (Le. endoperaxids formation) or merely by a noa-specific detergent
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Absiract. Slow latiarenom infupon of N lamrate (Nal) into grioes pixy cazsed
Tapkd wppearance of plateket aggregatey 1n the erterinl blood wod  precipitos fall
I piatelet covmts. Dunag the lafwicos of Na anchidooat (NzA) thrombocytopenia
developed slowly and few and smailer platclet sggrepies appewred o the arterial
blood. Considerably more gumes pigs dmd damg or afier the NuA infusion than
after administration of N L. The possbilty that arachidooic ecd ssd otker
long-chale fatty sckds may play rok m the development of thrombosis snd throm-
s ciscumead,

During p dand hests from arach inter
medlates (PGG, and PGH,) are formed [6, 19 24]‘I‘hcumhmncum
y potent inith of platelet aggr mdmzypllylninr
Pll‘tlntmlemdn of thrombosks and th Two
mccnﬂymponzdmodzlc:ptﬂmmhlmdt@pﬁﬂmlhhhypmlmh(l)
(iv) Inpections of small q of Na (NaA)

lnionblﬂnmncdncunnuh&mafplndctlmcpu:lnhunbbodlnd
Pulmonary mcrocyrenlation leading to rapid death of the animals [16]
(2) The mjection of the same fatty acid kto the earotid artery of rats pro-
duced a stroke syndrome which was doe to obstruction of the cerebral mi-
cl by platelet 13
Thromboembolism ako occurs after i injection of salts of many other
Hmg-chain fatty acids [2, 20 25 26] The question was ralsed whether
NaA caused experimental thrombosis by a specific biochemtical mechs-
niam (Le. endoperoxide formation) or mercly by & ponspecific detergent
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action [22] Thus problem is of connderable practical miercst because the
above mentioned ammal models are belng used for the evaluation of po-
tential antithrombone drugs {4 17)

The cxpenments described in this paper were undertaken 1n an cffort
to find posslble differences in the thrombogenic etfect of NaA and the Na
salt of another fatty acd launc acid (NaL) The two substances were in
fused slowly iv tnto guinea pigs. It was thus possible to observe the devel
opment of platelet aggregates in vivo and their sequestration in the pul
monary microcirculation.

Materials and Methods

Guinea pigr of mixed breed and bath sexer weighing from 530 1o 810¢g were
uzed. The animals wcre anesthetized potyethylene catheters were implanted in the
right jugular vein and the left carotid artery as described previously [28] Sallne
(0.9% ) was infused Iv at a rate of 003 mi/h, wsing a compact Infuson Pump, Model
975 (Harvard App Co  Millls, Mass) After taling the first blood sample from the
caratid artery 1 0.2/ (w/v) solution of NaA or 1 05/ (w/v) salution of NeL were
Infused tv Injection speed was adjmated to provide 1 4, and 10 mg/kg/h of NaA snd
5 10, and 20 mg/ke/h of Nal. Control antmals recelved Sml/h of 0.9% ssline.
Blood ramples wero taken 10 20, 40, and 60 min after bepin of the infusion After
taking exch sample the arterial catheter was carefully ringed with 03 ml saline and
closed with a metal cap After 1h wil animals received 0.9% aline tr for another
60:min at a mate of Smlh They were then killed with an overdose of Ne barbitur
ate tr

Clreulating platoiet aggregates wern determined as follows a red cell pipette was
filled to the 025 marl with DOmol (Merz & Dade AG Bern) contalning 1 /¢ (WA)
EDTA Na;. The dilution floid waa allghtly coloured with brillant cresy] blue After
mixing tbe pipettes on an electrio vibrator for S mun a Fuchs-Rosenthal counting
chamber was fllled. A fotal of 200 platelets were counted, and records of the num-
bty of platelets present as single cells or as aggremates (3 or more plaielets) were
made Two platelets adhering to each other were not counted ss aggregate. Total
platelet county were determined with a Coulter Counter Model B uaing the method
of Rovrx and STUDER [13] Counts obtained during the infusions wers expreased as
percent of the Inttial counta. Ja order to determine the reproducibility of the method
multiple blood sampley were cvaluated in o few animaly, Results semmarized in ta
ble 1 Indicate that the reproducibllity s very good in samples contajning few aad
umll aggregater. The varlabllity s higher in samples with more and larger aggre
(G

Arnchldonic ackd, punity 99%/s, was a gift from Hoffmann-La Roche & Co AG
Basle, Switzerland. 10-mg samples of the acid were dissolved in 1 ml 100% ethanol
and stored under plrogen [n dark glaw tubes at 20 °C Solutions for {nfusfon were
made fresh by mixiog 1 part of the alccholic solutfon with 4 parts of « 204 (w/ )
NaCQ, solution. Lavric ectd (purity 995 /) was purchased from Flula AG Buchy,
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Swhrrrland, A clear 0.5 (wv) soluticn was obtalned by addition of N OH watll
PH of 8595 was reached.

Results

NaA cansed death in the majority of the antmals, most frequently dur
ing the 60 min following the fatty acid infumon. Ouly 4 of 15 guinea prgs
receiving NaL and noae of the 21 controls died (table II) The effect on
plateiets s demonstrated In figure 1 The infution of 20 and 10 mg/kg/h
of NaL cywsed a rapid drop in platelet counts which reached the lowest
level after 10 and 20 min respectively There was no turther decrease de
spite continuation of the fatty aad sdministration. Sigificant numbers of
platclet aggregates were demonstrated in the arterial blood after 10 mm.

Table I Mukyphe countng of platelet aggrepases

Tnfwdon Tune, men  Samphe | Sampie 2 Sampic 3
09% NaQl ° ° [ 13
9% NaQ % 13 X

09% Nal @ 43 3s

Q9% NaCl 100 13 15 °
NaA 3 mg/kgh » 158 175 ]

NaA S mefkge 60 » s »s

Tumbde i1. Lathal cfferts donng and afier mera esous mimuans.

Sabetance mfued Dows Nomber of  Namber of  Nomber of
me kg anxmb. anmahy anwrels dymg
treated dymg dunng afier 60-man
&-min Infosion
afumon
Na araciedosaie 10 3
Ne srachidonats 3 ] [ 3
Na arachudonstc 1 3 1 3
Na herets » 3 ° 1
MNa horate 10 s 1 °
Na liorate 3 ° 2
1 ° 0
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Fi I Platelet counts (a) and circolating platelet aggregates (b) during a 60 min Iv
infusion of NaL. © = 20 my/kg/h A= 10mgkg/h 4 =5 mg/kg/h ® =saline.  Signi-
ficantly different from saline coatrols (p<00S U test of Mann-Whitney).

With 20 mg/kg/h over 40%s of the circulating platelets were present ns ag-
gregates in the blood sample taken aflter 20 min. After this the number of
aggregates decreased but remained algnificantly elevated over the saline
controls. With 10 mg/kg/h the percentage of platelets present as agpre-
gates varied from 14 to 21% over the whole infusion peniod The majonty
of the circulating platelet aggregates were small Medm-size and larger
apgregates coptaming up to 30 platelets were also observed particularly
in the blood samples taken after 10 and 20 mun The fowest dose of NaL
(5 mg/kg/h) did not cause platelet aggregation and did not affect platelet
counts.

During the infusion of 10 and 5 mg/kg/h of NaA platelet commts de
creased slowly (fig 2) The counts were significantly lower than the con
trols after 10 min but the decrease continued as long as the NoA infusion
was glven Signlficant numbers of circulating platelet aggregates could not
be detected in the artenal blood samples taken after 10 20 and 40 min
After 60 min a slight increase in platelet aggregates was observed but it
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Fig 2 Phtelct counts (2) and crcnleting platedet saggregases (b) darmg 60 o 1v
Infoion of NaA =10 mpkeh A= S mekeh =1 mpieh o =smlne  Squ-
ficantly dfferent from smkme controbs (7 005, U test of Mann Whotney).

was statistically different from the coatrols for the 5 mg/kg/h dose oty
Most of the platelet aggregates were stall medinme-sire and large aggre
gates were only cxceptionally seen. The lowest dosc of NaA (1 mg/kg/h)
bad no effect on platelets

Duxcussion

Slow v infusions of NaA and NaL caused a dose-dependent decrease
in platelet counts and app of g platelet sggreg in the
arterial blood of guinca plgs. The development of these changes was con-
siderably different with the 2 fatty #cxds. Nal. camsed & precipitous fall in
platclet counts reaching the lowest levels after 1020 min there wa3 no
further decrease dewte contiruation of the mfuston. With NaA platelet
comty decreased gradually as bong as the fatty sad was infused. Clrealat
ing platelet mggregates were present in significant numbers daring the
whole infmlon of NaL, and some of the aggregates were medimm-size or
Tarpe. During the { it 40 min of the NaA mfusion the percentage of circn-
lating platelets present as mggregstes was pot elevated over that seen in
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alme controls. Only at 60 min did some small aggregates appear m the
atterlal blood

NaA 18 known to intiste rapid platelet clumpiag in vitro even at very
lov comcentration [15 23] It 1s probable that the Iv infusion of NaA also
caused g sigmificant degree of platelet aggregation The aggregates did not
appear 1 the artennal blood but were retamed almost quanttatively in the
microcirculation of the lungs This resulted i & gradually developing
thrombocytopenla and caused death in the majority of the gmnea pigs
dunng or shortly after the Iv mfuslon Many small medium-size and large
platelet aggregates were mduced by the infusion of NaL. But these were
only partally sequesirated in the copillary bed of the lungs Many were
able to pass through the filter of the microcirculation and appeared m the
artenal blood. Thrs indicntes that the aggregates formed under the influ
ence of NaL had a lesser tendency to stick to endothelial surface of the
pulmonary vasculature This may be the riason why only few animals
died following the NaL infusions

The liternture contains additfonal observations which shed light on the
different thrombogenic properties of arachldonic acid and other long
cham fatty acids. first of all many long-chain fatty ncids do not cause rapid
platelet ngeregation in viro as seen with NoA [15] Other fatty acids
cause In vitro aggregation but the effect develops more slowly and often
only n the nbscnce of serum proteins [8 11] Platelets incubated with
NaA released rabbit sorta contructing substances, but no relense occnrred
with linoleic, linolenic, aud stearic acid [23] In vho flve fatty acids
structurally related to arachidonic acid did not Lill rabbits when mjected
tv at doses 4 times higher than the LDy, of NaA [16] These differences
between the brological effects of arachidonic and and other long-cham
fatty acids arc probably a result of & diversity of their biochemical mecha
nisms. Long-chain fatty acids interact wath platelet membranes making
the platelets more sensitive to adenosine diphotphate induced aggregation
[9] Aggregation occurning after such an interaction appeant to be mediat
ed through platelet adenosine diphosphate [7] and may thuy be at least
partly reversible. Arachidonk acid could of course, act 1n the same man
ner but it represents also an unique substrate of a prostaglandin synthe
tase enzyme complex [24] which i mtimately linked with tho process of
platelet aggregation [18] If arachidonie acid is made avaflable to the pla
telets, irrcven'lf)lc aggregation occurs promptly [15] Simultancousty in

f yry ‘et are rel d, an effect which does not take place
with other fatty acids (23]
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Our In vivo studies showed that eggregates formed during NaA info-
mon heve a pronounced tendency to #dhere to vascular endotheltum and
1o obstruct the microchronlation. They are ths more likely to kill the anl
mals than aggregates induced by Nal that are able to pass throogh the
capillary system of the lungs. From the varous model experiments with
anchidonre and other long-chain fatty acids it appears conceivabie that
these substances play a role in the development of thromboembolic com-
plecatioms fn man. Tt omost be remembered, however that fatty acids ars
pormally bound tightly to serum protems or are esterified i platelet
pbosphohpeds [5 12, 21] They are released from thewr binding and sto-
rago dtes through various phywologic and pharmacologic inflences [1
10] and may then mteract with platelet membranes. Intravenons infosions
of fatty acid soap soloth however only a crode
tion of the situation which mmght occur mnder condrtions of endogenous
fatty acid release. The model expermments reported in this peper as well a3
other demoostratons of fatty-indoced thrombosls should therefore
not be overrated. They demmonstrate that the hemostatic equilibriom may
be destabillred by naturally occurring fatty acids. This process can, under

pley in the development of various forms of human thromboshs and
thromboembolfism. The fect that noo-steroidal ant drogs
inhibit the genic action of arachidome ecid [16] and, lesy consis-
tently also that of other kong-chan fatty saica [14 27] will belp in tho
evalustion of the climical 1k these o

agenty.
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saline controls. Only at 60 rmn did some small agpregates appear in the
artenial blood.

NaA is known to Intiate rapid platelet clumping w vitro even at very
low concentration [15 23] It 1s probable that the iv infusion of NaA also
caused a significant degree of platelet aggregation The aggregates did not
eppear in the artensal blood but were retained almost quantitatively In the
microcirculation of the lungs This resulted in a gradually developing
thrombocytopenia and caused death in the majonty of the guinea pigs
durning or shortly after the 1v infusion Many small medium-size and large
platelet nggregates were induced by the infusion of NaL. But these were
only partielly sequestrated in the capillary bed of the Jungs Many were
nble to pass through the filter of the microcirculation and appeared in the
arterial blood. This indicates that the aggregates formed under the influ-
ence of Nal had a lesser tendency to stick to endothelial surface of the
pulmonary vasculature This may be the reason why only few anjmals
died following the NaL infusfons.

The hiterature contains additional obscrvations which shed light on the
different thrombogenic propertles of arachidonic acid and other long-
chain fatty acids first of all many long-chain fatty aclds do not cause rapid
platelet aggregation /n vitro as seen with NaA [15] Other fatty acds
cause in vitro aggregation but the cffect develops more slowly and often
only 1n the absence of serom proteins [8 11] Platelets incubated with
NaA relcased rabbit aorin contracting substances, but no release occurred
with lnoleic, linolente, and stearic acid [23] Jn vive five fatty acids
structurally related to arachidonic acid did not kIl mbbits when injected
iv at doses 4 times higher than the LD,, of NaA [16] These differences
between the brological effects of arachidonic acid and other long-chain
fatty ncids are probably a result of a diversity of their biochemical mecha
nisms. Long-chain fatty aads fnteract with plateiet membranes making
the platelets more sensitive to adenosine diphosphate induced aggregation
[9] Aggregation occurning after such an Interaction appears to be mediat
ed through platelet adenosine diphosphate [7] and may thus be at least
partly reversible. Arachidonic acid could, of course act in the same man
ner but it represents also an unique substrate of a prostaglandin synthe-
tase enzyme complex [24] which is intimately linked with the process of
platelet aggregation [18] If arachidonic acid 18 made avalable to the pla
telets, irreversible aggregation occurs promptly [15] Simultancously in
flammatory substances are relcased #o cffect which does not take place
with other fatty ncids [23)
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Our in vivo studles showed that aggregates formed durlng NaA info-
shoe have & pronounced tendency to adbere to vascular endatheliom and
to obstruct the microcirculstion. They are thus more kely to kill the ani
mats than aggregates indoced by Nal. that are able to pass throagh the
capillary system of the longs. From the vadomn model experiments with
arschidonic and other Jong-chain fatty acids it appears conceivable that
these substances play a role in the development of thromboembole com-
plicatons in man. It st be remembered, bowever that fatty acids are
normally bound tightly to serum protems or are esteriffed fn platelet
phospholipds {5 12, 21] They are relessed from their bindmg and sto-
rlymmrw;hmwmphyﬂobﬁcmdphmnmhﬁchﬂm[l
10] and may then interact with platelet b
of fatty acld soap sol howeer oaly a crude app
tion of the situatoon which might occur under conditions of endogenons
faity acid relesse. The model experiments reported in this paper as well &3
other demonstrabons of fatty-induced thromboss should therefore
not be overrated. They demonstrate that the hemostatic equilibrium may
bedtﬂlliﬁmdbynﬂmﬂyoccun‘lu;(lltynddxﬂdtpmcuacm,mdu
specal dith lead to widesp and cven kethal
Lhmmbosh It is not determined, however which role these mechanfum
play in the development of varioms forms of homan thrombosns and
thromboembolism. The fact that pon-steroidal antiHinflammatory drugs
inhibit the gt action of donle acid [16] and, lews consls-
tently also that of other long-chawn fatty acidy [14 Z‘I]wﬂ.llu:lpmtho
evaluation of the chnkeal ifk of these T
agents.
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Transferrin Immune Complex Disease

M WeSTERHAUSEN and G MCURET

Department of Hematology and Oncology Medical Clink C,
Kantonsspital, St. Gallen

Key Words Atransferrinemia  Autoimmune discases Hemochromatods Im-
mune complex dense  Iron metabolism  Iron overload Transferrin antibody

Abstract A 71 year-old woman showed a highly unasual pattern of lron distri-
bution In the organism which was ssmociated with iron ovetload. The halimark of
this disease was an extreme hypersiderinemia, the serum fron resching about
800 £/100 ml. There was a pigment cirrhosis of the liver bronzed slin contatning
hemasiderin, and dubetes mellitus. Pa ically h iderin was ot & tle in
bone marrow macrophages, sideroblasts snd erythrocytes were reduced, and there
was a decrease in radioiron utilization of erythropolesls, thus indicating insufficient
iron supply The pathogenests of this disorder based on the formation of an autoan-
tibody with specificity for transferrin thus producing a circulating fmmune complex
which bound the majocity of scrum iron. Immunosuppression achicved a partial re-
minjon including & recovery of the patient s general state, a rise in free transferrin,
a decreasc In serum iron, disappearance of hemosiderin in the lhver and a rise In ery~
throcyte production.

A hitherto unknown disorder of the iron metabolism was observed
whose pathogencsis was attributed to the presence of an autoantibody as
socuting with transferrin Results of the proteln analysis have been re-
ported elsewhere [6-8] The present paper describes the course of the dis
case and the vardation of iron knetics durmg jmmunosuppressive therapy

Case Report

A 71 year-old woman d special fon by y high strom iron
levels reaching about 800, g/100 ml The liver was alightly enlarged, indurated, and
showed by leparoscopy the plcture of a pigment cirrhoshs. The histologic examina
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Transferrin-Immumme Complex Discase

M WrsSTERHAUSEN and G MEURLT

Department of Hematology and Oncology Medical Qlinic G
hantonsspital, St. Gallen

Key Torde. Atansferrinemin  Autolmmune discases  Hemochromatosis  Im
mune complex discase Iron metabolism Iron averload Transferrin antibody

Abstract A 71 year-old woman showed a highly unuosual pattern of iron distrt-
bution fo the organkm which was associated with tron overload. The hallmark of
this discase was an extreme hypersiderinemla, the serum jron reaching about
800 ;27100 ml. There was & plgment cicrhosts of the liver bronzed skin containing
hemolderin, and diabetes mellitus, Paradoxically hemosldertn was not detectable [n
bone mastow macrophages, sideroblasts and erythrocytes were reduced, and there
was a decrease in radioiron Utilization of erythropolests, thos indicating osuffickent
iron supply The pathogenesks of this disorder based on the formation of an autoan
tibody with specificity for tranvertin thus producing & circulating Immune comple¥
which bound the majority of serum iron, Immunosuppression achieved a partial re-
misddon including a recovery of the patient's general sate, & Hse in free transferrin,
a decrease In serum fron, disappearance of hemostderin In the liver and arisein ey
throcyte production.

A hitherto unknown disorder of the iron metabolsm was observed
whose pathogenesls was ettributed to the presence of an autcantibod) as
sociating with transferrin Results of the protein analyms have been re
ported elsewhero [6-8] The present paper describes the course of the dis
eass and the vanation of wron kaneties dunng immunosuppressive therapy

Case Report

A 71 year-oM woman astracied special attention by excessively high serum iron
levels reaching aboat 800 4 ¢/100 ml The liver was slightly enlarged, indumnted, and
showed by laparcscopy the picture of a pigment cirrhosh. The histologic cwstndna
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Tabde I

Patient Normal
before durmg o
therapy therapry
Plareat iren bndeny
Saqwm bron, /100 ml 0 ) 50-1%
Total roe-bindEng capacky xg/100 mi " s 010
Latert broo-bledmg cpecty /100 m! n % 180-250
Tranaferris-boond Ton, % 12 « 93
Irnrmne complea-bound fron, % 7 57 [
Micromolecidar-bound o, % 19 1 3
Ferrekbmtics
Intravascolar T% of *Fc, min 0 16 ™m0
Plewrm oo turnover ag/k{100 ml blood 36 [+] 040
Bane rerrow tranek time of ®Fe, don ] 34
o utlorution by crythropobesss, e 57 81 7050
Erychrocysey
Red cell mua, mg/Xg il M 530
coont 104/ biood [ 13 3
T A of 4Crdabrded arythrocytes, days 13 232

Determined by gl chromesogrupiny of the seram.

ton of  lver nopey revealed  microlobslar cirrhouds with abundant amounts of

Toblagts (10%/),  oearty coampleto absence of bemoskderm im medulier mecroplage,
03eTate ROrMOCHOm e kaprmis (table [), and i In winery excreton of prosr-

nxphyr-(ummmumhmn!ﬂnzmuwammhﬂt
dooderal mpcosa.

I comphex. Seroan protsis analyshs bes been proviomiy decribed m detml
{691 In short, serwm  beetropberogrin showed an Mgradunt m tbe S-reglom T
il

the

Tiotron sdded 10 the scram (table I). This protein had  sadimentation coeflichent of
99 % and dbsoctawed st pH 15 Into 15Q sad tamferria. At pH 7.6 the g0 compe-
Deat recombuied with transferris both frove the patset and from wormml individo-
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Fig I Ferrokinetic studies before (a) and during (b} Immunosuppressive therapy
(hatched areas represent normal ranges).

als. The complex consisted of one molecular IgG and of two molecules tranderrin.
The IgG component proved monoclonal IgQ » The Lappa chalm displayed abnor
mally large molecular size (27,000-28,000 dalton) due to a longer polypeptide, It,
therefore, was conciuded that the patient was producing an autoantibody with trans-
ferrin ificity This tibody formed a g 15G Tin immume
complev.
Ferrolinetics Ferrokinetle studies using an Intravenous infection of mdiofron [1

5] 01 sl #Feflg body weight revealed several abnormalltles of the iron metabo-
ligm (table I fig.1) Fe slowly dimappeared from the blood with a half-time of
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Flg 7 Recovery from anema and fall of serom bron diring bnmunossppreschvs
therapy urhiy arathioprise and predabons.
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540 min. Surface countng over the sacTal marrow reflected delayed and redoced
roa incorporation by erythwoblasts. Bone marow toadt tme of $Fs was pro-
fomged 40 aboct B days, and ®Fs wtilization of erythropolasis was redoced to S
Immmnarpprenive treerment. For 2 yean andiiopeine (100 my/dey) and pred-
nisona (10 mghtay) »ere given comlonooty: Inter biweelly therapy phuses whh an-
thicurine (100 mp/day) and predabsone (25 mg day) wers altgmated wih biweskly
therapy-fres bxtervahy, Dudng this therapy the pathent's gesarat! state recovered coue

el from

100 1 to approvmataly 250 ap/100 ml (fiz. 7). Hemoglobin normalzed, temporart-
1y even ccseding the pormal levels (fig. 7). The fraction of roa bound 1o the im-
mne compler decroascd m fnvor of tranderrin-boved koo (bde I). The intravas-
cwlar WF  half-4ime redoced from 540 (o 165 min, bone marmow trandt gme of WF
shortened from 8 to § deyn, aad HFe wtllmtion thyhtly incressed from 57 w0 61

(able 1, fug 1)

Discustion

The patient displayed simrultancously fron overload of scveral orgams,
extreme hypersiderinemia, und a defictent sapply of erythropolesit. This
sorder arbsed from a disturbed iron trensport due to the presence of an
autosntibody with specificity for transferrin. By association with transfer
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Fig I Ferrokinetic stodles before (a) and daring (b) immunostppressive therapy
(hatched arcas represent normal raonges).

als, The complex consisted of one molernlar IgG and of two molecules ansferrin,
The IgG component proved monoclonal IgG w The Lappa chains displayed abnor
mally large molecular alre (27,000-28,000 dalton) duc to a longer polypeptide It
therefore, was concluded that the patient was prodocing an avtoant body with trans-
ferrin ficity Thh ibody formed a g 135G Tin immune
complex.
Ferrodnetics. Ferrolinetic studles using an intravenous i Jectlon of radiotron 1

5] (0.1 ; O "Fe/lg body weight revealed severnl aboormalities of the lroa metabo-
liam (ble I flg. 1) *Fo slowly disappeared from the blood with a half time of
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cloaal Ig0 proten with amibodyfiks activiry for tracdferrm and with x—chooos

of an wnnwea] molecular dze. Scand. I Immumol. 3 859 (1974).

7WummLml,M..Klmnt,B.,an P end Groog, H. ] Tramder
Em noves Prinzip. Varh. dt. Ges. tan.

Med 72 901 (197D,

cime, Tel Aviy 1974, p 304 (Karger Baoed 1975).

FPD Dr G Mzowar che Kimik C, K CH-9006 § Gallem
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rin it formed a circulating immune complex which contamed the majonty
of serum jron

Immunosuppression achieved partial remission includmg a fall of ser
um iron a rse In frec transferrin at the expense of the Immune comphex,
dusppearance of hemosiderin deposits in liver shin and recovery from
anemix We, therefore may conclude that the immune complex caused an
enhanced Iron absorption with consccutlve iron overload. However it did
not guarantes sufficlent iron supply to erythroblasts The high concentra
ton of the immune complex In circulation and the extremely long intra-
vascular half time of radioiron amounting to 540 min indicated a low
clearance rate of this immune complex

HEILMEYER ef al [4] described a case of congenital atransferrinemis
displaying severe {ron overload fron deficiency ancrofa, an almost com-
plete lack of transfertin and an M-gradient in the p-fraction which bound
all radiotron added to the gerum Interestingly transferrin emerged whea
mercaptopyndoxine a substratc which breaks S-S linknges, was added to
the serum This observation equally indicated the presence of an jmmunce
complex. However in this case transfernn lost its detectability by antt
transfernin duo to its association with the antibody

Besides the assumed existence of an autoimmupoatransferrinema
GovYa et al (2] described the genuince atransferrinemia ansing from an m
born fatlure of transferrin synthess. This form as well as an acqured type
of atransfernnemua by renal transfernn loss in severe nephrosis [3] does
not go along with significant iron overioad.
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Materials and Methods

Harmetologlcal examinations were camed out by standard methods [21. Hb P
porcemiages wers measired tung the Scesrr method The presemcs of tharmolabile
bacmoglobin was demonstrated by the method of Dacme ot el [3] at 50°C and by
that of Cavmuty and Kiv (4] at 37 C Haemoglobin dectrophoresiy of basmoly-
ey wit curried ont in callulom mectat with Trs-EDTA buffe pH 9.1 The eloc
tropborests of globin was carmned oot m ceflulose scoixte bsiny §M oree D025 M
barbital buffer pH &

slobin wm converted to globin by ackd/wcrctons precipitsnon 1 0°C (washing 3

norme]
110 °C for 18h, dried and ther amino actd composkions determined on an anto-
ratic amino scd aastyser

For prepertive parposs, it was found emacr to prepare Caanty asd Kar [4]

of thn msixbie dnotre the 01w HCl with

the xid of sooe urea and prepare globia (xs above). This whole globin was thes dip-
otod and finger-priated 1o bolate the aboormel f-peptide (which separated well
trom ofber & and BoO-G-UYPhE pepbdes at pH 6 4).

Case Higtory

The tamily b of Sicallan extraction (Caltamisserta). The parents arc ooreisted.

of which prodocad twine Sbe bes 3 som and 3 demghters (fig. 1) The 3 dewghiens
wers admitted to the Pacdatric Clinkes of Pavia (Awgm 1974) for mors carefal

A. Maria wea bora ba 1964 Whem she was 20 montis old, she sffered fram
heswotytc i amociated with  fover episode. She recerved 10 blood transfesions
ut Efferout tmet, At the cfhacal ewamination, caly  sfight spbcoomagaly was ob-
werved.

Patrizie a4 bor i 1970 When the win 20 moutis old, fever and haemotysis
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Haemoglobin Shepherds Bush (574 [E 18] Gly--Asp)
in an Italian Family

G SansoNE, GIUSEPPINA V' SCIARRATTA, R. GeNOVA, PurLiepA D DARNRE
and H LEHMANN

Untversity Chalr of Human Genetics and Pediatrk Department of Gallera Hospitah,
Genova, Pediatric Clinke of the Unlvensity of Pavia, Pavis, and
Department of Clinical Blochemiury Unbversity of Cambridge Cambridge

Xey Pords. Haemoglobln Shepherds Bush  Haemoglobinopathies  Unstabke
haemotlobins

Abstract Haemoglobin Shepherds Bush has been found once before In a woman
of British origh. It is wn unsiable haemoglobin with a ralsed otygen affinity Thit
paper reports ity discovery in a father and 3 of his daughters in Sidly

Examination of the blood samples from 3 daughters of a Sicilian fami
ly who had been admitted into hospital during a fever and hacmolytic
crials, showed the presence of an increased haemoglobin A, fraction and
an abnormal hacmoglobin moving slightly morc anodically than hacmo-
globin A on celluloss acetate at pH 9 1 The heat instability test was posi
tive indicating an unstable hacmOglobin and Heinz bodies were found in
the red cells. The bl globin was h globin Shepherds
Buah.

Hoemoglobin Shepherds Bush has been deacribed only once before, in
a 30-year-old South African women of Bntish origin [1] This variant was
found to be an ble lobin ond was d with chronic an
gemia m childhood before removal of the spleen The substitution in the
p-chain of the hacmoglobin represents n instance where & charged amino
sad (aspartic acid) s {ntroduced into the haem pocket, the consequences
of which are to weaken the hydrophobie forces which prevent access of

water to the haem pocket.
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Tuwbde I. Hacrmatological vaioes of the 3 devghters of the famuly

AMam Rom. Patrize

Hacmoglobin, gf100 mt 135 122 n3
REC, 10441 42 LE] 41
MCY xm » - L]
MCH, pg 312 s w7
MCHC, % 154 36 67
Reticulocytes, % 12 3 7
Oamnotic fragility vet pormal norreal mormal
Serum hilirobin, me/100 o

Total 19 ERE) 100

Drrect frchon o0& 1.08 [F 23
GSPD mU 10 » m
Sermm wron, xg/100 ml u 125 16

Twble I The areano o] coompomtion (mokar ko) of STpIX (#6730 from heamo-

giobm Ehepbarch Bush
Ameno st Hasmogiobm Expectod
Sbephords Bush hecmoglote A
#TpIX FTpIX
i 3
B ass 1
ary 112 2
A 212 2
val 09 '
Leo 397 4
Phe 110 1
He o4 1
Ln o 1
Yickd rendue, amol 96

miving from thelr wmal position m this abnormal haemogiobin. Instesd,
a new spot which gave a positive reaction for histidine was found cose to
the posttion of ATV + FTpX1Ma The amino acid analysks of this pep-
tide b given 1n table TT and wx found to be identical with that expected
trom STpLX except that one residuc of ghycine was mmsing and had been
replaced by one rendue of stpartic ackd. The sssumed position of the new
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T
SRR

|} Jrew
U Onama

Fig 1 Family tree of the Sicillan family

occurred, assoclated with splenomegaly She received 2 blood transfasions, At the
clinfcal If marked b y was found to be prescat.

Results

Many routine cxaminations were carried out on the 3 daughters (table
1) Coombs test Ham test sickling test and serum tronsaminnses were all
found to be normal.

The lability tests were positive after only a few minutes in all the pa
tents, including the father by both the DACIE ef of [3] and the CARRELL
and KAY [4] methods. The 4 haemolysates contained normal amounts of
Hb F The clectrophoretic patterns on cellulose ncetate at pH 9 1 showed
an increased haemoglobin A, fraction After a few days of storage of the
haemolysates at 20 C, a haemoglobin fraction appeared moving more
anodically than Hb A but incompletely sepamted from Hb A

Cellulose acetate clectrophoresis of total globin using 63 urea
0 025 » barbltal buffer pH 6 8 showed an cbnormal g-chain more nega-
tively charged than normal f-chain, The chain separation of globin pre
pared from & 5-min Isopropanol precipitate showed normal a-chains and
only abnormal f-chains. When the blood of the 3 daughters was incubat
ed with brilliant cresyl blue, a large number of red cells showed inclusions
exactly identical to that of Hb H discase.

The finger print of the soluble tryptic peptides from whole globun pre
pared from a CARaEiL and KAy {4] precipitate is shown in figure 2 When
compared wath the finger-print of the soluble tryptic peptides obtained
from & haemoglobin A FTpIX and ATpVIII IX were observed to be
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Table 1M1 The xtnio ackd compontian (rmoler ratls) of the thermotysm peptidas #7174
and £71 74 from heemogiobm Shepbercs Bosh

Aming sckd Hasnoglobm Shepherds Bush  Expected b

Esemogiobin A

m s mu F IR0

Awmp 204 207 1 1
Ber 098 094 1 1
Gy 1 1
Len 099 1
Phe ass o 1 1
Yiekd per rosidue, nosol 199 L

en in table Il and were found to correspond to retidues 71-74 and
71-75 cxcept that in cach case the residne of glycine was mising and an
cxtra aspartic acld was foond

Sloce this aboormal globin has a charge diff from normal
h in (as scen on ceilulose acetate, paper and starch-gel electro-
phoresis st alkalme pH, and on globm-chain separaton an carboxyme-
thyl-cellolose chromatography at pH 67) and smce the new peptides
£TPIX, residnes 71-74 and residues 71-75 were more negatively charged
Lhmmmmbmm!mmmmdmbemnp-nh:ldduthﬁthm

e. Hence the pew b globln was b £k

Bunh, f74 Gly--Awp.

Discussion

It Ia of interest that hacmoglobin Shepberds Bosh Fras been found in =
%mllmﬂywhcr:dmuu;haudn;mum.lxmdwbecmpam:k
with survival In b bin Shepherds Bush, the substitution of glycine
74 (E18) by espartic ackd s emily dated In the oxy
However In the deoxy-conformation, the acidic shde chain of the sspartic
acid moves very close to phenylalanine 85 (F1) which males the tertlary
deoxy-structure unstable. This results in this abnormal heemogiobin hay
ing @ raised oxygen affinity {10] The rised oxygen affinity of the blood
of the heterory potes wonld cavse & compensstory stimmulation of red cell
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Fig 2 Haemoglobin Shepherds Bush. Finger-print of the sofuble tryptic peptida
from whole globln

v‘ﬁ.s

Vil nrs

- L Al e
. Coew 1 70
r'd
P
orn - pHE L~

Fig 3 Haemoglobin Shepherds Bush. Finger print of the peptides derfred
from thermolyiin digestion of the abnormal STpIX

ATpVII IX was not noted on staining due to the presence of FTpXI at
the same place, which also stained positively for histidine

The finger-print of the peptides denved from thermolysin digeston of
the abnormal FTpIX is given in figure 3 The peptide, residues 71-74
was seen fo be missing and two new peptides were observed which were
more negatively charged The analyses of these two new peptides are giv
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Interaction of H glohin E with o Thal tn and
Haemoglobin Constant Spring!
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lostituty for Medical Research, Kuala Lmpar Urbearsdty of Callforma
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Key Wonds oThalamsemts Hb CoSp Hb E  Hucmogloblaopatues  Hae
molytic ataemia

Abstrect. The of Hb B, and Hb CoSp waa foomd
In 20-year-old femats Maky who prescated wich  moderately severs haemalytic
ascmin. The findings m the pathent aad her funily from whach this dmgnoss wes
xmived at are dhcugecd. Although thh o the fimd report of thrs candita In s
coumtry it b pomted oat that oos may ses more soch cases in the fetore Hf oee B

Haemoglobin H diseasc, 8 form of otUmissssemia, i one of the com-
mon camscs of hereditary haemolytic anacmis in this country [9] Ac
cording to current concepts on the genetic puitern of the o-thalessaerma
syndromes, Hb H discase b due to a patient mberiting three o-thalassac
e genes, two of which are inherited from one parent, who has a severe

h trait, and ooe inherlted from the other parent, who has &
mild a-thaleyacmia tralt, Stedics carned out at this Institote by Lix oo
et sl [7] showed that two types of Hb H disesse exmst. one type asso-
cisted with the presence of Hb Coastant Spriag (Hb CoSp), at that time
designated Hb X, which is invarably present in oo parent and the oth-
er type not mssociated with the presence of Hb CoSp. The chnical and
hacmatological [eatures of patients with and without Hb CoSp have

Thn worl was supporird ta part by the Univeralty  { California Intermation-
&l Coxtre for Medical Rowarch (UC KOMR) throwgh resarch grant Al 10051,
usd m part by rescath gt HL 10486, both from the Nanoma! Inctentes of
Heatth, US Poblic Heahh Sernce.
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production and this may account for the almost normal haemoglobm level
of the patients. In addrtion to the structural abnormelity causing a shlt to
the oxy form, it has also been shown that haemoglobm Shepherds Bush
has a reduced affinity for 2,3-diphosphoglycerate [11] This would also
cause the haemoglobin in the presence of 2,3-diphosphoglycerate, to tend
1o exist in the oxy rather than the deoxy-conformation
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Abxrect Tha combinaton of Hb E, a-thalrmaemba and Hb CoSp wna foosd

arrtyed ut arc docomsed  Although this 13 the {me report of this coodiow 1 (hn
coustry it bt pomted owt that ooe may see move such cases 1n the fotare H one
awars of thh condiion ewcs Hb E, ethelesserma and Hb CoSp el occor at slg-
wificant frequencio i the country

Haemoglobin H discase, a form of a-thalassacmis, s one of the com-
mon causes of hereditary hacmolytic anscmua in this country [9] Ac
cording to current concepts on the genetic pattern of the a-thalsssacmia
syndromes, Hb H disease is due to a patrent {nheriting three othalasiae-
mia genes, two of which are inhenited from one parent, who has & severe

by mia trut, end one thed from the other parent, who has a
muld a-thalawsacmis teaft Studies carried out at thn Insthtute by L Iwo
et al. [7] showed that two types of Hb H ditense exist. coc type suo-
ciated with the presence of Hb Constant Spring (Hb CoSp), at that time
designated Hb X, which #s invarlably present In one parent and the oth-
cr type ot assocmted wihh the presence of Hb CoSp The cluucal and

features of patents with and without Hb CoSp hme

This work was seppockcd o part by the Unnersity of Californn [steraation-

al Cenire for Medsca)l Resexrch (UC ICMR) throogh resewrch gramt AT 10051,

and [ part by eerch grant HL 10486, both from the Netwous! [msthutes of
Hualth, US Peblic Heahth Servce.
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been found to be essentially similar Evidence that the Hb H diseass not
essociated with Hb CoSp 15 due to the inheritance of three o-thalsssa
mia genes is found m the work reported by han eral [3]

In Malaysia, Hb E is the most frequent abnormal hacmoglob [4
8) while « thalassacmia is also prevalent and Hb CoSp {2, 6] 1 foend
n appreciable frequencies One would thercfore expect to find famihes
in which these three genes wteract. The followng 15 a report of such &
family

Methods

Haematological cxamiastions were carried out according to standard methodt
[1] Haemolysates were preparcd from washed packed red cells by the addition o
cne volume of water and 0.5 volume of foluene. Hacmoglobin F lewels were mex
sured by the method of Smorx et al [11). Electrophoretls of hacmoglobin »a3
done on starch gel uring Tri+EDTA boric acid buffer at pH 86 and ducontia-
vous Tris-boric acid buffer at pH 9.5 Cellulose acetate clectrophoresis was do¢
In Tris-EDTA borkc acid buffer at pH 89 Hacmoglobin A, and other hacmoglo-
bin wera itated by the cellulose acetate el horetic metbod
of Maxenoo-RowE [10]

Findings in the Family

We have for some time been cxamining patlents with Hb H diseaso and thelr
families for clinkal and haematological findings. The family study of ooc such
Malay patent with Hb H discare with Hb CoSp led to the finding of the family
that Is being reported. Unfortonately in this family the father a Malay bad died
scveral years ago The mother abio a Malay and her four children were cxam-
Ined. One of thess children, a son, was the patient with haemoglobln H disca
with Hb CoSp He was 16 yesrx old at the time of examination and he gave a hit-
tory of pallor and recurrent cpisodes of fever and jaundice (or scveral year-
When admitted to the Dktrict Hospital huala Pilah, during onc such eplsode of
fever and Jaundice he was found to have h ly and on h tobin
analyxis the diagnosis of Hb H discaso with Hb CoSp was made. Subsequently all
other living members of the family were cxamined Except for child 3 (table 1)
nono had any complaints and were quite well Child 3, the proposita In this re-
port, was a 20-year-old female who worked ss a hospital ‘amah  She gave a histo-
ry of pallor and recurrent episodes of fever for seversl yeare On examination she
was found to look pale and to have an enlarged spleen extending 1Y/ finger
breadihs below the coastal margin. X rays of the chest, skull and hands did oot
show any abnormual finding. The hacmatological fHindings In the proposita and the
rest of the family are shown In table I The peripheral blood film of the proposta
showed fairly marhed hypochromia and marked anbsopoililocytosts with many tar
et cells, mkrocytes, macrocytes and schistocytes and some spherocytes, cilipto-
cytes aod pear-shaped cells. Hacmoglobln clectropboresls was done on ceflukose




Hb E, «-Thalaysemia snd Hb Cosp 1

CoSp Ay F A Baurts H
l |

3

—>- Normad sduit (A+Az)
% Child No. 4 [A+H+BartrtA7+CoSp)

|
H
~ Normal edutt (A+A,)
i - = Mother {A+E)
~+ Child No. 2 (A+E)
~# Control [A+Az+CaSp)
~ Child o, 1 (A+E}
! ' > Normel sdult (A+Az)
~ Propositus (A+E+Bats+CoSp}
{~= Normal newbom [F+A)

Fiy 1 Starch gal ebectropboresh o Tr-EDTA borne acxd beffer pH L6 show
jay the haemoglobun patioms of the proposita and thoss of her motber brothen
and chter compared with thoss of pormal comtrols.

ncrtate and on starch gl ot pH 86 and 935 Starch gl hectrophoretic patterns at
PH 4.6 are shown w fipme | The total whit cell cownt waa 9 400/al and the ple.
telct comnt 270,000¢ 1 The Motalihy test for GSPD deficnency was normal, From
the above fladmgs and the findiags ehow ™ tabke I 1t can be seem that the propo-
wta bad  moderately severs Baemolylc aneemma wmiler in wventy to that of her
16-year-okd brother (chuld 4 m table I) who had Hb H diexse wnh Hb CoSp a
condtuon well Lnown to canw beemolyuc amemia of thin degree. Mo, wilike b
ihe patiemt with Hb H dmcam with Hb CoSp (chlld 4) b child 3 (the propouts)

chal 1 was omer thun the kovel of Hb B ra child 2 Staadws by Thas worhens [12)
bs  chow thut the smouxt of Hb E la the beicrorypoos stxte b redweed in the
prevence of e-thalaseemis tralz. Child 2 bad the hetcron gows siate for Hb E.
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Mother

Sister (child 1)

Brother (child 2)

Proposita
{child 3)

Brother (child 4)

t=total d=direct I=indirect.

Age Hb
yan g%
50 s
23 121
n 4.
20 8.7
16 98

GaNEww/LiE-Doo/No/GEoroz

RBC PCV MCV

x108 4 gm?

ril

50 368 32

46 55 76.8

59 430 729

435 20 n9

44 86 25
Discussion

MCH MCHC Reth

Pt

J4

262

241

194

4

319

o

270

Tabke | Hacmatchgial
RBC N it
colo- mor  soms
cytes  pho-
% g
1o+ ocastonal
04 + ocexsiorad
H ol
10 o0 nil
42 4+  occasknl
Inchusioes
shmilar 10
H incl
48 4+ +HF

Child 4 in this family had Hb H discasc with Hb CoSp Apparently
he had lnherited the o-thalassacmia, trait from the mother and Hb CoSp
from the father In addition to the o-thalassaemia tmit the mother had
Hb E which was not jnherited by child 4 The finding of occasional red
cell inclusions and decreased amount of Hb E In comparison with the
level usually seen in Hb E trult carniers are 1 agreement with the idea
that the mother had o-thalassacmia trait in additon to Hb E. The pro-
posita (child 3) had inherited the o-thalassacmia trait as well as the Hb
E trat from the mother and Hb CoSp apparently from the deccased
father She thercfore had the genes for both Hb E and Hb CoSp and at
this combinatton had led to the hae

the same time had a-thalassaemia

molytic condition
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% mg% mY%
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Tocemma et al. (12] and Wast et of [13 14] bave reported several
caxea of a disorder thought to result from the interaction of Hb E with
o-thalassaemia jo-thalsssacmis, The patients reported by Wam o of
had clinical and haematological findings not different from thosa of Hb
H disease. On baemoglobin electropboraats in thelr patients, the major
hacmoglobins found were A+E+Barts und the Hb E level way Jowrr
than that foand in simple Hb E heterazygotes, a3 was also the casc in
our patient. WA et al. reported that with both starch-gel and celllose
scetats electrophorests a fant band of & slow-moving haemoglobin was
seen cathodal to Hb E at pH 8.6 and that the amonnt of this slow-mor
ing Hb was 0.53-1.30%. Wast e af reported that these slow baemoglo-
bin bands were similar to those observed in Hb H discase. Perhaps this
slow-maving hacmoglobin was i fact Hb CoSp. Familial flodings in
thefr cxswes were Ao timilar to those n Hb H diease and in many to-
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stances both diseases were divided among the siblingr. One parent usually
exhibited the characteristies of o-thalassaemis, tralt and the other had
normal haematological features and was presumably the carrier of the
a-thalassaemia, tralt. Hb E was found m at least one of the pareaix
Wast et al behieved that these patients with haemoglobins A+E+Barts
carricd the tame genes as Hb H patlents but whented 2 Hb E gene in
addition thus having the genotype of a-thal i, /a-thal Hb
E (Hb H/Hb E) The finding that newboms with haemoglobms A+F+
E+25v, Hb Barts developed Hb A+E+Barts disease whereas neo-
natey with haemoglobms A+F+25% Hb Bart s developed Hb H drsease
was thought to be further evidence for the validity of their theory How
ever we have shown [7] i numerous faulies, that o-thal in i
combination with Hb CoSp alone can lead to Hb H disease with the
presence of Hb CoSp Apparently before we elucidated the significance
nndmodeof!nbeﬂtamobe CoSp, the Thal workers thonght Jt 1o be
the expression of a , and they diagnosed the reported cases
ueomblnaﬁonobeEanda—f"‘ la,/a-thal ln,, At least
part of their cases must have been combinatoas of Hb E, qo-thalassac-
mia, and Hb CoSp as 13 the case in the patent reported in the present
paper We have also shown [5) that Hb CoSp (HB X) In the newbom
period is usually accompanied by Hb Bart s, The findlngs i the family
of the proposita in this report were sirilar to those in the familics of the
patlents reported by WASt er o [13 14] The mother had Hb E and
o-thalassaemia, trait. The father had died before we examined ths fami
ly Butthcfndlhnlhepz'upo:[uhadeCoSpnndnbmthcrhlde
H ducase with Hb CoSp shows that the father must have had Hb CoSp.
With these findings in the family and the finding in the proposita of lin

ical and hacmatological features of ¢ moderately severe haemolytic an~
aemia together with haecmoglobins A+E+Bart s+ CoSp and only occa-
sonal inclasions in the red cells, we believe that the proponta had the
combination of Hb E, c-thalasssersia, and Hb CoSp. Since Hb E,
o-thalassaemia and Hb CoSp all occur at significant frequencies in Ma

Iaysia it Is not surprising to find the combination of Hb E, o-thalassac

mua, and Hb CoSp in our population This Is however the first report of
this condition in this country It is hmportant to be rware that this con

ditlop can cause s moderately severe hacmolytic anaemia and to make
the correct diagnosis when & patient s encountered. If one misses the di-
agaous or wrongly diagnoses this condition as l}mple hmmzygom Hb
E the patient will be subjected to y rep nvestig to
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determine the camto of the ansemia and In the mean time mrwkerented
nd sometimes harmial smomnts of iron therapy may be given by umwa-
ry clinfelans fn an effort to correct the ansermls.
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Red Cell Pyruvate Kinase Deficiency Adverse Effect of
Oral Contraceptives
ALAN G Renparr and GLoria F CiarLow

Division of Haematology Department of Medicine, Royal Victaria Hospital and
MeGHI Univershty Qlinle, Montreal Canada

Rey Words. Anovulant drugs  Co ption  E yihropathies Erythro-
cyto metaboliom  Haemolytic snaemia Pyruvate Linase deficlency

Abstract Erythrocyte enzymopathles are belng detected with increasing {requen-
cy Thoe bemorygons state for pyruvate kinaso (PK) deficiency usually camses chroe-
fc non-spherocytic haemolytic ansemia, Aggravation of the condition by a variety of
extrinsic factors has been reported, burt drugs have rarely been Incriminated. A e
of sovers PK deficikency Is presented fn which an anovalant drug upsets the mmal
hacmstologic balance. This hera the suspicion that fro pllls may be
hazardous n soch patisnts,

H; lytic fa due to defici of erythrocyte pyruvate kinase
(PK) was finst reported in 1961 by VALINTINE ef al, (1] Ten years later
TANAKA and PAGLIA [2] provided an exhaustive review of the subject and
poted that over 135 cases had by that time (1971) been Identificd. To
date the count may well be close to 200 Of all the hereditary red cell en
zymo deficlency states, Pk deficiency is only exceeded in frequency by
glucose-6-phosphate dehydrogenase (G6FD) deficiency Although the
condition is thought to affect northern Europeans predominantly there is
Increasing evidence for world-wido distribution and es yet its incidence in
many parts of the world is unknown. Tho degree of haemolysis and anac-
mia vardes considerably In PR deficlency soms cases requinng frequent
trans{usions, others remall asymptomatic for years.

Autosomal recessive inheritance of PN deficlency is generally aceept
ed, the clinical condition being detectable almost exclusively in homozy
gotes or double heterozygotes. Usually therc is no overlap of PR assay
values between homozygotes and heterozypotes, the former ranging be
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tween 5 and 25 /o and the Iatter shoat 50% of the normal mean [2] There

to ths smspicion, bome out in recent years [3 4] that many cases of PK
deficiency may be due to kinetically aberrant boxymes,

As in other bereditary hsemolytic conditions, the anscmia in PX defi-
clency may be aggravated by stress factors such as infection and pregnam-
cy (5 6] Drugs have not been incriminated as they have In other enzymic
disorders such 13 GEPD deficiency However in at least ono instance, an
anovolant drug has been sosp af the b fytic process
N Anothzrmebncwrcportcdhvﬁchlmnn-u-pﬁva;iﬂlppanm
have cansed significant deterioration of the proviowly stable haemutolog-
ic statm of a patient with PK defidency

Report

A 3Syerold Prnch Cupadian femaly, whoso parwety wers ramotsty related,
mave  vagua bistory of mild fcterts since chlldhood. She experienced two oevend.
ful pregrancies at the ages of 34 and 28 years. Towards the end of tho first trimes-
tor of ber third preguancy at the mpe of 13, she became symptomenc for the first
fime, £nd was foond to kave  baemolytic ansertia. This bed to the dlsgnosis of m-
were arythrocyts P defickescy A thenapentic abortion was performed oad 2
monthe laker splenectomy and cholecysiectomy wers carriad oxt The gall-bladder
contained mmaroas phyment cabcnfl Folio ackd empplementation was takea regular
Iy after the dtagnoss of Fh. deficicncy was extablished.

She wea ssymptomatic doring the months following sphacctonty with haemo-
Mmmmmwu;ammumm
10%,, and serum hrebie aboot 3 mypAdl.
mmwmmmmwmmmmmml-
rethisdrons 1mg + mesirszol 0.08 mg). The coly otwe madwcation takea durbng
this period wi folke ackd Duriog e 31d mosths om the coctracepitve pill she noted
mcrensing

gratual decline of the reticulocysonia, rise bs laemoglobin and PCV (G, 1) and 3
retorn to her pravions seoie of well-baing.

Special stwdies The propouia, for FK 4
war stodicd dovieg nbhymndolhnh.ﬂndyﬂ:wmhcrmmobﬂp-
tory beterazygoss, wers aho examined. Revahts ars ghven n table L

Red cell PK wia messared by the method descrited by Bruries (5] in which the
mhopdﬂldﬂlﬂyﬂﬁdby&lodd:dﬂud!‘hnﬂhm

dby PV of the
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Fig 1 Haeoatologle valoes at drregular Imtervals over & 16-moath period
Indicates time the drog was stopped.

Tobfe I Famlly studics

Subject Age, yaan Hb Reticulocytes Pyruvate kinsso
wdt % 1U/g Hb
Proposita as 122 13 (%))
Sou (1) n 1.8 16 RS 2
Soa (2) 7 129 ~8 N L)
Norml vatues - - <3 range 407 731
Results and Discussion
The proposita is able to mal a normal h globin Jevel despite

the severely reduced red cell PR activity the consequent block in the
Embden Meyerhof glycolytic pathway and the shortened red cell Jife
span. This is achieved by Increased erythrold activity in her bone marrow
The importance of splencctomy In this case cannot be stated since pre-
splenectomy assessment was incomplete. Her erythrocytes show a severe
defidency of PK activity The two sons of the proposita show no haema
tologic abnormalities their erythrocyts PK levels are slightly below the
normal range

Althongh they may be b logically ic much of the
time, individuals with scvero PK deﬂdcncy are probahly in & rather pre-
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carious homeostatic equifibrium with respect to thelr red cells, The fact
that an snovulant drog upsets this equilibrum In the present case sttests
to this probatility Although a cause and effect relationship with the drug
could not be proven beyond doubt, the fact that this patient bad cnly suf
fered one previowns symptomatic heemolytic eprsods, and that while preg-
namt, kends stroog support to the presumpton. The mechantym by which
contraceptive medicines might intensify & red cell enzyme defect by not
cear However tomo 10 years ago a patient was reported by Oskt ef of
[9] to be doubly heterarygous for G6PD and PK defickency and to have a
mild haemotytle condition. This raised the possibility that a mild enzyme
deficiency in the pentoso phosphate pathway could magnity the cffects of
» mild PK deficlency More recently MARXEANEN et of [10] bave roport
eda fon in red cell transketolass sctivity in the pentose phosphate

provides a cloe 23 to how such therapy might interact unfavourably with
the PK deficiency state.
Women with severe PK deiciency may tolerate pregnancy
well, as did the present case on two occaslons. However the burden of
gnancy may bave an eflect in some kading to ma-
tenal and fetal morbidity If such women declds or are advited aguinst
pregoancy they should probably svold the use of soovalant drogs.

References

1 Varrwroa, W N, Touta, K R, sod Mrwa, § A spectfic erythrocyte glycoly

to exxyma defoct (prrovaie hinaw) in ) sobjects wikh congenita] non-spberocytic

hemolytic anerala. Tram. Ass. Am. Phyws 74 100-110 (1961).

2 Tours, K R and Paoin, D. E Pyrovate kisses deficleocy Feminars Hemot

& 3671396 (1571).

3 Naragmea, Ko Mrwa, 5., Oow, 8, Toun, T hawors, K, esd Nmera, T
and kinetlc mrodies of sant erythrocyts pyrovats kimeses,

Blood 43 537-348 (19740,

4 Mrwa, 8, Namummiy, b, Axirone, K, Sarvortaa, ke, Ood, E, esd Toan,

T Four sew pyrovate kmsse (FK) varusts and  clawical PR deficlency Br J

Hemat 29 157-169 1979

ao:u.n:n.l-l.l.;Am.n,D R- and By, B E.. Thres cames of bemolytic ane-
mia with erythrocyte pyravats kinese deficlency tn Afberts. Caa wed Am.
511881191 (1966



18 KENDALL/CHARLOW

duly Nov May May June une July Noy
n v = n

Dete—s 45’ 7 »

W 1978

Fig 1 H values at 4 lar Intervals over w 16-month period,
* Indicates time the drug was stopped.

Toble I Farily studles

Subgect Age, yan Hb Rethcatocytes Pyruvate kinato
! % /g Hb
Proposita as 122 1 [+ 2
Soa (1) n 128 16 384
Soa (2) 7 129 22 L4
Normal valoes ~ - <3 range 4 07-1.31
Results and Discussion
The proposita 13 able to maintain a pormal b globin level desplte

the severely reduced red cell PK activity the consequent block in the
Embden Meyerbof glycolytic pathway and the shortened red cell life
span. This {s achieved by increased erythroid activity in her boge marrow
The Importance of splenectomy In this case cannot be stated since pre-
splenectomy assessment was incomplete. Her erythrocytes show a sovere
deficiency of PK activity The two sons of the proposita show no hacma-
tologic abnormalities thelr erythrocyte PK levels are slightly below the
pormal range.

Although they may be haemstologically asymptomatic much of the
time, individuals with severs PK deficlency are probably in a mather pre
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carious bomeostatic equilibriom with respect to ther red cells. The fact

could not be proven beyond doubt, the fact that this patient had only st
fexed one previous symptomatc haemolyhic episode, and that while preg-
nant, lends strong support to the presumption, The mechanhm by which
contraceptive medicines might imtensify & red cell enzvme defect is pot
clesr. However some 10 years ago a patient was reported by Osxa et of.
[9] to be donbly heterozygous for GGFD and PK defickency and to have a
mild haemotytic condrtbon. This raised the possibifity that & mild enzyme
defickency in the pentoss phosphate pathway conld magnily the effects of
» mild PK defidency More recently MARXRANEN et of [10] bave report
edu in red cell ketolase activity in the pentose phosphate
pathway in women during anticonceptive bormone therapy This perbaps
provides a clos a3 to how such therapy might interact tntavourably with

Woenen with scvere PK def y may tolerate by
mﬂ.nd]dﬂnpmm‘mammmmﬂom.l{m thnburdenu(
pregnancy may bave an mntoward effect in some instances, keading to ma-
ternal and feta]l morbidity If such women decide or are advised against
pregnancy they should probably svold the use of anovalant drops.
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Glocose-6-Phosphate Dehydrogenase Veltetrd
A New Vst witk Reduced Acthvity s & Paiest with Cosgraital Neo-Scherecytic
Hasmalytic Amsemia
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Chargt de Recherches Fowerm, Hopital Bexnjon, Clichy

Key Words. Congenital son-spherocytic bacmolytic snsemis  Earyme erytiwo-
Py  Prythrocyts metabofism  GSPD Veletn  Hamolytio asaemia  Red
all GEen

Abstract. A vew variant of red cell gincoseS-phosphute dehiydropranse (GSPD)

reductase
pemcation for ihe decrenss of OSPD and  comsequence of 1be decrense of NADPH.

Smd‘h:ondcdrophmcﬁ:mbﬂhy on Michsels comstants for the
specific and for ana} on the heat stabllity and
anlhep}l-acﬁvitypmﬂk.hmmhpunlhlomidenutymu;m
80 principal varizats of red cells glucon6.

{G6PD) which cotresp to X-finked et e
Thbpnpcrdttﬁbulvuhmwllhrrdnedncﬁ\‘ky fncreased ther
Michaells for G6P and NADP a

small lecreass of electrophoretc mobillty and a biphasic pH-activity
proflie. Thit varlmt, ecsodated with » chrook: baemolysis, differs from
all those previomly described wnd ha been termed GEPD Velletrl,
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Pathent Wormal valom (40 sohjects)
mean 5D
Enzymes TUB{10%* red cels
HK 110 91+23
PFK 2,000 1X28+2%9
ALD 0 493£107
TP1 351% 64,53245419
GAPD 6,500 65441122
PGM +2) DPG 6300 662551029
PGM 23 DPG 1500 2611754
ENOL 2,00 2,719k 624
PE 3,100 2,795 239
D 654 31,059 1 4611
G&PD n LOT4£2%
&aD 1,00 1081283
NADPGR s1e Wi+114
NADPH-GR 15m $IEI
Sobstimcey, mp/m! red calls
G2H (before tncabatlon APHD) e oM 1010
GSH (after meubaron AFID 10 arm xQl0
NANA 0.0063 0001600003
AMP oms om 0005y
ADP 0o 00 00068
ATP on as7 k009
Hekaz bodion, fe red celh 240 2204132
Axtobeemolyus, % 530 0.4/).53
After bncutation @ ghocoes £
Afwr incubation In ATP EXS)
HK =~ PFR= ALD =akictisc TP = tricwephos-
phat homersse GAPD = POM = phowpba-
21DrG =23 ENOL = enolis PE = pyrevsts
Limsa LD = hactats 20D = ¢ detry drogriase
NADP-GR = NADP-ghuaribiona rduoctass  NADFPHOR ~ NADPHW
reductss GSH = redoewd ArH =

Neacrtylmcwrammc soxd



1 MANDELLY AMADORY/DE LAURENZI FAHN/ISACCHUPARA
Case Report

The propositus is & Cavcasian male, born in Velletrl, Italy on December &,
1929 Grandparents and father wero negative for haemalytic diseaser. Mother died
aged 76 by a cardlopathy and had suffered throughout her Iife from favism.
Brothers and sisters all negative One of his danghters mffered from an eplsode of
Jaundice, at the age of 8, lasting for about 12 days.

When ho was 42 years old, he had a cholecystectomy for gallbladder stone.
The following year blood tests, taken before sn operation for abdominal hemnls,
revealed an increase In serum bllirobin and reticul Ho was ferred to
the Haematology Department for Investigation of the persistent haemolysis. Oa
physical examination, besides Jaundice of the sclers, mild bepatosplenomeraly was
present,

H, lobin 118g%,, b it 36, red cell count 3 7X104/n), and retico-

locytosts of TV/s. Lencocyte count 5 600/ul with 67%s neutrophils, S/
2/ yies, and 26%/s lymphocyter. Platelet count 180X 108/l The bone mar
row showed an 1 d erythropolests without pathologieal eells. The osmotic
fragility of fresh blood was within pormatl limits. The Coombs test was negatfve,
and cold agglotinins were not present. No aboormal haemogiobin conld be dem-
onstrated on clectrophoresis and haemoglobln stability was normal. Hb F 17
and Hb A, 3.55%s of the total haemoglobin. Total serum protein 8.5 /100 ml with
normal electrophoretic pattern. Tho erythrocyte 11Cr haffdife was 95 days (sor
mal range 27-30 days) with an Increass In dally haemolysls to 3.2 (rormal valoe
083%s) Blood volume 5700m! (theoretical valne 4 800 ml) volume of the ery
throeytle mass 2,200 ml (theoretical value 2,200 mi), plasma volume 3,500 ml Qbe-
oretical value 2,600mi). The indirect cakculation of erythrocyte production fa
boae marrow revealed a conditlon of equilibtiom between haemolyss and produc
tlon. Normal values in spleen, liver and sacral area.

Erythrocyte Blochemistry

As scen in table I, red cell G6PD actlvity was reduced to 50 U/10'® red celle
Also, we demonstrated a constant and tignificant decresse of GSH and a conskder
able increase of Helnz bodics after incubation with Iphenylbydrarine. The au-
tohsemolysls test showed lncressed haemolysls (5.3 ) at 4811. vhkh was redoced
to 184 /e by addition of glocose. With regard to otber erythrocytic enzymes and
metabolites [2, 3L bigher valoes than normal were found for phosphobexolinase,
aldolase, lactic dehydrogerase and NADPH llutlthbm reductuse, On the

1deh

conmrynonmlmne:m for trk

ep Y hosph snolase, 6-ph

dehy acid phosph mdfor"“‘;" lc scid, ATP ADP and
AMP

Kinetic Studles of GEPD
As shown [n table 1I, the G6PD of our case presents the following features. an

decreased affinity for GSP and NADP by high Michaclt
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Tuble { Mctabobo findings

Patient Narmal valoes (40 mbjects)
e 5D
Errymes, TUB{104 red cells
HK 110 91%25
PFR 2,000 L3+
ALD 0 493107
™ =i 6453219619
OAPD 6,300 6SHEND
POM +23 DPO &30 6,625 1029
POM -2,3 DPG 2,50 2,611 T34
ENOL 2,80 2,TI9R624
129 1,100 1,795+ 20y
Lb Fry-T) 31,009 & 4611
GerD b 10744289
@aD 170 1,021+:283
NADP-GR 310 01114
NADPFH-OR 1,50 957122
Sabstances, mg/ml red cels
GSH (befors incebatian APH) a0 aM 010
QFH (afver incwbation APH) a0 0% %010
NANA 00063 00016100003
AMP oS an: 0005
ADP 00835 003 400068
ATP an 037 4009
Fetaz bodics, fw red calls. b2 o) 22614112
Axtohacmalysis, % % N
Anct incubation m ghocoes 3
After meubation i ATP LE 3
HE= PFK = ALD = aidobes TP1 = tricecpbos-
phate womeram OAPD = delydro POM = phowpba-
2)DrG =23 ENOL“ enchwe PK = pyrovats
kmpe LD = Lctsts 0D = ¢
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Table Il Metabolle stodles of GEPD

Patient Gd(+)B

Activity % /ml red celly/min 30 14013
Electrophoresis, % of normal 100-108 100
Ka G6P joi 140 38-55
Kn NADP 4 44 1538
K1 NADPH, s 30 40-60
Utitizatlon of sut } % of normal

24-G6P 3 6

Gakep 30 [

Deamino-NADP 330 40-80
PH activity profife biphastc (6-10) truncate
Thermostability very unstabls thermostablé

Gd (+) B= Normal variant of GEPD Ka G6P = Michaclis constant for ghacosc-
6-phosphate K NADP = Michaells constant for NADP K1 NADPH = NADPH dis-

soclation canstant NADP = nicotinamide adenine Seatidephosph ydized)
NADFH = nkotinamide adentno . (redoced) 24-GiSP =2-deoxy-
tlucoss-6-phosphate Gal-6P = gk 6 phosph

ad d NADP disociath an abrormal fon of the sab
analogues 2d-G6P Gal-6P and deamino-NADP- an approxi ty biphasic pH ac-
tivity curve with two maximum pesks at pH 6 and pH 10, and finally a thermoin-
stability of tho molecule,

Since the patient's disch :J nath showed a mild amembs

and retfenlocytosts with normal bilirubin and iron in the eerum, The value of
G@Dﬁmnovﬂﬁmnﬂ&am%nmawanfwhm
binuria. In two sive checks, the red cell Cr half-life was 19

dm
Discussion

The vanant of G6PD described in the present paper has & number of
propertics which appear to be unique and which distinguish it from oth-
er varants of the group producing congenital non-spherocytic baemoly-
tic ensemle [5 6] Our patient tolerated chronic bacmolytic ansemis
well and during the years of observation we never observed any epl
sodes of acute loss of red cells nor of Jaundice.

The GGPD varlants with decreased effinity for the substrate (G6P
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mdmmmdimamdmhﬂiﬂmbympﬂm-mmﬂym
vourable effect on the mtro-erytirocy by the
Jow concentration of NADP and tho high concentration of NADFPH {6]

The presence of the varlants of red cell G6FD with unfavourable ki-
netic propertics, can explain the discrepancy thxt sometimes exists be-
tween clear sasemic manifestatons and the small enrymatc deficit
‘Whils the haemotytie symptomatology of some of the varmnts of G6PD
Hke Gd-Bat Yam or Gd-Ramat-Gen and Gd-Woreester can be easily
correlsted with the lack of activity this correlstion i3 missing in other
cases. For example, the Gd-Union, Gd-Marckhem, and Gd-Mediterrs-
muﬂmmmudnudmlmmmzmdcﬁﬂmqumm
been reported to be with any b On
th-cmtnryoth:rnﬂmu.md:nGd-MmchmerﬂplumdAl-
hambra, with a moderate or mild enzyme deficlency hxve been reported
to be associated with a severe haemolytic anzemia. The G6FD of our
peticnt can be considered a3 a varlant with mfavourable kinetic proper
tles because of the kow alfinity for the substrate G6P #nd for the co-en-
ryme NADP and of the incremsed ihibition by NADPH (Le., de-
creased Ky, NADPH). The severs enryme defickency (<10% of normal)
and unfavourable Kinetic charget scem to be correlated with the chromic
bacmolyss of the patient.

However in our patient #t B of particular interest to paint out the
pormal vatoes in red cells of sdentne compounds, and specuaily of ATP
mmwmmmmmﬂmmm
which could be the expression of a o for the
deansdGéPD:ndwnmqum(md:odtumo{NADP}LTbe
varimt described bere thus sppears to dffer from those previousty de-
seribed, and It bs proposed to call it GSPD Velletri.

Acknewicdgemenis The linctic swdies of GSPD were carled st at the
Crotre de Recherches sor ke Barymopethiies Hophal Beagion, Clichy
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Table 1T Metabolic studies of G6PD

Patient Gd(+)8B
Acthvity as A/ml red cells/min 10 140418
% of normal 100-105 100

Ku G6P pt 140 3-53
Ku NADP u 44 1518
Ki NADPH au 30 40-60
Utilization of substrats analogues, % of normal substrato

24-G6P 33 6

Gal-6P 30 6

Deamino-NADP 30 40-60
PH acthvity profile biphaske (6-10) trumcate
Thermostability veTy unstable thermostablo

Gd (+) B=Normal variant of GSPD Kum GEP = Michaclis constant for ghocose-
6-pbosphate Km NADP = Michacths constant for NADP Ky NADPH = NADPH &

sociation constant NADP = pleotinamide sdentne dinucieotidephospbate (oxydized)
NADPH = nk fde adentne din ! hate (reduced)  2d-G6P = 2-deoxy-
" 6-phosphate Gal-6P = gal 5-phoeph

a decreased NADP dhsochation constant an sbooemal utilization of the substrato
analogues 2d-G6P Qal-6P and deamino-NADP an approximately hepbasic pH ac-
tivity curve with two maximum peaks at pH 6 and pH 10, and finally a thermoin-
stability of the molecnle.

Since the patient's discharge, repeated examinations showed a mild ansemnis
and reticolocytosls with pormal bilirbin wnd iron In the serum, The value of
GSPDshuw:Donrhﬂon.ndthu‘mlhaolanncpbodaofmh.Pm‘ﬂ“
ar Jobinuria. In two checks, the red cell & Cr half-life was 19

dayr.

Discussion

The variant of G6PD described in the present paper has a number of
properties which appear to be unique and which distinguhsh it from oth-
er varlants of the group producing congenrtal non-spherocytlc haemoly-
tic anacmia [5 6] Our patlent tolerated chronic haemolytic ansemia
well and during the years of observation we never observed any eph
sodes of acute loss of red cells nor of faundice.

The G6PD variants with decreased affinity for the substrate (G6P
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O. K. U1oTor (ed) Pisteiets, Recent Advamces bn Basle Research and Clieal
Atpects. Excarpta Medica, Ammterdam 1975, X + 26 pp DL 1704
US § 7093, ISBN 90-218-0290-7
Usder the title Platefers, ULUTod edits the papers presmied at an jaterastion)

syeposium om blood plateists beid b latanbal, from Agag 24 to 27 1974 The

DUMETOUS Papary Are Organired fxto five different groopr The firg and nost Hmpor

tant part of thow i coecerns the bhoch Y and whirastroe

tare of platsieny as well 3y their adhesion, sggregabon aad secreiory funclioos. De-

Mo the mhavosdable fact that Congres commmmestions wre of greatly varhible

quality wnd origimihy the first scction bas the greal advastage 1o Incinds expert-

mental data and methods, which are abecat in review articles, end extemsbre Baty
of refereaces.
The sccnad section b resrved to the platelet dhauses and lmited to & few do-
acTiptive papert and to ot on disgeostic Mathods,
Thn:hdpnnhrhnw'ubnnﬂmmu(ﬂapmdwﬂmdmh

e path

Mw-wmmmmwwu

deep vein thrombosie. Tho medicamentons herution of the platchet fanctions is e

weafially Limnited to {n viire
1n the fowrth part, {0ar papers deal with vou Willchrand's dherm.

The trst part brings togather papen oa varioos ssbjects, including a (ow o k8-
opathx thrombocyopeskc
Theso

parpaT.
ars axcellerty prosested. However  sobject soder woodd

D. E Q. Averov and L L Revus (sdtk: A Laberwtery Mianyal of Blosd Conge-
ntlow. Blackwsll, Oxford 1973, X1 + 110 ppg £ 3.50. 1SBN 0632007818,
Austox snd RnTeEs poblhh & aboritory manmal of blood coareistion which

dexcribes the methods and techniques wwed ot tha Onford Harmopddlia Cester It b

ahwars qulie interesting w0 posscs  collschon of all methods in foces o parten-

Tar comet The omaoal 8 vasy to coolt, the descriptions ars clear and eary to fol.

low Ooe miwes, boscrer the referescer o origioal srticke, which certamly give

wore detuls om the moihods tret, for example on weralbday

The thapiens om (he cakoxtation of activitie mry more complicated and somen hat

Gificalt to wnderstand. Even though the wathods caxost be adoptad in srery Biho-

ruzry\h.mmmlh oeetul guidae for all echontion buicresicd bn cosgnlanon sod-

F Ducrmxt Sased
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S.N Wicaouswore. Homan Bone AMarrow  Blackwell, Oxford 1975, XIV+

458 pp., £ 1650

Der Titel des Boches mag thuschen. e3 handelt sich nicht um elnes der Masd-
schen, vorwiegend der Morphologie gewidmeten Werke, Im Zentrum steht vielmehr
das funkilonelle Geschehen, Folgerichtls begont der Autor ab oro mit elner Dar
stellung der El towle der Methoden rur Erfamung der Zeliprolifers-
llonlm;llgundnm.nmnod-nnd}ekh]c“‘*‘"‘* md die den Ver
inderungen 7o besprechen. Das folgende hapitel handelt yon der Organintion des
Knochenmarkes, womit wicderum der funktionelle Ober den rein morphalogischen
Aspekt gestellt Ist. AusfUhrliche Kapitel sind den himopoetischen Stammrellen, der
pentrophilen G der Ery P der Produltion der librigen Leokory
ten und Makrophagen sowle der Megakaryopoese powldmet, wobel Jewells der
Hauptakzent anf der Zellkinetlk und den Regulath liegt. Nachd
sich nahezu 300 Selten mit der nonmalen Physiologle befasen, werden anf den ver
bldbend:nmsdtmdnhepuhclvgbdxmﬂndedu Zellproliferation bﬂ'lﬂ!tc'
griffen wnd niher beleuch verds dic A
menlcblmhmHlmpoae,hndod:dﬂAmmmfdlaanochulbawmbﬂn
Beitrige geliefert. Daneben gibt er clnen umfassenden Uberblick fber die Literntur
bls etwa 1973 (64 Seiten Literaturverzeichnh).

Gesamthatt cnthilt das Buch cine Flllle von Informationen fiber eln hachst aktu-
elles Gebiet der HEmatologle, Es bictet nicht nur dem experimentell aktiven Bloto-
mmdanluthdanlﬂnbchﬂummdcnﬂmndhcmdaFmbalmcrdﬂ

ten Arzt sehr viel W 13 In einer dlichen Form.
U Buexex, Bera

S.MLIwndeFCQOmnd:hnIhMogSympmhmdlhc
Internatlonal C: Ittee for St in I ) Academic Presy,
Loadon 1975 XTI+240 pp., £ 7.50/US$ 19.50.

Im vorllegenden Band Kmssert sich elne Refhe bervorragender Experten rom
ﬂQOlnlhlmch.GmcﬂjhlnddtulkhmnArbd(cn.wekhclnﬂD-
lich elner Sympostums L Rahmen des Internationalen HAL im
September 1974 in Jervsalem vorgetragen worden sind. Nach cloer vorziiglichen
Rinfihrung, in welcher R Enrms sechs Phasen der Qualitktskontrolle umschrelbt,
referieren verschiedene Autoren Ober Inter Laboratorken-Versuche auf internatioos-
ler und matiomaler Ebene Sodann wird das Problem der Standards von verschicde-
pen Seiten b (o . apch St der Farbstoffc sowle der Antilo-
agulantien-Oberwachung). Weltere Beitrige befassen sich mit dem Erythrozytenvo-
lomen und dem Himatokrit, ferner mit der laborinternen Qualitktslontrolle, der
hontrolle qualitativer Tests usw Die Praxbnfhe wird dorch dic beiden letrten Ka-
pitel (Probengewinoung vmd Kosten der Qualititskontrolle) unterstrichen. Es bt
schr 10 boffen, dsm das Buch Elngang in maglichst viele klinkche Laboratorien fin-
det. Qualitktakontrolle kann heuts nicht mehr nur als Hobby einfger wenlger Labo-

ratorten aufgefasst werden. Gersde der vorliegends Band vermag dle breiten An-
lichkciten klar Auch der Routinlerte wird mit Gewina
U Bucurz, Bern

darin lesen
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Freeze-Fractare of Circalating Human Eosinophils!

STEVEN D Douolas and Mary P Ooxa

Depariment of Medicne, Usivernty of Mmpesota Medical School, Minnespoln,
Mum.

Ky Words. Electron Frecze-tra Granses
Plexma membrase

AbﬂmcLFrvan—lmhnbcruﬂndeunpabbcnlbbodfmnm
patints with by b

wmannmmdmwkmmdm

granule membrass art cooastently harger Goa the IMP of the plawna membruss

which are spprosknat ly 80 A m damecr Crom-fractmms of groabe sbowed 30

evident subgranler mctemons. The dfference ba ure between grazule and plasma

embrase parteles obacrved m freere-fractore sagptats that stodies of eoumophis
phagocytomn.

The mature cosnophil derlved from the myeloid serkes of the bone
marrow 13 charecterized by & unique granule type which contalns a arys-
tallold and several lysosomal enrymes (1 7-10] Revent evidence has

also supgested the cxsstence of 8 second small granuke type in the cosino-
pmp]msccnt)rrhambkdn\emmhmdphamm&
Cell separanon techniques have not made pomible the solation of purd
fied popalaton of coumophils, homerer the occurrence of mdividuals
with eosmophilia bas led 10 hs structural and fonctional characterization
19 10) By scanning electron microscopy ft is difficult to distinguich cosk

}uh(mmothrrkﬂmlﬂsimcmhmphﬂsmdnmdcﬂxdby
.Wm1un0‘d-couulnlnggﬂnuk.lht(m!mltthnlqueb
an approach to further morphologic stody of the of the mem-

1h ork wan sopporied by the Natoml mixeter of Health, USPHS grant
Mo AL 473 sad the Natonal Lewlemia Associrtioa, [ac.



130 Dovaras/Ooxa

branes of this granule type. Accordingly we have investigated the free-
ze-fracture morphology of the circulating human eosinophil

Materials and Methods

Heparinized (10-20 U Upjohn/mi) peripheral blood was obtained from three p2
tents with marked nonleulemic connophilia [10] Buffy coats were prepared by ceo-
trifugation of whole blood at 1,000 rpm for 8 min. The cells were resuspended in
Hanks balanced salt solution and differential counts were performed on Wright
Giemsa smears. The cells were pelicted and a portion of the pellet was fixed with

dylate-boffered 1.5%, glutaraldehyde, postlixed jn 10*  buffered oambmm tetrox
ide, dehydmted and embedded (o cpcﬂ lnd {oned with LKB nitn LN

For freeze-fracture studles cells were fixed in 159 glutaraldehyde in 0.1 PBS,
PH 74 at 27°C for 15 min, The cells were then washed three times in the mme
buffer and resuspended n 1l of the buffer 25¢ 4 giycero! fn .13t PES, pH 74
was added dropwise at 37 °C nntil & total volume of 15 ml was reached The tubes
were centrifuged, the supernatant discarded, and the cells resuspended in fresh <5'
glycerol at 37 °C. They were Lept at this temperature for 30 min and then placed at
room temperature for 30 min. The cells were frozen on gold stubs in Freon 22,
cooled over liquid nitrogen and introduced into Belzery 301 Freem Eich Miro-
tome at -150 C.

The cell pellcts were fractured at 100 C and shadowed with platioum-carbon
followed by carbon [5] The replicas were cleared with sodwm hypochlerite. The
specimens were caamined whh a Slemens 102 electron microscope operated at
BOLY

Resulis

More than 70¢s of the cells examined for each preparation in thin s:c
tion were typlcal cosinophils which e d mature crystall
contalned granules, Freeze fracture of the plasma membrane of tosino-
phils revealed typical A and B faces with the characteristic 80 A intrn-
membranous particles (IMP) (fig 1-4) Fractures through nuclei revealed
charncteristic IMP and nuclear pores Aggregation was not observed for
cither plasmn membrane or nuclear membrane IMP The charactenstic A
{external aspect of the inner face) and B {interna! aspect of the outer leaf
lct) faces of the plasma membrane could bo identified. Fracture of the
cosinophil granules also revealed characterstic faces. In sccord with the
nomenclature propoted previously for eosinophils, mast cells and gran
ules 1n other cell systems [2, 3] the fracture face of the outer cytoplasmic
leallet of the granulé is designated as the A face and that of the inner leaf




Fig | Patawm-carbos replea of counophat The
B face of the plawns reem-
braoe m evadout There are owmerouws cytoplasmc grasales  ach roveat
facer 1000 Al

Fig 2 Hagher magmiicatios of platwsm-carbon

T thow charactens

&lmdmwmmmw":i.:mmmm.mm
of IMP on the A facy 45000, "
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branes of this granule type. Accordingly we have invesugated the free-
z¢ fracture morphology of the circulating human cosinophil.

Materials and Methods

Heparinized (10-20 U Upjoha/mi) peripheral blood was obtalned from three g
tlents with marked nonleukemic costnophilia [10] Buffy coats were prepared by cen-
trifugation of whole blood at 1000 rpm for 8mn. The cells were resuspended in
Hanls balanced salt solutlon and differentlal counts wero performed on Wright
Glemsa smears, The cells were pellcted and a portion of the pellet was fxed with
cacedylate-buffered 1.5% glutaraldehyde, postfixed in 10 baffered osmium tetrot
e dehydrated and embedded in epon and sectioned with Ik B ultrotome I1L

For freeze-fracture studies cells were fixed In 1.5%, giutaraldehyde in 0.1 PBS,
PH 74 at 27 C for 1Smin. The cells were then washed threo (imes in the same
buffer and resuspended in 1ml of the buffer 2% glycerol In 0.1 PBS, pH 74
way added dropwiio at 37 C untll a total volume of 15 ml was resched. The tobes
were centrifuged, tho supernatant discarded, and the cells resuspended In fresh 25
glycerol at 37 C. They were hept at thia temperature for 30 min and then placed st
room temperature for 30 min. The cells were frozen on pold stubs in Freon 22,
cooled over liquld nitrogen and introduced into Balzer's 301 Freezs Etch Micro-
tome at -150 C.

The cell pellets were fractured at 100 C and shadowed with platinom-carbon
followed by carbon [5] The replicas were cleared with sodium bypochlocite. The
spechmens were cuamined with a Slemens 102 electron microscope operated at
8LV

Results

More than 70%s of the cells examincd for each preparation in thm sec
tion were typical eosinophils which contamed mature crystalloid
contalned granules. Freeze fracture of the plasma membrane of cosino-
phils revealed typical A and B faces with the characteristic 80 A intro-
membragous particles (IMP) (fig. 1-4) Froctures through nuclel revealed
charactenstic IMP and nuclear pores. Aggregation was not obsenved for
erther plasma membrane or nuclear membrane IMP The charactenstic A
(external aspect of the inner face) and B (internal aspect of the outer leaf
let) faces of the plasma membrane could be {dentified Fracture of the
connophil granules also revealed characteristic faces In accord with the
nomenclature proposed previously for cosinophils, mast cclls and gran
ules In other cell systema [2, 3] the fracture face of the outer cytoplasmic
Icaflet of the granule is designated as the A face and that of the inner leafl
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ket as the B face. The A face of the granule contauss a greater number of
IMP than the B face (fig. 2). The IMP associsted with the granule mem-
beane measure 80-150 A in dlameter Yo some fractures aggreganon of
gromuke membrane IMP was observed on the A face (fig. 2). Cross-{msc
tures of granules fafled to thow my stic structures (crystallodd:
could not be identified) The second granule type [4] could pot be identt
fied in freezefracture replicas.

Discussion
Fi 1) studies of g human P from three in-
dividuals with eosinophilia d the ch istic structure oI
the plasma b lnd nockear systems. The

the faces of the eosinophil granules hs characterized by larger (30~150A)_
TMP than the IMP associated with the plasma membrane. Occasional ag
gregates of IMP were obsernved I the A face of the granuke Cin et af [3]
in a stady of the rat peritoneal mast ceil hane reported cylindrical protu
mmmwmmmmmmmmm\emb&n
observed for the HiL The reported by oth-
ers in mat celh and coslnophils uwln' [reeze-fracture {2] were pot ob-
rserved in thh study The cosinophil has not s yet been studied by free-
re-fracture during scthe prmocylosts or phagocytic activity The present
study of the resting cosinophls suggests that the imvestigation of this eell
type during phagoc)tous may sfford a possibie approach toward charac
terization of the topotogic events which occur during enguliment and dur
Ing gronule-phagocyt ¢ vacuole fuson. The obsenved size differences be-
tween plesma membrane and granulo IMP is of interest s funcional and
dynamic wigmficance requites [urther favestigation
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Fig 3 Freeze-(racture platinum-carbon replica of another codnophll X 12,000
Fig 4 Highet magnification of cell shown in figure 3 Note that the particles 8y
sociated with granules are larger than those on the plauma membrane X 43,000,



Acta baemat. 57 135-142 (1977)

Circalating Anticoagulant sgainst Factor XTI and Platelet
Antibodles In Systemic Lupus Erythematosus
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G M. Ferng
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Unlrersity of Rome, Rome

Key Words Auticoagulants  Astiplateict aatbodses  Bleeding drsordens
Factor XII  Lopas erythermatoses  Platelet gpregation

Abdrect A caye of tydemsc Inpm erythematosms n reported, wnh tutwdast
wpumt factor XiI, emocmted with mnpaired platelet aggrogstion,
presymably m relatioo o the prescnce of sxtiplat let antibodues.

Paticnts with systemic lupes erythematosuy (SLE) frequently suffer
frmmﬂnodmmﬂuﬁmdmrd:mﬁcbkcdhgmm.m
due to thromb ia viscular (ragillty or
1o clotting factor d:ﬂdmcy [4 26)

We have studsed & patient with SLE. After a loog recurrent thrombo-
cytopenta, she had slight bleeding symptoms {rom am waticoagalant di-

rected apainst factor WIT Cxoveera and Nnssan [11] abo described
lhhlnh{bhorln-mﬂcnluhhSLEMomcnchdlﬂtrmbcnnsclhh
keoag! s iated with tmpalred platelet
\Methods

Cowgulanen sradicy Bleeding thme (18], coapvlation tme 1 Pav tobes and in
nlxonetryated tobey reaakaficrbon wne. penial thromboplastra tme (FTT),
Mmbmmmmmmmmmm
plobotm tlot hyms Lme, fibtmogen sad one-® g svay for factens 11 X1l were d
tormiacd (ot mrethouts, see table 11 Factor XITU was extrmated by the qualitsthes
sat of Chot solskliy @ ™ monochkercett scud &nd the finn depradatern prod-
wcts (FDP) by the mrethod of Mewsry ot o6 | 4],



14 DouvaLas/Ooka

tion of a small type granule in human late eosinophils, Lab Invest 30 557 567
(1874)

5 PINTO DA Srva, P and BanToN D Membraoe splitting in freeze eiching. J
Cell Diol 45 598605 (1570).

6 Polinck, A and DoUciss, S. D Surface features of homan eosinophils 2
scanning and transmission clectron microscopke study of a case of eostnophilia.
Br J Haemat. 30 303-306 (1975)

7 Scort R W and Hoxn R. G Fine structural features of cosioophll granto-
cyte dovelopment In human bone marrow J Ultrastruct. Rey, 33 16-28 (1970).

8 Wrrzre, B. k.. Hoaw R. G-, and Seicen, S. S, Flne structural stodies on the de-

} of h phil inophil and basophil granulocytes in rabbits, Lab.
Tovest 76 349-382 (1967)

9 Zockex FraNxuN, D Electron microscopic studies of human granalocys
structural variations related to function. Semin. Hemat 5 109-133 (1968).

10 Zocxex Faantun D.. Eosinophil function and disorders. Adv Iaternal Med
19 1-25 (1974)

Dr Stevin D Davaras, Profenor of Mediclne aml Microblology Department of
Medkine, Univernty of Minncsots Medleal School Mayo Memorial Building, Box
1 Minneapols MN 53455 (USA)



Acta baemat. 57 135142 (1977}

Cirenlating Anticoagulant against Factor X1 and Platelet
Antlbodles In Systemle Liupus Erythematosus

G M. GANDOLFO, A AFELTRA, A. AvOR0SO, F BIANCOLFLIA and
G M. Feamx

Laborstory of Blood Coagulaton, [sstaats of Medical Pathology I,
U hrenity of Rome Rome

Key Words. Asti-platel o Bleedng disorders
Fuctor XTI Lupm erythemsioms Pl:u.-lﬂlwrmh

Absiract Amamlmmhm-um
anticougulant sgaumst factor XIL svocuted with impalred platelet aggregstion,
presamably i clatoa t the prevence of sxth-platelet antibodies.

Patlents with systemuc lupis erythematonn (SLE) frequently suffer
rmmummmwmmum‘mmm
due to bocy lopeata, } 4 vascular fragility or
to clotting factor delicency [+ 6]

We have stodied a patient with SLE. Afier a Joog recurrent thrombo-

she had slight bleeding symptoms from an anticoagulant di-
rected agaist factor XII Croveing and Nnsww [11] also described
this fatibat ¥ in a patent whth SLE tut our case i dilferent becawse this
sntkcoagulant was asssociated with impaired platelet apgregation.

Methods

Cw w  wd 1 Bleeding trme (18], corgulation tese I glam hubes and o

) rbes reakificahon one, furthl tromboplts ume (FTTY,

tame, Ukromina thne, clot retraction, thramtocatopran (TEG), v
aad

-
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Platelet investigations The platelets were counted by the method of Baraux
aod CroNxErTE (6] S platelct aggreg wat stodied by the metbod of
Brroomy [7) Platelet aggregation Induced by collagen (Sigma 40 wg/ml), ADP
(Boehringer 1;2¢/ml) adrenatine (Mercks 1 ma/ml), Thrombofax {(Ortho) and

ton after Incubation of platelet ich plasma (PRP) at 4, 4
37 C for JOmin were cstimated by the method of Boan and Ceosy [5] with the
platelet aggregometer EEL 169

After aggregation, platelet factor 4 refease was determined by procedure of
Hazapa and Zvexre [14] Platelet factor 3 (PF3) availability war estimated after
PRP incubation with Laolin according to Wriss [28]

Anti-platelet antibody was determined by three techniques the method of PF3
availability [19] the optical density changes In aggregometer after incobaten of
normal PRP whh test serum [12] and the platefet serotonin release test [16]

Inhibltor inestigotl Ink y activity present in the patients playma wis
determined by PTT 1 part of normal plasma was incubated with 1 part of 1h¢
patients plagma for 60 min at 37 C. This metbod was weed also for the determi
nation of factors XI and XII The portble inhibitory sctivity against intrinske
thromboplastin activity was determined by thromboplastin generation tewt (TGT)
snd sgainst extringdc thromboplastin activity by the Incubation of test serum wlith
increasing d lutions of tissue thromboplastin Inhibitor agalnst the contact actha
tion product was determined by a modification of the method of Nossrt [25]

Case Report

The patient was a  4-year-old woman In 1936, erythema appearcd progres-
sively on her face, perforbhtal regions, nose, hands and feet. A clinieal diagnosls of
discold lupm was made nnd the patient was trested with chicroqmne, In 1963, in
agsociation with menarche, profuse uterine bleeding occorred. The platelets were
65000/:!  ant] platelet antibody LE cells, rb Id factor could not be ob-
served. In 1963 tonsillectomy was performed becasse of chronic fonsillits and
pleuaritis on the left side. In 1968, phlebitis occurred in the left internal saphena,

During the following ycars, the patient had recurrent arthralgia and persistent
erythema. Laboratory findings revealed recurrent thrombocytopenis, negative LE
test sise of lymphocytes, hhtiocytes end plagma celle ln the bone murow »od -
creawed y-globulin level During this perfod, the patient was treated with chloro-
quine, ncetyl-ealicylic acld and corticosternjde,

The la t physical examination revealed erythema with confluent scaly mottles
on the fingers and on forchand, with hypotrophia of the subcutis.

The revults of ledoratory i emipations are reported ia table |

Serum Immunoclectrophoreds, increase in IgG  Serologieal investigatiom re-
vealed Do lncrease in tho titer of antistreptolysin or rheumatodd factors. Anting-
clear factors were present in a high titer (1/64) LE cell preparations were nega
tive. However according (0 the criteria of Conrn and CaNuso [10], we think the
patient was affected by SLE because five ciinical signs of this disease were present
(thrombocytopenin, Meuritiy, srthrith, discold Jupet, facial erythema) and antino-
clear antibodies research wat positive, in spute of negative LE cell preparation.
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Table I Latorsrory uncstipations
BRIK 53 Urinaliys 3 APramin % n7
RBC/at 31,500,000 Blood wea mitrogen g% 00 Giobukn % 18
Hb, g% 123 Blood ghicoss my 050  exGiotalm, > X}
WBC/al 5000  Serum bErubo,mg 043 AGlobokn ¥ 104
N % 4% Drrect, mg ™ 0%, Globum, ~ 42
E% b Tndwect, mg* 015 Total sermm prkem, g 7.2
M % 4
L% 4
Tabke 1 Coagulation studecs
Test References Patcots Normal
for methods  plram valots
Bicrdng trme, min " i [SH
Coagubion tme s
In ghers tubes, mi " 614
T #ficone-traated tabes, me kel 1223
Recakafication Ume s s 160 ®0-120
FIT sec 2 Ld 043
Quick thne, sec ) ] 114
“Theombia thme scc s 15 nn
Clol retraction, %% 21 H 4364
TEQ 15
mm 15 10
X, men 1 710
™, mm 50 o.a
Fibricogen mg/100 m! ? .0 200400
Factor 11, * 1 93 %0120
Factor V % s o o179
Factor V1L, s 100 w010
Factor VIIT * ] b4 o160
Factor 1X, % & €0-160
Tactor X, * 1 100 w0-120
Tackor XI ” " @120
Tactor XII b - € 120
Factor X111 n pocmal oormat
Cuglobutia bysh tme men » 12 1>
10 00
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Platelet Imvestipations The platelets were counted by the method of Buom
and CronkTiE {6] Spontancous platelet apgregation was studied by the method of
BarooiN {7] Platelet aggregation Induced by collagen (Sigma 40 4g/ml), ADP
(Bochringer 1 wm/ml) adremaline (Merck, 1mu/ml), Thrombofax (Ortho) end
spontancous aggregation after Incubation of platelet rich plaima (PRF) at 4 24
37°C for 30min were estimated by the method of Bomn and Cross [5] with the
platelet aggregometer EEL 169

After aggregation, platelet factor 4 release was determined by procedure of
Harapa and Zvcxrx [14] Platelet factor 3 (PF3) avaflability was estimated after
PRP incubation with Laolin according to Wrns [28]

Anti-platelet antfbody was determined by three technlques: the method of PF3
avaflability [19] the optical demity chauges in aggregometer after fncubation of
nomul PRP with test sernm [12] and the platelet serotonin relesse test [16]

blior Investy Inhibitory activity present in the patients plasma was
determined by PTT 1 part of normal plasma was incubated with 1 part of the
patient s plasma for 60 min at 37 C. This method was used also for the determi-
nation of factors XI end XII The pouible inhibitory actinty agaimst inrinsk
thromboplastin activity was determined by thromboplastin gensration teut (TGT)
and agaimt extrinsic th:mnboplmin ncuvhy by the incbatlon of test scrum with
jncreasing dil of tissue th hibitor agalast the contact ective
tion product wus determined by a modlﬁcmon of the method of Nessre [25]

Case Report

The paticnt was a 24-year-old woman. In 1936, erythema appeared progres-
slvely on her face, periorbHal regions, nose hands and feet A clinkal disgrosls of
diseold lupus was made and the patient was treated with chloroquine In 1963, In
susociation with meoarche, profuse nterine bleeding occurred. Tho platelets were
65000/ 1 wntl platelet antibody LE celly, th id factor could not be ob-
served. In 1964 tonsillectomy was performed because of chronic tonsillith and
pleuritis on the left side. In 1968 phlebitis occurred i the left intermal saphena.

During the fallowing years, the patient had recurrent arthralgla and persistent
erythema, Laborstory findlngs revealed recurrent thrombocytopents, negative LB
test, rise of lymphocytes, histiocytes und plasma cells in the bone marow and fo-
creased y-globulln level. During thhs period, the patient was trested with chloro-
quine, neetyl saticylic acid and corticosteroids,

The last physical examination revealed erythema wath confinent scaly motiles
ont the fingers and oa forehand, with hypotrophia of the subcutls.

‘The results of laboratory in  sigations are reported in table T

Serum {mmunoelectrophoresis: Increase in IgG  Serological lavestipations res
vealed po lncrease in the titer of antistreptolysin or rhewmnatold factors. Antlou-
clear {actors wero preseat fn a bigh titer (1/64) LE cell preparationy were oefa
tive. However according to the criteria of CoHEN and CaNuso [10], we think the
patlent was affected by SLE because (Ive clinkcal sigms of thhs discase were present
(thrombocytopenis, pleurith, arthritls, discold lupus, faci | erythema) and antiow-
clear antibodses research was positive in splte of negative LE cell prepamtion
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N, % 4 Drrect, mg % 030  7Clobokm, % 42
E % Indect, g% Q15 Totalscrmm protcin, 3% 7.2
M, % 4
L% “

Tet Normal
valwes
Bleetng thene, min 1t 14 612
Cosguhabon tane 1
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1 sibcome traated tobes, mm 3 1225
Recaficanon tma, sec L] 160 0-120
FIT sec n ©0 2045
Quack tume, sec ' 13 L4
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e 1 610
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Eaglobeba tysls e, mun » 12 >12
4 10 040



136 GANDOLIO/AFILTRA/AMORG30/BLANCOLILLA/FLRRI

Platelet investipations The platelets were counted by the method of Barcam
and CroNxrTE [6]) Spoatancous platelet npgregation was studicd by the method of
Baeporv (7] Platelet aggregauon induced by collagen (Sigma 40 pg'mh, ADP
(Bochnnger 1:w/ml), adrenaline (Merck 1 mu/ml), Thrombofax (Ortho) amd
spontaneous aggregation after incubation of platelet rich plasma (PRP) at 4, ¢
37 C for 30min were estimated by the method of Boxn and Cross [5] with the
platclet aggregometer EEL 169

After ageregation, platelet factor 4 release was determined by procedure of
Hamapa and Zucxrr {14] Platelet factor 3 (PE3) availability was estiated after
PRP incubation with kaolln acrording to Wriss [28]

Anti-platelet antibody was d ined by three technk the method of PF3
avaflability [19] the optical density changes in aggregometer after incubation of
normal PRP \vl(h lest setum [1 ] and the platelet serotonin relensc test (161

Inhi, Ibitory activity present in the patlents playma v
determined by PTT 1 part of normel plasma sms Incubated with 1 part of the
paticnt s plasma for 60 min st 37 C. This method was used also for the determb-
cation of factors XU sud XiL The possible inhibitory activity sgalnst tutrinse
thromboplastin activity was determined by thromboplastin generatlon test (TGT)
ﬂDd lnlns! extrinsic thromboplastin u:ﬁﬂry by the incubation of test scrum with

dll of tissue thrombopl fbitor against the contact activa
tion product wns detetmined by & modification of the method of NosseL [25]

Case Peport

The patlent wxs a 24-yearold woman. In 1956, erythema sppeared progres
dvely on her face, petforbital regiom, nose, hands and feet, A clinical dugnosis of
discold Iupm was made and the patient was treated with chloroquine. In 1963, Ia
assoclation with menarche, profuse uterine bk:d[n] occurred The platelets were
65000/p1 antiplatelet antlbody LE cells, rh id factor coald not be ot~
served. In 1969 tonslllectomy wax performed because of chronk tonaill tls and
pleuritis on the left aide. In 1968, phlebltls occurted fn the left internal sypbena

During the following years, the patient had recurrent arthralgia and persistent
erythema, Laboratory findings revealed rectirrent thrombocytopenla, negative LE
test, riso of lymphocytes, histlocytes and platma cells In the bone marrow and in-
creased p-globulin level During this period, the patfent was treated with chloro-
quine, scetyi-alicylic acid and corticosteroide.

The layt physical examination revealed efythema with conflzent scaly mottley
on the fingers and on forchand with hypotrophia of the subcutis,

The reaults of laboratory im estigations ure reported In table L

Serurn immunociectrophoress Increas in 1xG Scrological investigations 1o
vealed po focrease in the ther of aothstreptohsin or rheomatold factors Antlno-
clear factors were present in a high titer (1/84) LE cell preparations were nega-
tive, Howerer according to the criteris of CoirN and Canuso [10), we think the
patient was affected by SLE becawmse five clinkeal signs of this disense were present
(thrombocyfopenla, pleurdtis, arthrith, diswcold lupus, facial erythema) and antino-
clear autibod e rescarch was positive, in spite of negative LE eell preparation,
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Trammerer %
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Meates

Fug 1 Modifiratiooy of plateiet aggreganron induced by the peusmt  plesna,

1 =~ Normal PRP sggr by ADP- 2 = ware by ADP after loce
baon of normal PRP with patsnt platekct poor plasms 3 = pormal PRP sg
xremtion by Th fax, 4 = ware by Th after

of sormal PRP wiih the paticot's plemna.

Table [V Inhftitory activity Modfications of standerd plasms PTT (sec) afler inczbaben
with patent  phesma (37°C for 30 mun)

Seandard placre ”
Patient's plaaca ®
Sndard plawne (1 mi) +absocted Ba%0  patholopcal plesma (040 o P
Stendard pleam (1 i)+ heated patholopaal plemos (38°C for 5 mm Q0 m) 64
Btaodard plawss (1 m+ test serum (m! 0.40) «

Platelet plateket M1 »& poroml
When the PAP wis teied oo Bome and Cross [S] sggregometer sporiamcous
could nat be Afier of ptent's PRP at 4, 24

and 37°C with collagen, ADP Hae xod Th ofax in the

and after focobetion  uth the patlent’ plaum, fn thhy oMnocr # wmy ponible 1o
demomstrat an tumbrory effect of tox plaama on normal platelet aggrepation
(5. 1). Uung the srotoam rekeswm test, w  obtalned  very high posithity In
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Toble 11T Study of the circulatdng antikoagutant

Thromboplastin gemeration Incabation mricteres for the
test sec research of an lhibitor

Normal playm as substrate 47 79 13 directed of Jactor I¥

Pathological plasma as or factor XH
substrate 6539 25 11 Normal plagma 10

Factor 1X,

Quick time with Increaring Factor XI1 % 100
diiations of iltwe Pathologknl plasma
throwbaplastin sec Factor IX, u

Norma! phsma Factor XiI 32
Whole thromboplxstin Mixtere 1 1
Diluted 117 Factor IX, %

Dihuted 1/ 2 After 0 min I
Dituted 1/10 2 Alter 60 min o

Pathological plasma Factor XI[ % 3
Whele thromboplaatin 17 After 0 min N
Dlluted 172 15 After 60 min
Diluted 1/5 pu.]

Diluted 1/10 k3

Contact actlvarion test sec

Intact normal plasma 122, 148 203

Intact pathological plasma 193, 282, 45

Control withoat comtact
product 497

Coagulation st d es. Platelett were of normal nomber coagulation time in

glans tubes, recalcification time and PTT were alightly prolonged (table M. The
playmatic concentrations of factors X1 and XII were low The findings of the oth-
er factors, FDP euglobulin lyshs time, TEG clot retraction were normal,

The addition of the patients plasma to normal plasma (1 part of patkenis
plasma was incubated with 1 part of pormal plasma) prolonged the PTT (bl
III) Ths TGT with patient s plastia as subsirato was negative and po anticoagn-
lant againt extrinic thromboplastin activity coold be demoastrated.

The celite eluato test for Hageman factor and factor X1 deficiency [.3] uscd
with the patlent platma a1 ‘non-contact plasma to demonstrate pofmal product
contact plasma ectivity on the ‘dntact test plasma revealed the [nhibitory effect of
the pattent ¢ plawma on the control plasma activated by celite.

By the determinstion of single clotting factors, an anticoagulant activity has
only been demonstrated against factor XII whoso concentration was 30%s. The in
tubktor was not adsorbed to BaSO and was present In serum and s activity re-

dsted 56 °C (sble IV)
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matlons revealed u circnlating sntcoaguiant m only 3 patents, who had
baow levels of factors 11 ¥V VII and 1X but gone of them shoned an in-
hibutor against factor XI1
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fact, the control samples showed a supernatant redloactivity of 4,861+658 qo
The released radioactivity of normal platelets after jncubation with test seum ¥
28,000 cpm.

Discussnion

The discase In our patent began when she was 8 years old. In the
first years of the disease, she had erythema and thrombocytopenia then
she had pleuritis, phleblus in the left leg and the erythema fncreased In
this period antinuclear factors were never present.

When we studied the patient, she had shght bleeding symptorms, #r
thralgma in the phalanges and in the mctacarpus. The clmical seventy o
the discase was correlated with impaired platelet function The coagais-
tlon investigations showed the presence of on nhibitor directed against
Hageman factor present in serum, not adsorbed to BaSO, thermost
ble We observed no mhbiory effect against intrinsic and extrinsic
thromboplastin ectivity

Due to the presence of anu platelet antlbody the platelet could not
be aggregated by ADP collagen aodrenaline, or Thrombofax. We cannot
say if the inhibitory effect agamnst Hogeman factor and platelet aggrega
tron s caused by the same protein or by two different antibodies

The circulating anticoagulants are o characteristic finding of SLE and
at least 40 cases have been descnbed These inhibitors which are immu-
noglobulins IgG or IgM were sometimes essociated with thrombocyto-
penia and were frequently directed against prothrombm activation More
rarcly the anticongulants were active to other blood coagulation factors,
as factors VIIT I XI or Hageman factor Therefore, our case is char
acterized by inhibitor activity against factor XII and impaired platelet
aggregation and thus represents on uncommon type of hemorrhagle drs
order in SLE. In the literature there are similar cases but they showed
different aspects. CRONBERG and NiLssoN [11] described o woman with
SLE and gn antlcoggulant directed agoinst factors X1 and XIT but in
contrast with our case the platelets showed an intensc spontancous ag-
gregation

Recently REGAN et al [26] examined 50 patients with SLE. They
found a qualitative defect absence of collagen induced aggregation and
impared ADP and adrenaline Induced aggregation Our findings are In
agreement with theirs. This defect scemed to result from an ant} platelet
factor detectable in the serum of some patients. The coagulation investl
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gatians revealed a circulating snncoagulant in oaly 3 patients, who had
low levehs of factors 11 V VII and IX but nonc of them showed an -
hibitor against factor XIL
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Congenital Heinz Body Haemolytic Ansemta Doe to
Haemoglobln Perth fn a Nams Child Seemingly Aggravated by
the High Nitrate Content of the Water Sapply
S.S. Grovt, T Jexmns, H. L Kaxuzoza and H. Lrinaan~y

Laboratory Services of the South African Inuftat for Medical Resenrch, Windhoek;

School of Pathotogy South Insthute for Afedical Resexrch and U lrenity

of Whwatersrand, Jobaunesbury, and MRC Abnormal Heemoglobin Unk, Unévershy
Claical Blochemistry

Key Words. Hb Perth ansemis Helm bod-

hes Narat effect on hacmogiobsn  Unstable hasmogiobies

Absract A Nama child from Soath West Africa (Narwibha) whth  very severe
congeaital acmotytic anacr bes an wostabl  hacmoglobln (Hb Pertb). The svert-
ty of the coodiiion scems to bave been aggraveted by the Ingh citrate cootent of the
water supply

Congemtal Heinz body hacmolytic snsemia (CHBHA) b the generic
term for a group of anacmiss in which the haemoglobin precipitates with-
in the red cell producing imoluble inclosions known as Hewnr bodies. It
was oot umtil 1966 that a case of CHBHA was shown to result from s
xpcdhcmncmnl-bmrmlhy namety Hb h&ln due to the mbstitution
of methuonme for llmcnpoﬂbn%u(thr.ﬂ{hino(g!obh[l]sw-
scquenthy the amino ackd substitution baa been defined in over 50 differ
ent un tabke hacmoglobins [2). The overwhelming mjority of cases of
moderat o scvere unstable haemoglobin disense are sporxdic and are not
proent other family members among the most severe they are all spo-

radx.

1o thrs commumlcation we report & sporadic case of severe CHBHA oc
curnag n Nama boy from Namibla (Sooth-West Afrka) doe to sn
unstable Jobln previously ch and calied Hb Penth (3]
wdeAmhamLthln[ﬂ.Tbemﬂhyo(lbcm:mln‘upuﬁcu—
my,mmgmqunirymulcdmm:nimmtcmd‘unlmm
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the wells used by the Nama people Is high and might play a part in deter
msning the severity of the hacmolysis

Methods

Haematological vafues were determined by standard methods [5] and g the
Coulter Model S. For haemoglobin studies, blood samples were collected Into ACD
solution and transported on wet fce to the laboratory Cells were washed 3 times
hotonle saline and lysed with  vol of cold water or carbon tetrachloride and the
stroma removed by centrifugatior. Hacmoglobin electrophoresis was carned ont o
cellulose acetate using a Tns-EDTA-borate baffer pH 8.9 and in starch gel wing
the same buffer system [*] HbA, determinations were carried out by clution of the

D d on cellulose acetate and HbF estimation made s deseribed by
BrTXE ef ol [6). The heat stability test was carried out accordimg to the methods of
Dacit et ! [7] and Caxnrir and Kay [8]

The precipitate obtained by Canatir and havs method was fint disohed in

0.1N HCl containing 5M urea, before removing the haem with HCl/acetone LY
20 C, according to Rossi-FaNTLLL ef al [9] Chain separation was done sccordleg
to CLGO ef @l [10] The chains were aminoethylated according to Jomis and How-
MAN [11] before recovery by eatemsive dialysiy agsingt 05%s formic actd and free-
re-drying. They were then digested with TPCh trypsin (Worthington Blochemicals
Corp Frechold, NJ). 2 and 4-mg portions of tryptic digests were applicd o
Whatman No 3 paper for diagoostic and preparative purposes, respectively for fin-
gerprintiog in a method aiready descnbed [12]. Diagnosti finger prints were
stained with 0.2% ninhydrin (Merck, Darmatadt, FRG) h scetonc and stained fof

lonine, histidine, arginine, tryptop and tyrosine using reagents summared
by Lonuss and HUntsuan (2] In the order ontlined by Bastry [13). Preparativo
finger prints Dot atained with ninhydrin but with tryptophan were Klentified uoder
ultraviolet light. The abnormal peptide was purified by clectrophoresis at pH 35
then hydrolysed in 6 X HCI at 108 C for 48 h. Amino acid composition was defer
mincd using a Locarto amino acid analyser Dansyl Edman degradation of the pep-
tide was curried out aa described by Grav [14] the dansyl denvatives being kenth
fled on polyamide layers using the solvents of Wooos and Warna [15].

Case Report

A 13-year-old Nama ( Hottentot') presented in May 1973 with a hetory of many
years of wesknest, pallor and the paning of d k urine. He had recerved mady
plood trapsfusiom. 1 years previously his spleen had been removed but po im
provement followed. From the history It sccmed a3 though chest and upper respina
tory tract infectrons tnggered ofl haemolytc ephoder. Neither parent of the pro-
bandhnwﬂrrtdfrum-mmhuhundiccmdﬂmhn 12 year-old brother who
also gives no history of serfous lllnew.
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Fig 1 Flation paticrn of the precipdate obtainad by mcnbattng whals becmoly-
sl with isopropenol 1 57 °C after removal of haem on CM-23 cellufose acetat
colemn (LSXZ2em) st room temperature. Buffers were prepared 10 BM wres-2
mercapioethanol (000508 M Ne,HPO 2H,0) aad the pH adimusd to 67 with
H,PO 6l fractions were collechad ot flow rat of 60 mbh.

Haemetological v exrfpetions. A blood wpectmen obtamed fro the child, peior
t transfuwom, gave tho followmg valwe. Hb 5.1 ¢/100 o, hacrsatocrit 17/ ery-
thocyts coamt 16 10Val, MCV 103 4m? MCH 3 pe. MCHC 32%, moclested

ythrocytes 40,000xl, SM/s. The of tho rad cefh was typ-
kcal f scvers hacmolytic anaemma due 10 xn tnstable bacmaogiobim [o an imdrrids-
al who b oaried

punct ta besoptulle, target ceils, Howsl]-Joily wad Pappenbeimner Inchokom. Sapea-
ital staning procioced Heaz bodscs a nearty all the cxits The ceils treatad by the
techmaue of KLEMATER of ol [19] were of very sriling appearance becamm mamy
contamed large globaler of red-colowred oaateriml Thes, presemably represeated
marms of d 1 the walined e

Haemoglobin Sixdles

N \ ghobin comp coakd be o by ok
]anmuamﬂ-@lemmﬂnmdm
was ramsed (63 /) 13 was the HBF (11 ) (table I). CMC chromatogra
phy of th precipitate prepared by CARRELL and hAT 3 method (8] showed
that the y-chain bad been selectively precmphiated (flg. 1),




146 GrovE/) N/ RAMUZORA LB MANN

Prp nu® ")prIthlh\g
2 NEWPTpIY ‘

eSS
- TrPPO ?rp ‘

-~ - - ”

- -

-
- W =
Fig 2 Flnger-print pattern of the soluble tryptic peptides of the aminocthylated
fi~chain of Hb Perth.

The finger prints of the aminocthylated f-chain showed on staming
with ninhydnn that peptude g TpIV (residues 31-40) which has the same
chromatographic mobility as AX1Ia {res:dues 105-112) waos mussing. A
new peptide was scen running very close to #Tpll (residues 9-17). The
new peptide presumably the abnormal #TpIV stancd for tryptophan ty
ronne and arginine indicatmg that none of thess residues was involved 1n
the substitation (fig. 2) Since peptides STpII and TplV are both tryplo-
phan-ponitive, they were detected under n long wave ultraviolet light on
ninhydrin unstalned preparative finger prints. They were punfied by
hugh-voltage electrophoresis at pH 3.5 then hydrolysed in 6 ¥ HCl for
48 h rather than 24 h as ATpIV peptide contains n Val Val bond which
requires longer time for hydrolyss to go to completion. The ammo acid
analyus of the new peptide is shown in table II A residuc of leuane Is
mussung and wstead of It there s found en extra residue of prolme. Nor
roal STpIV (§31-32) has the sequence

Arg - Leu - Leu - Val - Val - Tyr - Pro -~ Trp - Thr - Gin Arg
30 3 32 13 3 as k3 kb 38 X 40

and the replacement Js thercfore either at positions 31 or 32. The residue
preceding #31 is one of arginine It has been demonstrated thnt an argind
ne-proline bond 15 resistant to tryptic hydrolysis [16] If the replacement
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Table I Hacmoglobin vakaes b family of H. P (Hb Abrahern Lincoia/Perth)

Hb, 1% Hext satalay HYF % HbAs, % G&PD

Proband st aboormal 117 o t
Father 143 ~ -
Mother 134 pormal 10 a3 normal
Brother 130 Dormal a7r 17 normal

Table FL Amine acid comporttion of STHY of proband

Amino acd Nanoaoies Molar ratio Expecied for
BATHY
Theeonaos 312 o7 1
Glatamine 382 o097 1
Profine "1 220 1
Velise n2 19 2
Laccios 4 118 2
Tyromms My (13 1
Argatine ot 100 1
Trypiophan + 1

was at #31 then n doable peptide ATPII IV would be formed. But such &
pepiide was pot observed, Dansylation of the abnormal peptide demon-
sirated that keucine was tho N-terminal residuc and that the replscement
of lencine was therefore st posibon 432

Discussion

Profine residacs are Jocated in hacmoglobin elther in non-hehical re-
gioas oc within the first three positions of a hefix. Introdoction of protme
tnto the middle of the helix, as in thhs case, camses its diwuption becamse
he shape of the heterocycilke ring of proline disturbs the helix, and causes
of the Hecule [17 18] Swch substitutions by
herefore canse h disense and this bas been observed m
Hb Bibta ( 136 Lew—Pro) (19] Genove (529 Len—Pro) {20] Senta
Ana (488 Leu—~Pro) (21] Sabme (891 Leu—Pro) [22] Casper/Southam-
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Fig 2 Floger-print pattérn of the soluble tryptic peptides of the aminoethylated
fi-chaln o Hb Perth.

The finger prints of the aminoethylated g-chan showed on staning
with ninhydnn that peptide #VTpIV (residues 31-40) which has the same
chromatographic moblility as AX1la (residues 105-112) was missing. A
new peptide was seen running very close to STpII (residues 9-17) The
new peptide, presumably the abnormal ATplV staincd for tryptophar ty
rosine and arginine jndicating that none of these residues was involved
the substitution (fig. 2) Since peptides STpIl and TplV are both trypto-
phan-positive they were detected under n long wave ultraviolet Iight on
ninhydnn unstained preparative finger pnats. They were punfied by
high voltage electrophoresis at pH 3.5 then hydrolysed fn 6 N HCI for
48 h rather than 24 h as STpIV pephide contains a Val Val bond which
requires longer time for hydrolysis to go to completion The amino acld
analysis of the new peptide is thown in table II A residue of leucine Is
misung and instead of it there s found an extrn residue of proline. Nor
mal FTplV (§31-32) has the sequence

Arg - Leu — Les - Val - Val = Tyr - Pro - Trp - Thr - Gin ~ Arg

» N 2 031 M3 3%y ¥ 40

and the replacement s therefore either at positions 31 or 32 The residuc
preceding A31 1s one of arginme. It has been demonstrated that 2a argini

ne-prolme bond 15 restatant to trypuc hydrolysis [16] If the replacement
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Table I Hammoglobin yatoes in family of H. P (Hb Atrabam Lincoin/Pecth)

Hb, g%  Harsabity HBF % HbAsw % G€D

Probesd i aboormal 17 (%] +
Father 143 - - -
Mother 134 pormal 1.0 Lk} porme]
Brother 1no porea] 07 NS pormal

Table [T Amino scid composttion of STpIV of proband

Aming acid Nancmokes Motar rxo Expected for
AATDIV
Threaning 32 as7 1
Ghtamine %2 as7 1
Proine ©1 22 1
Valine 2 192 2
Leucine 458 115 2
Tyromme kT Y 1
Arginine o1 1.00 1
Tryptophum + 1

wat at f31 then a double peptide FTPII IV would be formed. But such a
peptide was not observed. Dansylation of the abnormal peptds demon-
sirated that lencine was the N-terminal reskiuc and that the replacement
of leucmns was thercfore st posibon #32.

Discussion

Profine residues are located in hacmoglobin either in poa-bellcal re
pious or within the firt three positions of & helix. Introduction of proline
into the middle of the befix, a3 in this case, cavses its diruption becamse
the thape of the heterocydlic ring of profine disturbe the helix, snd canses
tstability of the h 1 lecule [17 18] Swuch substiutions by
proline therefore cause haemolytic, disease and this has been observed m
Hb Bbba ( 136 Len—+Pro) [19] Genova (29 Leu—Pro) [20] Senta
Ana (588 Len—FPro) [21] Sabioe (£91 Len—Pro) [22] Casper/Southam-
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ton (8106 Leu—Pro) [23) Duarte (862 Ala—Pro) [24] Perth/Abraham
Lincoln (832 Leu—Pro) [3 4] They arc all unstable haemoglobins asso-
ciated with varylng degrees of haemolytic disense In the present patient,
replacement of leucine at #32 by proline disrupts the B-helix thus breaking
the contact between the adjacent leucine (#31) and the haem and proba
bly breaking also the «,f,-contacts at positions 30 33 34 and 35 in the
same ares of the fcham Consequently an unstable hacmoglobin haemo-
lytic anaemia results as has been reported in Hb Perth/Abraham Lincoln
[3 4] which has the same substitution at 832

The degree of anacmia suffered by our patient secms to be greater
than m cither of the 2 previously described patients with this same hac
moglobin varlant The case of JACKSON ¢t al [3] had hacmoglobn Jevels
varying between 7 and 14 g/100 m! while the case of HoNig et al [4] had
levels between 4 8 and 11 0g/100 ml We sought therefore, some posst
ble environmental factor which might aggravate our patient s clinical con
dition He lives on a farm many miles from main water supply and when
we tested the nitrate content of the water used by the residents of the farm
it was found that they werc of an unusually high concentration
20 8 ppm Intestinal bacterfa arc capable of reducing nitrates to mtrites
which on absorption readily oudise haemoglobin to methacmoglobin
With an unstable hacmoglobin a rojsed nitrite concentration may aggra
vate the rate of methaemoglobin formation far in excess of the reductive
capacity of the cells. This might be the casc with our patient

The slightly clevated MCV In our patient is probably significant In
view of the findings in the 2 previously reported Individuals wath this par
ticular unstable haemoglobin vanant [3 4] The MCHC 1s at the lower
limit of normal and this is probably duc to loss of intraceliular hacmoglo-
bin as Heinz bodies [25)

Data obtained on the parents of the proband as well as one sibling
show that this example of Hb Perth/Hb Abraham Lincoln is sporadic and
has arlsen by mutatron in one of the gametes giving nse to im. With this
severe degree of hacmolysts, this is not at all surprising because an indi
widual with this particular unstable haemoglobin would be highly un
likely to survive and reproduce. The patient from Perth Western Austral
ia died in his early twentes the patient from Chicago Is alive at 26 years
of age but needs numerous blood transfusions.

Levels of HbF in the unstable hacmoglobin syndromes are usually
normal [26] although SCNNEIDER er al (22] found i their 18 year-old
patient with Hb Sabine a level of 12% and WHITE and Dacte [26] report
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ed that their 20-year-old patient with Hb kaln had a HbF lkevel of 6%
Jacxson et &l [3] do not report on HbF level In their patient with Hb
Perth while Hotoa et of [4] found a barely mibsed level (2.1/) in their
26-year-old patient with the same variant. The kevel of 11 7%/ in our pa-
tient ks, therefore, noteworthy and could, perhaps, rellect the more severe
anaemia suffered by him in his 13 years of life due to the aggravating en
virontental tnsults referred to above.

Slight fncreases in the Jevel of HbA, (up to § ) are, scrording to
WhrTe and Dacie [26] ty found in b 313 for some of the
unstable bacmoglobin syndromes due to g-chain varlants. They clte a5 ex
amples of this fincing the Hb Hammersmith [27] Philly [28] Sablne {22]
and Shepherds Bmsh [29] but point oot that this kb pot iovanable, a8
demogstrated by Hb Bristol [25] Howa et al. [4] found a HbA, lev
ef of 5.8% in thelr patent with Hb Abraham Lincoin and the patient pre-
scated here has an even higher level, 6.3 /o The resson for clevated HbA,
leveh in patients with g-chain-unstable haemoglobins is pot clear but it
coukd be cxplamed by loss of the unstable haemoglotnn from the cells, =3
in the case of Hb Zfrich.

An increased level of G6PD was found m the patlent of Honeg ef al.
(4] and a similar struation cxists in our patient This is consistent with &
young cefl population but may also be due to increased requirements for
reduced glotathlone. They found levels of reduced glutathione of about
50%4 normal in thefr patient.
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Infectious Mononucleosis in Hodgkin’s Disease
A Forther Case Report

R.J L. DavipsoNand S E. LrsseLst

Haematology Unh, Department of Pathology Unrvertity of Aberdecn, Aberdeen

Key Words. Epstein-Barr virus  Hodghin's desesse  Infectious mononucleods

Abstract A patient who develop f Is while being treated
for Hodghina disense fs presented. This pathological profile does not support the
concept of & causal relationship between Epatein-Barr viras and Hodghin # disease.

The aetiology of Hodghin s duease (HD) is stll uncertain although
several cpldemiological studies have suggested an assoclation between
HD and preceeding infectious mononucleosis (IM) [3 11 13 14] While
1t is now widely accepted that the causal agent in IM is Epstein Barr virus
(EBV) [5 15] the role of this virus and IM in relation to HD remains
controversial Although Initlal studies [2, 9] showed significantly higher
EBV antibody levels 1 patients with HD compared :o contmh. LaNarN
HUYSEN ef @l [8] using more sennitive Iab ry
Iy demonstrated elevated antibody titres to both EBV and cy10rncgnlm1~
rus Senous doubts have therefore been cast on any specific or causal role
for EBV 1n HD This view gains support from the few descriptions of the
simultancous presentation of the two disorders [4 10] and even more,
from the recent and previously unreported development of IM in a p2
tient who 3 years previously had undergone curative treatment for HD
[7] The purpose of thrs brief communication is to report the occurrence
of IM In a further patient with established HD

We acknowledge De 1 F Baxatvata, St Thomas Howpit |, Loadaa for meas-
urement of the Epsten-Barr virus antibody Tevels
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Case Report

In Jwos 1966, 24year-old single girl presested with patalem cervical hymph
Dodo sniargament lavolving the left posterior trisngle. She was otherwise well and
pbysical eramination reveated po other abnormulites. X-ray of the chert and thora-
cic mhet were normal, Whilo the peripheral biood fiadmgs were withi sormal Bm-
ke, the ESR was slighity clevased at 20 mmh. The  ffectad nodes were exchsed and

xmmmmhmnmmmmmm‘u Tympe-
thetlc cffamom at the Jcft bese. Al this stage, the dugsosts of tubseniosss was re
garded ns mo Longer temable, end 1 vrew of the previons brstology and the coerging
clioical picture, the porabxiity of typeal HD was reconskdered Excleion of en
larged Hymph nodes from the mght aAntenor cervical chatn was therefors wodertaken

In March 1969 the patent way resdmitted complammag of Linses and vomitg
ﬂ!&nmmﬂnﬂmmm}uwﬁmmﬂm
1 parmcular she hed no palpable bepato
fathy Eramrmatos of the perpheral blood thowed Hb 93;& WBC, 131001
with & of 3¢ and 460
ooocytes, 1ncioding sumeross wh:-ndpknma-ph:rmqwmfmf
fype. A dugnom of IM was strongly sawpected on hacmatological grownds aad thh
wis confrmed by the fisdmg {  postree IM alde screening w3t (Monospol),  di-
aguontic dufferental absorphon e of 1256 followng guines piy Lidncy absorp-
toom, and an EBY anubody thre of 1 160, Seral cxsmmstion reveated  raiag EBV
nd  falkog [M beteropinl antibody trtre Thes Wi accommpanied by  gradual bm-
provement i the patkent  clinical comdriion Witha 2 weeks, the atypical mooono-
chear cefl had desappearsd frova the permpheral blood, and b 3 mouthe, both
the IM afide and duffcrentisl beorptiom tegs for heserophd sarbbody haed become
wegative.

Followbag recovery from the micrcsrent Mioew, the pabest HD coathoed 1o
progrem, and m Apnil 1970, she desd from septcaemia while receming ltemibve oy
sotorde thermpy

Comment

ThhrrpordetcdHn:lh:dntbpmcn\o(thnpaﬁcmmMng
treatment for HD # In contrast to that previomly reported, where IM
followed lts curmtive treatoent [7}. Ahthough mexpected false posithre
persisting TM beterophil antibody (1] ond tansent Monospot test
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Infectious Monenucleosis in Hodghin’s Discase
A Forther Case Report

R J L.DavipsoN and S E. LEsSeLS!

Haematology Unit, Department of Pathology Univenity of Aberdeen, Aberdecn

Acy Words Epstein-Barr virus  Hodghin s disease  Infectious mononucicosts

Abstract A patlent who developed nfecth leaals while belng treated
for Hodglins disenso Is presented. This pathological profile does not support the
concept of a camsal relationship between Epateln-Barr virus and Hodghin s discase.

The aetiology of Hodgkin s disease (HD) is still unccrtain although
teveral epidemiological studies have suggested an assoclation between
HD and pr ding wfectious monc {cosix (IM) [3 11 13 14] While
1t Is now widely accepted that the causal agent in IM 15 Epstein Barr virus
(EBV) [5 15] the role of this virus and IM in rclation to HD remains
controversial. Although inital studics [2, 9] showed sigmificantly higher
EBYV antibody levels in patents with HD compared to controls, LANGIN
HUYSEN ef al [8] using more sensitive laboratory techniques, subsequent
ly demonstrated clcvated antibody titres to both EBV and cytomegalovi-
rus. Serlous doubts have therefore been cast on any speaific or causal role
for EBV m HD Thix view gains support from the few descniptions of the
simultaneous presentation of the two dsorders [4 10] and cven more,
from the receat and previously unreported development of IM In a pa
tient who 3 years previously had undergone curative treatment for HD
[7] The purpose of this bricf communrcation is to report the occurrence
of IM 1n a further patient with established HD

We acknownledge Dr J F Banatvara, St Thomas Howptal London, for meas
ureraent of the Epstein-Barr vinn antibody levels.
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154 DaviDson/LreseLs

[16] have been singularly reported In HD we feel that the typical
penpheral blood picture and pattern of IM heterophil and EBV antibody
titres, establish beyond doubt, the diagnosis of IM In our patlent, whose
clinical presentation had been unchamcteristic. The sequence of events in
this case thus supports the concluston of LANGENHUYSEN [7] end in addi
tion must strongly question the suggested causal relationship between
EBV and HD

Finally the paucity of reports of IM occurring in estabhished HD may
be explained by the low incidence of HD In the younger age groups (i
the area of this study 1/43 000 subjects nged 0-24 years at rhk per an
num) and by the 90% EBV seroconversion hnown to occur by eary
adulthood [6, 12]
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were made by mbjecting the polymorph fractions 10 Ulimsound: crils wers €x

trols wer stuched in an cxactly simflar manner
The tractionstion stodies were carried oot m Sephsdex G 200 el In » colomn
M0~25cm, 0.1 ml pbosphats baffer (pH 74) cootsining 05 ml sofiem chloride

ing Alnctogiobulin were also pemed down fhe colamn m order %o calibram 1t uad
make i1 possible 10 COrTelatr fraction nember with sppf ymmis molccular welght,
The sobyects sera wad hymaes nd the controls sera were fncubased with trithated
POA ("H PGA) t 37°C for 1h befors tracthoraton. From  knowledge of the
FARP of sach serx and lymt 1t was possible 10 Incubaw tach Lt mmple witk
100% axcess of H PGA 3ol abqnots contummg Varymg proporboms of sest
subutances and phosphats buffer wers added to tho colmma, The proportion of test
subsiance was vared 0p to  maxymmm of 1 ml in ardeT (o prodece atifsactory
level of adoactivty m the fractions The fracuoms were comnted with  scivulia-

Rewits

Tabie I shows the FABP levels of the sers amd polymorph tysates to-
gether wth detafls of cach subgect and coatrol. Full blood count, sermm
B, and serum By, busders were normal in all cases except for subject
S.C. who bad a serum B, of 90 pg/ml (pormal 120-900 pg/mi) but ber
Schilling test was normal. Lysates of monocytes and lymphocytes consa-
tently gave values of less than 5 pg/ml, 1e levels not measurable by the
Ry

A typkal result of frachonanen studics b shown in figure 1 The
peals of radloactivity repretent respectively the boond POA and free
PGA cluted off the cofumn with substances of molecular weight bem
than 10,000 Thhlmcrpakn-conmnx(ncﬂonhachupcd:nem
wnd can be reprodoced by pensmg LPGA slont down the colomm It b
removed by treating the fractions with albumin-coated charcoal

Hmmnnﬂh(emddenb!ycﬁlmtd).hoac\angngmln%
thon 10 the terminal cae the second (major) peak ocrurred In the same
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A Study of Folic-Acid Binding Protein in Normal Subjects

D W Gorst Mary Courmisand 1 W DLLAMORE

Univeruity Depantment of Clinical Haematology Manchester Royal Infirmary
Manchester

Aer Wo ds Chromatography  Folk-acld binding protein  Heparin  Lewo-
cyle lysates

Abst act 6 normal females were found to have s high level of folic-acki-bind-
ing protein (FABP) In thelr sera (mean level 345 pg/ml) Lysates of their varow
leucocytes were amayed and FABP found exclumively in the polymorph fraction.
The sera and lysates were fractionated by Sephadex G-200 gel column chromatog-
raphy and the molecular weight of the FABP appeared to be appromately
40,000 A hitherto unreported inhib tory effect of beparin on folate binding wa
noticed.

Studies have been performed on follc-ackd-binding protein (FABP) in variout
pathological tatey, but the levels found in normal people are mwually comldered
0o low to permit Investigation. In an earlier study [3], 6 normal females were
found to have levels In excers of 300 pg/m! whilst the mean level of 94 coatrols
way 76 pg/ml Sera and leucocyte lysates from these people have been used to et
mate the molecular weight of FABP in norms) people.

Subjects and Methods

The subjects were henlthy females sged 2163 At the time of this study none
wrs pregoant, 1 (EN) was taki g an onal contraceptive. 1 subject (RM) ap-
peared to be muildly lron-difickent, bat the jnder bad no logica! ab-
normality and, in particular there was na evidence of folate deflclency

Venous blood was taken at 830a.m and elther heparinised or  llowed to clot
fn plaln fubcs. FABP way memsored as in the previows study [3) Hepariniscd
blood was separated into ity various cell types by the method of Sunmixs o al
[5] and FABP estimated. It proved possible to produce polymorph preparatiom of
putity greater than 99* and after Initlal studies had shown all FABP to derive
from the polymorph fraction, this fraction only was bolated for study Lysates
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Sex
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Serum
FABP
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Lymoo Serwm
FADP  folse

pe/10- el ag/mi
[ 4
364 15
47 34
21 13
243 1
49 1
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3 >
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< 3

3 3

3 "
<3 35
<3 >18
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19
RAC folts
ng/ml
946
m
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1
™
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m
k2-3
351
B
7
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Fig 2 Frectionation (Scphadex G-200) of human high FABP serum (——), M5
serum (——-) and d hited human mIk (—).
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g 2 Fractionation (Sephadex G-"00) of human high FABP serum (—-—) Mg

serum (—-) and diloted humat mifk (—).
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tedstics of FABP In the scrum in folate deficiency [6] pregnancy [1]
and some cases of chroalc myeloid leukaemia [4] No sgoificant ma-
cromolecular peak was found in normal subjects.

The heparhn effect, although incoustant, s of interest it oaly because
beparin  known to affect the clution patiem of bournd By, from chro-
matographc columas {2]

FABP is mot likely an intracellular protein involved perhaps in reg-
ulation of folate or in g the flabikity of folate

yme tn DNA syatheshs. Circulating FABP n the serum probably is
only a reflection of mtracellular binder
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fraction ns the binding puak in normal serum The chromatographic pat
tern seen in human milk s in accord with the findings of others [7] Pig
serum gave a single peak with a molecular welght higher than that
found in normal human serum (fig. 2)

Heparin effect On one occasion hepannised plasma was used to as-
say FABP in place of serum from a subject known to have a high level.
A low result was obtamned The expected value was partly regawned after
neutralisation with protamme. Sequestrene (EDTA) did not have such
an effect and it did not apply to all FABP - for example no hepann ef
fect was noticed on serum from a patient with smouldering acute mye-
lord teuhnemia and a high FABP level In normal subjects with low
FABP very little effect was noticed (fig 3)

Discussion

By examinung those subjects at the uppermost end of our group of
normals, it was possible to investigate the naturc of FABP in the serum
and leucocytes of normal people These people may represent onc end of
a normal spectrum as nonc of the factors known to produce a high
FABP were present with the exception of EXN who was taking oral con
traceptives at the time of this study She 1s included because she was
found to have a high level before the drug was started 3 of the control
subjects were also taking oral contraceptives

Levels of FABP were found in the polymorphonuclear neutrophils
parallel to those found in the serum and tended to reman fairly constant
o the same subjects on different occasions. Measurable FABP was not
found in any other leucocyto lysate than the neutrophil Thm contradicts
our carlier idea that the monocyte might be a source of FABP but the
situation in leukaemia is rather different. It seems lkely that the distr
bution of folate binders In leukaemia is not the sarmme ns that found in
normal people fractionation studies of serum from a leukaemic patient
showed & differcnt pattern and blast cell lysates from 3 cases of myelod
leukaemia showed negligible folate binding power Further studics are in
progress.

Fractlonation of sera and lysates in cvery cosc has shown that the
binder clutes from the column in the same fractlon as 4 lactoglobulin
and therefore, has an apparent molecular weight of approximately
40000 This is In accordance with other published work on the charac
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were sequestered by the spieen [1 2] There B some cvidence that
Heinz bodies become bound to the imside of the red cell membrane of
patients with unstable bemoglobins. This results in an increased red cell
rl-gkﬁry [3] Splenectomy i3 of benchit to these patients when hemolysis i

ive that blood became necemsary On the other
hmd,qiﬂnttnmymdy if ever benefits paticuts with chromic hemo-
Iysis due to deficlencies in the enfymes of the hexose monopbotphate
pathrway [4] A very Jow enzymatic activity of the glucose-6-phosphate

{5 6] The present paper describes a study of the deformability of red
cells and the enzymatic actinty of G-6-PD Hamburg in ghosts of eryth-
rocytes from this patient with bemolytic ancmis.

Material and Methods

£

ecte Blood samples from 24 beslthy sdalts wers mxcd a9 controbs. Whole
populaticas from emght adults wers separsted 110 populations of yoong
cantrifugaton (30,000 g for 30 rmn) taing the method of Osxt ef

Fultrarion sendicz The {ilirston method deicribed by SCRMD-SCRinsem o af
] »as wacd 1o memeare fed cefl deformatalay The buffy coat wat mrmoved and
the plasna was sxpuraied after cemtrifugatioo of the umper The flow rxses of
plewra and of ey e by the timcy
mﬁhmwmmdlmlmﬂwbmm-n.
dommmal pore dumeter of S m (Type Nacheopore, Thomss Comp., Philadelphia,

(300 omallstionsh) Allawots of the Enwations w618 emaved 1o comnt the mom-



Acta haemat. 57 162-167 (1977)

Membrane Deformability of Erythrocytes with
Glucose-6-Phosphate Dehydrogenase Hamburg!

W TILLMANN M GaHR, N Lanirzxe, and W ScHROTER

Department of Pediatrics, Univeraty of Qéitingen, GSttmgen

Rey Words. Enzyme erythropathks  Ghost enzymes G-6-PD Hamburg
Helnz bodis Hemolytle anemia  Red cell deformability Red cell mem
brane Splencctomy

Abstract Deformabllity of erythrocytes of a patlent with chronic ronsphero-
cytic hemolytle anemin caused by » G-6-PD varfant (G-6-PD Hamburg) in red
cells was stodied. The flow rute of erythrocytes from thly patient through 3pm
polycarbonate sieves was higher than that of red cells from healthy sdults, Even
under oxidative stress in vitro, the deformability of erythrocytes of the paticnt wad
only alightly decrensed The residual hemoglobin content of red cell membrages
(ghosts) from this patient wax Jower than that of ghosts from healthy adults amd
of ghosts prepared from comparable reticulocyte-rich blood without G-6-PD defl-
clency In contrast to the low enzymatic activity of G6-PD Hamburg in the hem-
olysate, & hlgh activity of this enzyme could be demonstrated in the ghosts froem
the patient. In view of the flexibility of thls patients erythrocytes splenectomy b
not to be recommended.

Glucose-6-phosphate  dehydrogenase (G-6-PD) plays an important
role by protecting SH groups of the red cell against oxidatrve stress by
generatmg NADPH to malntain glutathione in the reduced form. In
creased oxidative stress due to drugs or infectbons leads to an ncreased
herolyus of red cells of patients with G-6-PD deficiency 1n vivo When
these cells are stressed /n vitro by incubation with acetylphenylhydrazine
an excessive number of Heinz bodies may be seen RiFkND showed by
electron mucrographic studies that red cells containing Heinz bodics

This work was supported by the Deutsche Forschu gegemeinschaft grants
Schr 86/10 and 8&/11
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Table 1. Flow rata of erythrocyts, hemogioben content of ghonts and enxyme actrvitics in
ghoets

hemotysates and
Whole popu-  Yowogcslh O ool Patient
havoa of of sdults of adolts
adolty
Flow rate of erythrocyses, M4 2 638471 S151£490 6856
Hivec n= 4 n=5 m=3
Flow rate of mcubased 1391£235 s
erythrocys contammg =0
Helaz bods, aljsec
Hemnoglotm coment of 200£410 711 £012 379 20 2060
ehosts, me/10  ghows tn=13) (=t (=%
Acttvty of G-6-FD
1o bemolysate, MW EOx4 50 00
1UNO erythrocytes ( =36)
In ghowtr, 030008  04):011 0153008 053
1U/10  ghoss =4 n=n @=n
Actrvty of hevokmmse
m hemotysatos, 1332045 49
1010 erythrocytes (=8
1n ghoxts, 13£004 013001 0104003 0%
U/ ghosts (=24 =5 (=5
Renculocytes, % 080040 4080  0I05005 203

(=4 =0 (n=1)

Values of the patiend are the mean of ™ experaments, all other  abes e expresed
= the meom £ 3D
Al erythrocyses of sduis comtarsed fout or mare semall Hew bodees after mcwbeion
rih accty lphewy thy drarme
ATl erythrocyses of the pabend contaused ux of mory s ll and hirge Honx bodses,

Erythrocytes of controls und of the patlent contsined Hewnz bodses
after incub: with y ine The number and wire of
these Heinz bodies wan gresier in the erythrocytes of the patient. The
fkrw rate of erythrocytes from sdults contaming Heinz bodies was kower
than (rom those which had not been mcubated. Aho, the flow rate of
the incubated erythrocytes of the panent was lower than thet of the non-
incubated cells of the patxent but not a3 much ss the flow rate of enyth-
rocytes of adults A1 well o an increased amount of hemoglobin at
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ber of erythrocytes contalning Helnz bodies or to determine flow mater. Afer
staining with Nilbloesulfate the percentage of Heinz body contalnlng erythro-
Cytes wos determined by meams of duplicate 1,000 ceil counts,

P cparation of ghostr lsolated red cell membranes {ghosts) were prepared by
modifications of the method of Dobat ef af [10 11) The washed cells were haed
three times in & hypotonic 30 mosm phosphate buffer solution (pH 74) at 4°C.
The resulling ghosts were Intact s viewed by phase-contrast microscopy Each
batch of ghosty was divided Into two parts, elther for measurement of hemoglobin
content, or for determining of enzyme activity The hemoglobln content of the
ghotls wat meawred by the method described by Dacic and Lews [12]

Assay of enzyme acthity In hemolysater and shosts, Activity of G6FD
hemolyaates was determined at 37 C, wing the WHO method [WHO scheatifi
Broup 1967] as described earlier [3] For mearuring enrymatic activity (o ghost
suspensiom, glocose-6-phosphate, as substrate was added in a concentration of
6X102x Asay of hexolinase sctivity was carried ont a3 described befoce [11]
All asmays were carried oot in duplicate and appropriate blanks were umed En-
zyme units were defined s the number of ¢ moles of pyridine nockeotide convert
ed per minute at 37 C per 10t erythrocytes, or per 101 ghous, respectively

Results and Discussion

Ghosts of young erythrocytes retained less hemoglobin than the
ghosts of older cells (table ) The ghosts from the patient had the low-
est hemoglobin content, The mean age of the patent s erythrocytes was
even lower than that of the young erythrocyte fractions from the normal
controls. This was demonstrated by the higher reticulocyte count. WEED
et al [13] have demonstrated that red cell deformability depends on the
amount of hemoglobin attached to the membrane Table I shows that
the flow rate and thus the dcformabllity of young celts was higher than
that of the older ones, while the erythrocyies of the patient had the high
est deformability of all. We suggest that the high deformability of the
erythrocytes of the patient is rclated to the fact that these cells are
younger By contrast, erythrocytes of patients with an unstable hemoglo-
bin (hemoglobin kaln) have more than normal amounts of hemoglobin
wttached to their membranes low flow rates, and thus less than normal
deformability [14] The decreased deformability of erythrocytes, measur
able in vitro corresponds to sn increased destruction of the cells 1 the
spleen of patients with Hb KéIn It ks suggested that the amount of he
moglobin attached to the membrane plays an important role in the de-
crensed deformability of these red cells and that the decreased deforma
bility may reduce the longevity of these red cells.
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tached to the membrane the presence of Heinz bodies jn the erythro-
cytes dimmnushes the flexibility of the cell as earlier deseribed by Lupty
and DEeSFORGES [15] and TILLMANN ef al [14] The only sightly &-
creased flexiility of the Helnz body contalning erythrocytes of the pa-
tient is cxplalned by the diminished attachment of hemoglobin to the
crythrocyte membranes of the patient.

From these results we conclude that the spleen does not play anm
portant role in the destruction of erythrocytes with G-6-PD Hamburg.
Even under oxidative stress the splecn may not destroy a greater num-
ber of the patient s red cells. This is suggested by the only shightly de-
creased flow rate of the erythrocytes after incubation with acctylpheny!
hydrazine Study of other forms of G-6-PD deficiency may show that
erythrocyte deformability is unaltered in contrast to patents with unstable
hemoglobin Kdln Enzymatic activity of G-6-PD dctermined in hemaly
sates of the patient, was diminished to 0.2 1U/10" erythrocytes as pre-
viously reported [5] Table I shows that about 1% of G-6-PD activty
meanured in hemolysates was detected m ghost suspensions of healthy
adults prepared by a hypotonic 30 mosm phosphate buffer as previously
demonstrated [11] With regard to the low activity of the G-6-PD var
fant In the hemolysate of the paticnt, an unexpectedly high value of en-
zymatlc activity was determuned in the ghost suspension of the patienl.
Also the activity of hexokinase was higher in ghost suspensions from
the patient than in ghosts of healthy adults The high activity of this en
zyme correlates well wath the reticulocytosis of the patient but it is not
yet explained why the G-6-PD nctivity was high in ghosts of the patent
The reticulocytosls cannot explain this fact alone In ghosts, preparcd
from blood without enzyme deficlency with comparatively high reticulo-
cyto counts, G-6-PD activity amounts only 043 TU/10" ghosts. Expud
ments with partlally punfied G-6-PD Hamburg could be interpreted to
mean that this variant enzyme has an increased tendency to exist in the
monomeric, catalytically inactlve statc [16] Attachment of this varant
to the red cell membrane could stabilize the dimerie state, which is ca
talytically active in the normal enzyme, but this explanation is only

speculative
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Teble | Plasm calciam deserminathon [n sormah and May-Hegslin anomaty

Platelet coont/sl Parelet Platma
alkhum aldum
/200,000 plateicts oag%
Normal 150,000-400,000 1243 sr-108
May-Heggin
Caeo 1 115,000 p198 (13
Case 2 37,000 165 90
Case 3 2,000 510 %0
Case 4 20,000 128 LA
Cax 5 £1,000 30 L9

mwummwmmmmmmhmnth
fhelr calerum by xtomlc ym Perkta
Elmer model 290 B instrument with & dhal hmp for caldmm-magnesiom fixed at
457 pm. Monitrol was teed g1 stindard 8 concentration of 10mg and flxed on
the scale of the spectropbotometer at the 50th dvision. Care most be takes to o
cmly plasuc tobes, plpetins or glim-sibcoaired astruments, in order to aveld plate-
lety' adhedvicy

The plasedet coont ln PRP wxa dooe om  light microscops maiag an kmproved
Newbeoar chamber [3] and the resalt was gives 10 platelsts per nocrolster The ind-
thl dilution of PRP with ADP wry tshen [nto accownt s the finel ot a5 well a3
the difference between platelst-poor plasma cakcium and plaschet-poor plasma cal
e with sdded ADP W found (bat they do not exceed 1mg/100 ml, s0 that the
forwmln oaed was, resd PRP resd PRP rlewse 1 = platcket cakchom/meg‘ml. Thos
fmal resuit was bromght for stancardzatnos remsons to wg 200,000 platelets

Resules and Disowssion

In ouwr determinatons of cakium m platelets by atomic absorpbon
we found Ingher valoes m May Hegglin anomaly than
in the normak, while the plasma calciam wms in all cases within the nor
mal omge (table 1). A rumber of lavestigatory suggested that calclem may
be the importsnt fector that poverns the activity of the contractile materl-
al Ve found this explmation in agreement with our high valoes I dina-
lent cations in the platelets of the May-Heggln dsorder and tried 10 ex
plain why the clot retractron b unaffected o3 i other thrombocytopenic
states,
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A Simple and Rapid Platelet Calclum Determination
Normal Valoes and Results ln May-Hepziim Apomaly

DRraga CRETER [uLiA RUBINSTEIN and RAOUL MENACHE

Clinical Laboratories, Hasharon Hospital Petah-Tiqva

Rey Words. Atomic absorption spectrophotometry  Calclum In thrombocytes
May Hegglin anomaly Platelet calclum determination

Abstract A simple and rapld method for platelet calelum determination by at
omic absorption spectrophotometry s described. The results in normals and in May
Hegglin anomaly are given.

During the last years large studies in the physiology ultrastructure and
biochemustry of platelets were performed [1] The examinations include
hemostatic functions, enzymes, proteln synthesis and calclum magnesium
determinations

We describe 2 simple and rapid method for platelet calcrum determu
nation using the atomic absorption spectrophotometry technique

Materials and Methods

20 healthy volunteers were Investigated in comparison with a family affected by
May-Hegglin anomaly [2] for thelr calclum concentration in plasma and platelets.
10 ml of blood were withdrawn in Na citrate 3.8 g%/ as anticoagulant in a propof
tion of 1/9 and from thhs, platelet rich plasma (PRP) was obtained by centrifugation
at 85 g for 10 min.

Platelet calcium was determined by a two-step method. To 0.6ml PRP was
added 02 ml ADP 1; ¢/ml and the resction allowed to proceed for § min with con
tnvous mixing at 37 °C. At the end of this time the plastic tobes were frozen and
thawed three times and spunned for 30 sec Jn an Eppendorf centrifuge (Brinkman
Instruments, New York, NY) and the supernatant was carefully scparated. From
this supernatant s dllution 1/10 In distliled water was done and the same diluthon
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Table / Piaama calchen determmation in normals and May-Hegghn snoealy

Phatclet coom/al Plaseict Phaxcon
Qilemm akim
oE/ 200,000 plateiets mg®
Norral 150,000-400,000 1243 L-108
Mey-Hegglin
Case 1 115,000 82 1}
Case 2 7,000 165 20
Caae 3 68,000 SLo 20
Case 4 0,000 4125 "
Case 3 €3,00 520 ]

The Mat bt count i PRF wes done om  lght mxroscope weing aa fmproved
Newbaner chmber [3] and the resalt win gives i platelets per mucrohter The dnr-
Ul dilttiom of PRP with ADP was takem into scconut in the faal resaft as well o
the difference berwaca plawiet-poor plawns cilkcmm wsd platelnpoor plavm k-
ciam with added ADP W foand that they do sot exceed 1 my00 ml, w0 that the
forxmols wwed was: read PRP  vad PRP rebemss 1 = plasdet cakem/mg/ml. This
flzal rwtt wan brooght for sandartiraton ressom to ng/200,000 platelets.

Rezults and Discowsion

In our determmoations of calcium n platelets by atomic absorption
spectrophotometry we (ound higher vatoes In May Hegglin anomaly than
in the normals, while the plasma calchum wat in all cases within the nor
mal range (table I). A number of im estigaton sugpested that cakiom may
be the fmportant factor that governs the activity of the contractile materi-
al. We found this explanation 1n agreement with our bigh vatues in dhva-
lent catiom in the platelets of the May Hegglln dnorder and tried to ex
Plain why the clot retracton b unaffected a3 in other thrombocytopenke
sates.
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The purposc of this study was to try other parameters less v estrgated
than the hemostatic propertics or ultrastructure in this anomaly and to-
gether with this to find a simple and rapid method for calcjum determma
tion in platclets. The results are in a good proportional relation with the
determinations of other investigators [5] who gave their platelet calaum
magnesfum results in mulligram per dry weight.
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Chronle Idiopathic Myelofibroshs. A Reversible Disease?

B Krunen, G Krasziar P Expes and G Szivay
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Key Words. Angio D Crtostatic therapy ha e
Toffoross in mye

Abstract Am\mmwmmw‘nwwnw
occhoray 1 year atter cugnosh. As clhically woorpectsd fimding, hymph pode
bropry smggested the presence of Doo-Hodghim hrmpborma. The petient wan sobjected
10 intemive combmed cytostatic therapry 1 the followiog months, Ugm end symp-
tom  t myslofibrous regromed remarkably The patieat died 31 manths after sple-
pactomy b aslve pastrotntesion! bicuding. At posi-moriem, myslofibrosis could
oot be detected in three bons marTow sreas and {avcontalnlng, hypercel-
Tl mmmmmumdmmmm&mmm

and -t

In 1958 Dotos et o [1] pablshed a case (male, 43 years old) of
chroalc idiopathic myelof brosts (CIM) In which trephine blopsy (made in
1952) proved marked diffuse myclofibrosts. Panhaernopoletls was present
m the histological sections of liver and spicen biopyes and signs of mrye-
Toid lasta were d in the il blood. In Jenuary
1936, sp ¥y has been perfommed. marled dollasy haemo-
potesls wes demonstrnied again In Avgust 1956 a new trephine blopsy
lboucdhxmqtrlcﬁ:urvullcngulmmydorbmdxlu&bbnw%
the gatlem dled of Y The pattem of four
different bone marrow regions showed only o shght myclof brosls com-
pared to earler preparaies & remarkable regresibon of flbrosh wey de-

le Only & few potetic cells were present in ther sechons
Th:mnlblcmmﬂilhyo{ﬂ\lmcwnidend[-t]
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Case Report

Recently a moro pronounced regression of CIM oceurred In a 61 yesr-old wom-
an. At the first admhslan in April 1972 the patient had the classic signs aod symp-
toms of CIM with a splenomegaly reaching the illac crest, with histaloglaally dem-
ofstrated myelord metaplasia in spieen and liver and with appropriate celtolar pat
tern in the circulating blood No previous haematolopeal or ether disease conld be
detected. Some granulocyte precursors were prewent in peripheral blood and the
number of tear-drop cells amounted to 1205 000 RBC. Scattered normoblasts could
be detected and severnl macrothrombacytes along with oceasional megabanocyte
nuclet were found. Trephine biopsy proved remarlable marrow flbrosds with pre
served areas of hacmopoietic cells.

She had 95g Hb/dl 25 v 10'/1 reticulocytes, 66 X 1041 granulocyter and
120 X 1071 platelets. C ’ with and ic derold and folic ackd
was applied for months, but even the Hb value fafled to improve. In the course of
the Ist yesr of our observation the maximum granulocyte count was [1.8 X 101
and the platelet counts ranged between 100 and 140 X 1001 blood She wat read-
mitted in April 1973 Blood cell counts and morphology did not change sutwtantis!
Iy but the size of the spleen increased remariably Occasions) mycloblasts were
noted in blood smeary and the neutrophil allaline phoqmhatase score was 350, Tem-
peratare way normal

In May 1973 splencctomy was performed (Prof A Srics{m) The splecn
weighed 5003 (503 body weight) Tliac crest and liver Mopsics were performed
again, and a small splent hilar Iymph gland was investigated too. There was a dif
fuse (vim Gieson-positive) fibrosis with virtual absence of hacmopoleti areas and
fat cells in the marrow (fig. 1), slong with pronounced Increase in trabecular fhre
networl (GBmbris dlver h'npreputlan) fie. ) \tilh asteold formation av well a¢
with iy lamellar trab plada wa present inl.he
spleen (fig. 3) and liver Apart from xhh, 1th the lymphoid celt
of the spleen was practically restricted to Malpighian bodies and wreas of atrophy
and fibrotls could be found in it there were some proliferating lymphold cells in
the Liver and there was (a) a diffuse alteration of the nodal structure (b) an inten
sive lymphoproliferation elong with varioos cells of & stimulated lymphokd apperatus,
Including fmmumoblay  with occastonal hacmopoketic clusters, amd (c) a prombment
vascolar proliferation in the small lymph gland (fg. 4) In July 1973 w soybeansizred
axillary lymph gland has been excised. Its histology was identical with the former
one, and owing to the provounced diffuse lymphokd proliferation with several mi
toses that caused the drsappearance of lymph gland structare and wa demonstmble
even pericapsularly a malignant non Hodghin lymphoma was {(efroneoisly) diag
noxd.

tatic ch h was staried on the hase of the well-lpown
MOPP scheme (nlimtcn mustard, vincristine procarbazine and prednisolone) Elev
en courses were given from August 1973 to March 1975 acven of them in the firut
9 month of therapy No dose reduction was necerary throughout this period, fe
the advised doses were applied in esch conrse [ | Although the Hb value tended to
Jdiminkh afier each course, its mi fmom wa #3g/dl On the other hand, maximum
value reached 17 g d) after the fint nl ¢ courses. There wa a pronounced granulo-




Fir § Dultess oneofibrows i oeon! formation w the tac cres

sphencctomy ME. 100, e petern
Fg  Prooovoced maves o mamow fbre acork (et befors splenectonry
aad G Wostalic herapy) Gomon's uiver mpregrance mlm -
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roduced the chroulating grianlocysn from 275 to 6.7 X 1071, the plaselet comt e
Puined st W00 X 101, The Hb hevel which waa 123 gid] at the start of thi cowne
wx 97 ghll after K, wud wnlis after previoes commes, W dmainished 0 77 gl wt
Juoc 1975 along with an  lovaton of arculstiog plateict comat %0 1,500 < 1091 At

sramlocysy flactoated
95 X 109 durtag the first, sad from 213 10 8 X 109 durtay the second Myelo-
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Reversibility  f Myclofftwosts b¥sd

with splenectomy alone In CIM, amoung these reports of fairly good clint-
cal improvements [7] but reversibihity of the process has not been coasid-
ered.

Recently we started to treat a few other CIM patients mmilarly bat
owing 1o the fact that many moathy clapsc before any beneficlal effect of
thus therapy shonld be ascertained, we decided to publish the present pre-
Tiatnary report. Of conrse, premature gencralization nrmst be avoided.
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Tow fovolvement m Hodgim's dosese: psthology £od respovss to MOPP chamo-

st. Patho-snstmical festures of the spicem and Ieer Clin Macmaol 4
309-329 (1975).

7 Stoert, E. Pmoord, § La micloflibrom kilopatics, p. 47 (Vicootes, Pavia
1968).

Not added A spemscveons basmatologic reomion of 11 moatts durmtion kas
breem reported 1n Scamere, D R oryeiofibrosts with agnogesk: mysekd metaplase,
Am. J Med 60~ 1014-1018 (1976,

E Kemax, MD D3z, L Belktinlta, homay] Saador VA, 1083 Budapert (Hargary)
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bromel course. Circulating plateletr diminlshed to 250 X 1097 duting the fist
course, reached 820 X 10911 before the second one, and were at 300-400 X 1001 af
lcr the tecond ccmru. Although the number of band forms reached 20%s, circulating

and bl were scanty There were only three tear
drop cells among $ 000 RBC. Giant platelets couald be detected.

At tho last month of 1975 she was admitted to a coumty hospital with berpes
zoster and developed gastrointestinal bleeding (430 X 10471 platelets) foltowed by
marddve hacmatemesis and melsena ocdglnating from multlple exulcerating gastT
crotlons. She was subjected to surgheal intervention and died In December 1975 In
haemorrhagie shock.

At autopsy three bone marrow areas showed virtnal absence of fibrosis a regu-
lar rather leftshifted hypercellular marrow picture could be seen, with round-oval
fatty spots (fig. 5) All haemopoletic systems were represented Lymphocyter ard
plasma cells were present in pormal number The formerly abundant reticular fibre
petwork as well as pathologlcal collagen fibres were o more apparent {courtesy of
Dr G Lusznio hecilemét) There was no myekold metaplasia b the liver and B2
the lymph nodes. The nodes exhibited recognizable structure along with Iymphoid

depletion and [ Ive histlocytic and macrophage proliferation

The re-cvaluation of the oider (1973) lymph nodes in three different institites
showed that the histological ph:mre wn crr‘ 1y classifed as mali lym
phomu, and accords to angial; di [3]. Althoagh the cor
teomedollary lymphold hypapmh blum:d lhc Jymph gland ﬂrn::tum the lymph
old cells were morphol y heterog and 2 pr of
blood vexscls was present In addition, the!e wn no d:n of Iymphold maligaancy In
the big spleen. The fact that, et process could

be simulated {n CIM {s mentfoned in the momﬁ-nph of S‘mrn and Pexvant {7},

Discussion

So far this is our second case n which the reversibility of CIM be
came apparent. Well known recent haematology textbooks do not men
tion this possibiity In 1975 an apparently sinmmlar reversibility was, how
ever observed in a case of CIM subjected to splenectomy [6] In this case
too malignant lymphoma has been considered, but was pot proved subse-
quently No autopsy was obtained Further MYERS et al [5] reported that
bone marrow involvement in Hodgkin s disease can be safely and effec
tively treated with intensive chemotherapy and pathological changes in
the marrow Including diffuse myelofibrosis, are often reversible with
such therapy

The relative significance of splenectomy MOPP therapy mitobrom
tol or any other factor in this surprising. apparently subtotal reversibllity
cannot be evaluated at present In any event, there is sulficient experience



B DUV RKCEVUTUS0330/ ASCARBROVELLUBALDUIN 1™

teins [12] and tymphocytes [18] which are quickly withdrawn from the
circulating blood.

Onthebnno(thelbe\otmﬂdenlbom.lnmlnmptmduddne
the mech by which erythrocyt: is modified during phy
siological aging, the stody of the fate in vivo of rabiat erythrocytes after
neunminidase removal of different amounts of sisic acid was mder
taken. This v estigntion was carried out usmg both total erythrocyte pop-
nlations and reticnlocyte-cnnched blood.

Methods

Fmﬂdnwnbh(lbmsiﬂmmdludhupﬂm

restmend w1 obtamed

from Stgma (type V) lmmulthnmzymemnhbcnul,moku(N-mytnm-
Tarinic 1ex] per mionwte ot pH § 1od 37 C, oung enber Nacstyleewrammiactose of
bovise wbmanliary mucn a1 substrase For each experment 12 ml of blood were
drawn from the beart of the rubbet by beparaczed wyrmge. After 3 wathes with
09/ NaCl, pucked erythrocytes wers surpended in he s sobtion 0 s to reach
becmatocit kevel of ahowt 40%. One thard of the smpls was mocd for the determs-
nalon of the ghost malic wckd comtent (e below). One thad was bncubsted for 10
miz at 37 C with deferent amounta of peurkmendase (from 0005 ¢ 0.16 U1 ml
of the incnbahon murtire) under gestls yhaling Comtrol incobations were curned
o0t withowt (the exryme and with hest-oactivated newramsiaiess Tho kst third of
the wmpls was incsbated wih the mme emowotn of oeorambudess od with
Nay 1Cr0 (30 4Ca) in the sume conditiom m reported above, and was culied for
sudies. Na, CrO (wpecific scuvity 153 mCumg) was obtatsed from

Preperasson of ke ghosis After remeval of cxcem pemumisldase, when the co-
Iyme was prescat, erythrocytes wer fywed and ghorts preparcd s proviowsly report-
2.

S ackd assey The ghosts wers hydrotyzed i 0.1 N H,30 for 1h at 00 G
slalic ackd w a1 thes sy ed by the srpermatant by the oethod of Awreorr [1]

-treated

€n xmay from the coxiral part of the kver sad splora. Each phecs of treme weighed
sbout 300 me. The determiaatoms were cemed owt whin blood radioactiviry
roached the T/30 vabser In some caxcy when sctaminadass treatment fsdoced
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In vivo Behaviour of Neuraminidase-Treated Rabbit
FErythrocytes and Reticulocytes

CarLo L. BALDUINT GlovANNT RicEvumt Maria C Sasso
EDOARDO ASCARI AUGUSTA BROVELLI and CrsARE BALDUINI

Institute of Clinical Medicine A. Ferrata Faculty of Medrcine and Surgery asd
Institute of Biological Chemistry Faculty of Sciences,
University of Pavis, Pavia

Aey Words Erythrocyte lifespan  Erythrocyte membrane  Neuraminidase
Rabbit erythrocytes  Siallc ackd

Abstract 8 Cr mbbht erythrocytes were treated with different amounts of nev
raminidase and reinjected into the animal. The survival curves after the removal of
more than 5¢* membrane sialic acid show a charscteristh. behavionr after & raphl
dectease blood radioactivity Increases sgain reaching a madmum leve] 50-80h af
ter relnjection, then tends to decrease with a slope similar to that of controd curves
Liver radioactivity determined before the rise of blood radicactivity b evidently
higher than the value determined wfter radisactivity elevation. Similar results wert
obtafned with phenylhydrazine-induced young erythrocyter.

The glycoproteins located at the external surface of the cell membrane
play a very important biological role since they can act as antigenic deter
minants and virus receptor sites, and are involved in several phenomena
such as contact infubition cell-cell Interaction and neoplastic transforma
tion {4 7 17] Moreover it has been proved that the carbohydrate chans
of red cell membrane, dunng fn vivo eging of the cell undergo structurzl
modifications which mainly consist fn a decrease of surface sialic acid [2,
3] The role of red cell membrane shalic acid as o determinant of the sur
vival time jn vivo has been recently investigated [6 8-10) it was proved
that the removal of slafic ocld from the external surface sharply reduces
rabbit erythrocyte survival time though this component Is mot the only
factor mvolved In this phenomenon [9] The behaviour of desialylated
rabbit erythrocytes recalls that of ncuraminldase-treated plasma glycopro-
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vety quick decrease of blood radioactivity the anmmals were Lilked when blood ra-
dicactivity reached the T/20 value,

Induction of reticwlocytosis by phemylhvdra Ine Retrculocytosis wat indoced I
the rabbit by a daily subcutancouws injection of 1ml of 2.5y phenylhydrazine la
0.1M Na phosphate buffer pH 74 for 4 days [13] 6 days afier the begnning of
tho treatment 90-95% of the red cells were fourd to be reticulocyter, Our aper-
mets were started 8 days after the first injection of phenylhydrarine, when there
were about $0-70% reticulocytes and when the hacmatocrit value was pearly not
mal The experiments with young erythrocytey were carried out with the same tect-
niques as deseribed previoudy

Sepa ation of old cells from young cells The method of Sniow and Torr {15)
based om the different osmotic fragility of old and youny erythrocytes, was wed
with the same procedure as reported previously [2] Dry ghosts were asayed for
their sialic acid content [1]

Determination of ovmotic fragility curve The csmotic fragility curve of Intact
and neuraminidase-treated erythrocytes was tested according to the method of D4
cr and LEws [5).

Results

Sialic acid content of old and young ghosts In agreement with the re-
sults of other authors [3] and with our evidence obtaned with human
erythrocytes, miehe acid sharply decreases in the ghosts of old erythro-
cytes The values (means + SD of 3 expenments) were in young erythro-
cytes 0187+0028 g/100 g and in old erythrocytes O 11110029
g/100¢g

Erythrokinetic studies of intact and neuraminidase ireated erythro-
cytes Red cells treated with wicreasing amounts of neuramumdase under
g0 a progressive decrense of membrane malic acid. The released sl
scid does not exceed in any case 80-85%s compared with the untreated
cells, even when the neuramumdase concentration nses over 01 U/m! of
the incubation mixture (fig. 1) Control jncubations without the enzyme
or with heat-inactivated cnzyme induced a negligible removal of salic
aaid. In agreement with literature, also In our expenments neuraminidase
treatment docs not modify the osmotc fragility curve [8] In our exper
mental conditlons the T/50 value of intact and control crythrocytes
ranges between 210 and 290 h,

The removal of increasing amounts of salic ncld causes a progressive
decrease of T/50 which reaches o value of & few hours (5-18 h} when
more than 45% of aalic acld ks relcased from the membranc. In these
conditions the #1Cr survival curves become biphasic just efter the remnfec
ton of the labelled erythrocytes, blood radioactivity quickly decreases,
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Table L. Eryth of intect and treated rabbit red celis splecn and
hver rechoactrvity t T/%0
Sk aci) T/S0,h Liver Spheenfiever
Teheme, % radcmctresty adioactirity
b= ] 17 4

[
14 135 14 %2
1 125 26 216

Liver ndioaciivity o cxpressed s percentage of the total mjected racsoactty

reached the T/50 value. In table T total liver raicactlvity and
spleen/liver rabo observed I erythrokmetic stodies of red cells after re-
moval of less than 45/ salic acd are reported. It can be observed that
the fiver mcioactivity in these expenments b only shghtly increased with
Tespect to the controls.

In some cases m which the T/50 valne was very low spleen and Irver
radioactivity was determmed when blood radioactivity reeched the T/20
valoe, after the ‘hump (table ITa) It 13 quite evident that the vatue of liv-
er mdioactivity a few bours after reinjection and before the rise of blood
radioactrvity is much Ingher than the valoe determined after radloactivity
tramsient elevatsan and that spleen/fiver ratio 1 ower beforo than after
Trump

Erythrolunetic studier of intact and nearmnidasetreated rabbit etl
aulocytes The experiments carried out after phemylhydrazine mducthon of
2 mamive reticulocytosis were dmilar to thase reported previomly New-
rmhidaso removes amomnts of slahc acid from young erythrocyte
membrane similar to thoso removed from a normal erythrocyte popula-
tion. Erythrokinetic cxperiments peoved that the T/50 valus of intact
voung red ceTh was aboat 300 b,

After removal of 70-80% mafic acld, the ¥Cr aythrocyts survival
curves show a biphasic behavionr resulting from an inithl mped decreasa
of blood radivactivity with & T/50 value of 20-25 b, followed by a rlse
which reaches i maximom level 100-120 h after injection and then by a
mm‘hhnlbpcdmﬂnrmdmdmudﬂnm(ﬁg_o The
percentago radicactivity which retums in peripberal blood m these expert-
mub-hﬂn:thtﬂlhnlhﬂohﬂvtdinnmmﬂanhmcpcmh.
mmnmmmmwnﬁmthhyhmthm
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L
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Hul radlanetislt

© ®w ;W
Heers after Le[ection Iim mn lllmln
Fig 3 Blood radioactivity wfter r fon of 1 treated ¥ Cr

erythrocytey (sdalic acid removed 70-82¢ ) « Values aro means + SD of 3 expert-
ments. b Values obtained in cach experiment.

then the curves show a much Iess steep slope which is stular to that of
the control experiments (fig 2)

A more detailed investigation on these survival curves, carded out by
taking blood samples at shorter intervals of time showed that the de-
crease of blood radicactivity is not simply biphasic, but behaves as re
ported 1n figure 3 After having reached a mimimum value near the 30th
to 50th hour after reinjection radloactivity increases until about the 58th
hour and then agin decreases with a slope similar to that of control
curves. It seems that a portion of neuraminidasc~treated crythrocytes is
trapped just after reinjection in some site and then after a certain period
recirculates and behaves like intact red cells. The sites where fntact and
enzyme-treated erythrocytes are trapped were investigated and spleen and
liver radioactivity was dctermined after killing the rabbits when blood ra



Nesrumiridest Treated Erythrocytes ms

Blad rdisasthiy &
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teuy ot apebe

Flg 4 Blood of d yooog Cr
mmmﬂummmwm Valnes are means + D of 3 x
periments

cells and s absent in plaxma, thos it can be excluded that the rme ks doe to
the relewse of catabolic from the reth system.
This result suggests that a portion of trested eryth
hmmmﬂ-nmmmmmmmmmw
pears in the blood. Tho slope of the sarvival curve after the racwactivity
increase seems to Indicate that erythrocytes, retumed in circulating bood,
behave Lko untreated celh. Thi coald mean that the erythrocytes reap-
pnanLhnbloodwb:nthdJmhrmehnbemrepdmd.Thhpm
coon i not surprising, bewng of the beh of
dase-treated lymphocytes [18]

As far 23 the 1itc of erythrocyte sequestration Is concerned, the value
of the ratio between spleen and Iiver rad y is low when do

before tranxient radioactivity elcvation and tends to sharply ncrease dur
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Table Il Erythrokinetics of neuraminidase-treated mbbit red cells spheen and Iher mado-
actlvity before (T/50) and after (T/20) ‘hump

Slalic acid T/30 h Liver radioactivity? Spleery/liver radiosctivy

release, % before afrer before afier
‘hump ‘hump *hump Doy

A Total erythrocyte popuation

st 1 28 16

&80 6 p:. 9 22

50 18 145 1ne

L] 5 167 7s

46 13 82 L1

B. Young erythrocytes

80 1% 302 16

2 20 235 2

7 3 173 6

” 24 s 77

75 %0 160 23

1 Liver radiosctivity bt exprested as perceatage of the fotal injected madioactivity

determined before the rise of blood radioactivity and much higher after
this nse (table 1IB) This is due to the fact that Tiver radioactivity bs signil
icantly higher before than after hump

Duscussion

Sialie acid, as already pointed out by other authors {6 8-10] plays an
important role in the determination of the erythrocyte life-span the T/50
value of neuraminidase-treated erythrocytes decreases the higher the per
centage of sialic acid released from the membrane, Our results, obtained
by uung total erythrocyte population, seem to indicate that the T/50 de
crease s very sharp when more than 45% sinlic acld is removed from the
membrane A carcful investigation on the * Cr survival curves after re-
moval of more than 40-50% malic acid proved that, after a repid de
crease, blood radioacthvity shows an evident Incrense and reaches a maxi
mum level 50-80 h after injection Radsoactivity is totally bound to red
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uy KY 12 24562461 (1973)

14 Romm, S, McGume, B2 ] and Rosouax, .. Evidence for cell-arrface ghyconyl
tramsfervacs. ] Cadl BloL 31 536847 (19711

15 S, . R end Torrra, Y J  Fractiomation of boman erythrocytes on the ba-
tox Of thelr agr Natwre, Lond 180 1211 1212 (1957,

16 Vax Guyrr, C and Drwir C. Do Tha effect of red cell age om By agglotmatal-
y by anth-A serem. Vox Sasg. 19 105-112 (1970).

17 W Tipa, W AL Blood grogp whstances: thewr mature and genctics; I Suzae.
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g the sccond slow phase of blood radioacthaty decrease This Is due to
the fact thet the liver radioactivity is higher before than after hump It
scems probable that liver {3 not only involved in the destruction of the in
jured cells but ks the site where membranc stalic actd is partially restored
in the erythrocytes which will reappear in the circulation At the hepatic
level therefore a slalyltransferase activity which restores membrane stal
ic ncid could occur the presence of sialyltransferase on the erythrocyte
membrane is excluded by some authors [10] and reported by others [11)
mature  mammalian crythrocytes cannot in any cese, synthesize
CMP sialic acid [14] so that it secms more probable that both the en
zymes and substrates necessary for sialic acld restoration are extrosery
throcytic

The cffects of neuraminidase on a population of young erythrocytes,
after treatment of the animals with phenylhydrazine were similar to those
produced on a normal erythrocyte population 1t is relevant that in this
case the percentage radioactivity which reappears in the blood Is slightly
higher than In the experiments in which a normal erythrocyte population
was used The restoration of membrane slalic acld could therefore, have
n larger extent in young erythrocytes which have not yet undergone the
metabollc modifications characteristie of red cell aging Since some cvid
ences [16] supgest that sialic acid content in reticulocyte membrane Is
lower than In erythrocyte membrane experiments are in progress to in
vestigate if the hepatic homing demonstrated by using neurnminida
3¢ treated erythrocytes and phenylhydmzine-induced reticulocytes could
play a role In the physiological crythrocyte maturation
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Abstract To the best of our knowledge only 8 cases of Burlitt s lymphoma cell
leukemla were diagnosed whilst the patient was alive. This Is a report of one more
cass and a review of the literature

Burhitt s lymphoma which constitutes more than 50%s of all childhood
malignant tumors in Africa, was first described by Burkitt [2] in 1956,
Outside of Afnca, abdominal central nervous system and thyroid n
volvement #re more frequent less frequently jaw bone marrow and peri-
pheral lymph nodes are involved [4 6-9 11 19] However the first case
of Burkitt s lymphoma from Turkey was reported 1n a ciuld with naso-

pharyngeal tumor [16]
The prevalence of bone marrow mfiltration In Burkitts Jymphoma

(approximately 8% in African 5-50%e in American and 10-33% in Turk
Ish children [5 19)) ts less frequent than Iymphosarcoma I 6 14 18 20
22] However Burkitt s lymphoma ccll Jeuhemia §s much rarer [6-8 12
17 19] and therefore, we would Like to report a case of this kind of leuhe-
mia.

Case Report

A S-year-old boy (HCH 671396) was sdmitted to Haccitepe Children's Hospital
with the complaints of paleness, foss of appetite, pain and sweiling of the legy,
weakness and rapld enlargement of the abdomen of 10 days duration.

We are grateful to Prof M kOxwur for his help in the stalning of bone marrow
slides with methyl green pyronin.
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Phyucal erasupetion shaned an acmiely tick lookiag. pala boy whh edema of
ks aad eyciah Scveral bymph nodey m the crrvical, auliary and tnguisal regions
(1 1% LS cm) were calarged. The hvet #nd spicen wern 7 and 2 cm patpable below
the costal marpes, aad the collaternl vy over the abdomen were prociment. [a
additzon, two mewes, 60¢ below the Iner (38X 10 cm) and anoter (5X5 o) b 1he
soprapabee repon, wer palpable Otber physkcal fisdlogt, aclading samrologhc and
1y rold eammmbon, »cre oot contribokory

Hb 96 g.dl Hot 2.3 white orll count 15,29%xL. On the peripberal smear pla-
e wer adeguate, kd 648 P ™ tomor
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Burkitt’s Lymphoma Cell Leuhcemia

SABRI ACAR, GULSEVIN TEXINALP SiNAst OzsovLy
Nauik Crvik and HASAN Yagar!

Hucettepe Unlvensity Faculty of Medicine Department of Pedhatrics, and
Hecettepe Children s Hospltal Medkesl Center Ankama

Key Words Burkitts lymphoma cell levhemla  Leukemia  Malignant hyme

Abstract To the beut of our knowledge only 8 cases of Burkitt « lymphoma cell
leukemin were dizgnosed whilst the patient was alive This f1 a report of ooc more
¢ase and a review of tha literature.

Burkitt s lymphoma which constitutes more than 50%s of all childhood
malignant tumors in Africa was first described by BUrkrrT [2] fn 1958
Outside of Africa abdominal centrel nervous system and thyroid in
volvement are more frequent less frequently jaw bone marrow and pent
pheral lymph nodes are involved [4 6-9 11 19] Howcver the first cax
of Burkitt s lymphoma from Turkey was rcported in a cluld with naso-
pharyngeal tumor [16)

The prevalence of bone marrow Mnfiltration in Burkitts lymphoma
(approximately 8%s In African 5-50%s in American and 10-33%s in Turk
ish children [S 19]) is less frequent than lymphosarcoma [1 6 14 18 20
22] However Burkitts lymphoma cell leukemia fs much rarer [6-8 12,
17 19] and, therefore, we would Like to report a case of this kind of Jeuke-

mia.
Case Report

A S-year-old boy (HCH 671396) was admitted to Hacettepe Children s Hospital
with the complainty of palenesy, lom of appetite, pain and awelling of the less,
wraknets and rapid enlargement of the abdomen of 10 days duration

1 We ore grateful to Prof. M ROxaar for his help in the staining of bone marrow
slides with metby! green pyronin
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ruricemia and elevated BUN level might also indscate kedney mvolvement
w our patient. With acute the abdominal masses and
lymph nodes regressed simultancomly but, as In other reported Barkit's
lympboma cell lenkeries [6, 7] our patient died within & short period of
e (in 25 days)

References

1 Bunmwa, A, Z, Zoaixk, ] L and Campost, P P Bane marrow jgvolvement
b Borkitt' bympboma, rosults of  prospecirve stwdy Br J Hescoar 22, 368

(1978
2 Bmarr D Sarcomm involvieg jaws m Afncan chukdren. Br J Sorg. 46 218

(1538,

3 Brauror D end O'Coeon, G. T Mahguant lymphome b African cheldren. L
A Chnica! symdrome Cancer NY 14 258 (1961).

4 Caxsoyr, P P B, C W Ruoarr J M Zooom, J L, Comex, M. H.,
wsd Gemer, P NTH clincal staff comferencs Burkdf' tomor Ao interm
Med 70 817 (1965)

3 Cavbax, A. O V ariowdagler] Burkitt oembed vakalerl Kanecr I 537 (1971},

& Crar11, C snd Toeow, N Barkitt' hympbocas cell kukemis in - Turkish bay
Caster NY 36 1441 (1975).

phoprol:f
10 Dompux, R P Chldbood hympbowrcoms in SL Lomis, Misourl, clinieally
resensblimg

histolopeally Burlif' mmor Cancer NY 18 418 (1965).
11 Exonx, D Y Borkn uysn tipts drper Yents 1a
hacekenmen- dogwathk terd (1968).
12 Gurreasan, 1 Roomiqeur, Vo oand McMuiLix, O Rembedon of

phoaza

14 Jorew, § E Rowraeno, § A, Xareor, H 3. NowHodgla  lymphamae, L
Bome marrow orvotrement Cancer NY 20 951 (1973

15 O'Conm, G Rurrorom  H, and Siati, E. B.. Childhood hyphome roiem-
Hm'menmhﬂiUm'd&li-.Cnan.Yllﬂl(lm

16 Say B Hogl N. sad TouZtrre, B. A case of lymphosercoma

Boriht remor i Turkhh child. lat. J Cancer2 610 (1967).

17 S, D AL, OComos, G Lavra, P H sod Rosre, R. B_ Acwic keokema
wih Borlht  lyophoma cell” and Bwrlin  hmphorse. Amw. fntern. Med. 76,
967 (197D



190 AcAV/ TEXINALF/ O 220VLU/CEVIR/ Y ARAR

cells wath multiple v:cuolln!}m were observed. Cellalar bone marow w3t com-
pletely replaced by ! lated Burlitts I b cells. These celly had
basophilic cytoplasm and fine granula nuclear chromatin with one to five nucleoli
121) (fig. 1) With methyl green pyronin, pyronlaophills of the ctlls was clearly
shown (fig. 2)

An IVP thowed enlarged Mdneyr Hypoprotelnemia (5 gidl albamin 32 gdD
and hyperuricemia (131 mg/dD) were documented, Other laboratory fmdingy, ia-
cluding urinalyxs, blood clectrolytes, spinal fluk, chest, skull and vertebral \-mys
were pormal.

With the diagnosis of acute levkemla, the patient was ghven vincrutin  mg'mY/
day orally), methotrexate (12 mg/m¥/week, intratechally) and prednbolone (1°0
mg/m?*/day orally) In sddition to the above therapy fresh blood transfmlons, allo-
purinol (10 mg/kg, orally) and sodtum bicarbonate (100 mg/m?/day) were also g
en. On the second week of admisdon the size of the abdominal musses and perf-
pheral lymph nodes regressed and the tumor cells dsappearcd from the periphenal
circulation the patient was also found 1o be leulopenic (1 400/ul). On the third
week of 1 he was given peniciilin (8300,000 U intravenously) asd g2
tamicin (3 mg/Lg/day) because of bronch onta. The nfection did not respocd
to therapy and the patlent dred 4 days later Permbslon for autopsy was pol grant
ed post mortem Mver micronecropsy dld nat show any inflliration.

Discussion

Malignant lymphomas, especially lymphosarcoma transform to leuke-
mia [6] in 15-70%s of the cases 1n children being somewhat related to the
Jocalization and type of cells of the lymphoma [1 4 14 20 22] The
term lymphosarcoma cell leukemia is used for this tronsformation by
some authors [10] In Burktt s [ymphoma, bone mamrow replacement o¢
curs less frequently but observation of the lymphoma cells in the pent
pheral blood is rarely seen [6 15 22] Burkrrr and O Conor [3] stated
that they had not scen leukemia in association with Burkitts lymphoma
in Africa.

Tmpnint preparations of Burkitt s lymphoma cells are idenucal to those
of the cells 1n the bone marrow if it Is infiltrated [7 22] In Burkits
lymphoma, pyroninophilia in the cytoplasm of these cclls with methyl
green pyronm s fairly characteristic [6 13] which was shown in the bonc
marroy cells af this case

The abdominal lymphoma localization is frequent in Burkitts lym
phoma outside Alfrica [18 19] 1 in this case but superficial lymph node
jnvolvement, which was observed 1n our patient is not common in Burk
itt s lymphoma [7 8 13] The enlorgement of Kidneys on the IVP hype
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Absrect. The effects of dipyridamole on potarsinem and sodiem costent of be-
man red blood calls from marmah or from patents with kypochromdo anzemts, end
of mormal red cells pretreated with meoadlons, hrve besa sindisd. Dipyridasnie
added to the Incobation medtum decrsants the Jom of potsmiom aad the sccarmia
B of sodtmm in all thres types of rod ealls inctibated &t 37 °C for 24 b, either with
or withont calcham. The pasdbls mectanisn wnderiying these sffects of dipyride-
mote be discomod.

Dipyridamale i a pydmido-pyrim dertva (L‘L.ml
Laraino]4,8-ipipecidino- 544

pbyednminhﬂirxo!plmkilﬁmﬁﬁm.llhnbanmmddly
o blood stotage the decline fx vitro in the red cell levels of zdcnosine tri-

phosphate (ATP) [2, 51 et 19 end 2,3-Epbosph

ghycerate [1 § 9] The effect on ATP might be expisined ether by an in-
hibttion of adenosin a3 soggested by Gmsox and Laceernt
[2] or by sn fon of an : ATPase, &3 pro-
mdwm«d[l]?mrmdm[ﬂdmﬂxdmhm_
hitien of sodium p ATPaso by i) with a resulting koss

dm(l)md:dndwtﬂm(?h)hnhbhmddn&ndumh-
cubated over u petiod of 5 h. Human bypochromi: red blood cells (RBC)
¢ tents with g-thal ia [3, 7] or fron deficiency ia [7]

Thi work was mpporied by gruxt from Consfglio Naziooale defle Ricerche
@y



192 ACAR/TEXIHALP/OT80YLL/CEVIR/ Y AS AR

18 Surtivan, M P.. Nom-Hodgkin lymphoma of childhood in Surow Wirrm and
Feweacy Clinical pediatric oncology p 313 (Mosby St Lours 1973)

19 Touzrere, B. Iy, T and Trvazrees, h.. Burkitt tumorn Cocuk Saflifi ve
Hastilillari Dergid 16, 253 (1973).

20 WATANABE, A. Sutiivan, M. P Sutow W W and Wmaur, J R. Undifferen-
tiated Ilymphoma, non Berkitts type. Merungeal and bone marrow
In children. Am. J Dis. Child 125 57 (1973)

21 Wriant D H.. Cytology and histochemistry of Burkitt's lymphoma, Br J Can-
cer 17 50 (1963)

22 WrxarT D H. and Pixx, P A.. Bone marrow Involvement in Burkitts tumor
Br J Haemat 15 409 (1968).

Prof.S O v



Acta bucrmat, 57 193-198 (1577)

Effects of Dipyridamols on Sodiom and Potassium Content
of Human Red Blood Cellst
L. Verross, M. C. Dt MATIIs and G. Dm Conte

Teaching of Hsematology University of Toeste 5nd Sccond Lestits of
Mudical Pathology Unbrersity of Padw, Verooa

Key Words. Dy Ireny Y aneemia
Menatione Red call cathors 'n:-h-lnﬁ

Abstract. The sffecty of dipyridamole on potemium and sodiwn coetent of ho-

toa of sodium in Il thres types of red cell hacnbatod M 37 °C for 24 b, eitber with
or withont eaiciom. The powible mechsies wnderlyleg these cffects of dipyrida-
mole b discrmed.

Dipyndamole b a pyrl Mine derivat (2.64:!5{dhahm—
olamina] 4 8-Epiperid 5 4-d i

ployednmhhﬂﬂmrofplnnktlmllhbcmlhovnwdrhy
n blood storegs the declino b viiro in the red cell kevels of adencsino tr-

phorphate (ATP) [2, 9] ino triphosphuato [5] and 2,3-diphorh
giycersta [1, 5 9] The effect on ATP might bo cxplained elther by am fn-
bibitton of ad: h " STy by Gmson and Licsa@rnt
[2] or by an t of an b ATPuse, 83 pro-
posed by DUrd et al. [1] PRrrr and BaMascAK [6] described an inhi-
bitlon of sodinm p tum ATPase by with & resniting Jon

of potasstom (K ) and gahn of sodtum (Na ) in rabbit snd duck red eclisin-
cubated over & pedod of 5 b Human hypochromic red blood cells (RBC)
from patients with A-thal 1a[3 7] or tran defl snaema {7] lose

Thts work we1 mxportsd by grant from Coelglio Narionale dells Ricerche
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K and water during metabolic depletion on fncubation at 37 °C for 24 h.
The K* loss can be increased by addition of calaum (Ca**) [8] and pre-
vented by addition of glucose [7] to the incubation medinm,

We have previously shown [8] that normal RBC behave like hypo-
chromic cells on incubation in vitro when they are pretreated with mena-
dione sodium busulphite (MSB) The subject of this paper is to describe
the effects of dipyridamole on k* and Na* changes, obtained on incuba-
tion in vitro of human RBC from normals and individuals with hypo-
chromic ansemla, and of normal RBC pretreated with MSB

Materials and Methods

‘The experiments were carrled out on heparinized blood from 15 normal subjects
and from 11 subjects with hypochromic amaemla (6 of them with heterozygous
£ thalasxzemia and 5 with Iron deficiency anaemin). Ten normal blood samples were
preincubated for 75 min at 37 °C in u buffer solutfon contalning 115 mu MSB and
35 mu glocose, as described elsewhere [8], and then washed threo times o saline.

‘The samples from each gronp were divided in § aliquots: one of them was wsed
: diately for the of K and Na* the others were incubated at
37°C for 24 h In the following fashions: (1) wholo blood without added substances;
(2) whole blood with the addition of dipyridamole (Persantin® Bochringer Ingel
hetm, from vials for pharmaceutical mse, was directly added to the cell suspension)
at the flnal tion of 4 s ranged between 3 and 6 nod ap-
peared to be the most active In prelimicary experiments) (3) RBC diluted to a hae-
matocrit valoe between 35 and 45%s in a buffer solution, pH 74 containing 130 mu
NeQl 20 mu trieHCY, and 1nud CaCly, (4) RBC diluted fn the butfer solution of
1ho cxperiment 3 with ths addition of dipyridamole at the final concentration of
4 o,

Untreated and MSB-pretreated cells, whether fresh or incubated, were washed
three times with 120 m MgCl,, and then 0.2ml of packed cclls wero Iysed In
9.8m! of 0.1/ Triton-X 100 in distilled water K and Na concentrations were

d on cach h by flame ph y and referred to a constant
number of 101 REC, as calculated from the mean corposcular heemoglobin content
of the original blood and the k of each h y

Results

The mean absoluts values of RBC K with standard deviation for nor
mal, MSB-pretreated and hypochromic cells are reported on table I In
figure 1 the RBC K changes observed on incabation are expressed as
percentage variations as compared with values obtained o the same cells
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Fiy 1 Moan percentege decrsasts of K content bn bormal RBC, ke MSB-pratreatsd
cvlh and in hypochromic exlly, incabated ot 377°C for 24 b A = [nscebation ® = incote-
doa

u

alcrem A calelom,

o pe000 <000t pad008
d petT g0 QO

4

Momal  pygochroec NS

Fiy 1. M percactags increases of Na* canteat in pormal RBC, In bypackromia
culls, and in pormal cafb pretrested with M5B, afier facubation st 37°C for 34 k. For
opkmtin of armbols, see Sz 1

beforp incnbation. As can be seen, K loms from red cells incubated with-
mmmkmhmmmhhmmhh%
treated cells as well as in hypochromic cells. Addition of Ca* increeses

pmgmnndmmmbm-wmmmmpyﬂd»
molo partially prevents the k lom, especially from MSB-pretrested and
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Table I RBC potasstum valucs (mEq/10'9 cells +8D)

Normal MSB Hypo-
n=13 n=10 chromic
n=1I1
Fresh RBC 8194118 26154 836118
Incubated? fn plasma 764+116 €2.7x100 04£150
Incubation! + dipyridamole 718106 787497 67.6£138
Incubation! + caketum 66499 4464253 reys.

Incubation! +dipyridamole + calkum 678194 63.7%141 525:174

1 Incubation at 37 Cfor 24 h.

Toble II REC sodium values (mEq/10M cells +SD)

Noemal MSB Hypo-
n=15 n=10 chromic
n=11
Fresh RBC s2s5:177 643211 4343188
Incubuted! In plasma 1339301 1LS4E1I8 12445290
Incubation? +dipyridamole 6.0)+1.29 8431238 6524153
Incubation! + calchim 12742185 18184667 15723321
110044

Incubation! + dipyridamole + cakum 810157 12341418

1 Incubation at 37°C for 24 h.

from hypochromlc cells. The effect of dipyridamole is also evident in
presence of Ca**

Table II reports the mean rbsolute values of Na in normal, MSB-pre-
treated and hypochromic cells. In figure 2 the percentage variations of
Nz obtained on incubation of red cclls of the same three groups, are
shown. The ncrease in red cell Na  observed on Incubation without any
addition is almost the same in normal and in MSB-pretreated cells, but it
is appreciably higher in hypochromic cells. In presence of Ca** the in
crease of Na was greater particularly in the hypochromic and MSB-

d cells. Dipyridamole largely prevents the Increase of Na in all

P
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L e

L4
L} » - N
Fiy 3 RBC Na waine at different thmws of bacobution at 37°C, citber with (W) ar
without (e) dipyridemols.

three types of incubated cells. It b also effeetive I reducing the sccumm-
lation of Na in presence of Ca*

Figure 3 depicts the RBC Na  vatoes at different times during 24-hour
incubation either fn abtence or in pressoce of dipyridamole. Tt confioms
that dipyridamolo delays and rednces the gain of Na

Discussion

The effects of dipyridamols on cation content of incubated RBC cm
be smpmarired as follows: (1) Dipyrdamols reduces the K 1oss and Na

ment with those of PHILI? and BArAsGAK [6] whether the discrepency
between our resolts and thein s deo to the different experimental condi-
tion1 or to specics dfferences remsins to be extablished.

Sinco in humsn RBC dipyridmole appeans to improve the cation
transport, we mmt srme that, H an ATPase by tnhibited by the drug,
MmummAmmmmmmmmm
stion of he Na K pump. Our data suggest that PRmp enzyme oper
ates more n the cells incubated with dipyndamole, possibly be-
umdlmmdAﬁ‘mmhlmd&
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ATP-spanng effect of the drug. Thus effect seems supposable also bn the
absence of added adenosine (as in our experiments) but in this cass it re-
quires concentrations of dipyndamole about ten ttmes higher than those
nted by Gmson and LiovETTT [2] and by Zacnara [9]

Finally it 18 well known that Ca** enhances the K* leakage from red
cells when ATP decreases [4] This effect is particularly evident m hy-
pochromic and in normal MSB-pretreated cells. Probably dipyridamole i
partially able to prevent the loss of k. from RBC incubated in presence of
Ca* through an adequate availability of ATP which delays the leaking
effect of Ca**
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Koy Words. Drogindoced topos  E-rosctteforming ol Imrmonoglobu-
Ha-bearing cells  Lopes erythematonw  Lymphocytss
Absrrect Pedpberal blood tympbocytes from 20 patieats with yséemic hrpos o

and the decrmesed numben of ERFC.

C ble evid: has d for the ext of fm 1
ogical atterations, both humoral and cellolar in systemic lopm erythems-
tosos (SLE) [1 3 5 10] A decrease In periphenal

thrymms-dertved tympho-
cytes (T cells) in activ SLE his been described [15 17] However the
question remaim open whether the disesse per s or the tremtment 3
respoasdbls for it [26]

In the present study E rosetto-forming cells (ERFC) rnd surface tm-
mnoglobalin-bearing (SIg) cells were determined in 20 patients with
SLE and 3 patients with drug-indoced lopos (DIL), the fint betng a
well-imown marker for thyrmms-derived hmphocytes and the second for
bone-marrow-derived lymphocytes (B ccll). Emphasts was lald oc the
corrslation between the disease activity therapy and the peripheral distrl-
bution of the above-mentioned cells.

Part of this work wis swbenittsd to the Saciler Schoal of hadicine
Unbvenstry i purtial falfiiment of the requiranets for the degres of MD Tehrty
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Clinical Material and Methods

23 patlents with SLE and DIL (most of them foliowed in the Hematalogy De-
partment of the Chaim Sheba Medical Center) and 20 normal controls, maiched for
age and scx, were included in this stedy The diagnosls was mads according to the
criterla established by tho American Rheumatism Association [6] Thres groups of
patients were stodied.

(1) Eight patients with active disease, us manifested by the presence of fever ar
m-mmmmwmmmm-mm

lytic anemla, fr y d by a d in scrom bevels.
Thres of them were stodicd prior to any therapy and were restudied afier clickal
improvemcnt,

) Twelve patlents without signy of active disease, clght of them on malntemancs
therapy The treated patients were recelving sterolds alons or in combination with
{muran or cyclophosphamide (table IT).

(3) Three patients with DIL, one after practolo! therapy the second after pro-
caine amide and the third after mesantoln. Two of them had slgm of active dixas
at the time of testing. These patients were neither on Immunosuppressive therapy
nor on sterolda.

Laboratory stwdies. Peripheral blood was obtained in heparin and tho monont-
clear cells separated on a Fleoll metrizoats gradient, as previomly deseribed (L
The preparations contained at Jeast 90% lymphocytes. E rosettes were determined
byldl;himod]ﬁmﬂonoftbcmdhodol\\hum[zx] briefly 0.25 m! of Iympbo-
cyte surpension containing 1X10° cells was mixed with 0.25 m! of & 1%s suspention
of fresh sheep red cells and 50 ul of calf serum. After a 7-mtn centrifogation at
200 g the mixture was incubated at 18 °C for 1h. After gentle mixing the ERFC
were counted, by means of a phase microscope (Zein), SIg cells were cnumerated,
using direct Immunoflnorescence according to the method described by Tayrom ef
al. [21) The yies were excluded morphologically by the miero-
scope. This w3 possible after finding a good correlation between the
microscopy on one hand and a-naphtyl-acetate esterase and peroxidase staining a3
well as EA rosettes, according to SHEVACH ef «l [19], on the other Absolute Iym-
phocyte counts were calculated from total nd differential keukocyte counts. Sto-
dent’s t test was used for the statistical analysis.

Resulis

E-rosette-forming cells As seen in table I the number of ERFC in the
SLE patients was significantly lower than in the normal controls (p
<0 0005) This observation is evident when expressed both In percent
and absolute number of cells. Furthermore, a decrease In ERFC was most
striking In active disease Independent of therapy (table II) The mean
percent of ERFC In acutely Il patients was 29 6 and the total nnm-
ber/mm? was 303 8 Theso were significantly lower than the 504 and
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Tuble I ERFC and sorface Slg celb in SLE patierts and narmal controb (mema 3 5D)

ERFC i
* per mm? % per meet
SLE( =20) ALSEILS  A9S1T£30092 3791124 4813 431062
Nocmahs (o =20) O5k432  LIMEIZE  HIEIIE 41016463
P<0.0003 Dot shgrificant

Table Il ERFC and 5Ty celis bn acttve and tnactiys SLE putients

Therapy Lymphocytey) ERFC Sig
mgidey ! “ pet mm® * per wey?
Active
Pr,30 44 2 132 1 1=
Mo m 3 m 36 0
Pred Imio 94 L] bl L 443
o 1,608 n 34 ] 81
Prls w 20 176 2 m
Pr,20 1,200 £ Lol % 430
Ko 1,600 20 20 2 m
No %0 2 136 E 03
MuntSD 104744008 56241092 MNBLIBE 461096 04:178
wactive
Prac M2 L] bL]] 3 m
P20 25 “© Lo n 1
No F2 ] 0 29 13 157
Pris 2.0%0 a M N [>.]
No 1,500 © Loeo » -]
%0 (-1 L] w b2 b5 1
1350 “ L © 3]
No 1158 Ead a3 n o
No 40 b 0 Q 14
Pr1s5 Im,100 TR0 4 m 18 140
PrS 1,200 2 4 n ™
)% 120 n 54 »n 240

MansSD  1,23091 6600 016 QU324 12Sk110 AR2TAI5LS

Actire versos inecttre hympbocyijoan =not slgnifieant FRFClomen =
Sighom =not egmicant. Pr = Preduisose m = broren, peoot
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Table ITT ERFC and $Tg cells before treatment and after chnkeal improvement in patients

with active discase
Patients Before treatment After 2 months
lympho- ERFC  SIg, %  lympho- ERFC 8l %
cytey/mm? % cyteafmm?® K
P Dt 1608 n 61 1™ A3 1
g ot 1600 20 52 1630 42 bl
KO 830 2 59 ofill active

1 P D and 8. O. were on 60 mg prednisone/day at tho time of the sccond exemination,
without signs of activity

Table IV ERFC In active SLE and DIL patients (mean+SD)
Lymphocytes/mm? ERFC

% per ma®
8LE (n=8) 1047 4008 206+109 303821486
DIL (n =3) 1 M46.7::400.7 61 £264 876 2016
p<0.0005

624,2/mm® respectively recorded 1n the patients with Inactive dmsease.
The data on each individual patient of these two groups are presented in
table IL Three patients with nctive diseass tested before treatment had
the lowest pumbers of ERFC, althongh none of them was found to be
Iymphopenic. In two of them the ERFC rose after clinical improvement
and this under high doses of steroids (table IIT) The DIL patients with
active discase had a dignificantly higher number of ERFC than active SLE
patients (p 0 0005 table IV) No correlation was found between the total
number of lymphocytes and their ability to form rosettes with sheep
erythrocytes (table II).

Surface immunoglobulin-bearing cells No significant differences were
found in the absolute mumber of SIg cells between controls and tho pa-
tients. A companson between active and inactive disease revealed no sig-
nificant differences in the total number/mm® of Slg cclls. However the
mean percent of these cells was higher in the acutely {ll patients than in
thoss with well-controfled disease (46 versus 32.5 table IT) In three p2
tients with signs of clmical activity the increase in SIg cells was more evi
dent prior to any therapy Their number declined following clinical im
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frovement, simmitancousty with the increass in the mumber of ERFC (ta~
bl II).

Discassion

Our data clearty indicate that there is a decreas in ths absolute nwm-
bers of peripberal ERFC in paticats with SLE, especially n the active
stago of the disexse. Moreover there was an increxse {n the sumber of
ERFC with clinical mprovement. By repeated testing of newly diagnosed
patients, prior to any treatment, #nd then while on high doses of corticos-
teroids andfor on cytotoxic agents, it was shown that the decresse in the
nmnber of ERFC was not directly related to the therapeutic agents bot
rather 1o the chango in the ciinteal statms (table IIY),

It was surpriing to nots that in the small group of DIL patieats, even
with cfindcal signs of activity o depremion in the mumber of ERFC way
observod. Whether this test could be of ciinical vatue in the differentia]
dlagnosis between DIL and SLE petients remains to be determined on a

diseass [17 20] Whether this reduction is doe to the presence of ympho-
toxke entfbodies which havo been demonstrated in SLE s yet unclear [11,

Studiey have shown & don of cell d during
vir] infection [8, 13] thublwnhoheeupcs:uhmduuuadthe
catses of SLE [18] Thi:l;mtwﬂldﬁmﬂytﬂ:uT—oenhnrﬂmmh

tgined of cellular fmammity or
memqﬂlm;mBummmm
againgt T cells.

‘There are controversial reports coacerning the mumber of SIg cells in
SLE [15 23 26, 27] It appexred from oar studies that patients with ac
thve dlsesse tended 10 have a higher percent of such cells, However 2 sta-
tstical anatysh of the whols grosp of patients 3 compared 1o pormals 1
vealed no i dlfte in the total b of Elg cells. We
therefore think that the distribution of B and T celh n the peripheral
Wood should be cxpressed in absolute numbers and not In percent, The
elevated number of §lg cefls found by some authors fn SLE [9 27] could
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be interpreted along several lines. It may be due to noaspedfic sdsorphon
of immunoglobulins on the surface of different lymphocytes or doe to spe-
cific antilymphocyte antibodzes [12, 14 22]

The question remains open whether the decrease in ERFC in SLE 1
due to a depletion of T cells, adherence of antilymphocyte antibodres 0a
the lymphocytes surface, or to other causes which bring about alterations
in the cell surface markers. Farther studies are needed In arder to eloct
dats some of the questions raised.

References

1A, T deanu,M_ Immumlog}almcﬂv-lrylnpcucnnwﬁhmmklr
pus eryth body and cellular immume respoost). Acta
rheum. scand 17 35—46(1971).

2 ALLDan A, C, DRoax, A. M., and Bawes, R. D Cooperating and control
Ling functions of thymus derived lymphocytes In relation to autolmmumity Laz-
cet i1 135140 (1971)

3 BreTer, T., Brrres, ., Spesceyant R, and Duwon, E. L. Ia vivo and [n vitro
stody of cell mediated fmmunity (CMI) during the onset of systemic lupos ey~
thematosus. Abstract, Arthritls Rhenm_ 14 152 (1971)

4 Bovum, A Isolation of fear cells and tes from human blood.
bohﬂo-n of moncnuclear cells by ono centr and of granul by
and sedim, lon nt 1g. Scand. J clin. Lab. Invest

21 suppl. 97 pp T7-50 (1968).

5 Cass, R M. Motwaay, E. S., Jacox, R, F, and Vavaruax, J H.. Immmmoglobe
Hos G A and M in systemic lopus erythematosus. Ann intern Med. &
T49-T56 (1568).

6 ComEN A8 RrywNowns, W E,, Fravmung B C, Kutxa, J P, Roess, M W
Slwuux.LE,lndWALucl.S.LPrdlndmrycdxﬂhforlhn:htﬂﬁclﬂmd
systemic lupus erythematoses, Bull. rtheum. Dis. 21 643648 (1971).

7 Decxen, J L. Steneszmo, A. D, Gexsswin M. B, Seaux, W E., Kurerz, J
H., Plotz, P and Pioxr S. A~ Systemic hipos erythematosns. Coatrasts and
comparisons. Ann. intern. Med. 82 391404 (1975).

8 Frocxw, A, and Dext P B Abnormylities [n fymphocyte proleration fa clasd
cal and atypical measles fnfection. Cell. Immunol 6 4148 (1973)

9 Gmxomy P Szzoror, Q., Frxer, B Szaso, G and Prnunvy, G Lympho-
yto mrface immunogiobuling in sutotmmune diseases. Lancet £ 483-483 (1573)-
10 Hoawrrz, D AL fred delayed h rity In systemic lopm crythems-

tosat. Arthriths Rheom, 15 353-259 (1972)

11 Levruriar, B. G and Tarat, N Repomse of NZB and NZB/NZW spleen cclls
to mitogenk agents. J Immon. 104 918-923 (1970).

uLm,n_nwumm.n.mmmm.n.c,jr_neumrcenmndw

from patients with systemic lopos crythematosus, Arthrith

of lymphocytotoxim
Rbeum. 16, 369-375 (1973)




Lymphocytes in Lupos orythematose s

13 Mawat, K. I Noostux, ] C, Kxungn, J B, b Dwixa, 7 M Evaes, A
%, and Kaxrow, F 8. Depromion of T owil mediated jmpnhty doring scote
xtactions monoancleosis. New Exgl. ] Mod 297 11451153 (1974),

a7

16 Roserrur, €. ] and Froaam, B. C. Depression of cellaiar wedlsted dnmuod-
1Y Io srmic hpw oyhenatosns Relation to dieasy acthvily  Artheis
Rbeom. 13, 207-217 (1975).

l7mlLA.udcnmnE.&.BmTuﬂbWhm

Iepos wrytheratoses, Cell. Imxnomal 12 309319 (1974).

18 Sarwanty, R 5. Vit and systemic lopts eythomstosss, New Engl T Med.
23 13213 (0975).

19 Sxrvicn, B W, Hursooax, R, Poom, M M, snd Gaow, Lt Rectpion for
complemurnt snd on bwpea legkemic colls end homnsn lympbo-
blastold opf] Jines. J clin Iovest 51 1933-19% (19722

lbhmmx,o_Lw-wlmhmmdcﬂchdﬂm-b

pendent hymphocytes. | Lo, 109 602611 (1972).

A T vuom, & B, Durrte, W P H, Rurr A C, and STerirmto, P be: Rediprd
bation and pheocy of hymphocyts wrisce [y molccutes in-
doced by aent-imenumoglotulin antfhody Nature sew Biot. 223, 229220 Q971).

22 Touwx, P L, Mortmos, V D, snd Baosrr E Vit Criotosks 0 disesm.
Anh:mmmhlwﬂuﬂnd)“.d.mmm(

23 Wioam, P Forieg, M, Teowoax, B, Mooat, A, end Kinaaz, H. Ou Block

sarface

cclls i lpwman wern dobibinnry miced leococyts cuttare reactoms. 1 exp, Med.
138 10311026 (1973).

25 Wmomip, ] B, Woaarsrea, R xod Kivarr, He G- Varkoos typet of antl-
tymphocytes entibodaes m patieats with eystemic hrpm sryibersatomss. Artirite
Rboao 1§ 284283 Q975).

16 WriinMy, R C. fr Dz Bosxn, 7 K, Musur O, J; Mssewern, R P sad Lo~
sreca, * D Stbes of T snd B hrmphocytss ke patients with cornectheg thasce
ewnacs. | clin Igvest. 52 20291 (1973).

71 Wosenmyrae, R I Woormio ] B, Soar, F Wroeg P OBooawe 7, apd
xmumwammmmwm
-l gretemic kpm ieg cold-reactive antl
MMI&WNI&—!MH”&

8 WrauR, ] O, §. ond Foowarag, L A bolation of normal T eefly tn

chrocic lympbatic leviembe. Kanow L 126129 (1973).

Prot. N Ruotr Iasthots of Heotiolory The Chaia Sheba Medical Center Td
Hazhomser (Taraal)



204 McEALEVICZ/MANY/RANOT

be interpreted along several lines, It may be due to nonspedific adsarpdon
of immunoglobulins on the surface of different lymphocytes or due to spe-
cific antilymphocyte antibodies [12, 14 22]

The question remains open whether the decrease in ERFC fn SLE B
due to a depletion of T cells, adherence of antilymphocyte antibodies 08
the lymphocytes surface, or to other causes which bring about alterations
in the cell surface markers. Further studies are necded in order to elach
dato some of the questions raised.
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Cold Agglatinins fn a Case of Chronic Lymphatic Lenkaemia
A Sty of the Lympbocyte Sarface
J F GrealLy C A, WHELAN L. O ConngLL and D O Gosaax

Department of Inmunology School of Pathology Trinity College, and
Department of Hacmatology St Vincent's Hospital, Dublin
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Abstract A cave of chronic lymphatic lenkaemia with cold aggiutinins b prosent

ed in which peripheral blood lymphocytes of varying maturity appearcd to poses
TlndB—C:ﬂmﬂmAmldlnluﬂnlnI;Mhtypﬂhidmﬂﬂtdhlhﬁmmﬂ
at the cell surface. This scoms to be respousible for the spontancous rosettleg of
shicep red blood cells (SRBC) A ingle clonal origin of these cells b suggested with

maturation arrest. It fs also d that with configurational change tn Jymgho-
cyte surfaco cry buling may i produce rosctting with
SRBC.

In recent years the use of cytochemical and i fluc tech-

niques has provided more precise identfication of the various expressions
of leuksemia, particularly those of the lymphoid cell lines [1-4] We re-
port here a case of lymphatic leukrernia In which a cold agglutinin was
identified at the celinlar level

Case History

This patient i a 64-year-old white male who presented with ansemia and fa-
tigoe. On physical examination his epleen was enlarged and small lymph podes were
palpable I both inguinal reglons. His liver was not enlarged. Laboratory examins-
tions revealed a bacmoglobalin of 4.6 g%, the erythrocytes were normocytic and

fe. Tho total | yte count was 93,000/ul, 93/ of these were lym-
pbocyta,ﬁ‘/-o(‘hichhldmlndcm:dmdm'ﬁhlpmm{ncmwdmlmmdl
pruninmtcyiophsm.mm}oﬁryollbelymphocwawmmllmdryﬂnld
mlmpmﬂcknhemhuumcnumnotmmpludmmlw,m’
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Al and the ayth rate 105 mm ( Cold
weTe prowent in the scom in a tire of 1.2,000. Saum bitirobin was 19 eeg. Total
wIU protels was mormal, Immunoslectrophoresiy identified sn whmormal IpM

PAS-pouitive materia] wes finely grasular with & padonciear distribotion.

Materials and Methods

memwm}dwbw"omm
Y wing €L Roger Ballon) Toe leoco-

wpcn-
siows wers Incabaked at 4 °C for 30 min kn 01 volumes of patients scrom ditet
od 1:3, After washing thres times In cold PBS the cells were trestad with the abore
eocjogates asd O+ erythroeyten

Resetting fechabgmes. Fresh SRBC and boman O+ erythrocytes wers washed
fhrue thras i PBS aad 1% /v sopensions mads op. 0.5 mt of 3X10¢ lympbocytss
a3 added $0 exch of the 0.5-ml volomes of 1% SRBC asd 1% 0+ cells. The s
PrEsocs wers mbied, placed o 8 water bath for 3 mis, un &2 260 g and then left
#4°C for 1 b Oms drop of 0.01Y acridos arazge war added to the tobes, the calls
Wers (ven pently remmpended. One drop was piaced oo cold glan (o asd eam-
buad franeBately watng phave-comtrast bright Nght with incident finorracest Oght. A
tinimom of three sderent red cells per hropbocyts was the critsrion for & rosette,

Tmmcxngftuorescence saining of pasient’ rorerter. Using baman O+ cells a3 do-
wTihed above, rostties wers formed Afser the 1-bour period at 4 °C the seperma-
a0t was diacarded and 01 ml of axtr-homas g was sdded to (b tubex, the cells
wers gy roarpendod aod moubated st 4°C for  further 30 min sad wasbed
wnddy thres tiows whth cold BPS. Acrcdme orangs wee sxcioded end all rosctiing
orfla were cxamined for sarface TgM ming specific sutivera.

Iakikition of roserstg Lyophocyics, 1X107/al, were spoa %0 butiow and In-
cobated with 0.1 mil of rhodarine-conjogsted shecp ant-tmoan Fab for 30 min st
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4 °C. The cells werc then washed three times with PBS and adjosted to 3% 10%4nk.
The rosetting provedure described above was fallowed osing O+ cells.

Detection of cold agglutinins, The patient’s serom was diluted in PBS from 12
to 14096, Equal volumes of 2%s O+ cells and SRBC were sdded. After overnight
incubation at 4°C the ' titres were read. The same techmiqoe was vaed
to detect warm agglutining to O+ and SRBC with the exception that the tubes were
incobated at 37 °C overnight,

Results

The results of these studies are summarized as follows.

Rosetting tests (1) T-cell roscttes 75%. (2) Rosettes using buman
O+ erythrocytes: 95%. (3) Rosettes using msensitized SRBC following
30-mm and 12-hour incubation at 37 °C: 50%. (4) Roscttes after pro-n-
cubation of patient s lymphocytes with sheep antt human Fab 12%

Immunofluorescence tests (5) Using anti IgG 0% usmg anti-IgA-
0%s using ant! IgM. 100%, using ant-C'3 0% using ant Fab 100% o3
ing anti X 100%» using anti-2 0%» (6) Phase and fluorescence microsco-
py showed that all SRBC rosettmg cells carried surface immunoglobulin.
(7) Normal domor lymphocytes + patients serum + floorescein-
conjugated antl human IgM 100/ (control 8%) (8) Normal donor ym-
phocytes -+ patient s serum + O-erythrocytes. 0% rosettes. (9) Cold ag-
glutinin titre in patlent s serum wsmg SRBC. 1.256 cold agghutinin titre
in patient s serum using human O+ erythrocytes. 1 2,000" agglutinin titre
at 37 °C using SRBC. 18 agplutmin titre at 37 C using O+ erythro-
cytes. 0 (10) Lymphocyte rosettes using cord blood erythrocytes from
several donors. 70%.

Discussion

It was tho inital observations that large numbers of leukaemic Iym
phocytes from this patient’s penipheral blood formed roscttes with mmsen-
utized sheep erythrocytes as well as showing 1004 fluorescenco using an-
ti-human IgM which prompted further work-up in this case.

The nature of the bond between the erythrocytes and the surface of the
lymphocyte was pursued in steps 2,3 4 6 and 8 Human O+ erythro-
cytes do not normally form spontancous roseites with luman lympho-
cytm.'l‘berefom.thhpbcnomcnoulsd]mcdy related to a surface property
onhelymphocytuinthhmo.ltdmnouppearwbcduemlbmpﬂan
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of a cold agglotinin from the serum since normal donor Iymphocytes, fol-
lowing incubation with the patents scrum, failed to bind erythrocytes
(stcp B) cven though the lymphocytes could in fact absorb Ighl from the
paticnt 3 serum (step 7). Step 6 indicated that all the patients lympho-
cytes which formed SRBC rosettes carried surface IgM. The configura-
tion of these rosctting receptor sites vis-k vis the mmumoglobulm recep-
n:wnerwealadinnep4vh1d:indim:ddmthhhpncmpuylm
important part in the sp rosctting in this case.
Step 9 characterizes the reaction of patients serum with human and
theep erythrocytes. The resolts here indicate that erythrocyte binding i
pester at 4 C for human O+ erythrocytes than for SRBC. At 37 C
there is no agglutinabon of human crythrocytes and a marked drop in
tire of SRBC aggiutinms. The results of step 3 indicate that the binding
of crythrocytes by a cold agglutinin » more stable at the cellular Jevel
Our conctusions are that IgM povsessing cold agglutinin actity is present
at the cell surface In this case and that spoatancous rosettmg b directly
related to the Fab portion of the molecule. This agglutinin is present in
the serum. The lymphocytes in the peripheral blood appear to be a major
source of the agglotining since (ew plasma cells were scen in the bone
marrow Furmnmmnﬁonofthesclymphocymm};hzmnin

la with its booe marrow find-
h}g:.Th:pmpcrduo(coIdI;ﬂudnlmlnuu:mchnthhvebccnde
scribed, and antibody sctivity directed towards the blood group specificl-
ties 1, L, and Pr have been identfied {5] The most frequently occorring
cold agglutinms are Anti-1 [6]. The 1 antigen ks not expressed in cord
erythrocytes, so it b rexsonable to asume that the rosettes observed in
t1ep 10 are due to the presence of receptors for antigens other than L

Apart from the abone obsenations, these fmdings ndiemte potential
piifalls m the mterpretation of spontancots rosctter. These bave been al
loded to recently [7 8] Three posnbilities to account for the double mar
Ler on lymphocytes m some patients with lymphatic leulsemia have
been suggested (1) absorption of cytophulic antdbody by T cells, (2) the
exrtence of a subpopulation of B cells which can form SRBC rosettes
wnd (3) the exsstence of a popalatien of lympbocytes which may funcbon
s cither T or B cells.

The patent was treated with chlorambucil and hh lymphocyte comnt
and other hacmatoloprcal parameters retmmed to near normal [evehs.
Howerer tho monocional nature of the circulating lymphocytes did not
change siguificsntly More than 70° af the lympbocytes sull bore IgM,
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4 °C. The cells were then washed three times with PBS and adjusted to 3X10%/ml
The rosetting procedure described above was followed wing O+ cells.
Detection of cold eggletinins The patlent s serom was diloted In PBS from 12
to 14096, Equal volumes of 2¢/ O+ cells and SRBC were added. After orernlght
Incubation at 4 C the agglutination titres were read. Tho same techaique was med
to detect warm agglutining to O+ and SRBC with the exception that the tube were
incubated at 37 °C overnight,

Results

The results of these studies are summanzed as follows,

Rosetting tests (1) T-cell rosettes 75%. (2) Roscttes using human
O+ crythrocytes 95%. (3) Rosettes using unsensitized SRBC following
30-mm and 12 hour incubation at 37 C. 50%. (4) Rosettes after pre-in-
cubation of patient s Iymphocytes with sheep anti-human Fab 12%

Immunofiuorescence tests (5) Using enti IgG 0% nusing anti-lgA
0% using antd IgM 100%s using anti-C'3 0% using anti-Fab 100% us-
ing antl X 100%s using entl 2 0% (6) Phase and fluorescence microsco-
py thowed that all SRBC rosetting cells carried surface Immunoglobulin.
(7) Normal donor lymphocytes + patients serum + fluorescein-
conjugated anti-human IgM. 100 (control 8%s) (8) Normal donor lym-
phocytes + patient s serum + O-erythrocytes: 0% rosettes. (9) Cold 28
glutinin titre in patient s serum using SRBC. 1.256 cold agglotinln ttre
In patient’s serum using buman O+ erythrocytes. 12,600 ngglutintn titre
at 37 C uslag SRBC: 18 agglutinin titre at 37 C uslng O+ erythro-
cytes 0 (10) Lymphocyte rosettes using cord blood erythrocytes from
several doanors 70%s.

Discuszion

1t was the initial observations that large numbers of Jeukaemic fym-
phocytes from this patient & peripheral blood formed rosettes with unsent
sitized sheep erythrocytes as well as showmpg 100%s fluorescence using an-
ti-human IgM which prompted further work-up in this case.

The nature of the bond between the erythrocytes and the sarface of the
Iymphocyte was pursued in steps 2, 3 4 6 and 8 Homan O+ erythro-
cytes do not normally form spontancous rosettes with human lympho-
cytes. Therefore this phenomenon ia directly related to a surface property
ogthclymphocﬁulnthixmltdoanotlppearlobcduamlbwfpdou
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Peptichemlo A New Oncolytic Drug in Combimation nith
Vineristize and Predoisoloce In the Treatment of Noo-Hodgkin

Lymphomas

A.M.Caxstia, A Baccaruro G SaNtiN, D Giowrpavno,
E.E.Davasio F A, Fusco E Rosat and AL M. ManMonT

D and Chraleal L
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Key Words Chx Mallgnant Nowe-Hodgiln 1.
PVP

Absrect Peptchera, mmmmmmmmw
Properties waa cmployed o wih etirytpr
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and TV 52 of 66 pathexts who catersd the PVP protoco]l wers coosidered cvalo-
sbls: the ovwnll remmbon rat m diffw hymphocytic pootty differentiated hym-
phomxs (DLPD) was 36 € and S5  duffose hrstiocytsc Iymphomas (DHL) Med-
a dontion of compicts romhruon wes 16 mosths In DLFD and 1) months in

potition of phenylalazine {13 14] while the six pepides bomd In the
same mol would be resp for the anth effect of the
compound.

CQimical wmls were started by our group since 1970 and the results
were reporied extenshely elienhere [6 26 27] After hanlng established
the drug s rermarkable and tmmeoucdntpfqtrﬂuhlvldewc:
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K-type on their surface This observation poses important questions con-
cerning the nature of the disease 1n this condition.
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Table | Drstribution of patwests acconting to stage and hssologic type

S Histologic type
DLPD ML DHL
A B A B A B
I 2
m PR L] 2 )
TmE 3
144 2 4 2 2 1
Total » »
Table 1 FVP protocol and
Drups Domge, mghct ()
with bone marree withoot bane marrow
arvolvement hervotvement
Peptichermo 23 (day) 2,03 X (hrl iy
Viscrastos 1 (ay 1) 14 (day 1)
6-Methylprednmolons « (anl D 0 Em1n

reat majonty wis shown to coosiat of B-cell hymphomas and tmoromoblesic set

teolnerme trumsformanoa followed by desth after 14 moathn of complcta resth-
soa oataraed wih FYP

Mired hmphocye hmphome (ML} was the dugnosh of tv  patients, both
ol

Diffuse hvocs wc trmphomes (DHLL The remaining 20 cases were clemified
at DHL, 7% of whxch maky, with  mean gt of 52 yeary Of these 100 wery
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trum of neoplastic discases, attention was focused on haematologie ma
lignancies. Thus, at present, our cxperdence mcludes more than 600
cases of blood discases and solid ncoplasms treated with PTC ertber
alone or in combination with other drugs The most encouraglng resulis
were obtalned matnly in non Hodghkin lymphomas (NHL) as well as n
multiple myeloma however PTC’s efficacy in chronic lymphocytic and
chronic myelogenous leukacmua 1 Waldenstrdm s macroglobulizaemis,
and In myelofibrosis with myeloid metaplasia of the spleen was also e
markable. The role of PTC in the management of acute leuhacmlas can
not yet be establshed on the bans of our expenence, whercas some pos
jtive results were observed in solid neoplasma, Among the Iatter special
emphasis should be given to the association with 5 Fluoronracil for the
treatment of gastrolntestinal carcinomas, with methotrexate in lung car
cinomas, and with adriamycin for disseminated malignancies of un
known origm

The present report concerns the association of PTC with vincristine
(VCR) and 6-methylprednisolonc for the treatment of advanced NHL
(PVP protocol) The abbreviation PVP was maintained cven when intra
venous dexnmethasone instead of 6-methylprednisolone was employed

Patients and Methods

The preseant study mcludes 52 previomly untreated cases of NHL.

Histo-cyrological | vestipatl ns RarraroxTs [31] classification of NHL wos

ployed for logle di Is of original biopsy speclmens 1 cases of a0+
called histiocytic lymphomas were Investigated with newer immunologic methods
(AHLG immunoftuorescence test [28], methods for T and B Iymphocytes), and the
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Table | Distribation of paticts sccording to stags and hissologic type

Sags
DHL
A B
n 2
m 2 2 6
mME 3
v 4 2 b s
Torl » 2 )
Table 1f FVP protocol and §-meihy
Drogs Dotrge, mg'm ()
with booe caTow withoot bowe marrow
mrvobvement Lrvobment
Peptachemdo 25 (dayl 2.1D 2 (day1 2y
Vmcrtme 1 (day 1) 14 (@y 1)
6-Methylprednolons 40 (a1 D 4 (@Gm17

grest majorty was shown to comist of B-cell hmpbomzs ead tmmeunoblastic mr
coma; bowever these resalts will be reported ehwnbers nad the wrm of hiwdocy
thc hympbomas will be sl adbered 10 ™ thes cominbation [29}.

Closeal fewreres The cimucal stage sccordmg %0 Ann Arbor’  criteri (5] was
establhed on the bews of phymcal cxamination, hwpbaspography wiaml roctise
laboratory mrremgatons and X-ray serveys. booe matrow needie blopses were

were clemfied 33 DLPD, 67 of which wert maky, men age being 47 yearr: of
these 100 were admitied with & plesral effmion and cyrocemtrifege jovenigations
comfumed the prescace of lympbomsa ceils m the scdimeat. One cam uaderwent
bralscuuc tramformanoa (ollowed by death fler 14 moetln of complets remb-
00 rasatuned b PYVP

Af vrd hmphoctiic hagphoma (ML) w33 the dataotis of two patients, both
st

D thoe hosthers ¢ Hymphomas {DHLY The orxaing 20 s were  lawified
m DHL, 795 of winch maler, with  men ope of 52 yeary Of them 10° were
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Table III PVP in NHL relaped after with b Inchuding CTX
Hutology Number of Response Duntionof CR Allve  Dead
cascs CR PR NR months
DLPD 10 2 4 4 3 4 6
DHL 4 2 1 1 3 2
Total 14 4 5 5 3 [ 3
9 (64%)

admitted with a pleural effusion, 5%/ with a primitive localuzation of Wakdeyers
ring and 5 /s with a primutive gustrointestinal localization. In one patient DHL
developed after & 4-year history of chronk: lymphocytic leaksemls, thus cxhitutmg
the features of the socalled Richter syndrome [23, 32]

Drugs and dosage Dosage schedules of the PVP protocol are reported ln table
IL Two different schedules were foll d, d to the results of the boae
marrow blopsles: 1 patients with bone marrow fnvolvement [371 (33 of all
cases) the dosage of PTC and VCR were redoced of 40%. Each ampoule of PTC
containing 40 mg of active compound, was diluted with 125ml of a 5%/ gloces®
solution and sdministered by Intravenous infusion within 1h. Every course of
treatment lasted 3 days and was repeated every 3 weeks. In the jntcrval androgens
were administered at the dowage of 100mg of testosterone-cnanthate weelly
Caourses after the first were given on an outpatient bads. When PTC was em
ployed for locul therapy in neoplastic serosiris, it was dilmted in 20ml of a 5
glucose solution and introduced In the pleural cavity after removal of the flukd
40mg of PTC were employed for cech kstration. Aversge schedules for me-
dlestinal ryndrome ot spinal cord compressions were PTC 200mg (100 mg/day)
plus VCR 14 mg/m (ot 1 mg, sccording to the presence of bone marrow lavolre
ment) oa day 1 and 6-methylpredoisolone 40 mg/m /day by intraveoous infunon
for 7 days, a single dase of 200 mg of PTC on day 1 was employed tn a case of
extreme mediastinal Involvement (table V)

Resporse The criterin for the evalustion of responses to the PVP therapy
were the following:

Complete lon (CR) t gremion of all phyuical signs, as well a9

1! of subjective sy of the discase Partial remimion
(PR) improvement greater than 50% of physical signs, with marked redoction of
subjective symptoma. Refractoriness (NR) no Improvement whatsoever

Results

The total number of patients admitted to the PVP protocol includes
66 caes, of which only 52 are being considered In the present study
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Table IV Rembslon tates and durstion by kistology

Histology Nomber Evalmblo Remmeion rates Darxtion of CR
of ey CR PR NR mouths

DLFD « » 1T(366%) B(265%) J(166%) 16

ML 2 2 2 10

DHL 24 - H(55%)  600%) 3(15%) I3

Toal (3 52 0 1" 3

“

Tibde V' Resaks obtamed with PVP in “oncologx: emerptncies’

Cxxe Histology Suge Locakation Rewtty Dosepe of PTC
No. =g
1 DLPD ms Dedmstivom CR 20
b DLPD ue mecdmstmom CR 200
3 DLPD A medastoum  CR 200
4 DHL W B exdural cr 160
3 DHL mn epediumal CR 160
6 DLPD Y] epeural <3 20
7 DHL msa epatucal NR 1@

Tho 14 patents consldered non-cvaluable bed been previously treated

rding to other p ls, and were sub y given PVP after
proven to other bingth Of this group of patkents 9
(64 /) obtained cither & CR (4) or a PR (5) m oatlined in table 111
their median rembsbon duration was 3 moaths, but 6 patients are still
alive and tn PVP therapy Of the 1ame group 8 patients died of coarpll-
cations related to the disease

The percentsge of CR among the previoostly untreated patients was
56 in DLPD and 55/ in DHL (table IV) If cne adds CR nates to PR
rate, the overall rembision rate with the PVP protocol s 84.5 +, which
nnybcngndcdnlmm;tb:hiﬂmmpomcu;um-hmwcd
to other b duration was 16 moaths
loftthLPDmlemonlhslo-rlthHLgmup.w- of the patents
are still alive, bat only *0*  of them are in complete remissdon. Sundral
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Toble JII PVP in NHL relapeed after treatment with combinations including CTX

Histology Number of Response Duration of CR Alve  Dead
cascs CR PR NR months
DLPD 10 2 4 4 3 4 6
DHL 4 2 ] 1 ] - 2
Total 4 4 3 5 3 6 s
SER)

admitted with a pleural effusion 5% with a primitive focalization of Waldeyer's
ring and 5/ whh a primitive gasrolntestinal localization. In one patent DHL
developed after a 4-year history of chronk lymphocytic leakaemia, thus exhibiting
the features of the so-called Rkhter syndrome [23, 32)

Drugs and do«ie Dmue schedules of the PVP protocol are reported in table
I Two were followed, accordlng to the results of the bone
marrow blopyies In patients with bone marrow involvement [37] (33% of all
casey) the dosage of PTC and VCR were reduced of 40%. Each ampoule of PTG,
containing 40 mg of sctive compound, was diloted with 125m! of a 5%s glucose
wolution and sdministered by Intravenous Infosion within 1h. Every course of
treatment lasted 3 days and was repested every 3 weeks. In the Interval androgens
were administered at the doaage of 100mg of festosterone-enanthate weelly
Courses after the first were given on an outpatient bask. When FTC was em
ployed for local therapy In neoplawlc serositls it was ditated In 20mi of & %
glucose solution and Introduced in the pleural cavity after removal of the finid,
40 mg of PTC were cmployed for each i Average achedales for me
diartinal ryndromes ot spinal cord comprexdions were PTC 200 mg (100 mg/day)
plus VCR 14 mg/m (of lma. according to the presence of bone marrow involve-
ment) oo day 1 and 6-methy lone 40 mg/ by Infoskon
for7d..yl,ldn;ladomof"00rn‘orPTCOndnylwmcmploycdlu.cncol
extreme mediastinal involvement (table V)

Retponse The criterin for the evaluation of responses to the PVP therapy
were the following:
Complete remisdon (CR) mmplc«c regression of all physical algm, ay well a2
complete ppearance of of the discase. Partial rembssion
(PR) Improvement greater than 50% of physial signs, with marked reduction of
Refractoriness (NR) no fmp t

bj ymp

Results

The total number of patents admitted to the PVP protocol nclodes
66 cases, of which only 52 are belng considered in the present study
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Tabie IV Rembwion rates and duration by histology

Hitology Number Evahmble Rembsdon rutes Duration of CR.
of cxwm. CcR PR NR ‘moaths
DLPFD x 17[56.6'6) (26 3%) 3(159%) 16
ML 2 2 10
DHL pl 2 ll (35%)  600%) ) 5% 13
Total % 2 » 14 1]
“

Table ¥ Rty obtxmed with PVP Im oncologic emerpencies’

Cise Heology Stage Locabreton Rewin Domge of FTC

Na. o

1 DLFD mB mcdestierwn CR 200

2 DLFD 11 9:} medastinaem e 3 0

3 DLPD VA oediaxtiown Ccn a0

4 DHL VB epndural [} 160

3 DHL me epwdaral CR 180

. DLPD niB ephdural (=3 0

7 DHL mhr epudural NR 163

The 14 patienty coosidered % had been p y treated
ding to other p: and were subseq y given PVP after

proven to other i Of this group of paticats 9
(64% ) obtained citber & CR (4) or a PR (5) 23 outlined in table IIl
their median remission daration was 3 moaths, but 6 patients are sl
altve and i PVP therapy O(th:umepoupspaﬂmudiedefmmpu-
cations related to the disexse.

The percentage of CR among the previously mtrested pabents was
567 in DLPD and 55/ in DHL (table TV). If ooe adds CR rates to PR
rate, the overall remmmon rate with the PYP protoco! b 84.5 /s, which
mbomddum;thhmmﬁpnumm
o other rath dureton was 16 months
(mlh:DLPDundllmuLh:{oﬂheDl—Em 40% of the patients
are il alive, but only 20 of them are in complete remission. Survival
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Fig 2 Neoplastic serodtis in a case of DLI'D X ray examination before () and
after (b) intrapleural administration of 120 mg PTC.

was determined starting from the 1st day of PVP treatment and varied
from 12 to 22 months for the DLPD and from 8§ to 17 months for the
DHL. It is probable that survival curves will still increase, since 25¢ of
the patients are in CR and 50%/s are still alive

Neoplastic serositis was found in 10¢s of the patients, 804 of which
responded to PTC administered locally 2-3 evacuations were generally
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Table V1 Towerty phtoamena from PVP therepy

Syoptom Covs %
Ve thrombosts ®
Alapera ©
Anorexta »0
Mytiomppremion n
Nauscs “«
Perpheral neoropathy hL

necessary before total dhappearance of pleural effuson (fig 2), with =
total dosage of PTC never less than 120 mg The tolerance was good,
but somme pabients complained of vagoe thorackc patns for 24 h afier the
sdministrations of the drug.

Mediayting] syndromes (tabke V) were treated with high-dotage
schedules of PVP- in three patients, complete dsapperance of compres-
stve phenomena was evident withm 72 h after the administration of the
drug by Intravenous infuslon, the first sigms of peneral tmprovement ap-
pearing atready a few hours after PVP had been administered. X ray ex
aminations 1 week sfter the fint course of PVP wually showed connd-
erable improverent (fig. 3 4) All thesc three patients are Hving at pre
sent.

Four parapletic patienss with epkiural compression wers timilarly
treated with PVP- In thres cases ambulation was generally restored after
8 days from the fint PVP comse, with the fint shgns of amelioration
mntdmoccu:ﬂnllhtldyl(r'h)unlhrrlt:hﬂmbnollhcd:u&
Thete three paticnts are all ¢ and in remtsion (16, 13 amd 11 months,
respectively) whereas a foarth patient showed no sgns of improvement.

Taxdty Toxicity pbenomena, secondary to PTC adminhstrations, are
outiined in table VI Phlcbothrombosh represenied the most serdoxs
complication and occurred in almost 80% of cases bowever su
addition of pyndinolcarbamate, 83 muggested by De Bansmnr o of (8]
and regularly performed since 1974 reduced the occurrence of throembo-
13 of the vein at the site of injection very significantly Alopecia was quite
common, but halr aarted growing agam pormally 2 weelks after the dis-
coutinuation of therapy Nausea and  omiting were considered minor si-
de-cffects mnd, if present, they conld be corrected by the adminkstration
of wlpyride and chlorpromazme Ahhm;hmbhlmtmmycmp_
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Fig 3 4 Scrial chest radiographs, showing medustinal involvement (3a 4a) In
two cases on DLPD and conslderable improvement after one course of PVP (3b, 4b).

pressive activity [26 27] In this clinicnl material myclosuppression was
never severe, except for paticnts with marked lymphoid infiltratdon of
the bone marrow in the remaining cases chemotherapy was almost per
fectly tolcrated. Bone marrow biopsies showed frequent aspects of dyser
ythropolesis, with intercytoplasmic bridges and megaloblastoid tramsfor
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m:ﬂono(thecrythmidprtcu:wr In 35/ of the cases VCR had to be
the drug was then replaced with

vinhlastine.
Discussion

Sm-lvﬂmldnncrdl)m-pbomlmdhns:hnbtmpo'rrfnl]yln—
floenced by the recent pY
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Fig 3 4 Serial chest rad} e, showing 1 (3a, 40) in
two cases on DLPD and considerable improvement after one courss of PVP (3b, 4b).
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pressive activity [26 27] in this clinfcal material myclosuppression wos
never severe cxcept for patients with marked lymphold infiltration of
the bone marrow 1n the remaining cases chemothernpy was almost per
fectly tolerated. Bone marrow biopsics showed frequent aspects of dyser
ythroposesis, with intercytoplasmic bridges snd megaloblastowd transfor
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4

e

matlon of the erythrold precursor In 35/ of the cascs VCR had to bo
dbmﬂnnadbecnuucrlnmmmjdty the drug was then replaced with
vinblastine,

A

<

Discurvion

Suarvival in sdvanced lymphomstous diseaso has been powerfully in-
floenced by the recent Introduction of sctive combination chemotherupy
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Table VII' Various regimes employed in NHL

Authors Protocot Histology ~ CRrates PR rites
3
HoOGSTRATEN ef al, [18] cop DLPD 3
DHL 30
Lowenszaun [ 4] MOPP DLPD 46
DHL 37
Luce er of [25] CoP DLPD 50 -
DHL 39
BONADONNA ef of [3] ABP DLPD 4“4 -
DHL ¥ -
Dz VITA ef al [10] C MOPP DHL 41 »
Bexo et af [2] COMA DHL ] “
CareLLa 6] PVP DLPD 36 6
DHL 55 30
COP = Cycloph Hde, vincrk d MOPP =nitrogen mostard Ve
a‘hﬂnc.woarlnﬂne predohone ABP-ndrhmydn bleomycin prednisone C MOFF=
de, Intercl with nltrogen mantard in MOPP CO\IA-QﬂO‘P‘”“
hamide, vincristine, h ¢, cytosine Incside, and PVP = peptichermio, vin

eristine  prednbsolone,

schedules, However notwithstanding single favourable cvaluatons,
prognosis 13 much poorer in NHL in comparison with Hodgkin s disease
[3 4 11 16 30 31] Although Jonnson [19] has recently reported en
couraging results employing total body lrradiation in advanced stages of
DLPD-NHL, chemotherapy is still gencrally preferred in NHL with 53
temic dissemination [30] In eddition, results obtainable with chemo-
thernpy appear to be dependent on the hustologic type of the lymphoma,
since it Is generally agrecd that nodular lymphomas have a better prog-
nosis than the diffuse forms.

An analyss of 405 patients at the Stanford University has shown that
44¢/y of NHL were nodular in type [20] and that the nodular pattern
was associsted with longer survival when compared with the diffuse one.
One may suspect, accordingly that many long term survivals reported
in the literature after mngle or combnation chemotherapy in so-called
lymphosarcomas and reticulum cell sarcomas may have occurred in pa
tients with nodular NHL.
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Since the first demanstration of better results of combination versm
sungle-drug repmens [21] variow have been proposed for
NHL, e.g. the widely used COP reglmen (cyclophosphamide, vincristine
and prednlsolone) B capable of Inducing CR rates ranging from 50-55%
tn DLPD to 3540% in DHL [! 17 18 25 36] Cyclophosphamide
(CY) has also been employed in other combunations for NHL as sum-
marized in table VII {2, 10, 15 22, 35 36]

The purpose of this paper fs to & that the repl
CY‘rthTChnh:dndalCOPmdm(dm:chmpdinPVP)hap—
able of indncing results winch arc at keast companabic 1o the correspon
dent cbtamed with the COP protocol. Beskdes the results obtained
ptwbmlymlcdpulicnu,ll:houldhcmmcdlhn“uscs.pn-
viootly treated with blyath 4 CY and wub
Mnhmednmhamnmocﬁ/(aum)‘hmmudwuhur
PVP regimen, thus demonstrating that PTC can still indoce remissiom
I CY-resistant patients. Recent lnvestigations, performed la the Inbora-
torles where PTC was syntheszed, have shown a marked antimetabolic
effect of the drug, probably duc 1o the peptidc sequences bound to the
central alkylating group and pomibly respoosible for PTCs greater
chemotherapeutical eftect [12]

In conclusion, sccording to our results, ft would appear that the PVP
pfmocolindlﬂuuNHLcan(l)hlducertmhﬂonﬂmmumhhu
not higher than with other tioes, (b) cause d I
n {c) induce . inCY-frtrnctDryplﬂcnh.
and (d) esure good therapentic effects with low or moderste taxicity
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O Porary, B Civazpt, A. MEoHA, M. Ppa, R. Potf mnd
A.G Drrroap
Caotre for Haerostatic Diseanes, Ovpedall Riunh, Parrm
Kry Words. Bleettag disorders Factor VITI deficiency Haemophilia  Platdet
dhardan  Thrombopathies
Abstrect. St of cighi sxamined members belouging w0 two proerstions of the

FVIILC defrcts kad moderste haomorrkagic followiag trevemsiic infaries.
Oce of than bad aleo u abwet sdbestvents 10 §lam, the ofeer aoe aa abwat adhe-
wronem o collagem sod  rduced phttivt egmresation by ADP snd by collagen,

factor VIIT activity in plesma, bed us 0 fnvestigate his family in which
varionly combined defects of platelet function and of cosgulation wers
found.

Clirden! Data

A wotal of eight members from two pracrations of the seme faally (NEG-TUR)
wers craadined (fig. 1)1 Some sabjects (et 17 19 X1 7) wers repeatedly exam-
toed over  perhod of about 1 year the other wrobert had coly cos examinxtion.

Tho axtbaes are badebted 0 Dr T Ruxawk for having performed dmammmologs-
cal eseays of F VI R.AQ.
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Asmays of clotting facton ¥V VIIL IX, X, XI, XTI were caried oft with ane-stage
xthods {rageats and embsirstes from Warser Lambert)h. Factor XII was deter
mined with %100 and DoxeT's [14] monolodoscetsts tolrancs ot Factor
ViEruated protein wes Immmologicaily evalmted with Lamsrrv'y [11] tachmique
Wing Bohringwerks antissrwm. For bleeding tims the techniques of both Ivy and
Duls were applied.

Platalet couats wers performed with the method of Bascra end Cxoratrx (31

Philips direct wriking recorder was med In o1l

rato
a3 sstxyed with the method of Fazaps 20d Zocxrm [f]. Clot retraction was sted-
Sod with the method of Carx « el (4]
Fibrla polymertration was recorded on sa Elvl 670 photometer with the method
of Foar and Monxrsaw (71

Rermlts

The most significant data are sunrmyrired in table L One female mem-
ber (casc I1-8) gave completaly pormal rexcits, and another femals mem-
ber (case I-5) waz ko normal, apart from a modersts thrombocytopenia
with a slightly prolooged blceding time. Five of the temaining six mem-
bers (4 males and 1 temale) were found to have a defect I the PF 3
availabllity with a complets or slmost complets absencs in thres of them
(case I-9 TI-6, and II-7), and reduced in the remahning two cases (1-2
and 1-7). Nonmal amounts of PF 3 were, however detectabls in all these
cases after addition of ADP to platelet-rich plama as well a1 after sub-
Jecting PRP to freczing and drying. Moreover in two of these cases (both
male) a moderate redoction of plemma factor VIIT coagulint sctivity
(FVIILC) waa fornd (25-30%s tn caso 117 and 15-20¢/ in caso L-6). The
tixth affected member, siill of male sex (case I-1), had only the Iatter de~
tect (F VIILC = 304 ).

FPlatelet adhetiveness and aggregrtion were found pormal in all cases,
with two exceptions, The propositus (caso TH-T) thowed absence of adhe
siveness to collagen, with reduced aggregation both by ADP and by colla-
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O Mae O Feraie P Froposts
B Heemarhagic B Pttt O Nomat
ymptone Adturtrveniny
to glase defect

B prdamtasity B Factor v Q@ Not examned

Fig 1 Pedigres of the NEG-TUR family

Only two of the tested members had haemorrhagle symptoas. The propositey
(caso I1-7), an 18-year-okd male, had experienced several haemorrhages, always af
ter trauma (the first time, when he was 12, following tonsillectomy- and later twice,
after dental extraction), On one octasricn he required blood trandusions before
bleeding could be stopped. The patient also referred porttraumatic suffrdons and
haematomas ont of proportion to the trauma. The second patient whh a hsemor
rhagic history (caso I-5), a paternal uncle of the propoxtus, had suffered from epis-
taxis in his childhood and from prolonged bleeding after dental extractions.

Two more male members of the family had also a history of mild, positramnatic
huemorthaglc syndrome, eimilar to that fust meationed, but neither of them could
be cxamined one (casc 1-6) died in 1964 becanso of an unrestrainable hacmatemesit
in & fow weeks after a gastrectomy for gastric ukeer tho other (case I-4) refosed ex
amination. Fioally two members of the fimt generation (case -8 and 1 10) live
abroad with thelr familics and, theref. could not be Ined.

Methods

Routine clotting tests, performed on oxalated plasma, included sctivated partial
thromboplastin time (PTT resgent, Befringwerhe AQ Marburg, Germany: normal
vale <55 sec), Howells recalcification time, prothrombin time (Cakdum thrombo-
plastln, Behringwerke), prothrombin n serum 2h after cloting (Fibrinogen, War
per Lambert, Motris Plaing, NJ USA Calclum thromboplastin, Behringwerke; por
mal valoe <204 ), plasma fibrinogen level (Gram's ponderal method), thrombelas-
togram (Hartert’s thrombelastograph).
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Asmyy of clotting factors V. VIIL IX, X, XL, XII wers carrierd oft with ono-stage
mathody (resgeats and sobstrates from Warner Lambert). Factor XTI was deter
mined with Smo ssd Docxexr’s [14] monalodoscrists tolerance test. Factor
VI-relsted protein win fmasmologically evatuated with Lioarr's (11] techniqoe
using Behringwerke sotharom. For bleeding time the tschalqoes of both Ivy and
Duks wern applied.

Platelst coonts were performed with the method of Batcare sed Cxoexare [31.
Platcket sdbesironcas to ghaw was sodied with the method of Surruaw (13] CAde-
par' ki, Mascia ¢ Brosedll, Mitano, Italy), sdbestrenem to collagra (Collagen, Sta-
£, Asaldres, France) following Weam of al [20L 2nd i vivo schestvenem {ollowing

trathon) sad collegen; ristocetin (Landbeck, Coprnhagen, Danmark) was osed of

Reults

thrombocytopenia
with a slightly prolonged bleeding time. Five of the remaining tit mem-
bers (4 males and 1 female) were found to have a defect in the PF 3
with & dete or almost plete absence in three of them
(caso 1-9 IE-6, and I1-7), md reduced in the remabning two caset (1-2
snd I-7). Nonmal amounts of PF 3 were, howerer detectable in afl these
cases after additon of ADP to platelet-rich plasms a3 well a3 after sub-
jecting PRP to frecring and drying. Morcover in two of these cases (both
m!n)lmodun:rcdncdcno(plmlhcmrvmmqulmtwdvhy
(FVTIL:C) was foand (25-30%/y in caze I1-7 and 15-20%/ in case 1-9). The
sixth affected member stifl 6f male sex (case I-1), had cnly the hatter de
fect (F VIIL:C = 30% ).
wuﬂn}mmﬂwﬂmmhundmﬂhmm
with two exceptions. Tho propositus (caso 11-7) thowed absence of adhe
mmm&mw&hxﬁndumepﬂmbc&bymmdb’m
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Thble I' Platelet function and coagulation tests in members of the NEG-TUR family (the most signifiast

results are reported)
Patlent PF 3 Platelet Factor VIII, PTT Serum Notes
No. availability adhesiveness A se¢  prothrombin
pex ghss  colligen AHF  antigen *%
k1M normal normmal pormal 31 - 57 13 -
-2, M moderately normal - 100 - 4 12 -
reduced
I-5 F pormal pormal - 100 - 2 pi mild thrombocylopeni
(60,000/x1}
bleeding time 7 min
I-7F roduced  normal pormal 80 150 45 s F VIII coagubtntfantegen
ratio 0.42
19 M reverely  absent normal 1520 125 S8 45 & rivo platelet adhesh e
redoced 9%~
-6, M atsent normal pormal! 90 - 3 13 sonofemse [ 7
-7 M absent pormal abtent  25-30 108 64 H son of case -7
(prop- aggregation by ADP 2433 «
ositus) by colagen 643
-3, F pormal  normal normal 130 - 3 7 dmughter of case I-9

gen, but without any trend to disaggregation. A second male member of
the family (casc I-9) was found to have a marked decrease of adhesive-
ness to glass and m the in vivo test of BORCRGREVINK [1] (9%s) but witha
norma! platelet aggregation induced by ADP and collagen. Platelet comt,
size and morphology clot retraction and bleeding time were also consls-
tently normal in all affected members.

In the three subjects with reduced F VIII C, platelets were found to
aggregate normally with ristocetin while immunosssays demonstrated
pormal amounts of F VIIT R.AG 1 plasma of examined cases (1-9 11-7
).
Finally routine coagulation testt were normal in all members of the
family with only two exceptions & slightly prolonged aPTT was scen in
the three subjects with reduced F VIII C and e decreased prothrombin
consumption was found in the two patients with assoclated defects of PF3
and F VII G, while tho test was normal in the members with oaly one
tsolated defect (Le. PF 3 or F VIII C)
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Th 1 were g ity pormel, but two sub-
(mel—7mdﬂ—7)hadmdm1ﬂyred1udvﬂmdmﬂmﬂm—
plitude, a finding of difficult interpretation since both factor XTI and fi-
brin polymerization (xpart from fibrinogen and platelet count) were nor
mal Mild haemorrhages, only after trauvmas (voch as minor smrgery or
teeth extraction) were present oaly in the two patients in which both de-
fects (in platma and in platclets) were xsoclated.

Coenment

The don of fonctional platelct littes with a d d
plmFVmﬂobwrvcdhidBmmhndmbcnddnhmﬂy
ratses the question of & possible & ts of von WIIb 3
with particolar regard 1o case I-9 in which & defoct in platelet sdheshye-
neys to glasy was foemd. Even this patient, however did not fall within the
known variznts of the disease, sincs he hed normal bleeding time, his pla-
telets were pormally spgregated by ristocetin, bis plasma level of F VI
R.AG wat normal. Moreover the respome of plasma F VITLC level to
infosion of F VIII containing material & onc of the hasmophific’ type,
ie. with an immediate steep riso followed by a relatively rapid decreasc.
Fioally an impeired svailability of PF 3 eoch a3 that seen in our case,
does pot fall within the commen findings in von Willebrand's syndrome.
Even more o, this diagnosis must bo exctuded for the second of onr cases
with essoclated defect of platelet function and of factor VIIL, tha propost-
tas, who, apart from the same features already mentioned, also had nor
mal platelet sdhesiveness to

In the other affectod member of the family only a dngle defect b pre-
sent, Le. the reduction of F VITIC (case 1-1) or the impaired PF 3 avall-
abifity (case I-2, 1-7 snd 11-6), the latter being the most frequent defect
dﬂmxbkhthmy(sdﬁlﬂmmbas) From thh potm of
view the disease could be sdentified a3 2 ditary fonctional platelet dis-
order of the type of “thrombopatiry hn.hnmpmpmedloynnlwby
Quex (12] More recent studies, bowever and particolarly those of
Hotusrw and Wrrss {9] Weess {18] snd Werss and Roaves {19] showed
that a more complex tmpairment of plateiet function was often present in
paticnts with defect of PF 3 availabifity namely & reduced release of pls-
telet ADP either becamse of #n actual redociion of the ‘rtorege pool’ or
oo to & damage of relcasing mechanhms. The most frequent and impor
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tm:ltfeatm'e:v:)fth].u:tnnplexd.ison']craretl:l].s:iuginnﬂo'urt'«lmt.llﬂﬂll't
from a reduced adhesiveness to glass, present only m case I-9 and a re-
duced aggregation by ADP and collagen Inconstantly found in case II-7

In some male members of the family however a plasmatic defect ex
Ists, associated or not with the platelet disorder a moderate decrease of
FVII C activity wtﬂoFVmKAGhﬁmhmmﬂmg&Thhﬂnﬂﬂ&
and the limitation to only male members of the factor VITI defect, sog-
gests haemophilia, Moreover the female patient I-7 most probably a
carrier (being sister of two affected males end mother of the third), shows
@ typical pattern of a haemophilia carrier a biological activity of factor
VHI of 80%s, but a very low F VIII C/F VIII R.AG ratio, close to 0.5
Finally the response of F VIII C actrvity in two of the affected members
to infusion of plasma shows a pattern typlcal of haemophiliacs.

Tho most reliable hypothesls is that In the family studled by us a func
tional platelet defect — most frequently a reduced PF 3 availabllity — s as-
sociated by chance wath & mild haemophilin. The association of a platelet
abrormality with a coagulopathy in the same family has rarely been re-
poncdintheuwmummdtheNEGIURfamUydoanotmmmﬂt
into any of the known vanants. In the two families described by CHESNEY
etal 5] and in the cases observed by CrowrLL and EIsNER [6] there was
an association of thrombocytopathy (defective release, reduced adhesive-
ness, long bleeding time) with haemophilia A. One of the cases reported
by Wens [17] presented an association of thrombocytopathy with re-
duced PTA (factor XI) The family BU ST studied by Bowrs ef ol. [2]
showed & decreased F VIII-C with & reduced PF3 Other dated fea
tures, however induced the authors to include thess cases among the var
iamts of von Willebrand s disease. ULuTmv [16] reported some cases with
defective PF 3 associated with reduced F VIIT C, classified as ‘thrombo-
pathia haemophiliaca

Apart from these difficulties in the classification, some members of the
NEG TUR family presented laboratory data of a difficult explanation
(such as the low values of ma in thrombelastographic tracings of cases
I-7 and TI-7) or with some discrepancy between them (as the absent od
h:dvmmtocoﬂugcnwithon]yuredumdnggregnﬁontocoﬂxgcnhmc

-7)
To conclude, In the fleld of hereditary functional platelet disorders,
besides well-known di mch as Gl s thrombasthenia, Ber

nard-Soulier’s and von Wilebrand's syndromes, other groups of throm-
bocytopathies are being progressively defined with the advance of investi
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grtioal technl, The it of different . (such as
thoso here reported) and of variants with regard to typkal patterns, bow
cver makes syvtematic classifieation of these syndromes still open to and
requiring farther rescarch.
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Key Wonds. Acets Jenkemia  Chv of AML Lewkemta
Rat kewkemia

Abstrect. Acots mrydoproous leokemin (AML) of the bred Whear/Pooth
(W/Fu) mat is patbophysialogically dmilar %0 bemas AML. Sobcrtemeots traxsphan-
txbon of LOX104 celh of  cloval tiwoe cultwrs Une of W/F AML futo 6 to
Swrsk-old by prodoced Jocal mysioblsstomas in 310 days wiich progremed to
inflitruton of reghooal nodes, replscement of >90% of the bone murrow e,
lﬁhﬂlp‘ﬂwhﬂ'ﬂ kemia with comcomtitimt hypastysorymemis Singls

cytoning or Cytoxan
hmmwmmmmmw-h&b
wtfan, mni.lﬂ'dy
wars wmw.ryh

mmwmmm-mwmm
of b with already Leokemb, Tha of rsposs to drags
Iocwa active agaiont kuman AML mdicates that the W/Pu AML should bs  vatea-
B mmode for raphd srabation of pew chemotberzpeatic agents for clinical uae.

Acnto myelogenoms keakentla (AML) is a fatal disease ln man. Chemo-
therapy has been the major approach in treatment [3 9 14 18, 22, 24
26, 27 29-31), bowever even with current drug protocols, camplete re~
mrsdoa rates of onty 70% can be achieved snd the median sarvival of
responders i discoursgingly low at 3-19 mootts [3 9 18,26 27 31]
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the Nebramias Gorra Foundation, sed  grant from the American Caocer Sockety
Masachwetts Ime.
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Joer S Guxmarmarz, Carot A, Bocacco, SURAN J SzoT and
WLt C. Moroser!

Division of Henwtology Depertent of Mediclor, Peier Bext Brigham Hosplral xud
Sy Farber Cancer Cester Boston, Mave,

Koy Words. Acute enlemis  Ch of AML. Leakermis
Rat lonkamts

Absirect. Acuts myslogssom beukemin (AML) of the fbred WiarFurth
(W/F ) rat &s pathopirysiologkaally sitar to bamea AML. Sobcaueoos tanplan-
tatiom of 10X10% cells of  clowal tiewwo cultore hne of W/Fe AML i & o
$rwek-ald s prodocod oal mysioblatomes tn 8-10 diye which progresed 1o
ietiltration of regiooel podes, replacrment of >90% of (b boos matrow xaches,
ad fatal peripheral blood keukemis with copcamriant bypetysaymenis. Stoge

dosny of CYtonine or Cytaxan

hmmmmmmmmmmu

wilfas, mrﬂlﬁvdy
cin wlﬂ:d-!.lyln to

mmmmmmmm{mm
of rats with aireedy dEmemioated bkooksmis. The demarsiration of repoaso to drogs
known actrve agamst homaa AML mdicrscs thet the W/Fo AML covkd b valza-
bhe model for mgad eralcaton of new chemotharpertic agenty for clixical wse.

Acute myelogenons kenkemia (AML) is a fatal disease in man, Chemo-
therapy bas been the major approsch in treatment (3 9 14 18, 22, 24
26, 27 29-31] howorer oven with current drog protocols, complete re-
micdon rates of anty 70 can be schisved and the medisn sorvival of
respendens b discouragingly low at 3-19 manths [3 9 18 26, 27 31)

Thia work was enpported by American Cancer Sockety Resexrch Grat ET-63,
the Nebemiss Gores Focmdetion, sod  grant from the Americen Cancer Soclety
Massactanits Division, Inc.

Raciphent of  Puller Jucdor Ressarch Pellowshlp of the Amerscen Cancer So-
claty

W thuak Voeor Ko esd Murr B. Muse for excellent technical msistance.
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Immunotherapeutic [17] and radiotherapeutic [23] approaches have met
with little success and recent attempts at bone marrow tramsplantation
following total body irracuation are still in the experimental stages [25]

The development of new therapeutic approaches in AML has been
hampered by the lack of an experimental model. While several animals
AMLs have been described [15 20 21] none has been suitable for e
perimental chemotherapy owing to poor transplantability or fnability to
establish tissue culture lines for study of cellular kinctics, morphology and
homogencity AML in the rat closely mimics human AML [15] but is rare
in the inbred strains wherein transpl ton studies are possible. Recent
ly a transplantable rat leukemia of the inbred Wistar/Furth (W/Fu) straln
has been established as a continuons clonal Ime In vifro end shawn to be
slmilar to human AML in bological nnd cytological properties inctuding
the formation of solid tumors, induction of hyperlysorymemia with Iyso-
zymurla in vivo [12] and demonstration of stable myeloblest morphology
with continuons production of lysozyme in vitro [11]

In the present report, tests of a variety of chemotherapeutic ageats in
W/Fu AML-revealed activity of those known active 1n human AML.

Materlals and Methods

Anlmals 6 to 8-week-nld weanling W/Fu rats (Charles River Breeding Labora
tarice, Bortoo, Mas.) wers hotsed two per cage and fed standard laboratory chow

Lewkemia cells. W/Fa AML Q1 2 [12] wax repaesaged in vivo for 2 mooths intna
peritoneally to weanling W/Fu rats and uniformly prodnced leukermin and nsches In
animals prior to death. Ascitic flnid samples uniformly gave leulemia cell viability
of >85Y« by trypan bine exclosion,

Tumor inductica. For the quantitation of rapid action of chemotherapeutic
agents, unifocal solld tumon were Induced by subentaneovs Infrascapular Inocals
tlon of 1X10¢ W/Fu AML ascitio fluld cells fn 0.5 ml of normal saline via 25-pauge
noedles. Rats with temors of 1.0 cm in dlameter as measured by taking the average
of four diamcters with a standard tumor caliper wero comidered resdy for chemo-
therupy Evid of I{ riphera blood is or aacites excluded n
from stody

Disscrninated leukemla was indoced In other groups by Lv Inoculation of
1.0X10% W/Fu AML sscitic flld cells fn 0.5 ml of normal sline. Peripberal blood
WEC counts and differential counts were performed oa dally tall velr venoos blood
samples Rats were idered ready for b h on the day of appearance of
W/Fu AML blast cells representing 210% of the peripheral blood WBC count.

Chemotherapy Adriamycin, d ycln, actinomycin, o L eyclo-

(Cytoxsn®), i (Oncovin®), vinblastine (Velban®), and
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o ) wers to gronps of st
leawt 10 ether-anesthetized rats per drog dose via the surgically exposed fegnler

Partial regpones wet defined a3 >50% decresss in the abovs parametens, respective-

A Afier grom
t-cﬂnmmw:p.mﬂ.rmﬂvw splern, bone marrow  hmph node, snd local to-
mors of lewkectc ead control azumaly by stendard procederes.

Reults

‘The natural courte of ths discase induced following s.c. or Lv inocals-
tlon of 1 0X10% cells was first studied. 100*/ of rats recerving s.c. W/Fu
AML cells developed 1 0-cm tomors &t the injection site by 14 days, with
& medim tme of 8 days. While 100%/ and 20%/ subsequently demonstrat-
ed Jocal hymph nods discass end sacites, respectively this occarred later
‘with a medisn time of 18 end 20 days, rspectively afier Inoculation. He-
patosplenomegaly and hind Emb peratysis alio occurred later with a me
dixn of 18 and 19 days, respectively All anmmals were desd by 32 days

viscenal involvement than that detected clinically Meningeal leakemia
‘was detected in 8Y of pabed rats, snd pulmonary leuk cell infM-
trates in 75 /o While 100*/ of raty had postmortem bone marrow tovolve-
mxvth/Fnctm.ﬂnnmnod.hﬂcﬂorhamuohﬁcnldmmd
marrow d causing ie leukop ancemis, o th

mpmh.mewhmmhmwﬂhbahdLﬂ-cmmm
wete sacrificed at days 810 in an attempt to detect subclimical micros-
copic spread of tumor o gross visceral or marrow involvement as ob-
mmmmmmﬂwmmmumn
days, the data indieste that blo | from
the 1.¢. inoculation site ocearred later in the coure of the diease.
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) h ic [17] and radioth ic [23] approaches have met

with little success and recent attempts at bone marrow transplantation
followmg total body irradiation are still in the experimental stages [25]

The development of new therapeutic approaches in AML has been
hampered by the lack of an experimental model. While scveral antmals
AMLs have been described [15 20 21] none has been suitable for ex
perimental chemotherapy owing to poor transplantability or inability to
establish tissue culture lines for study of cellular kmetics, morphology and
homogeneity AML in the rat closely mimics humaa AML [15] bat is rare
in the inbred strains wherein transplantation stuches are pessible. Recent
ly a transplantable rat leukemin of the inbred Wistar/Furth (W/Fu) strait
has been established as a continuous clonal lme in Wiro and shown to be
similar to human AML in biological and cytological propertics includmg
the formation of solld tumors, induction of hyperlysozymemia with Iyso-
zymura {n vivo [12] and demonstration of stable myeloblast morphology
with continuous production of lysozyme in vitro [11]

In the preseat report, tests of & varety of chemotherapeutic agents in
W/Fu AML revealed activity of those known active in human AML.

Materials and Methods

Animalx. 6- to 8-week-old weanling W/Fu rats (Charles River Breeding Labora
torfes, Boston, Man) were homsed two per cage and fed standard laboratory chow
Leukemia cells W/Fu AML C1 2 [12) was repasnaged In vivo for 2 moaths intre-
peritoneally to weanling W/Fa rats and uniformly produced leukemla and ssches in
animaly prior to death. Ascitic fluid samples uniformly gave Jeukemla cell viablllty
of >8%%/ by trypan blue exclmion.

Tumor Induction. For the quantiation of rapid actiem of

agents, unifocal solld tomons were Induced by sabentancons Infrascapalar fpoculs-
ton of 1X10¢ W/Fu AML aacltic fluid cells in 0.5 ml of normal saline via 25-groge
needler, Rats with tumors of 1.0 cm In dlameter 53 measured by taking the average
of four dlameters with & standard tamor calipers were considered resdy for chemo-
therapy Bvid of peripheral blood leulemia or ascites excinded rats
from sttty

Disyeminated lenkemia was {ndnced fn other groups by Lv Inoculatien of
LDX]O‘W/FIIABﬂ.-ddcﬂuMadhhﬂjm]o!ncu’mln!}n-.?cﬂpbnﬂhloﬁd
WBC counts and differential comnts were performed ou dally tall vein venoos blood

sampley, Rats were idered ready for ch by on the day of sppearance of

W/Fu AML blast cells representing 153109/ of the peripberal blood WBC count.
Chemotkerspy Adramycin, d h cin, o h cyclo-
*), vinblastine (Veltan®), aod

phosphamide (Cytoxan®), vincristing (Oncovin
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) wern to groops of at
hxlﬂrmﬂmmpudrwdm-vhmnﬁnny exposed juogmlar
siminfstration

Partial response was defined @ > 50, decrease n the above purmmeters, rapective

F ation. After grom
scctions wers prepared from frer sples, bose mertow lymph node, and Jocal to-
©an of kokemde end coatrol entmels by standard procedures.

Remlty

The natural conrse of the diseare indnced following s.c, or Ly inocals-
ton of 1.0%10* cells was first studied. 100% of rats recedving s.c. W/Fn
AML cells developed 1.0-cm tumons at the injection site by 14 days, with
a medisn time of 8 darys. While 1009/ and 20 subsequently demoostrat
¢d local lymph nodo discase and ascites, respectively this occurred later
with a medisn thme of 18 and 20 dayy, respectively after moculation. He

and hind imb paralysts also occurred later with & me-
dlan of 18 and 19 days, reapectively All animals were dead by 32 days
with & median survival of 28 days following inoculation. Autopsy exami-
oation revealed Jocal ac. tomor progression in all rats with more frequent
vhcaral nvolvement than that detected clinically Meningeal Jenkemda
was detected tn 89 of autopsied ra, d p y ta cell tnfil-
trates in 75%. While 100% of rats had postmortem booe marrew volve
miﬂmwﬁucem.thcxemmcﬂnhlwhummbﬁcnummd
marrow & cansing ancmia, or th b
topenia. Furthermore mmmmmﬂml.&mmm
were sacrificed st days 8-10 in an aftempt to detect subclinteal micros-
copic spread of amor no grosm visceral or marrow fnvolvement s ob-
mcd.ﬂntnlllrmhndpeﬂphnﬂbloodlmkmhbet'mﬂmﬂ
days, the data indicate that from
the 1. inoculation site ocoarred later in the coarne of the dheate.




Fig 1 Kinetics of response to a single Ly doee of adriamydo. W/Fu rats with
10 cm AML solld a.c. tumors recelved on day 0~ 0.5 mo/kg (@), 50 myks (A),
100 my/kg (W) 200 me/kg (§) or no treatment (O) The tumor volune was
measured dally as described jn Materlals and Methods. Results represent the mean
volame for each groap of at least 10 animals with SD bars Incloded on antreated

rats only

Rats inoculated with 1 0X10% cells Lv developed systemic disease in
7-12 days with a median of 8 days, and all were dead in 2 medran time of
8 additiona) days with postmortem findmgs simflar to the s.c. passaged
group

Chemotherapy of WiFu AML myeloblastomas The cffect of single Lv
doses of drugs on rats with subcutaneous 1 0 cm myeloblastomss was first
investigated. Rats receiving doses up to neurotoxc levels of 10 mg/kg
vincristine or vinblastine, doses of up to 50 mg/kg busulfan, or doses of up
to 10 mg/kg dexamethasone demonstrated little evidence of tumor regres
s10n compared 1o the control group 504 of the rats receiving Methotrex
ate (100 mg/kg) showed partial response with some responses detectablo
as early as 1 day after chemotherapy Higher Methotrexato doses were le-

thal. In contrast, rats ving adramycin, ycin actinomycin, ¢y
tosme arabinoside, or Cytoxan di rated ph p in
50-100%s of the animals | lated with sulethal dases. High-dose

recelving 10 or 20 mg/kg addamycin, 10 me/kg daunomycin, 1 mg/kg ac
tinomycin, or 150 mg/kg Cytoxan demanstrated fatal marrow or gastrola
testinal toxicity In all complete responders. While complete respoases of
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up to 90 days were cbtained, all relapsed and died with dimendnated
AML.

Chemotherapeutic responses of rats with Ly penaged W/Fu AML and
diseminated lenkemia were slmilar for each drug tested however mapld
telapso following single doses prevented evaluation of relative effective-
Dess. An cxampis of the exse of quantitation of dote-related tumor regres-
slon fallowing single doses of Ly chemotberapy b shown for sdrismycin in
figure 1

Toxicity of chemotherapy in W/Fu AML. Myelmnppmubnwn d.i-
rectty dote-related In naty ving angle dose
or Cytoxam with leokopenia detected as early a2 3 days after drog and
pnﬂidn;mﬁﬂdtyllmnrwdvhgmulﬂpblu'dmehbmdmph

other experiments had redoced leukop and throm penia, with
comparshie tumor redoction. Rats in the fatal high-dose adramycn and
groups lost welght with postmortem

cresses in sarvival comparable to taxic doses of adramycin or drunonmy-
dn.

Discwssion

The need for a ‘predictive model [6) of human AML hes been noted

-+ therapy (1 of new ch b drugs s com-
carried out in well-imown experimental tumor systems [2,4 § 7
8,13 19 32) which may be peedicive of anth effect

huwmdmobulncdwhh-wpcd&:nmnmddmybeolhnhudd
0 the cliniclan designing therapy schedules for each specific homan ma-
Egnancy No specific model exists for human AML, md there s a dis-
couraging absence of response in mun to soms drugs which appear effec
tive in the 1.1210 or AKR moass Icukernda.

In the present stody 8 transplantable AML of the inbred W/Pg rat was
mhnledunh:mpcuﬂcmoddlorhnmmMﬂ.Whﬂouﬂrmwiﬂ:m—
treated 1.0 cm wub died with
disexse to bone marrow udm.mdcrmhmmﬂou,upm&uuum.
day interval prior to progression wi used to asem relative cytocednction
of a largs local tomor burden. Drug admhistration for all agents except
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cytosine arabinoside and busulfan wes carried ont via the intravenous
route. Adrlamycln damnomyan, actinomyein, cytosine arabinoside and
Cytoxan were each shown to be effectrve in single doses. Time to leokemi
dissemination and survival were increased In all complete responden.
Rats in all treatment groups relapsed and died wath dissermnated AML.
Rats with selectively induced systemic disease by Lv pusage of tumor
cells demonstrated a trend toward similar dose-related increass fn surviral
with each active drug, however the relative rates of cytoreduction conld
not be easlly measured.

Bone marrow and gastrolntestinal toxiaties, as evidenced by depressed
WBC and platelet counts and bowel ulceration, were dose-related Iz ad
riamycin and daunomycin groups and were comparable to those previous
ly determined in the mat [16 33] Nephrotoxic and cardiotoxic effects
were not directly evaluated although high-dose adriamycin groups re-
ceived levels previously determined to be cardiotoxic [16, 3]

One explanation for the poor clinical chemotherapeutic results ob-
tained In human AML compared to acute lymphatic lenkemia may be k-
apparent but systemically insdequate cytoreduction. An explanation of
this phenomenon may be the pressnce of unknown ‘sanctuary sites or
simply drug resistance. To help resolve this dilemma, the W/Fu AML bas
scveral advanteges as a specific model Easily measurable local tumor
should facllitate development of schedules of multifractl d chemo-
therapy [7] using drugs with a rapid plasma half life {32] with comparison
to multifractionated radlation therapy [28] The pathophysiology of pro-
gresave untreated W/Fa AML is very similar to human AML including
the detection of meningeal leukemia in 8%/s of autopsied rats. Further
more, posichemotherapy relapse is associated with a high 93.3¢ incid-
ence of CNS involvement [manuscript in preparation] similar in neuroan-
atomic wte to that recently reported in BD-IX rats with the L5222 leuke-
mia [1] a nonmyelold levkemia [Homzer, personal commun] The
W/Fu AML is & weakly antigenic leukemia derived in an fnbred strain
with an LD,, of 5X10* multiply passaged cells, and demounstrates no de-
tectable type C virus production in vivo [12] Thus, evaluations of care
with the W/Fu ML avoid both the mechenism of refection of residual but
tmnrunogenic viable cells which by analogy might produce relapse in the
individual patient and the added immunogenicity of virus-producing cells

[2, 10] The low LD,, of the W/Fa AML should permit study of relapso
In rats recelving therapentlc bone marrow transpiantation following com-
inatlon chemotherapy 80d total body imadiation since current clinical
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failures of this program are commonly dpe to recurrencs of AML [25]
Counplete responses of W/Fu AML followmg treatment with human AML
~ active drugs fndicate that this mode] may be a valuable test system for
new clindcal chemotherspeutic agenty, These stucies are in progrems.
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Influence of Cytostatics on Some Platclet Functions in vitro
¥ Hydroxywres

P kusisz, M Pakizek, J hovAZovA and S. CROVBERG

Divislon of Hematology Unlversity Hospital Oran Hemnoatssls Laborstory
Departmental Hopltal, Cadea and Department of Infectiony Diseases and
Congulation Laboratory Allminns Sjukhuset, Malm3

Ary Words Cytotoxke drugs  Hydrotyurea  Platcket fonctioms  Tumor chemo-
therapy

Abstract Hydroxyurea added to citrated platelet-rich plasma in viro did pot n-
fluence the aggregation of the platelets, their adhesion to glasy, their release of ag-
gregating activity platelet factor 4 or availability of platelet factor 3 Neither did B
have any effect on the uptake of ‘C-serotonin, the reptilase clot retraction or the
coagulation system.

Hydroxyurea (Hydrea® Squibb) 1s a cytostatic which probably exerts
its cffect by disturbing the synthesis of DNA [3] It is sometimes used
alone, but more often combined with other drugs In the treatment of
many forms of hemablastosis [2, 3 13] It has been shown that rubldo-
rycin [9] and alkeran [5] have a direct effect on the platelets in vitro
while cytosine arabinoside [10] and peptichemio [4] have not

The aim of the present investigation was to find out whether hydrox
yuren has any deleterlous effect on platelet function in vitro

Material and Methods

Blood samples were obtained from healthy volunteers by allowing 9 parts of
venous blood to flow directly fnto text tubes containing 1 part of 0.1 mol trisodim
citrate
Platelct-rich plasma (PRP) was obtalned by centrifuging the blood at 280 g fof
26 min at 16 C. The platelet count was adjuued to 300,000/ ) by addition of pl te
let-poor plasma (PPP) from the same volunteer PPP was prepared by centrifuging

PRP at 12,000 ¢ for 20min at 12 C.
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Tabde £ Effect of 00 3ome plaseet and standard deviatk
of 8 experiments)
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ADP adremahine collagen AFFEILOY togham  of
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S Bmin by %
% L3 ooty
Baffer S4+31  4)k14 52xR 30O&T 19£10 0£l 27

Hydrogyores  4.312 32219 43527 24 1627 02 049
41 ool
Hydorgnees 3125 27417 &£9 T 16210 26£2 T119
065 pmol1

Perceniags of byht tramerhson afier 4 mun
Tested 3 20d 30 mia afitr cougulation of the PRP whh thrombin. The fgercs givo
e bykt tranamisdon w perceat e recorded A 4 min

Collagen (Stago, Asddires, Franca), ADP (Sygm), and sdeemaline (Spols,
Prague, CSSR) were wsed and dilsted to dewred cowcentration by sddioom of M
chaets baffer at pH 7.33

Hydrorywres (Hydrea Squbd) was dhsobved 0 desred concentration b Michae
U3 bufter at pH 735

The svadabilsty of platclet factor 3 platelet nggreganon and relesss of platsla
{actor 4 (PF 4) were estumted by methods described w detadhy ehwwhere [7

The adbenon of platsicts 0 glam slide was amesed with the wse of & method
¥y Mascm e ol (11] as modifled by Kovilovi and Kowe [6].

The wptale of “C-serotowin end retracton of replilasc clots wer  drtermiord ac
cordag to KUz end Sumanovi (F]

The reicase of srom aggregatag actrvity (AA) was mesmared i sccordance sith
Canx et of (1)

The Quick tome, cephalia-knalm thne, reptilose time, frombin time and Bbrisol-
ytit actrvity m cuglobulm clot were detarmined sccordiog to Nacssos [121

Results

wmlhﬁmcﬂcdonm-mﬂonhdnccdbymp@,mn,.d
renaflne (6 mol) or collagen (20 mpA table I).

Retention of platelets (0 @ glass sllde No difference was found be-
theen the retention before and after sdditton of by droxyurea (table 1)
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Toble 11 Effect of hydroxyurea on the platelet factor 3 availability recakification tame
In seconds (means and standard deistions of 8 experiments)

tncubatlon ADP Adreraline Collpen
thme 4 ymmol1 6 amoll 20mel
min see scc b
PRP + buffer 0 37544 42614 43445
10 16421 [ERES] 1631
15 1621 1703 16121
PRP + lydrovyurea 0 3654 964 39043
033 mmolf 10 18743 1682 17,21
15 1263 1651 171+
PRI + hydroxyurea 0 3B6x4 40844 146
0,65 mmol1 10 1912 1943 16741
15 12943 18421 16 £2

Tatle 11 Percentage PF4 rekeased after lncubation for 0 3 and 10 min wih different
inducers (means snd standard deviations of 8 cxperiments)

Incubation ADP Adrenaline Collygen
time 4 pmol1 6 wmot/l “ome!
min
PRP + buffer [} 2+2 T+ L&
s 30 H£10 019
10 si11 54£9 606
PRP + hydrovyuren [4 642 6+ S£2
0.33 mmol1 s 25412 30£13 463
10 3512 484 S1£3
PRP + hydroxyurea 4 61 6 3£2
065 mmol/l 3 [F31 28413 4317
10 0x14 19 04

Uptake of  C serotonin was not diminished by hydroxyurea (table I)

Release reaction Relensc of serum AA platelct factor 4 and availabil
ity of PF 3 were not influenced by hydroxyurea (table I-111)

Reptilase clot retraction was not affected by hydroxyurea (table IV)

Coagulation system The addition of hydroxyurea had no effect on the
Quick time cephalin knolin time, reptilase time thrombin time and the
fibrnolytic actvity of englobulin clots (table V)
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Table [V Effect of hydroxyares oa reptitase chot retraction

Clot ADP Adrerafiec Collagen

retrachion k) % b
min

PRP + buffer 15 410 41£13 312
k) a3y 710 6349
45 TN+ 7519 Tty

PRP + bydroxyores 13 810 N10 3618

€33 eomol | ) T4 0+ 07
4 07 (P2 517

PRP + ydrozymren 18 B D17 z12

063 menalfl » BE10 6212 6111
45 LIS ] w010 t19

PRP was incwbated with bulfer or fydroxyvron for 10 min at 37°C. The phaselets wer
ectreased by ADP 0 1 romol/T), sdrenaline (1 mmnol/l) o coflegen (50 me T, Immedwicy
sharwards repifiese s sdded and the ohame of fued scparated from the clot afuer 13
30 and 45 mm wes oprewed 1 percentage of tonl (messs and sandard devations of
$ expertment)

Tadle V Effect of on s (means and sardard

okt sty
e tane e time
e b
FRP + bufler 142310 #46£0 130226 191301 ~3
PRP + bydronywres 132414 4334.0 117217 197101 3
033 mmal 1
PFRP + hydroxywea 13718 98419 1Q£1) 204401 3
065 cmol 1
Discussion

Sudging from the present im estigation, sddition of hydrotyurea does
ot Influence the platelet function { fro This b in agreement with the
conception that hydroxyurea attacks the DNA synthesks, which b of linke
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of no importance to the platelets. Smce the concentrations of hydroxy
vrea used 1n this study are similar to those used m the treatment of pa
tlents, these in vifro studies suggest that hydroxyurea might be a usefol
drug when a patient with bleeding symptoms has to be treated with cyto-
statics. It must however first be checked whether these findings in niro
can also be made in corresponding administratron in vivo smee it cannot
be excluded that hydroxyurea might cxert a harmful effect on the meg2
karyocytes wath the formation of defective platelets as a result,
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Scanning Electron Microscopic Study of Lenkem!,
Huaman B Lymphocytes
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Kry Wovds. B tyophocytes  Call stwface  Hairy cell leukemis Lewlemia  Ma-
Bguant lymphomas  Scanntng eleciron mcroscopy

Abstract, Peripbaral blood hymphocytes from pathents whh chrooke Iymphocyte
bewkemia (CLL), ok and bhadry

clectron microscopy [12] Recent findings Indicate that pormal hurmn T
and B tymphbocytes can be distinguished by scanning electron microscopy
md;pmndﬂnthne—dlmmhmhlcwo(dﬂlﬂ:outhcceﬂmbce[.s
27) mTaﬂ:mlmdwbenmﬂ,mhmﬂmdhpuym],
few short and stub-lke microvilli, whereas most B cells are characterized
by a larpe number of long. finger lile projections. In the present study
SEM hxt been applied to analyre the surlace morphology of leukemic ho-
men lymphocytes bearing surface markers of B celh.



246 Kusnz/Pakrx/kovitovl/Cronsera

or no importance to the platelets Since the concentrations of hydresy
urea used in this study are similar to those used in the treatment of p-
tlents these in vitro studics suggeat that hydroxyurea might bo 3 uscfel
drug when a patient with bleeding symptoms has o be treated with cyo-
statles. Tt must, however fint be checked whether these findiags in Vit
can also bo made in corresponding administration /n o smee it camnot
be excluded that hydroxyurea might exert a harmful effect on the mega
Laryocytes with the formation of defective platelcts as a result.
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Scaming Electron Microscople Stady of Lenkemic
Human B Lymphocytes

K. Frsamm, G. Connex W Szaxiawsm and G BrrTNoeR

Divbioa of Hemaiology Departmant of Medicus, Usiveruty of Exsen, Essen

Key Words. B lymphocytes Cell surface  Haury cefl kokemia Lenkerma M-
Pemaxt Iymphormas Scarming ehectron mHcrowcopy

showsd surface featores of both hympbocyles and momocyler The remahts indteare
tat bexkemic B and T hymphocytes canpot be drstiegunbed by SEM alone

Consid interest in morphological studies of human lymphocytes
bs been d by the recogottion of tno functicmafly distinct populs-
tiom, the thymusdependent (T) and the bonc-marrow-dependent (B)
tymphocytes. Although both ccll types are charscterized by certain sur
{sce receprors and membrane markers (1 ] no significent diflerences
bave been obacrred in their ultrastructural features wing tranmmiston
electron microwopy [12] Recent findings indicate that normal human T
a0d B lymphocytes can be distinguished by scanning electron microscopy
which provides a three-dimensional view of details on the cell surface [25
27] Tirus, T cells were found 1o be usually smooth end to display oaly
fow short and stub-like microvilll, whereas most B cells are characterized
by a larpe mumber of long. finger-like projections. In the present stmdy
SEM has been appled to analyze the surface morphology of keukemic hu-
mam lymphocytes bearing surface markers of B ecth.
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Materials and Methods

Peripheral blood lymphocytes from 18 patients with chronic lymphocytic kewle
mia (CLL, blood lymphocyte coonts ranging from 900/ul 1o 297 000/xl), 2 pateats
With hairy cell lealemia (HCL lymphocyte coumt 11,868/ul and 13.24% 1 1 -
tlent with levkemic lymph ytold lymphoma (ymphocyte count 224, 200, 1)
and 2 patients with leukemic centrocytic Iymphoma (lymphocyte comnt 14,200 xl asd
20.230/ul) were studied. The diagnoses were based on clinkal and eytological criter
1a and on histological examinations of Iymph nodes eccording to the Kiel claslfics-
tion of malignant non-Hodglin s Iymphomas [13). At the time of study 9 CLL pa
tients were tntreated 2 had previomly recelved x combination chemotberapy with
chlorambucil and prednisone, 1 patient was under therupy with chlorambudl, 2
were treated with prednisone, 3 with both chlorambucil and predaisone acd 1 with

yloph and W ¢ The patients with HCL were stodied 1 and 18
months after splenectomy when the hairy cells with typleal tartrate reshstmt acid
phosphatase isoenzyme actlvity comprised about 20 and 45% 4 of blood leukocyter
No chemotherapy had been performed In these paticnts, The patlent with lympho-
plasmacytoid lymphoma was utreated. Ome patient with centrocytic lymphoma had
previoinly received a combination chemotherapy the second patlent was untreated.

Mononuclear cells were isolated from heparinized venom blood by centrifuga
tion over a Fleoll-sodium metrizoate layer for 40min at 400 ¢ The celh at 1be in-
terface were carefully collected and were washed twice with phosphate-buffered sa-
line. Purity of the cell sospensions was determined by differential counts of stained
smeare. The preparations contained about 95v/ lymphocyter, As judged by dye ex
cluslon test using erythrosin B, viability was 95v/,.

Spontaneous rosette formation with theep red blood celly, a property of T lym-
phocytes, and immunoftuorescent taining of b bound i lobalies, 2
marler for B cells, were performed as described previously [10] 75-90% of the
blood lymphocytes from 16 patlents with CLL, both patients with centrocytic lym-
phoma and from the patient with lymphoplasmacytoid lymphoma were classified &1
B cells [W Avarsre, unpubl. data, 1975) whereas more than 0% of the Iympho-
cytes from 2 patients with CLL (after development of partial remission under
therapy with predalsone) and from both ratients with HCL were T celis.

For SEM the lymphocytex were fixed at room temperature with 2¢  glrtarakde-
hyde in phosphate baffer (pH 74 370 motm) aod kept at4 Cor at lemst1 h Then,
the cells were collected on thin polycarbonate membrane fllters of 0.8, m porosty
(Nucleopore: Thomas Co  Philad Pa) by aspir -{Ttration and were
rinsed twice in phosphate buffer (pH 74) Subsequently the samples were dehydrat
¢d in a graded serics of ethyl alcohol followed by amyl acctates beolute alcohol and
finally abiolute amyt acetate, each for 1 h at 22 C After critlcal point drying (Po-

laron E 3000~ Polaron Equipm Lid, London Engl in carbon dioxide [4] the
cells were coated with thin Iayers of gold by a sputter coating tech ique in a
vacuum apparatos (Balzers AG L4 ) [19) For of +

a Cambridge Stercoscan $4-10 scan ng electron mlicroscope (Sclentiflc and Medical
Jmstruments Ltd, Cambridge England) was wsed at an accelerating voltage of 201V
end with a 200 ; m diameter fllumi perture, R of the SEM war
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In the order of 150 A. Hundreds of cells wers scarmed oa tho screen before ecord-
fay mbcrographs al dErect magslfications from % 1,000 1o 20,000

Rexdts

Peripberal blood lymphocytes from all patients stodied were generally
spherical In shape. The size of the CLL cells and thelr mumber of surface
profections (keogth wp 10 0.8 pm, breadth from 100 1o 300 om) varied
from petient to patient. Lymphocytes from 3 cases with CLL (2 untreat
ed, 1p ty treated with and predatsonc) ranged In di-
mr\nﬁum42m54m(man 4.8 ym) Thcydhphycdv‘lllommr
faces with homogencous distribution of 60-140 stub- or finger-fike mi-
croviltl per exposed part of the cell. Occanonally an accumulation of fin
ger-llke projections adfacent to a thrombocyte was observed (fig. 1).

In 10 CLL patients (7 uatreated, 3 treated with chlorambucl and
predaisone) the lymphocytes had a mean diameter of 44 m (38—
52 4m) and showed moderate numbers of suriace digitatioms (20-60/vrsi-
ble surface fig. 2), with b o that
nonvillous arcas as well a1 those denscly covered with microvili were ob-
served. Cells from 3 treated patients ranged In dlameter between 3 7 and
44 pm (average 4 0 um) They were entirely smooth or had only few
stub-like urface projections (uvp to 5-10/exposed part of the cell). Thelr
gencral surface conflguration appeared somew hat irregular (fig 3) In coc
of these cases histological examination of a lymph node blopsy revealed
extreme immaturity with clusters of protymphocytes. There was littke re-
sponse to therapy and & tendency to progressdon of the dbesss with & sar
vival time of 20 months. The other 2 paticuts are sulfering from typical
CLL since 4-5 years. In exch of these 16 patients 80-90% of the lympho-
cytes showed uniform morphological features. Few cells differed In thelr
warface architecture from the majority Occasionally  mooocyte with
ridge-like profiles and ruffked membranes was seen. However ln 2 casex
who had slmost normal percentages of E-rosctte forming cells after devel-
opment of & partial remission under thespy with prednisone SEM re-
veaked a g cell ebze a4 weell as anrface
morphology Mono(tbcoclhdnphycdnmodnu:nnmbero{wrhue

About 90° o(lbcpcﬁplmulbloodlym-phomnlmmthepaﬂmlvhh
phop yiokd P were d by & rather
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Materials and Methods

Peripheral blood lymphocytes from 18 patients with chronde tymphocy tic Jeokes
mia (CLL, blood lymphocyte counts ranging from 500/l to 297,000 #T), 2 patiezts
with halry cell leukemfa (HCL, lymphocyte count 11,868/x] and 13,48/, 1 -
tlent with leukemic lymphoplasmacytold Iymphoma (lymphocyte coant 224 *00/l)
and 2 patients with Jeukemic centrocytle lymphoma (lymphocyte count 14,2004 and
20,230/ 1) were studied The disgnoses were based on clinical snd cytologiaal criter
ia and on histological examinations of lymph nodes according to the Kel classifica
tion of malignant non-Hodglin s Jymphomas [13] At the time of study 9 CLL p+
tients were untreated 2 had previousdy received a combioation chemotherapy with
chlorambucil and prednisone, 1 patlent was under therapy with chlorambacil, 2
were treated with pred, 3 with both chlorambucil and predafsone, apd 1 with
cyclophosphamide and vincristine The patients with HCL were studicd 1 and 18
months after splenectomy when the bairy cells with typleal tartrate resistant scid
phosphatase hoenzyme activity comprised about 20 and 45* of blood kulocytes
No chemotherapy had been performed In these patients. The patfent with hympho-
plasmacytold lymphoma sras untreated. One patlent with ceafrocytic lymphoma hed
p y received a binst the second patient was ontreated

Mcmunnclcnr cells were isolated from heparinized venown blood by centrifegz
tlon over a Flcoll-soditm metrizoate layer for 40 min at 400 ¢ The celly at the b=
terface were carefully coltected and were washed twrice with phcsphne-burrmd L3
line Purity of the cell suspensiom was determined by differential counts of staleed
smears. The preparations contained about 95% lymphocytes. As judged by dye €3
clusion test using erythrosin B viability was 95 /a

Spontancous rosctte formation with sheep red blood cells, » property of T ha-
phocytes, and § fluorescent stalning of membranc-bound immuncglobaling a
marker for B cells, were performed a3 dexcribed previowly [10). 75-90°  of the
blood Tymphocytes from 16 patients with CLL, both patients with centrocytic Iym
rhoma and from the patient with lymphoplasmacytold lymphoma wert clasfied &5
B cells [W Avornix, unpubl data, 1975], wheress more than $0% » of the Tympho-
cytes from 2 patients with CLL (after development of partial remisdon ond<t
therapy with prednisone) and (rom both patients with HCL were T cell.

For SEM the lymphocytes were fixed at room temperature with 2 glutaralde
hyde In phosphate buffer (PH 74 370 mtosm) and kept at4 Cfor at least 12h Then,
the cells were collected on thin polycarbooate membrane filters of 08 am porosity
(Nicleopore Thomas Co., Philadelphia, Pa) by aplation{Tltration and were
rinsed twice in phosphate boffer (pH 74) Subsequently the samples were dehydrat
od in a graded serles of cthyl alcohol followed by amyl acetate/absolute alcohol and
nally absolate amyl acetate, each for 1 h st 22 °C. After critical point drying (Po-
1aron E 3000 Polaron Equipment Ltd., London, England) In carbon dioxide (4] the
cells were coated with thin layers of gold by a sputter coating tech fque In
vacoum apparatus (Balzers AG Li In) [19] Fof ¢ Ination of tmens
a Cambridge St S4-10 ing electron mk {(Sclentific and Medica!
Instnments Ltd., Cambridge England) was used at an accelerating voltage of 201v
and wath & 700 xm diameter flluminating apertore Resolution of the SEM win




tic tymphoma displayed rather villons cell sorfaces (more than 60 microv
filuvisible cell part) with a mean dismeter of about 4.6 wm (fig. 5) How

ever spart from typial villous lymphocytes we found In another case
sphercal cclh (mean dlameter about 40 xm) whh a minor oumber of
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FL. ! anou: Iymphocyla from a pldcm with CLL. One cell shows #n accs-
of 11l adjacent to a th X 7.500.

Fip 2 Leulemlc Iymphocytes from CLL with s moderate number of sarfscc
projections. On the right  normal matare erythrocyte. X 3,780
Flg 3 Smooth tymphocytes from CLL with some {regularity of sarfsce conf-

guration. X 7,500
Flg 4 Smooth lymphocytes from a case of lcukemic lymphoplasmacytold lym-

phoma. X 3,750

smooth surface (up to 5-10 stub-like projections/visible surfacc) with
some degree of Irregularity (fig. 4) Cell size ranged from 40 to 4 6 pm
(mean 4.2 ym) in diameter Very few spherical lymphocytes with a more
villous surface were seen Lymphocytes from both patients with centrocy



Fig 7 Hamy cell from HCL d@isplayiag wameron fong thin microvilll. < 9 790
Fig 8 Hairy cefl characterized by boag microviill and ridge-like profiles s well
1 srab-like werface projectoes. 11250,

tic lymmphoma displayed rather villows cell surfaces (more than 60 microv
fllivible cell part) with a mean diameter of aboat 4.6 wm (fig. 5). How-

ever apart from typical vilioes lympbocytes we fomd o soother case
spherical cells (mean diameter about 4 0 xm) with a oinor rember of



Fig 9 Halry cell lcukemia [arge number of very villous lymphocytes ditfering
from typlcul hairy cells. X 7,500,

Fig 10 Hairy cells with ruffles and soms stub-lite microvilli surrounded by vik-
lous lymphocytes. X 7,500

long surface projections (length up to 10 4m) and some ndge-like pro-
fHles (fig. 6)

In the patients wath HCL (fig 7 8 10) the percentage of hairy cells
estimated by SEM s well as by light microscopy was about 20 and 43%
at the time of lnvestigation Surface morphology of hairy cells vaned 1o a
certnin extent. They showed features of both lymphocytes and monocytes
by the presence of ruffies and ndge like profiles numerous long microvil
Ii (length up 10 1.5 ym, breadth 90-170 nm) and stub-like projections
(breadth 75-225 nm) The ccll sizc was comparable to that of willous
Iymphoytes A relatively high proportion of the remaiming Iymphocytes
displayed more than 80 microvilll per visible surface (fig 9)

Discussion

The restriction of membrane bound immunoglobulins on CLL lym
phocytes to one heavy and light chain supports the idea that in most p3
tients with CLL a monoclonal proliferation and accumulation of leukemie
B cells occurs [1 2] This nterpretation Is supported by our observations



Surface of Leukemic Lymphocytes o3

indicating that about 80-904/ of the peripheral blood lymphocytes from
the CLL patlents display a uniform surface morphology Apart from the
lenkemic cells there seems to exist a residual popolation of normal hym-
phocytes with a surfece architectare differing from that of the majority of
ceils. This, we foond a more heterogencous population in both cases with
partia! remission. Lymphocytes from most patients with B-type CLL
showed villons surfsces a3 has a130 been reported by Porracx wnd De
HARVEN [27] and CaTovaxy ef &f [8] However in spite of their B cell
nature lympbocytes from 3 of cur treated cases with CLL were almost
completely kmooth. Generally villows CLL lymphocytes were larger than
ﬂ:nnomhtypawhich-ppﬁallm{ormmdlympboq'm[u]m
dimioished size amd the it jons of CLL 1
trmd:m{beduﬂhmdhnvuncmdybctnmﬂcd[ﬁ] Cmccmln;
absohrte diameter of lymphocytes, cell shrinkage remlting from critical
potnt drying procedures has to be counsidered [4 5]

Our findings suggest that cells from cases with lenkemic centrocytic
lympboma have predominantly villous surfaces. However the morpbol-
ogical features were less homogeneom than in CLL. An almoest uniform
population of smooth cells were observed in a pabent with lymphoplas-
macytodd hymphoma.

Halry cells from the patients with HCL had a rather complex surface
architecture. They displayed fearures of both lymphocytes and monocytes
10 a varying degree. Controversial results concerning the nature of hairy
celis bave recently been p d sting clther a B lymphocytic or
mococylic orlgm (9 11 14 16,17 20]

Our SEM study on leokemic B lymphocytes indicates that a villoos
cell surface ks pot a gencral morphological feature of all lymphocytes with
B ceil membrane markers. They may show a wide spectrm of surface to-
Mmﬁﬂ!hmnmﬂnny\momwmmp)ﬂdymodh&mﬂy
Catovexy et of (8] L 1 blood tymphocytes from 6 pa-
thents with mlem-pbobhsuc lcukzmh (ALL) Cellular surfaces were
either devoid of projections or bad » relatrvely large number of short mi-
crovilll. Furthermore, there were no morphological differences between
bixst cells from T ALL and non T-ALL. Pouiuce and De Hanves (27]
obsenied mallgnant T exdhs of the predominantly smooth type I another
cnuulT-AU.lndlnlcmeoﬂhymu.lemplnmnlmmllymph
node of poorly dill: h (Rappaport
dmmcnﬁou)‘mnndkdbyhhwﬂd.[.J]Tbcy!oundaﬂ“hhl
moderate mumber of microsiTli. Thu, it may be concloded that leukemie T
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lymphocytes also do not display any characterstic pattern of surface archt
tecture On the basts of these results the possibility has 1o be considered that
the surface morphology of mahgnant human lymphocytes does not de-
pend merely on their B or T cell nature The extreme labihty of cell sur
face structures hes been evaluated in several previous studies. In particy
lar cellular environment [7 9] temperature changes in cell culture [22),
varations in preparative mcthods [3 5 29] cell cycle [24] mitogens
[15] cell surface contacts [29] and ccllular nteraction In viro [18 71
26 28] have been shown to influence the surface morphology Thos,
comparable results may only be obtained under standardized conditons.
Passibly the surface morphology of penpheral blood lymphocytes pnma-
rily reflects their functional state or — as in leukemie states — the extent of
membrane abnormality Furthermore, our SEM observations raue the
possibility that surface architecture may be influcnced by therapeutle
measures of may alter with progression of the disease since all CLL px-
tlents with predominantly smooth lymphocytes were treated at the time of
investigation
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Iymphocytes also do not drsplny any charactenstic pattern of surface archi-
tecture On the basis of these results the possibility has to be consideredthat
the surface morphology of malignant human lymphocytes does not de-
pead merely on their B or T cell nature The extreme lability of cell sur
face structures has been evaluated In several previous studres. In partee-
lar cellular environment [7 9] temperature changes In cell culture [22]
vanations fn preparative methods [3 5 29] cell cycle [24] muogens
[15] cell surface contacts [29] and cellular interactson in vimo [18 21
26 28] have been shown to influence the surface morphology T,
comparable results may only be obtafned under standardized condibons.
Pousibly the surface morphology of peripheral blood lymphocytes pruna-
iy reflects their functional state or — as In leuhemuc states — the extent f
membrane abnormality Furthermore our SEM observations ralse the
possibility that surface architecture may be influcnced by therapeutic
measures or may alter with progression of the disease smee all CLL po-
tients with predominantly smooth lymphocytes were treated at the time of
nvestipation

Acknowledgment This work was supported by the Alfred and Clire Pott St
tung, Egen, and by the Mint for Wi haft und Fo Vordrhei
Westfalen, Germany We thanl Prof Dr k. Lowwrar Director of the Institute of
Pathology Untrenuity of hicl, for the histological diagnosis, and Prof Dr H Lip-
Wi Director of the Department of Gynecology and Obstetrics, Universlty of Essen,
for placing his scanning electron microscope ot our disposal. The cxcelient rechatcat
astigtance of Mre. M FUNKE and Miss H Mrrzarx is gratefully ackpowledged

References

L Aunatro A C. and Broar K.} Immunoglobaling on the surfsce of ncoplas
tie lymphocytes. Now Engl J Med. 287 7°-276 (197%)

2 Awt, F Licava, V. Fromriet, M and Cukia, M v Lymphocyte surface
rmarkers in lymphoproliferative disorders. Acta haemat, 50 275-283 (1973)

3Bo, P B jr Brunk, U Cowuma, P, Forssy N and Frrpuxssoy B. A
SEM of cells In culture Osmotle effects durlng fixatran. SEM (IFTRY) 1975
380-386.

4 Bovor, A Wae, R A, and VraeLy P Scanning electron microscopy of celh
{n cultare Exp! Cell Res. 77 313-3 4 (1977)

S Bavor, A. and Vesriy P Comparison of fixation and drying procedures for
preparation of some cultured cell lines for examinstion in the SEM SEM (ITTR1)

1972 265-27T2



Acty haemat 57 277265 (197T)

Prcpandon,Purtﬁcuﬂonmdhvithmpuﬂathm
agatnst Homan Lymphoblastic I d Antigens

F Paxoocrt, G Luzg, M. C Tozzmand F At

Detpartment of Clinical Medichue 11 v Department of Pediatrics 11,
Unlversity of Rame, Rome

Key Worde Acote ukemin A wra Cy wicity
Leokumia axtigesy  Tumotamocated wntigem

Abstract. A werom agaiest bemen tympbotisstic eakeia cefls was oblained i
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L Li{ diseases and, p blasth
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penic modifications in neoplastic cells. This kind of Imownological study
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progoostic and therapetutie results,

Specific sntigens in leukemiss were studied by varioms authors wsing
specific antisera (8, 10-12]. The greatest Aficulty in this kind of stody is
thapﬂwnduuo!qxdﬁ:lnﬂsen it ts clear thet an inoculated anfmatl
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towards human lenkocyte antigen (HLA) identical normal human eells
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have crons-reacting antipens with leokembe cells (5 7 10]
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Specific sntigeny in keukemisy were stodied by vsrloos suthons
specific antisera [8, 10-12] The greatest difficulty in this kind of stody b
Lhnptep-nﬂmo‘hpcdﬂcmﬁun it bs clear that an {noculated amtmal

gainst

towards human leakocyte antipen (HLA), identical nonmal human cells
[4] of extracts of memtrranes of continooos cultored cells which might
have crons-reacting antigens with leukemic cells [5 7 10]
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Table I Vakocs of CT with anti-ALL szwm b 10 normal donon and in 10 patients with
vaxiows dieescs

Cam Seroen duthons

Ko, s m 1236
Normal domors

1 003 oo 001
2 anz 019 ats
3 om 005 ant
4 os50 k) 008
] on oot 000
€ oM o7 (LY}
1 a4 T} a0l
3 o1s ate o
’ 0z7 [T 0o
10 034 [T] om
Fortous discycs

11 Allcrgy w0 cow’ nflk a7 017 ons
12 Astheom als a1? 013
13 Arpte bronchopnsamanis sy aot 006
14 Macrogicbalioemia. on 008 a0s
25 Poocpbalomysftie ar o33 ax
16 Carcincxra of e breast o€ (k1) ois
17 Chromie mococutamons codidiess a6 0% al6
13 T el defect o oM a3
19 T cell dafact 020 a1z a4
10 CVvH 012 em o

pher. Dilwtloos wers made withis T.C199 Tarpet calls worw weed st fiml comcen
trunon of 4X 10V, wiag rabbit sormal KD 13 the 300nte of toophemen. Tnco-
basion time of cally, antisera kd complement was 40 mf &1 37 °C. Desth cally wers
cavisged wolag optake of trypes bioe.

The remits are expromed with the cytosazlc kadex (CT) (2] and ary calerloed for
significant antiserum ditndoos.
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Toble I Clinlcal and immunological data of the 2 patlents with ALL whoee celts were

used for
Case Sex Ags WBC/d  Blasts  Rosettes, % 5xls
No yers % B EAC GAM
1 F 5 £000 %0 12 A ND
2 F 2 6,800 2] 7 1 000

Sralg=Surface membrane immunogiobulins IgG TgA and IgM ND=pot dope of
not avaflable,

We studied the problem from two polnts of view- (1) antisernm specif
city at vanous dilutions, and (2) specificity of antisera following 8 partic-
ular absorption scheme.

Material and Methods

Serum antl ALL. Leukente lympboblasts used for inoculation were obaioed
from the peripheral blood of 2 patlents with ALL In acute phase whose diagooss
had been conflrmed by psmal clinkal and laboratory methods. Pertinent data cob-
cerning thesc 2 patfents are reported in table I

The cells were obtalned from patients before therapy Lympboid cells were bo-
Iated by centrifagation o Flcoll-1 gradicat, washed twlo and sspended In
T C. 19 (Wellcome, England), Cells were stored at —50 °C untll fnoculatioe. The
ruspension of cells was Injected ftravenomly fn & rabbit at a dosage of 2X 107 cells.
This was followed by two subsequent 1 of 107 cells each performed at 14
and 21 days, trely The two inoculations were mads with subcutancous [njec
tions In differcat piaces, snd an equal volume of Freund's compete adfuvant (DI
o, Detrolt, Mich) was added to the cell smpention. After a period of 7 days ws
performed the first bleeding, and electrophoresls proved an Increaso of p-globuline
At thhs tlmo we sacrificed the rabbit, The serum obisined was iscnbated at 57 °C for
30 min and stored at -20 °C,

Serwm ant-ALL(a) Wo wbsorbed the antiserum aati-ALL whth an equal volume
dpchdc&[h(rtdbloodOdllA,B,thndﬁvl)fm'mminlllﬂ"Clndfﬂflh
at +4 °C. Then we absorbed this anthervm In the same manner with s pool of por
nnllymMﬂ(:dhfwrmnndoll)lndwthlh‘lympbocﬂao{lhem

whose sons had given us the lymphoblastic cells for f (2X 10 lymph
tes/ml). Floslly for tion we msed the h: of the same patients
Ihe remislon phese, obtalned after kemlc therapy 2X10% Jympbocytes haokat

cdmmmlblwdmmd{wlmdmmummm
qumdnmﬂthu:mmnolou,ammdwhhlbneccnsudmfbcdmublcv
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Table [y Vakoes of T with anth-ALL serwm I 10 relntives of pefiats with ALL (No.1-10),
0 S petients with ALL fn CR (No. 11-19), In € pathents with oftr tymphoprobfacative
daordery (No. 16-21) and i contioaom caftared coll Hees (No. 2-2)

G Borom dhetioes

No n m 136
1 Mother of case 9 (table ITT) ads an s
2 Futher of cas $ (able ) a1z an Q06
3 Brother af case 9 (able [IT) o4 oo? 0.06
4 Father of cae 11 (abis IV) Qa2 ax LIt}
5 Mother of case 11 (table IV) ass ars 014
6 Liother of case 12 (tabls IV) o 000 0
7 Patber of e 12 {able IV) an o o
8 Mother of cam 13 (lnble IV) am a0 00
9 Mother of cuse 2 (abie ) (L] () o
10 Putber of cas 2 (abie ) as7 ase 000
11 AlLlCR 02 o Dos
12 ALLinCR as4 016 003
13 AlLmCR o4 ons om
14 AlLinCR (w2, abe ) a9 os oos
15 ALL in CX (cs0 | table ) 040 o o4
1§ Acpis myehomonocytio kenkenda ose 0x a1z
17 Acots myskoblasiic leakemle o aly o1
13 odL Lo o7 on
19 CMLinBC 10 o oM
20 Chronks hymphocytic Jewkemis as7 o a0
2 Lympboma o 007 om
2 Cukured RATT cefl kou 100 0% o
23 Coftared codl Bme from infoctions monomacheods 02 0.4 oot

paticnts we obtained sn aversge CI of 078 (range 0 64-0.92 SD 0.09).
We regard subjects &y positive when CT s >0 43 at 1.32 dilution and we
(table TIT): $/11 (p~<<0.0001). z* between grexter C1 n controls end low
er tn ALL positive fs 1683 (p<<0.000S).

The strum was abo tested with lymphocytes of relatives of Ienkente
mdwﬂmuwﬁhmhmﬂmmﬁﬁm(aﬂ.wpﬂmﬂ
with different lympboprofiferative disorders and with
mﬂ:(uﬂnMMntﬂluﬁmleZwohscrved-M;hthAﬂcﬂh
(thtsnc-cuitured cell Iine from & Barkitt s lymphoma patient), n 1 case of
chronic myelogenous leakemla (CML) fn blast crisis (BC), dn 1 case of
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Table Il Valves of Cl with anti-ALL serum, and clinfcal and Immanologkal dsta ln
11 children with ALL in acute phase without therapy

Case WBC/sl  Blaus  Roseftes, 4 Serem C1 Commenty
No % T EAC  diutons
18 132 17256
1 60000 %0 4 2 100 092 054
2 ND n 1o 9 079 069 055
3 12000 & 15 23 085 o7t 0.9
4 25000 0 ;13
9t 0t 097t 0331 042t Disgnoshon
bone mamow
i 110,000 31 3 14 094 082 040
6 ND ND 8 ND 052 079 039  sterokd thengy
7 10,000 40 14 ND 088 064 030
g 80,000 %0 2 4 099 087 0.63
9 150,000 97 L - 098 082 006 Toellkukemh
10 9800 60 10 4 064 033 0.09
1 4000t 0 et 061 0231 004 dlagnoshon
bone marrow
* Deripberal blood

1 Booe marrow

The techniques of E rosettes (marker of T fymphoeytes), and BAC rosettes (ym-
phocytes with receptor for C3) and surface membrans fmemnoglobulms (Smigh
were performed ay indleated in a recent work concerning standardization of komg-
nological techniques [31

Cases. Both In peripberal blood and in bone marrow lymphocytes were bolated
oa Ficoll Isopaqus gradient, washed twico and resospended in T.C.199

The diagnosls had been confirmed by usual clinkal and laboratory methods

Results

Table 1I shows the data of CI with serum antl ALL in 10 pormal do-
nors and 10 patlents with different discascs, all studied as controls. At 2
dilntion of 1.32, the serum gives an average CI of 0 15 (range 0 02-034
SD 010)

The same antiserum was tested In 11 cases of ALL in acuto phase and
before antileukemic therapy (table 11I). At the same dilution of 1 32,In 9
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activity egainst 4 cases of ALL In acute phase, spaimst cultured RATT
cells and against 1 cats of CML n BC.
Thb cytotoxke capacity fs considerabt d using ant-ALL(s) (1)
serum, against 4 of thess same cases (table VI). In fact, we observed the
Toss of cytotoric capacity in 2 cases and a marked reduction In the other 2
cases In which the valoo of CT was halved.

Discussion

The hypothesis we considered i this work is that In the acute phase of
ALL there arc specific antigens. It is pomible that these sntigens diap-
pear during the hematologic remission, as we seo for other cell markers
that become normal fn remission [1]

It Is clear that, when we inocalate leukemic lymphoblasts in & rabbit,
wa obtain a dgnificant antibody response against different antigens and
probebly agaimt HLA antigens. We umderfine that our sntiserum b dif
ferent from ent-T serum [2] because we demonstrted a Jow
fn common vardable hypogammagicbulinemta (CVH), where we find a
grext number of circulating T lymphocytes. However the results obtatned
n 20 controls end 9 out of 11 cases of acute phaso ALL with the an-
t-ALL serum, & that onr antk in u parth dilution,
can identify most beakemic patients.

Morcover we observed a cytotoxic action in 1 case of ALL with T
Ttymphocytes at a difution of 1.32. In this patlent the following dilution is
Dot eytotoxie, whils it bs active In other types of ALL with nefther B nor T
cells. This observation may be significant in that other authory did not
find that thelr antisera were ective against ALL paticnts who showed a
profiferstion of T Iympbocytss [6]

It b interesting to note that the capacity of the antisers of ientifying
lenkemc-associated antigens b lost in 4 cxses of ALL In remission phase
probably becanse these antigens during CR become masked or are shsent.

bynhmrpdmshbmdmﬁlndialphnmﬂgmshdepcnd:mlmmthe
scuts phase, The resutts of cytotoxicity of serwm ant-ALL(a) in the cases
of ALL, RAJT cells and CML in BC, show that this antherum has snti-
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Toble V Valoes of CT with anti-ALL(a) serum fn 10 tested subgects and in cuitnred

RAJ cell Iine
Caxo Serom diketions
Ne. 1 P2 18
1 Mother of case 2 (ablo ) ols [SER -}
2 Father of case 2 (able ) 024 012 a7
3 ALLin CR (case 2, tablo 1) 0,07 a3 oo
4 ALLin CR (case ! table1) 0.01 a0 0
S CML (case 18, able IV) 025 12 oot
6 ALL, acute phass (case 5 table I1I) 0.68 ase 033
7 ALL, acute phasc! (case 6, table I 082 LY 060
£ ALL, acute phaso (case 8 table ITD) 0.50 os0 oM
9 ALL, acute phase (cesc 7 table 1) a7l an 047
10 CML in BC (ca%o 19 table IV) 0.60 078 o
11 Cultured RAJI cell Hne 1.00 o 08l

1 With sterold therupy

Table V1 Valves of CT with anti-ALL(x) () serom in 3 pathents with ALL Io acute pa®®
and in 1 patient with CML in blast crbsis

Case Serum ditutions
Na. T 112 17256
1 ALL (caso 5 tablo I1}) a0 0.8 008
2 ALL! (cuso 6, table I1I) 043 02s 003
3 ALL (caso 7 tablo LIT) 038 018 2
4 CML in BC (caso 19 tabko IV) 0.00 a.10 a0

1 With sterold therapy

ALL in remission (case 14) and In her parents (cases 9 end 10). This p2
tent had been a donor of Iymphoblasts for noculation durmg her st
phpeaswasthepmitho. 15 who had however a jow CL

In table V we report the results obtained with serum anti-ALL(8)
This serum was convealently absorbed and the effectiveness of this meth-
od s supported by the Joss of cytotoxicity sgainst lymphocytes of case 14
and of her parents. On the contrary the antiserum Tl showed cytotoxlc
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1435-1453 (1974)

13 Poary, F Lon, G Bouocow, §, Sawea, G Awr, F. Ricerchs con
sher] entHinfocitl T in patologi wmasa. L Correlazions tra cotossicid con sioro
aofi-infock] T rosctte E. Fobha allergol. tmesanol. cin. 23 100-111 (1576),
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bodies against antigens present on these cells. In fact, & soccesstve ab-
sorption with acute phase cells [serum antl ALL(a) ()] reduces serolog-
cal activity #s we described. We underlme that cross reactivity between
RAJT cells and leukemic cases was demonstrated by many authors [5 7
10] Furthermore, cross reactivity between antl ALL sera and CML
BC has been reported [6]

Tt is obvious that u speciflc antl ALL serum has a great Importance in
general studies on leakemic discases and lymphoproliferative disorders.
Bat the problem 13 surely more complicated, because we could find espe-
cific mitotic antigens I many pathological conditlons [9] or because
leukemic cells can be more fragile than normal cells.

We would like to obtaln more information about the nature of cytotox
icity in presence of complement, because we think that a standard use of
this method of screening can expedite the diagnosis of some types of Jeu-
kemme discases.
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other group of dmilar patieats who were not given heparin served as con-
trols.

Patients

31 patieats (groep A) osdergoing major opertticn, who recetved sobentxncomty
3,000 TU of heparin the crening befors operation and every 124 thereafter for at
Jeast 10 dryr, wars stmfied Tem patiests were males and 21 fermraler The meen ago
waa 53 years (range 24-76 yesrak

Another gronp of 15 patients (prowp B) uadergoing simllary major operatlons,
without heparn, sermd ma controls. In this groop 6 patients wers malos and § fem-
ales, The mean age was 54 yeary {range 23-75 yoar.

Pxtlents with bleeding teoadency or maligmst dhwass were cxchded from the
wundy AR pefients & not recstve drogs affectiag platelet feaction for at least 15
deys bafors operation ead during the study

Methody

Mlecd was anticosguisted with trhodism cittats (3.2%). Mateletrich plaama
(FRI) sad platchet-poor plesma (PPF) were propared by differcotial centrifngation
as.

Tha followheg platelet tests were applet: (1) Platalet count DL (2) The templase
bleeding thoe [13]. (1) The Satndan [20] test of plateiet retsation In glam bead col-
own (adbestrensss) slightly modified [18]. () Pltalet agpregation way tested by the
torbidometric techniqoe [14] waing collagen and ADP (1 x) 11 sggragatiog apenty
(19]. (5) ADP ruleass from plaselsts by collagen was amcwed o3 described ehwwhers
s

The degres of xgyregation was expressed &3 percentaps of maximal fall fn opti-
al deasity In the collagen-indnced aggregation the delay period aad the dope of
the aggregation curve were alio extimated. ATl 13ty were peformed the day befory

the growps the palred t test mad the t test for small semples wers tued, repectively

Reuits

Pldddcuuu&lnlh:mnlxohlt:plndctconmmnguﬂhnﬂyd:

creased (p<0.05) en the 2nd postoperathve (PO) day (M = 260 SD =
517pludeux10")nmpndwthnpmopaiﬂwlwﬂ:CM-
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Postoperative Platelet Function in Patients on Small
Subcutancous Doses of Heparin

T C. ECONOMOPOULOS, A. G PAPAYANNIS, N E. STATHAKES,
G Azaraxs and C. GARDIXAS

Medical R rch Unit, 2nd Propaedeutical Medical D of
Athens Unlversity Evangelizmos Hospital, Athens

Aey Words Blood coagulation Heparin  Platelet function  Postoperative plv-
telet changes Thrombosis

Abstract Several platelet funcﬂonluuwmpa‘lormcdun!l paticnts undergo-
Ing major operations, who recelved 1 small dosts of be-
parin. A group of 15 similar patients without heparin served s controls. It wa
foundlhnlpmxopm&vdyhbmhm(n)thcphuldmmﬂmhglmbndc&-
umn was slgnificantly fncressed (p<0.001), ('b) the platelet aggregation by ADP

1M was slightly k d, (c) the coll ~' ADPmm-nd
mm«ah;mmmmmmmmmmummrdh
first . p days and d th fter There was no differenco between
patients on heparin and controls.

The role of platelets 1n postoperative decp venous thrombosts is not
clear The mean platelet comnt decreases during the first postoperative
day {4 7] but thereafter increases [1 9] The retention of platelets in
gless bead column, platelet aggregation by ADP and electrophoretic mo-
bility of platelets by ADP increase postoperatively [1 6,9 10 12] How
ever it Is not defined whether thess changes are the result of platelet ‘hy
poractivity leading to thrombosis or are secondary to operation.

It has been recently found that small subcutaneous doses of heparin
given before and after surgery reduce the incldence of postoperative deep
vein thrombosis [8 11] However little Is known of postoperative platelet
changes. If platelets are related to formation of postoperative deep veln
thrombeosis it Is reasonable to expect reduction of postoperative platelet
changes after heparin administration

We Investigated platelet number and function in patients underpolng
major operation who recelved small subcutaneons doses of heparin An
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Tbde I Tompiato blecding time sed ADP releass kn both groops preopscattvely aad
postoperathrely

Grocp Templatn bhoedlng time, min ADP reiase, sgf3 100
preoperatively  postoperatively platdets
postoperstiviy
M 8 M 8D M 8 M D
A a7 12 45 1S 8 4 &2 4
B 43 12 4 u 5713 57 43

M =)iasn valos SD=standard deviation.

Discussion

stodies of the in vitro and in vivo effect of heparn on
platelet mumber and function gave controversal resmiits [2, 5 17 21, 22]
Zocxex [23] in a recent revicw article, concluded that ‘heparin enhances
primary aggregation, induces aggregation by caviing the relewse reaction,
mdnnr:wlt.myx:dmnﬂmmkunrmimmbqumﬂyprmkcdby
other sthnmuli such as hrine  In prelimt oa bealthy
mbjecuwncﬂdnotﬂnd:hmgau(plﬂdﬂnmbcrmdfm:ﬂm:md
12h aftec subcatancous administration of 5,000 TU of heparin [mmpahl.

]

In this study the platelet function test showed similar changes post
openatively fn both groups of paticots. The changes consisted of & signifi-
cant incremse of the rstention of platelots in glass bead column end &
dight mereass of the ADP-induced (at final
1 xM). These findings are at varlance with those of O'BraN «f al. [15,
16) who also studied patients undergoing operation #nd observed that the
ADP-tnduced aggregation was decreased In the controls, whilst it was
normal in patlents recetving small subcutancous doscs of heparin. How-

decp
Onlhlothﬂhlnd.thhtmdylbﬂ'tddlﬂﬂmdchtntndphlﬂd
count p between the bep d patients end the comtrols
Inhmhp-oup:o(plﬂmulhnp!ndﬂcumdcaemdmlbubdpw
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Table I' Collagen-indoced aggregation In group A and group B preoperatively and port-
operatively

Group Preopenatively Postoperatively
delayed stopo total delxyed slope total
period 4 aggregation perjod [ aggrepation
ol % e %

RAl——
M SD M SD M SD M SD M SD M SD

263 108 824 44 35085 26362 80736 M4T6
40 78 23428 83064 24264 R628 ML

@ >

M=Mean value SD«standard deviation,

SD = 47.5 platelets X107), restored to the preoperative levels on the 3rd
PO day (M = 275 SD = 51.3 platelets X10%) and followed by & sigmfi-
cant increase (p<<0 05) on the 4th and 6th PO days (dth PO day M =
301 SD = 58 6 platelets X10* 6th PO day M =~ 308 SD = 506 plate-
lets X10%) In the group of paticats on heparin the platelet count also
showed a significant decrease (p<(0 01) on the 2nd PO day (preoperative-
1y M = 266.5 SD = 52 platclets X10° 2nd PO day M = 251 SD = 57
platelets X10°) but it remained low on the 3rd PO day (M = 252.8, SD
= 56 platelets X10%) and restored to the preoperative levels on the 4th
PO day (M = 267.9 SD = 56 platelets X10%) A slight but oot signif-
cant increase was noted on the 6th PO day (M = 283 SD = 60 platelcts
X 10%)

Platelet retention in glaxs bead column Platelet adhesiveness wes sig-
nificantly increased (p<<0 001) postoperatively n both groups (group A
preoperatively M = 47 8, SD = 7 6%, postoperatively M =~ 560 SD =
91%, group B preoperatively M = 48.3 SD = 8 0%, postoperatively M
=587 SD = 71%)

The ADP-inditced aggregation at final concentration 1 ;M was slightly
increased postoperatively in both groups (gronp A preoperatively M =
28.5 SD =~ 8 7%, postoperatively 32.2, SD = 10.9% group B preoper
atively 284 5D ~ 10.58Ys, postoperatively 31.5 SD = 8 6%s). This in
creaso was not statistically significant.

duced jon (table 1}, ADP release by collagen

The collagen-i aggreg

(table IT) and the template bleeding time (table II) remained unchanged
pastoperatively in both groups.
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Tuble IT. Temphute biending time end ADP releam in both groops preoperatively and
posoperstively

Groop Taplai bicadisg time, min ADP releass, g3 10
preoperatiwly  postoperatiedy platdets
properatively  postoperatteely
M 8D M 5D M 8D )
A 47 12 46 1S 3 4 © 4
B 43 12 4 u 7 1 37 4

M= imn wime SD=stindard derizhon.

Discussion

Bxperrmental stodies of the {1 vitro and in vivo effect of keparin an
platelet pumber snd fonetion gave controversial resnlts [2, 5 17 21, 22)
Zucxex [23] in a recent revicw article, conclnded that Theparin enbances
primary aggregation, indoces aggregation by cansing the release reaction,
mdnlrmltmyndncnthordnwmcdonmbxq\:nﬂyprmbdby
other stirmall such a3 y
mbjccnwd‘idmtﬁndchlnaudplnddmhumdtmcﬂnnlmd
121 after subcntancons sdministration of 5,000 IU of heparin [onpabl.
obscrvation]

In this stody tho platelet fonction test showed similar changes post
operuttvely in both groups of patients. The changes consisted of a signifi-
cant incresse of the retention of platelets in gl bead column and »
alight increase of the ADP-induced (at final
14). Theso findings are at varlance with thoss of O'BAIEN ef af. [15

factor i the of the p dcep vein b
mmmmuﬁmwdﬂmdmdp{m
coxmt Y between the paticnts and the cantrols.

hbo&mdplﬂmuthplnddcmldcumdmtb:hdpw
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Toble I Collagen-induced aggregation in group A and group B preoperatively and post:
operatively

Group Preoperatively Postoperatively
delayed  slope total defayed  slope tonl
period 0 aggregation period O
®c % sec k3

e _ 2

M SO M SD M 8D M 58D M SD M 3D

A 263 108 82444 85085 26368 80736 84 76

B 240 78 83428 #2064 24264 82628 B8T63

M= Mcan value SD=standard deviation.

SD = 47.5 platelets X109) restored to the preoperative Jevels op the 3d
PO day (M = 275 SD = 51.3 platelets X10%) nad followed by a sigzife
cant Increass (p<<0 05) on the 4th and 6th PO days (4th PO day M =
301 SD = 58 6 platelets X10* 6th PO day M = 308 SD = 506 plate-
lets X10%) In the group of paticats on hepann the platelet count abso
lhowednslgnlﬁmntdmeau(p@m)cnthchdmday(pmm
Iy M ~ 266.5 SD = 52 platclets X10* 2nd PO day M = 251 SD =57
platelets X10°) but it remained low on the 3rd PO day (M = 252.8, SD
= 56 platelets X10°) and restored to the preoperative levels on tho 4th
PO day (M = 267.9 SD = 56 platelets X10%) A slight but ot signifi-
cant increase was poted on the 6th PO day (M = 283 SD =~ 60 platclets
X 107)

Platelet retention in glass bead column. Platelet adhesivencss was 5§
nificantly increased (p<<0 001) postoperatively In both groups (grouP A
preoperatively M = 478 SD = 7 6%, postoperatively M = 560 5D =
91%s group B preoperatively M = 48.3 SD = B 0%, postoperatively M
= 587 SD = 7 1%).

The ADP-induced aggregation at final concentration 1z was slightly
fncreased postoperatively in both groups (group A. preoperntively M =
28.5 SD = § 7%, postoperatively 32.2, SD = 10 %% group B preoper
atively 28 4 SD = 10.58%, postoperatively 31.5 SD ~ 8.6%s) This in
crease was not statistically significant.

The collagen-induced aggregation (tablo 1) ADP release by collagen
(1sble 1T) and the template bleeding time (table IT) remnined unchanged

postopenatively in both groups.
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operative day but thereafter in the heparinized patients the platelet poam-
ber did not promptly rise to the preoperative level and did not show a9
nificant increment on the 6th postoperative day ns did the controls.
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Abstrect ummmmmm(mmnmmwmhd*
come resistant o prevh were treated with DTIC. The
dm:wu-dmmmmuumwmryu-dn.xommdmofmmdm'w5
corsccntive days, oncs a month, The resalts demonstrato good respouses in Hods
kin s dhtease, while in Hodglin's ly caly L and short remir
sious or faflures were recorded. The only untoward side cffects were nanses, vomi!
i{ng and pain in the veln during the Injection.

DTIC [5-(3,3-dimethyl 1 trinzeno)-imidazole-4-carboxamide, NSC
45388] marketed recently under the name DTIC — Dome (Dome Labo-
ratoties) s a pot:nt antitomour drug, particularly successful in the treat
ment of 1 [2,9 10 15 19] Numerous
reports indicats that it can produce a remission of over 20%. Lets fre-
quently DTIC has been used in the treatment of variety of human cas
cers, efther alone [7 8 16] or in combinations with other cytotoxic drugs
[6, 11 18] This report will document our experience in determining the
activity of DTIC tr in patl with g lired forms of malig-
nant lymphomas, who fail to n:spond to conventional chemotherapeutic
combinations.

1 The athors wish to thank Dr M Stavix (chief Investigational Drug Branch,
Natloaa! Cancer Institote, Bethesda) for Lind supply of DTIC.
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Abstract. 15 pattents with malignant lymphomas (stage ILI B or IV) who had be-
como resistant o p binatlon ch wiere treated with DTIC. The
mm-dmmmmWyu-muthdmmW'w5
mﬂwmnmqmmhmmudmmlomwh““
kint dbsease, while in Hodgkins | h only and short remi-
sloms or fallures wero recorded. The only untoward sido effects were pauses, vorkt
ing and pain o the veln dering the Injection.

DTIC  (5~(3,3-dimethyl 1 triazeno)<imidazole-4-carboxamide, NSC
45388] marketed recently under the name DTIC — Doms (Dome Labo-
ratories) is & potent antitumour drug, particularly successful in the treat
ment of ic malignant mel [2, 9 10 15 19] Numerous
reports indicate that it can produce a remission of over 20% Less fre~
quently DTIC hat been used in the treatment of vancty of human can-
cers, either alone [7 8, 16] or in combinations with other cytotoxic drugs
[6 11 18] This report will document our experience in determining the
actlvity of DTIC treatment in patlents with generalized forms of malig
nant lymphomas, who fail to respond to conventional chemotherapeutic
combinations,

Tha authors wish to thank Dr M. Sravix (chief, Investigational Drug Dranch,
National Cancer Institute, Bethesda) for Lind supply of DTIC,



kinaw/Domax m

Table 1 Information about the patients

it Agn Scx Diagoonks Hisologhal Clinkal Previoms Doration of Number  Re Darution
~a.

siage  therapyt thedmemse of DTIC  mponset of re-

fiestion poorto  courses miwion
DTIC ek
montiy
1« HD B MoOrP 13 1
VideP
PR I V4 MC OB MOPP 2 3 364
3 4 F HD NS IvB  MOPP 56 2 ’
VIMeP R
Ko
4 1 M HD -] Ive MOPP 2 2 PR I3
3 % M HD not IvB MOPP % 3 RIE
atarrrioond
¢ # M HD L ms MOPP 23 2 [= ST
7 % F HD Dot VB MOPP 32 3 | 1
determioed VM 26
t % F HD MC IvB MOPP 12 2 m 3
9 ® M HD MC IVB  MOPP 15 3 PR ?
1o 3 F HD 3. ] mBe  MOPP 12 2 PRI
1 7 M R IvB CoP 2 1 PR 3
Pepd-
ot chamio
2 2 F RCS vB cor 1t 2 F
13 @ M pes G ) 2 2 PR 4
M 55 M RCE IvE CoP 4 2 7Y 6
15 4 M I3 wB coPp 2 2 F
Leokersn
.3
HD=Hodskin domxe RC3 ol srcoma LS
LP=L MC=mixd celdiarky LD =lympbocyts
“dephenon,
MOPP = )Mmtard, cocovin, cop cncorvine, preded-
sonc Y3 R=

Fe=Fujars PR - partul cemeson  CR = comphow remibaion.
Remismion not yet ermmeded.
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Table Il Clinkeal features of treated patients and influence of DTIC therapy

Adcnomegaly
-
| £ 3

° - -

z 5 g g T B a £
P12 248 §35;
o & ?; & 4 &5 £ % g
HD 1 0 0 [} 0 0 0 [1] 0

2 c c c < - [ < - -

3 n < P P [ P P - p(LP)

4 < c P p - P P - -

3 c c c - c c P - -

6 c c € c - c < -

7 c [ ] c c c 4 p -

8 3 c P - © p P - o)

9 c c c c P c P - -

10 c - p c - p p P =
RC3 11 c c p 3 P P P [ -

12 p 0 0 [ [} 1] - - 0(Q

13 c c p p - p - - p (D

14 P c P P - p - - -
s 1S P P o s 0 0 [ - oD

HD=Hodgkln s disexse RC3=reticulum cell garcoms LS« lymphosarcoma.

ESR =Erythrocyte sedimentation rate 0=no response p=partial regression ¢=
complete regresdon Se= patient after splenectommy

Lm=lungt P=pericard Cwconlon M =bone marrow

Patients and Methods

15 patients with malignant lymphoma (stage 1l B or 1V) were eligible for the
DTIC therapy all of whom had received previons therapy Ten, patients with Hodg
Lins dbcase had been proviomly treated with DE Vira's MOERP eyclic reglmen (8]
as modified by KLENER and Doraan [13] $ patients with non-Hodglin » lympboma
had recelved COP [12] The diagnosia had been lished from blop-
sy of Iymph node by the nsual criterla, before the first treatment was started. All
patlents were put on DTIC treatment when they relapsed or bad become resistant to
previows therapy DTIC was administered in doses of 300 mg/m /day Flve day
course was repeated at 1-month Intervals. All patlents but ono received at keast two
treatment courses. If the disease was progressive the study was discontinued and the
patient was put on another drug reglmen. Prior to initiation of DTIC treatmenl,
complcte physical and laboratory examinations were performed, incloding peripher
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al Y -l tate, Rver (uncthn tests, chest Toxigeno-

sogrpty
Response to treatment Was evaluated according 0 eriteria described by Cansone
and Sevma (11

Results

12 patients (80%/ ) respouded to the treatment (table I) However only
2 patients among them achitved compiete remisston (133 /o), while the
others had objective, but | h Detailed inf }
lhouilttpnﬁenummnnnlﬂzcdlnnbchTwpa&-nudfdmm
dmobitcﬁv:nspomc-ﬂnthcﬂmcuumufﬂnwy but responded to

course. wis noted {n all but 1 patlent

(No.l)ﬂthm.dwnced}lod;hnnﬁ:me.Ob}cuhtrcwcmu
pressed in the majority of patints by fmmediate decrease of fever de
creme in erythrocyte scdimentation rate, while palpable lymph nodes, liv-
er or spleen diminished within several weeks after the onset of the treat
ment. Antitumour effect was observed even in cases with far advanced
dhesse which fafled to respond o different modalities of prior chemo-
therapy The ciinleal festures of trested paticnts and the infloence of
DTIC therapy are summarized in table IL

DTIC treatment » &3 well tolerated. The most (requent skde effects ob-
served were nawsca (14 out of 13 patients) and vomitmg (11 patict).
The symptoms were most scvere after the first Injection of the Inidal
courne. Ten patieats complalned of pain tn the vein during rapid intrave
nom posh. However thrombosis was never observed. No hacmatological
toxkity wes recorded, though in some patients, treatoent was started with
leucocyte or phatelet counts under Jower Limits of the normal valoes. A
moderate decreme of keucocyte counts was sometimes observed within 2
wecks after the treatment, but fn no case [e-threatening leucopenia was
recorded. Platelet counit, i decreased after therapy recovered sporita-
neouily whhin a short period. No bleeding manifestation in relation to the
therapy was observed. Liver kdoey or bono marmow toxicity was not
fomd.

Discurtion

Numerous reports hae been published reporting good results of com-
bh:ﬂauchunmheﬂp'ylnldvmcdﬂod;\hndhammnm—Hod;Uns
tymphomas {5 12, 13] However treatment of relapses still rematey a se-
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rious problem It has been supgested to add further components to the
chemotherapeutie combination [3] but leucopenia and/or thrombocyto-
penia often prevent such a major chemotherapy On the other hand, sin
gle agent therapy 1s usually unsuccessful [4] That s why new approaches
arc still looked for In the present study we demonstrated that DTIC ks a
valuable drug n such situations High efficacy of the drug might perhaps
be cxplained by its mechanism of action, as DTIC has been proved to
have alkylating as well as antmetabolic activity [10] Furthermore,
SAUNDERS and ScuuLTZ [17] demonstrated Interaction of DTIC with SH
groups, which olso may play & part in Jts anttumour action. It could be,
of course, contended that 13%s of complete remissions in our series of p3-
tients 15 not convincing, but it should by kept in rmind that all patfents had
been treated previously and were unresponsive to prior chemotherapy
From this pont of view 80% of all responders, though most of them
achieved only incomplete remission is evaloable as a successful treat
ment. The great advantage of DTIC is its low haematological toxicity No
serfous leucopenia and/or thrombocytopenia were recorded Furthermore,
in vitro studies indicate that DTIC did not influence platelet functions, as
many other cytotoxic drugs do [14] Gastrointestinal toxcity was rather
Tigh, but rapid onset of tolerance was noted. In many cases, thiethyIpers-
zine (Torecan® Sandoz) can reduce substantially these untoward side
effects. Although the majonty of patients complaned severe pain fn ven
during Intravenous admmnistraron venous thrombosis or oblitcration in
consequence of DTIC therapy was never observed, Nevertheless, 1t
should perhaps be adwisible to mject the drug in a more diluted solution

In conclusion, we state that DTIC is a useful agent for the treatment
of advanced lymphomas, particnlarly for jts effectivencss even in pre-
viously treated cases. Lower response rate in non-Hodgkin s lymphomas
may be connected with thelr gencral lower sensitivity to chemotherapy

but this ption canoot be maintained owing to the rather hmited
number of cases In our study but onc is certain that further study using
different tr schedules, or combining DTIC with other cytotoxe

drugs might prove to be even more efficacious.
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Aboract. The phenomenon of past asomaloos fyweomse formnrtion m hussn
Chechak-Higash! vysdrome bk s ambyzed. L ﬂnd-u:cun—
{nr acid
l:ﬂvﬂynhavcdmmmlammlulnnddﬂnwm-:-nmdum
grarales. Maruve gransles m hymphoCytes kad an appesrance asd stroctore duffer
eat from thowe fornd in other beukocytes. The glant graceles seem to bo & prodact
of & acttve fomca betwesn primary end sccomdary mormal mzed or entarged hyso-
tomes This fwsiom ocomes bn ond 1
mosocytes. N famon was fomsd in Iymphocyse gramaler.

The Chediak-Higathi syndrome (CH) b » rare disorder determined by
one antosomal recessive geoe and i lethal fn the bomorygous state [1]
‘This dmsorder oecors n man (2, 3] and enlmals (3-7) Tt 8 clancaty man
Hested by pancytopenia, galy photo-
pb&;prﬂddbtdsmhmﬂlﬂiﬂ.mdhcrmdmcepﬂliﬁtyw
infection. Stodies of leukocyts funcbon have documented defective granu-
locyte chemotaxss [8, 9] and impedred mtracellular destruction of phago-
cytired bacteria [10] as well a3 reduced quantnes and abaormal distribu-
Ihno“ynmm.l]cnxym[ll 121

Cyt ristic findings are large anomalons
;mnhln mk-cnuuimn-g cells [13—15] However lenkocyte
. d [1-3 6, 16]). Tbe

mduﬂdpbmpmmcmdwmmmdtyddnmdb,qw
mlmmmmmmnmwmm
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£ 1 Elextron of mematare from blood of

petient with fee CH syndrosss Large mumber of normual-sized granales distribated
s the cytoplamm (arrow) ead swroundmg  lerge granale (double arTow) characker
mic of this wadrome Nomerous mitochonda (M) can aho be sete. N = Nuclews
~ 100

Rendus

Movphological cbservetions In peripheral blood, MGG staming and
phase mxcrowopy revealed anomalous granules ln granulocytes, mono-
tyles and lymphocytes. In the bone marrow gramulocyte precursors
thowed glant vacmoles in the cytoplasm m well a3 the typical inchusioa
hodiey.

Electron microxopy Granalocytes and monocytes ln CH blood cells
showed, in addition to normal small grencles, enlarged and giant ooes
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sent lysosome varieties [1 17] Furthermore, studies in CH cells have i-
dicated a disturbance in their lipid metabollsm [18 19] It has been sug-
pested, on the basis of ultrastructure of white blood cells of man and an-
mals that the formation of abnormal granules may be due to & process of
Iysosomal fusion [17 20] In CH beige mouse hepatocytes, the giant yso-
somes are formed from the Golgi endoplasmic retrculum Iysosame
(GERL) clements [21]

The present investigation Is a study of the structure and the formation,
through a process of fusion, of the anomalous granules in human CH lev-
hocytes. The Identification of the fusing lysosomes, as well as the forme-
tion of the giant granules, was based on thetr enzymatc stainmg wd
structural analogies.

Materials and Methods

Peripheral blood buffy coat and bone marrow from a 4-year-old non-albino
male were examined

Morphologlc siwdies Using the May-Grinwald-Glemsa staln (MGQ), morpbol
ogic studics wero performed on smeans of periphenl blood, mlero bufy cost &d
bone marrow cells. Phase-contrast miToscopy was uwied to examine freth prepare
tions.
Electron microscopy Examinations were performed on buffy coat obialoed from
heparinized (200 1U/10 ml) peripheral blood and bone marrow cells, fixed in 25
plutaraldehyde in 02 M Na-cacodylate-HCl baffer (pH 7.2) contsining 7 smcyosc
and Lept at 4 C for 2 h. The samples were washed with Na-cacodylate, poutfived B
1% 050 In dylate HC1 buffer y d In graded cthanols followed by pro-
pylene ovde and embedded in Epon 812 as described by LurT [22] Sectlom were
cut with LKB ultratome, stained with uranyl acefate and lead citrate and exsmioed
with a Philips 300 electron microscope.

Ulrastructural cytochemiury Acid phosph activity was
follows: peripheral blood and bone marrow cells were fixed In 1/ glotaraldehyde in
0.2M Na-cacodylate-HCT buffer (pH 7.2) for 15 min at 4 °C. The cells were then
washed 3 times In the same cacodylate buffer The fixed cells were suspended In Go-
morl tcubation media (23] and maintained at 37 G, pH 48, for 2 b. Following Ie-
cubatloa, the cells were washed three times in Na-cacodylate buffer and
for clectron mibcroscopy s described above. Stalning with uranyl scctate od Tead
citrate was performed  fter testing the presence of the enzyme activiy product en
umstained sectlons. As a control for the specificity of the stabning method, fived eells
were incubated with the Incubation solution lacling the substrate f-giyeerophor

hate.
F For demomtration of perovdsse sctivity the samples were incubated [
Gram-harnovaky medium contalning 3,3 dlaminobenridine (DAB) a3 substrate for
15 min [24]. Following incubation, the samples were treated s described above for

acld phowhatase activity

ed &1




¥ 12,000,

Resdes

Morpholopical observations In peripheral blood, MGG suhing and
phrso mucToscopy revealed anomalous granules in granulocytes, mono-
oytes and hymphocyter In the bone marmow granulocyte precursors
showed glant vacuoles n the Cytoplasm xs well a1 the typical Intlosion
bodies.

Electron micrascopy Granulocytes and monocytes n CH blood cells
thowed, tn addition to normal small gramules, calarged znd giant ones
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Fig 2 Eoslaophilic polymory distinguished by its large sire granules
and the presence of a crystaliofd in most of them (arrows) An evtremely lurge
granule (double arrows) containing multiple crystalloids makes it seem Hlely that
these glant granules are formed by fusion. Fution between two, and between three
caainophilic granules are seen (arrowheady). X 12,000

(fig. 1-3) Scanming of many cells Indicates that the latter are a product of
an active fusion process of pnmary and secondary lysosomes. Gunt
anomalous granules were present in vanous stages of cell maturation but
appeared predominantly in young mycloid cells. The lysosomal nature of
these granules was evidenced by their content of chamcteristic lysosomal
cnxymes, ns monifested by uliracytochemica) positive staining for peroxi

dase and acxd phosphatase reaction (fig 5 6) Most ncutrophils and mon

ocytes contained the anomalous Iysosomes presenting onc or more giant
granules surrounded by some others of normal size (fig 1-3) Beside their



Fig 3 Neatrophilc metamyslocyte thowmg common smafl lysosomas (arrows),
Iargs granales (dooble arrown) and ghent finlog Irsosomes (arowhesd). N = Nocle
or M = mitochosdria. 18000,

different size, the granules were bic In nature and d unt-

form or amorphous materials
Some of the grant d el 1 s 8cuoles which
‘mhmﬂmh’ddmmmhlyrmmmdmm
P (fig- 6). v Hzation in the cytoplasm of granulo-

cﬂntulcommﬂfhdm;mdmydtbcgmubq«ubﬁhqede—
stroyed areas which showed acid phosphatase sand peroxidme activities
(4. 5) Eosinoplul gramules were abko cnlarged whth various configura-
tbn&md‘uungln-ﬂhelmbnmdcmuhﬂn;memmncrpuhﬁd:
of wnusmal dre and shape (g )

Varation m the namber and of the fusing 1. ey
found fumon was obienved betw cen lysosomes of the same or with differ
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Fig 2 Ecsinophitic poly d by Hs larpesize granukes
and the presence of a crystalloid in most of them (arrows) An extremely large

granule (double arrows) containing multiple crystallolds makes it scem Iikely that
these glant granules are formed by fusion. Fusion between two and between three

cosdnophilic granules are seen (arrowheads) % 12,000

(fig 1-3) Scannmg of many cells indicates that the latter are a product of
an active fusion process of primary and sccondary lysosomes. Giant
anomalous granules were present in varlous stages of cell matumtion but
appeared predominantly i young myclowd cells. The Iysosomal nature of
these granules was evidenced by their content of characteristic tysosomal
enrymes, as manifested by ultracytochemical positive stalning for peroxi

dase and acid phosphatase n:acllon (fig. 5 6) Most neutrophils and mon
ing one or more glant

ocytes ¢ d the
granules surrounded by some olhcn of normnl size (ﬂg. 1-3) Beside their
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on; M = mhochondna, X 18.000.

different wze, the gramules were pk bic In nature and d uni-
form or amorpbons materhls.

Some of the glant Iysotomes cootained electron-locent vacookes which
were interpreted as being Ipnd dropiets, probably washed out doring the
prepurstion processes (fig. 6). Vacuolization i the cytoplasm of granulo-
cyles w3 a common fnding amd many of the granulocytes had large de
wroyed arexs whach showed aad phosphatrse and peroxkise activities
((ig. 5). Eosinophil granuies were also enlarged with vadom configura-
tions, indicating an acthe fusion and containing ooe or more crystalords
of unnynal sze and shape {fig. 2).

Vartation in the number and confignration of the fusing hysosomes was
found. fusion was obsen ed between hysosomes of the same or with diff ¢



Fig 4 Tubular structures in a small clear lymphocyte. hidney-shaped nockeus,
condensation of chromatin along the nuclear envelope. Few mitochondria (M), ribo-
somes and a glant orgaoelle (arrowheads) containing tubule filled structares (o sct)

y and transversely X 13,000 Inwct

The (ubular el are
X 40,000

ent sizes and shapes between primary or secondary lysosomcs, as well as
between granules in different stages of lysosomal activity (fig. 3) The lip-
id laden lysosomes were observed fusing with one or more granules form
mg a complex of giant granules (fig 6)

On the other hand, no fusion was found in lymphocytes. Anomalous
Iarge granules in circulating lymphocytes showed cytoplasmic jnclusions
containing & mass of mi bular-like structures having two types of dif
fercnt diameters and arrangements Onc type contained few microtubules,
300-350 A in diameter scattered fn the granules. The second type cons
fsted of a large mass of mictotubules, 150-200 A in diameter packed
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TowY) of the Yacnoks (V) aad whbm the cylophuumic gramales ead comtalning beter
ogenoms material (doatle mrrowsl.  $Q.000

tightly together and occupying most of the inclusion space (fig. 4). The di-
ameter of the mcrotuboles in ench inclulon was naiform. The different
1y pes of inchusions could be found located in the same cell.

Discansion

Tbelywmomlnnmo(lhccnhmcdmdghmfnﬂnlmhprucm
hkukmha—{mmulcdbthhch:mialmhﬁaﬂng
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Fig 6 Ekctron micrograph of an immature granulocyte from bone mamow
stafned by peraxidase reaction product, showing variots stages of the fuaing lyso-
somes. The peroxidase stalning appears as an wmorphous precipitate localized in
anomalous lysosomes (arrows) Point of connection and fusion between lysosomes
Lipid droplets are nonreactive (L), X 12,600

acld phosphatase activity in addition to the peroxidasc stamning, The mas
sive granoles In lymphocytes had an appearance and structure different
from those obscrved in other white blood cells. It scems that the large
granules in the lymphocytes were formed wathout a fuslon process and ap-
peared in thelr protein component to be different from those observed in
other leukocytes. Smgle glant organclies filled with masses of tubular ele-
ments seem to appear in CH 1 a higher percentage of lymphocytes than
those found 1n normal cases [25]
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Naturally occurrmng fusion of lysosomes 15 of great umportance In the
of the physlological role of and thelr con
tent. Two kinds of formation of the ancmalous large granules in CH were
prevously suggested. The first dealt with the formation of the wnomaloos
lymsomuhﬂmczmmbdpmmc.mdlndkncdmubep-mcyﬁ:
gant lysosomes arise from GERL clements [21) The second suggested
that the glant lysosomes are formed through a process of fusion observed
In CH mink and beige mouse keukocytes [20 26} The present study indi-
cates that giant granules resulting from lysosomal fusion can occur both
in early or late stages of cell maturation, as well as between primary lyso-
somes and phagolysosomes or even betwecn two secondary lysosomes.
This finding is in contrast with the obscrvation in the CH beige mocse
leukocytes in which the giant granules wers found to be the resalt of fus-
mg of lysosomes having a timular structursl appesrance [26]

The {act that in the p of a normal kenk show
mh:q'med:nzynmi:-cﬂﬂtynmﬂnwthﬂloundlnu-llouldmm
that the CH bas a defecth {27] A defi

clency in membrane stability of the cytoplasmic gramules In CH was abo
fndicated by ultrestructure studies [28] This change In structure would
result in an incressed permesbifity and eventual cemotie rupture. The ap-
pearance of glant lysosomal vacuokes in the carly mryclold cells may ako
be explained by a process of digestion due to release of hydrolytic en-
Tymes, A white blood cell turmorer increase due to an intramedullary de
struction snd en lncressed serum muramadase level has been reported
[29]

Memb bility and active
m:ybccxphhrdbypmmhﬂnglbeprmnmo(mﬂnmxﬂwm&cuks
in CH cytoplasmic granules [30] Tinus may be produced by a disturbed
U'p'idmctxbullmt,(nmm;ll:t (ormadouo(;lobuhrmic:lluo(meu-pkj
particles, if d whh the bl phosphofipid leaflet configur
ation of the hnosomal membrane
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Antlhacmophilic Factor A Activity, F VIII Related Antigen and
von Willebrand Factor in Hepatic Cirrhosts

G Bagrx, E. MaTTeUS and F BArsrr
Department of Internal Medicine, University of Gbent, Gbent

Key Words Antfhaemophilic factor Blood coagulation F VIllclated antigen
Liver drrboths  von Willebrand factor

Abstract F VI activity F VIII-related antigen and vor Willebrand factor were
measired in 46 paticnts with hepatic cirrhosis and In 30 pormal Individmals, These
Parameters were significantly higher In hepatic cirrboals than n the controls. Linear
relationahips between F VIT activity and F VIIT related antlgen and between F VI
related antigen and von Willebrand factor were found In patients whb bepatic
cirrhosts as well as iIn normal Individnals, However Jn both groups no relatiomtdp
between F VIIT activity and von Willebrand factor was present. The exdstenco of &
low-grade Intravascular coagulation in hepatic cirrhasls may be poslated but moce
Inf aboot the jism of F VIIT proteln ks needed befors such a state-

Elevation of F VIII (antlhaemophilic factor A, AHF) activity bas
been reported In & number of phystological and pathological conditions.
Extremely high levels have been observed in ecuto hepatic necrosis due
to viral hepatitis [1 6 24 31] but very often an increase of F VIII activ-
ity was also found in hepatic cirrhosis [12, 13 32, 37]

Rnowledge concemning F VIII has expanded considerably during the
past few years. Antisern to highly purified F VIIT have permitted to quan-
tlfy F VIII related antigen (F VIII RA) in plasma, This measurement was
of special interest with regard to the nsture of the F VIII-deficient states
43 observed In haemophilia A and von Willebrand’s disemse [38] Agarose
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el chromatography of F VIIT and immuonological studies allowed some
{ovestigators to propose that F VIII fs composed of & high molecular
welght carrier protein, which is abso fdentificd by immunoprecipitation,
and & low molecular weight subunit possessing the coagulant activity [9
10 25 28] This proposal was questioned [23] and recently a wifying
m0del for the symibests of the F VIl ron Wilicbrand factor protein was
pubfished [11] As the high molecnlar welght fraction comreeted the von
Willcbrand defect with respect to platelet adhestveness to glasy [7 8] or
n to i {35l aq assay of
vunwmdxmdhcmrwﬂdmloped[lﬂ Using these newer
we messared F VITT activity F VII RA and von Wilkbrand factor in 46
patients with hepatic drrhosis.

Material and Methods

h“mwnﬂm)mmmwmm
bialogiea] and pathologicat dats. aicokolic chirhosts In 23, postnecrotic chrhoshy
ummmmhzmmﬂﬂmﬂylmdw

38 patlenby wers adamitied for decompenmtion of thelr crbotic procese ocdema
nches (I8 casm), grstrobstestinal baemormbags (5 casen) sod  Billrubinescia
then 15

aho collethed from 30 sormal voinatests (15 mem, 15 womnen) to determing mormal

Plood semphes were collectsd in eificonized phastic tubes, coutainbng 0.1 wol of
3% of sodten chrate. B VIIT activity was ssmyed on fresh plasms with  modifi-
cation of the partial thromboplasin tmse oeing ket aad baemophiDe A plasm (F
VIO <001 U/ral) aa wabstrate. A standsrd plasce was prepared from  pool of o
trated plesoa from 10 sormal subyects The pooled plaom wi rad arberardly w

concrtre-
tion of 135 mg‘ml, The pooled wormal plasms way coosldered %0 coataln 10 U of
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Fig I F VIIT activity F VI RA and von Willebrand factor in hepathe eirboshs
(Q) and [n pormal Individeals (N), Mean £ SD

von Willkebrand factor/ml. A pew standard curve was constructed on each day the
samples were smayed.

Results

As shown m figure 1 F VIII activity F VIII RA and von Willebrand
factor were significantly higher in hepatic cirrhosis than in the controls.
Mean values F VIII activity normal 0 88 U/ml, cirrhosis 3.35 U/ml F
VIO RA normal 080 U/m! cirrhosis 542 U/ml von Willebrand factor
normal 0 78 U/ml, cirrhosly 4,29 U/mL Thess Increases were found in de-
compensated as well as in compensated hepatic cirrhosis no differcoces



Clotting Fectors ta Liver Clrrhosls 93

in F VIII activity F VIII RA or von Willebrand factor accarding to the
etinlogy of the clrrhosis wers noted.

A significant correlation between F VIII activity and F VIO RA was
foand in coatrols (r = 0458 p <0.02) and in hepatic crhosis (r = 0.5
P < 0001). Linear relationship betweea F VIII RA and von Willebrand
factor were found in patients with hepatic cirrbosis {r = 0338 p < 0.01)
and in normal individeals (r = 0.719 p << 001). However In both
groups no relxtionship between F VT activity and von Willebrand factor
w3 present. F VIII activity was significently lower than F VIII RA fn
the group of hepatic cirrhosis (p < 0001). No significant differences
were focnd between F VIIT RA and von Willebrand factor nor between F
VIII activity and von Willebrand factor

Discusyion

Recent studics indicats that antihacmophilic factor A is present in
plaamae in trace amotmts as & largs giycoprotein with & molecular weight
of spproximately 1-2 million daltons [14 19 21 22, 29 30] Immmno-
floorescence  stodics, ming a monospecific rabbit snthuman AHF
showed that endothellal cells contatn F VITI RA {4 16] By radiolmmm-
noassxy 1t was dapoostrated that cultured human endotheHal cells con-
taln F VITI RA which ks relessed into the culture mediom [18] Procoago-
Lint ectivity however was pot detected in the culture medium. Although
an {rportant progress has been made in the molecnlar biology of F VIIT,
ﬂlﬂmﬂmko{tb:ﬂmhtbtmﬁzboﬂmulmhnﬂ]m

Tncreased kevels of B VIIT activity (13 32, 37] and of F VIII RA have
been found in Liver cirrhosls {12, 17] As to normal individuals F VIIT ac
tivity and F VIII RA are closely related entities since thelr levels alter fn
2 panalld manmer in a varicty of physiok and hydological tim-
ations [2, 27 39] a slgoificant correlstion between F VIII activity sod E
VIII RA was foond n our group of 46 patlents. However the leveh of F
VIII RA were significantly higher than of F VITI sctivity This was ko
noted by Grrry end Rameorr [12] in 13 of 22 patients with hepatic cir
thoais,

Salt i of AHF p lant activity from the antigenic de-
terminants support the concept that F VIII RA and von Willebeand fac
tor are parts of the sxme protein. Both floctuste in a panallel manner i
sormal subjects [36] We found a significant correlation between F VI




92 BarLe/MATTRDWRARNTR

F VI Astivlty FYNI B¢ Antigen vea Wiebrasd fuster
o/al — —

me_

0.

n

70 -

-4

[ 1]
40

1o

::%i%

c

I sty g ‘l '

tof4

= ﬂ-‘

o
-

Fig 1 F VIO activity F VII RA and von Willebrand factor In hepatic cirrbosit
(Q) and In normal Individuals (N) Mean + SD

von Willebrand factor/ml. A new standard curve was constructed on each day the
mples were as,

Resulis

As shown in figure 1 F VIII actiity F VIII RA and von Willebrand
factor were significantly higher in hepatic arrhosis than in the controls.
Mean values F VIII activity normal 0 88 U/ml, cirrhosis 3.35 U/ml F
VIO RA normal 080 U/m), clrrhosis 542 U/ml von Willebrand factor
normal 0 78 Urml, drrhosis 4.29 U/mL These incresses were found in de-
compensated as well as fn compentated hepatic cirrhoals no differences
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in F VIII activity F VIII RA or voo Wilkbrand factor sccording to the
etdology of the clrhosts were poted.

A shynifieant correlation between F VIII activity and F VIII RA was
fornd In controls (r = 0458 p <0.02) and in bepatic clrrhosis (r =~ 0.5
P < 0.001). Linear relationship between F VITI RA and von Willehrand
factor were found In patients with hepatic cirrhosis (r = 0338 p << 001)
and In pormal individuals (r = 0719 p < 0.01) Howover In both
groups oo relaborship between F VI activity and yon Willebrand factor
wis present. F VIIT activity wes significantly lower than F VIII RA 1n
the gromp of hepatic cirrhosis (p < 0001). No significant differences
were found between F VIIE RA and yon Willebrand factor nor between F
VI activity and yon Wilkebrand factor

Discuysion

Recent studies todicate thet snttheemophific factor A #s present In
plavm In trace amocnty ax & Iarge glycoprotein with a molecular weight
of approximatety 1-2 million daltomt [14 19 21 22, 29 30] Immuno-
{lnorescence stodies, wming a monospecific rabbit anthoman AHF
howed that endotbefial cells contain F VITI RA [4 16] By radlobomu-
foussay it was demonstrated that cnltored homan endothelial cells con-
tain F VIIT RA which fs released into the culture mediom [18] Procoagu-
Lt sctivity however was not detected in the culture medium. Although
@ fmportent progress has been made in tho malecular biology of F VIIL,
the exact role of the liver in the metabollsm of AHF s still mknown.

Increased levehs of F VITI activity [13 32, 37] and of F VIII RA have
been found in Tver drrbosts [12, 17] As In pormal individuals F VI ac
tivity and F VIT1 RA are closely related entities since their levels alter in
@ paralle]l manner in & varety of physiological and ik dcal gito-
atioes [2, 27 39] a significant correlation between F VIIT activity and F

VmRAmdguiﬁanﬂyhi;hnlhmo(Fmeﬁty This was also
Doted by Grern and Rateorr [12] in 13 of 22 patients with hepetic oir

Salt disocl of AHF p acthvity trom the antigenic de-
termoinants support the concept that F VIIT RA and voo Willebrand {ac
o1 are parts of the same protein. Both floctuste in a parallel mumer in
normal subjects [35] We found a significant coerelation between F VIIT
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RA and von Willebrand factor not only in our controls but also In our
group of patients with hepatic cirrhosis. However we did not find any re-
lationship between F VIII activity and von Willebrand factor This find-
ing is conflicting with the onginal report of Weiss ef a! [36] who found 2
highly significant correlation between von Willebrand factor and F VII
activity This may be dus to slight differences in the assay method of von
Willebrand factor although we repeatedly found low levels or absence of
any correcting activity in the ristocetin induced aggregation of washed
normal platelets by plasma of patents with von Willebrand’s disease. Fi
nally the mean von Willebrand factor Jevel was higher than the mean F
VI activity in our group of patients with hepatic cirrhosis bat this differ
ence was not statistically significant

Procoagulant activity is lost but antigenic determinants are preserved
when plosma is treated by thrombm [16, 38] or by plasmin [26] F
VIII inactivated procoagulent activity can still support platelet aggregs
tion in response to ristocetin [23] BENNETT ef al [3] described o0 pa-
fients with premature separation of the placenta and a sharp decrease In
the concentration of F VIII activity without corresponding decreass in
the level of F VIII RA Inactivation of the procoagulant activity during
the course of intravascular cosgulation was assumed. A F VIIT activity
relatively lower than F VIII RA has been observed I some patients wih
hepatic cirrhosis [12] An {dentical phenomenon s observed in our growp
of cirrhotics. However the existence of a low-grade mtravascular coage
lation in hepatic cirrhoss has been the subject of controversy [5 33] The
mtcrpretation of the high levels of F VIII gctlvity RA and von Wilke-
brand factor in hepatic curhosis can only be speculative until more mfor
mation is available about the metabolism of F VIII protein.
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RA and von Willebrand factor not only in our controls but also i our
group of patients with hepatic cirrhosls, However we did not find any re-
Iationship between F VIIT activity and von Willebrand factor This find-
ing it conflictmg with the oniginal report of WEISS ef ol [36] who fomd a
highly mgnificant correlation between von Willebrand factor and F VI
activity This may be due to slight differences in the assay method of vos
Willebrand factor although we repeatedly found low levels or absence of
any correcting nctivity in the ristocetin induced aggregation of washed
normal platelets by plasma of patients with von Willebrand s disesse. Fi-
pally the mean von Willebrand factor level was higher than the mean F
VIIT activity In our group of patients with hepatic cirrhos:s but thiy differ
ence was not statistically significant.

Procoagulant activity is lost but antigenic determinants arc preserved
when plasma Is treated by thrombin [16 38] or by plasmin [26] F
VI inactivated procoagulant activity can still support platelet aggregt
ton 1 responso to nstocetin [23] BENNETT et al [3] described two p3
tlents with premature separation of the placenta and a sharp decrexse In
the concentration of F VIII activity without corresponding decresse in
the level of F VIIT RA. Inactivation of the procoagulant sctivity during
the course of intravascular coagulation was assumed A F VIII activiy
relatively lower than F VIIT RA has been observed In some patients with
hepatic clrrhosis [12] An Identical phenomenon is observed in our growp
of cirrhotics, However the existence of a low-grade Intravascular coagu-
Iatlon in hepatic cirrhosis hes been the subject of controversy [5 33] The
interpretation of the high levels of F VIII activity RA and von Will-
brand factor 1n hepatic curhosis can only be speculative until more mfer
mation 18 available about the metabolism of F VIII protein.
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Chronic Myelogenous Leukemia with Elevated Lenkocyte
Alkaline Phosphatase, Positive Indirect Coombs’ Test,
Neutrophilic Leuhocytosis and Unusual Cytogenetical Findings
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Bellinson Medical Center Tel Aviv Univeniity Medical School, Petah Tikva

Key Words Chromosomal tramslocation  Chronlc myelogenons lenlemia
Coombs test Leukocyte alkaline ph philic fa  Phils-
delphia chromosome  Thrombocytoyis

Abstract An unusmal case of chronle nryelogenous leukemls (CML) ks reported
which was charscterized by Icolocytosis without a shift to tho Ieft, elevated lenko-
cyte alkaline phosphatsse, positive Indirect Coombs test, anemia and thrombocyto-
sls, 21 well 83 the absence of b ly The dl Is of CML was ascel
tatned by the presence of Philadciphia chromosome with tramlocation of its deleted
arms on the short armu of a chromosome No. & The ponibk relatiomhip between
the chromoeomal aberration and the unusual hematological and clinkeal features of

this case Is disconed.

For almost 20 years it has been generally accepted that in chronic
myelogenous leukemin (CML) the leukocyte alkaline phosphatase (LAP)
score s substantinlly decreased [18] While a few cases with elevated
LAP scores have been reported all of these were associated with other
concomitant diseases [12, 20 28] or with myelofibrosls [8] Cascs of
CML with neutrophilic leukocytosls [13 22-24] or erythrocyte cutoantl
bodles [16 25) have also been reported but rarely Recently we encoun-
tered a cose of CML presenting all these features. The dingnosis of CML
was based on the presence of Philadelphin (Ph?) chromosome with a new
translocation on the short arms of chromosome 6 recently described by
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s [17] Fallowing ks a detafled description of the clinical and bematologr
al findings tn thhs case

Cae Report

A @Q-ywmrcld hovsrwife wr1 botphalised in Fetrvary 1974 becruss of mahlm,

warral romge, $tool prakec test was pegative for occutht blood.

steBer erythrocy ras 60 o i tha fire howr be-
mogiobin 9.1 g%, 299%,, ey yter 403 pilfon/)
22%, MCV 74 gm? MCH 224 px, MCHC 301 o, platalety 1,400,000/pl snd whits
Hood celts 16,000/uL T count: 61% =,
bead forme, 21Y hympbocytes, 2/ mouocytey, 2% cosnophlh, §% besophils. The
red eells thowed aad g fow

One-sage s T0s. Blecding asd clotting
tienes were mormal Red blood cell srvival wat witkin the norme! resgs. Scren
from 117 agtfs, Lron binding cspacity 602 g, koo mmratdon 19%/. Scum vhemin
B, 1493 py/at; baptogichin 90 mgts, bemopeats level saxrmal Coombe' test direct
megutive, bnfirect poshive (13 ther) GEPD was defichent and bemogiobin electro-
phorests wa parmal. Repesied lenkocyts phosplatiee desermications per
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Chronic Myelogenous Leukemia with Elevated Leuhocyte
Alkaline Phosphatase, Positive Indirect Coombs’ Test,
Neatrophilic Leukocytesis and Unusual Cytogenetical Findings
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Bellinson Medial Center Tel Aviv University Medlcal School, Petah Tikva

Key Words, Ch H Jocatl Chronle  myel kulemia
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Abstract An unusual case of chronle myelogenoas lenkemia (CML) bs repocted
which was charscterized by Jeuhocytosts without a shify to the left, elevated leoko-
cyte alkallne phosphatase, posltive Indirect Coombs test, anemia and thrombocyto-
s, as well as the absence of b Iy The di is of CML was ascet
talned by the prosence of Philadelphls chromosome with tramlocation of Its deleted
arms on the short arms of a chramesome No. 6. The possible relationship between
the chromosomal aberration and the unususl hematological and clinkal features of

this case bs discussed.

For almost 20 years it has been generally accepted that In chronk
myelogenous leukemin (CML) the leukocyte alkaline phosphatase (LAP)
score is substantially decreased [18] While a few cases with elevated
LAP scores have been reported, all of these were assoclated with other
concomitant diseases {12, 20 28] or with myelofibrosis [8] Cases of
CML, with neatrophilic lenkocytosis [13 22-24] or erythrocyte autoantl
bodies [16 25] have also been reported but rarely Recently we encoun-
tered a case of CML presenting all theso features. The dlagnosis of CML
was based on the presence of Philadelphin (Ph) ch with & new
translocatlon on the short arms of chromosome 6 recently deseribed by
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Discuasion

The difficultics encoantered in differentiating between varous myelo-

was the Pl chromosoms which helped classify this cuse a3 CML despite
the high LAP score,

Only very rarely sre LAP scores found to be elevated in cases of
CML. In most cases thoy are either absent or markedly reduced, only sel-
dom baing in the low norms! range, atthough in the blastic crishs thoy may
sometimes rise to normal levelr. While tho Hteratore contatns a few re-
ports of Ph chromosoms amociated with clovated LAP scores, in all
these cases there was abo $0mo other disesoe, e.g. cancer of the lung [28]
ankyloting spondyfitls, iritls, psoriesds {12] and uicerative colith (20] or
myelofibrosis [8], which could explain this finding. In oar cass nelther
concurrent diszaye nor myclofit could be md the -
creased LAP remaing unexpltoed.

The occurrence of sutolmmmne hemolysis or the finding of autcent-
bodles in CML s atso been described but rarely Videback [25] report
edtvomr.hpnﬂmnlnw‘bom-podﬁw&rmth test became ney-
ative ing the d the LAP scores were not
nucd.hﬂwad[lﬁ]mmdlmo{mmhnndyﬂ:
with positive direct and Indirect Cocenby’ test whth & nonspecific warm

panagglutinin and & positive cold hemagghutink titer In whom the LAP

wual seoitivity Sinco incressod LAP activity dno to active hemotysis has
not been reported in the literatore, £nd bn view of the rero LAP score of
this cass of MALDOMADO «f of. [16], it would sppear that the explanaion
of the increased LAP in oor cxse cxrmot bo foond In the presence of ao-
toantibodics as expressed in the posittve Coomby’ test,

The finding of pewtrophific knkocytosis with no shift to the left in thy
case was also an unusual feature. Leukemic profiferation of matere grana-
locytes hxs been clasificd w3 & specisl entity and has been termed m
mﬂkhmmblmmhwﬁmmmm
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Tadle I Variations of hemoglobin, platelets, white blood comt and LAP values during
course of fliness in pathent with chronic myelogenous lenkemia

Date Hemoglobln  Leukoeytes/sl Plafelets x 109sl  LAP
22774 90 16,000 1,400
1474 91 23000 - 199
32674 35 10,800 1426 303
Buslfon treatment
4274 83 17 400 1708 -
42274 129 10,700 1400 ©
51374 126 6,000 470 9
52074 131 6,200 b-7] n
6374 129 35,000 185 m
62474 1o 4,300 124 s
12974 u7 1,300 100 259
121274 127 3,200 64 130
42075 na 3,600 130 196
71378 1o 4,500 160 &
10,1575 114 2,900 ] a
11 478 13 3900 ] 1
12776 116 3,700 0 55
12976 120 3100 L) 110
51876 121 3,200 90 [
61476 124 4,300 140 116

1 LAP = Leukocyte alialine phosphataso nocnml range 20-70 (score method).

ed 1¢/, months after i of the busalfa Ph ch
was still found in 28 of 38 metaphases; ten cells showed a nommal karyotype.

The paticnt was hosplalised three dmes during the period from August to Octo-
ber 1974 becanse of urinary tract infectlons as well as for other jotercurrent infec

tiom. In the foll p period her fcul siatos loed stable (table I
H lobin 12.4 g4/, ety yies 376 million/yl, reticulocytes 2.1%,, "hit; m
) forach v

count 4,300/ul. Ditferential count: 39/
forms, 53 lymphocytes, T monocyter. Platelets 140,000/41 Vitamin By, 61878/
mL Scans of the liver and spleen wers still normal. However the haptoglobin Jer
¢l dropped to 30-120mg¥e, the laat resmit havieg been 5Smg%s The indirect
Coombs test remalned positive (dter 1.37). No specifictty of the Incompleto antibo-
dies conld be established, Cold agglutining wero within norma! Umlits (1+4). Serum
Wmmm&kepalcdrcdbloodnnﬁnlun.bowcd-rl,dﬂ
days (pormal £ 28:4:3). When last scen, 24 moaths after discoatinnation of the treat
mmt,dwpaﬁem'nnﬂllnmxhcdmnldmmdhlwdbcdth.
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Diseussion

Ths difficnities encountered In differcntiating between varfons myelo-
prolfferative dizexses are very well illostrated in the present case The
hematological data obeained prior to the chromesomal sindies were non-
characteyistic and coald be classified a3 being relxted to the symptomato-
logy of any of the foll g mycloproliferative cders. estential throm-
‘bocythemia, spent polycythamia or myelold fibrosis In Hs early stage. It
W the Ph chromosome which helped classify this case as CML despite
the high LAP score.

Only very rurely are LAP scores found to be elevated in cases of
QML In most cases they are either absent or markedly redoced, enly scl-
dom being In the low normal range, sithoogh in the blastic crids they may
somctimes rise to pormal levels. Whike the literatore contsins a few re-
Ports of Ph chromosome amociated with elcvated LAP scoret, in all
these cases thers was abo some other disease, e.g. cancer of the Iumg [28]
enkylosing spondylitly, intit, psoriasts [12) and ulceratire colitis [20] or
Toyclofibrosis [8] which could explain this finding. In our caso pelther
concurrent disease nor myelofilx could bo d, and the in-
creased LAP reruaina unexplained.

The occurrencs of sutoimmune hemolysls oc the finding of amtoant!-
bodies in CML has also been described but rarcly Videback [25] report
ed two soch patlents in whom a posttive direct Coombs test became neg-
utive fallowing the admintstration of predatsane the LAP scores were not
woted. MALDONADO ef af. {16] reported & case of autolmmmms hemolyxis
with positive direct and indirect Coombs test with a nomspecific warm

hﬂnﬂyﬂshtdbemhithmdbybmlhn,lo“hidnhepaﬁmuhncdm-
mnl semitivity Since increased LAP activity des to active hemalyxs has
oot been reported n the Heeratore, and in view of the zero LAP scor of
lhb:uco!)«hu:mumad[lﬁ] it would appear that tho explanation
dmwmhmmmhfmdhﬂnmdm-
Wuwhmmmm

The finding of nentrophilic lenkocytosts with no shift 1o the left in thiy
x50 ws 1l10 an unnnul feature. Lenkermic proliferation of maturs grams-
bcymhubecndxd.ﬁcdnltpedllcnﬂrymdhnhcnmmcdu
Beutrophilic leukemia. In the four cases in which cytogemetic studies were
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reported, there wns no Ph chromosome and the LAP was increased [13,
22-24] The combination of Ph chromosome with an increased LAP
ralses the possibility of a mixed entity exhibiting the hematological char
acteristics of both CML and neutrophilic leukema

The reason for the low LAP activity in CML #s not clear It has been
attributed by some authors to deletion of that part of the Ph chromosome
thought to be the locus of LAP activity [1] This assumption ls, however
contradicted by the fact that LAP may become normal or even elevated
during remission or during the blastic phase of CML, cven though Ph
chromosome is present in as many as 100%s of the dividing boac marrow
cells [2, 6, 9] Furthermore, the Ph chromosome has been found to be
absent in nbout 10%/, of the cases of CML despite low LAP valoes [3 15
26] A possible explanetion for this would be a mutation in the LAP locus
unconnected with gross chromosomal changes.

RowELY [21] was the first to describe the 22q~/9q+ translocation in
nine patients with typical CML. WHANG-PENG ef al [27] In thelr work-up
of five typical CML Ph positive patients have given s a precise analysis
of the breaking polnts of these two chromosomes. This specific transhoca-
tion has been ascertained in the majority of the cases investigated Ina
few ceses a different nutosome, e.g. chromosome numbers 2, 4 8, 11
22, 17 19 was found to particpate In the tramslocaton [4 5 7
10 11 19] It may be ossumed that there are considerable submi-
croscopic changes taking place in both of the chromosomes participating
fn the tramslocation [5] These changes are likely to introduce variable
kmds of genetic imbalance, depending upon the different chromosomes
involved.

It may be concluded that CML may appear in varlous manifestations,
a fact which enhances the difficulties of its differential diagnoss with oth-
er myeloproliferative disorders. The unusual association of Ph chromo-
some, neutrophilic leukocytons, autoantibodles and an increased LAP
score unrelated to a concurrent disease, to the best of our knowledge has
not yet been described in the literature. The finding of all these features in
a case of CML stresses the importanee of the chromosomal studies in e~
tablishing the final dingnoats.
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reported there was no Ph chromosome and the LAP was increased [13
22-24] The combination of Ph chromosome with an mecreased LAP
raises the possibility of a mixed entity exhibiting the hematological char
actenistics of both CML and neutrophilic leukemia.

The reason for the low LAP activity in CML is not clear It has been
attributed by some authors to deletion of that part of the Ph chromosome
thought to be the locus of LAP activity [1] This assumption s, however
contradicted by the fact that LAP may become normal or even elevated
durmg remission or dunng the blastic phase of CML, even though Ph
chromosome is present in as many as 100% of the dividing bone marrow
cells [2, 6 9] Furthermore, the Ph chromosome has been found to be
absent in about 10%, of the cases of CML despite Iow LAP valoes [3, 15
26] A possible explanation for this would be & mutation in the LAP locus
unconnected with gross chromosomal changes.

RowELY [21] was the fint to describe the 22q-/9q+ transhocanon in
nine patlents with typical CML. WHANG-PENG et of [27] in thelr work-up
of five typical CML Fh -positive patients have given us a precise analysis
of the breaking pomts of these two chromesomes. This specific transloc
tion has been ascertained in the majonty of the cases investigated. In a
few cases a different autesoms, e.g. chromosome numbers 2, 481
22, 17 19 was found to participate in the translocation [4 5 7
10 11 19] It may be assumed that there are comsiderable submb
croscopic changes taking place In both of the chromosomes participating
in the translocation [5] These changes are likely to introduce variable
kinds of genetic imbalance, dependng upon the different chromosomed
involved.

It may be concluded that CML raay appear in various manifestations,
a fact which eahances the difficultles of its differential diagnosis with oth-
er mycloproliferative disorders. The unusual assoclation of Ph chromo-
some, nentrophilic leukocytosis, autoantibodies and an jncreased LAP
score unrelated to a concurrent disease, to the best of our knowiedge has
not yet been described In the literature. The finding of all these features in
a case of CML stresses the importance of the chromosomal studies in €3
tablishing the final diagnosis.

References

1 ALTrn, AL A. Lz, 8. L, Pourrax, M and Dosxin, G Studles of beubocyte &f
taline phosplt in I a ponible ch marker Blood 22
165-177 (1963).




Acta haemst. 57 305-3 (1977)
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Kay Worde. 3-ALA Haom erothesh
ILroa deficlency tasemis  Porphyrio metaboliem  Urine porphyriss

Abstrect. In 70 trom deficieat pathests and 21 sormal conirohy the ectivity of e

cbecrved, wheresy the Tiine sxcration of PBG CP end UP was foond whhin the
el Timits, The rescit are compered 10 those reporied by ocher sothars.

There is good cnidence that in lrom defickncy ansemiz both glohin
[21] and haem biosyntbexts are disturbed {2, 6] Thm, vadous authors
confirmed that tn this condition the free erythrocyte protoparphyrin
(EPP) i increased [8, 14 16 LYSZRATOS ef ol, unpoblished daty] Fur
theymore, DacG ef of [4] found a sirollar incresss even in sideropenic
sobjccts without obvlous tron deficiency ansemia. As for the varloos eo-
zymicu.qninhaem‘-' hesis the data eroing the eryth

acd deryd: ($~ALAD), the enryme which con-

dentes two molecales of S-aminolacvolinic ackd (3-ALA) to the monogyr

role porphobilinogen (PBG), wre scanty and rather controversial. Thers is

abo a similar Esagreement a3 regrds the excretion of porplryrins (uro-

hyrin, UP coproporp CP) and porphyy (3-ALA
and PEG)
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Fig ! Some parumeters of porphyrin metabolism in 20 patients with sideropes-
i xoyemia (@) a5 21 costrots (0).

mﬁmbndn:td.Onthomh:rhmd,thcmhuyPBG UP and CP ax

cretiom secm 10 be tmall The p s rather Umited
mmwwmmﬂmmmmnma
and Kaxzro (9] in 22 cases found increased erytlmocyts 8-ALAD actiy

ity On the contrary LICHTMAN and FrDMAX [10] and BATTISTE® f of.

when
itwm! of blood. Thiy discrepancy in the resolts might be attribated to the
lower haematocrit bn fron deficent rats. A similar discrepancy exists a3
mmmmdmmm[pjmm-w

creased urinary ion of this gub ¥ sy In
mﬂmmmmhlﬁddcmpaﬂnusumdm[w]hn
number of P mico found in d urinary &-ALA excretion.

Tho otnerved dhagreement in the resalts between varions grovps of -
vestigators may bo doe to different methods osed.

This mpect s
supported by the observation of Naxi( and Srrwme (13] who found that
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In the present study we assayed both the activity of erythrocyts &
ALAD and urnary excretion of porphyrms and porphyrin precursors m
sideropenic patients.

Material and Methods

The subjects stodied were 21 haematologically normal subjects with Hb kel
above 14 ¢/100 ml, normal Jevels of serum troa and normal saturation of total koo
binding capacity (TIBC) 20 patients with Iron deflciency ansemia. These cases fal-
filled all tho clinical and laboratory criterla for dugnosh of kron deficlency asae
mia. a history of blood loss, Hb valuo lower than 105 g/100 ml, hypochroaia, 1
om fron lower than 50 /100 ml, soturation of TIBC below 1596 and empty fron
stores In bone marrow

The dard h ! determb were performed s described by
Dacix sod Lewrs [3] Serum iron was measured according to PrTers e ol [15) For
ertimation of TIBC the method of Rawsay [17] was tsed. $-ALAD activity wat &+
sayed by the method of Qo ef al [5] as deseribed by BATTISTIN ef al. [1] slight
Iy modified [11) The PBO produced after 1h Jncubation Is expressed 1o uaits of
wﬂaldde(OD)llmmn.Form‘beé-ALAlndPDGcﬂlmlﬂmtbode
of MaurEsaLL and Griniex [12] ways followed. Urlnary porphyrizs were measarcd
sccording to Roumoroe [18],

Results

The results are presented In figure 1 In normal subjects the mean e1y-
throcyte 8-ALAD activity expressed in units of OD was 0 550:£0.166. In
sideropenic patents it was 108810266 This b significantly different
from the normal group (p<<0 005) The mean 3-ALA excretion was low-
er compared to normal controls (zormal controls 3 4+ 1.5 mg/l sdero-
penic subjects 24108 mg/l) there was a statistically significant dlffer
ence of the means (p<<0 025) The mean valoes for urinary PBG were
305+140mg/l in normal controls and 2.28:+1 13 mgA in patients, bt
there was no statistically significant difference between the two groups.
The mena urinary UP and CP excretlons were 7204530 and
123+64 ug/l m normal controls and 12:£10 and 116177 pg/ In sidero-
penic patients. Theso differences were not statistically significant.

Discussion

The present observations implied that in lron deficlency anaemia the
erythrocyte -ALAD octivity s increased whereas the unaary &-ALA ex
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3-ALAD activity 1 modificd by iron in & manner dependmng on the ongin
of the enzyme preparation. As for the decreased urmary 3-ALA cxcretion
no explanation can be offered
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acxtic acd (11) mixtoe oeing several changes of this fhoative. Th melaphases
wers then spread om & ool wet slide and the [reparations wers dried by Qaming,
belng arefol not to overheat. Afier 1 week aging at room temperatre, banding was

Wwers sparutely smalyzed. They wor cultred in chromosoms medram 1A (Gibes)
for T2h prior to preparetion. Prperation snd staining ware performed ming the
wharve-described mathods,

Caze Reports

Care I W P » reiired warshowss worker born 1859 withont cwn childres,
wnt referred an November 5, 1973, 10 the Basel Univennity Hosphal, Department of
w%w&mmhmmwd Bepato-

ryRdrome was
thmmmwuwmm
Hb 13 g*/s, WBC 16,000/a1 with 44%s polymorphonncisar meutrophils, 7% mow-
0PA sy 308/
25 mowocyies (pantly afypical and young formm); reticnlocyses 28 /. erythrobless

Bone martow blopyy of Basdl, Instknts of Pathology): hyperplestic
DuTOw with as almost dusplacenent of the fal thrme, conalrting
coompletaty of mryeloid elsmants (half segmest forom and half kmmatero precemon).
E not iocressed, 80 flbross.

i bncresecd. The spleen was marhedly ealarped, the Jowsr pale 1-2 cm beiow the
teft comt! margin.

Tivar Bopey (Untverstty of Basel, lustrrwts of Pathology) portal and centrosci-
mwm—maww

o aartyde was 8, 197, 2
hmhbmmmmmmw-mudmvm
some. Ove metapham showed sdBuonal lom of sevenl chromowsnes widch eay

The patient died 2 yran later at bome oot wyockrdnl xfarction o reporsed
by ks family phrysician. No sotopey wis perfanned.
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Loss of the Y Chromosome from Bone Marrow Cells of Males
with Myeloproliferative Disorders
Report of Two Crses axd Rerlew of the Literatore

P L. DiLeo Hy MOLLEr, J P Osmrcur B Serex, E. M BOuir and
G R. STALDER

Rinderspital and h ital, Untrersity of Basel, Basel

Aey Words, Chronic myclold leolemla  Cytogencthks  haryotype Mycloproll-
ferative dborders  Philadelphia chromosome Y chromosome

Abstract Two additional cases of my i ders are described
thowing a3 the only chromosoms abnormality a loss of the Y chromosomre. Com-
paring these cases with cases reviewed from the I {ndi; that a lon of the

‘:’l:hromwclru:l.ﬂl’h‘—p‘:vnhlvemdPhl-r}c-ulhreCll'l.nnyt:llxs\sm‘ﬂ!l"7"""""‘nl
fonger 1lfe expectancy following dlagnosts. The exsct role of the Y chromosame
however In tho Inktiation or of a mal disorder camot be stated 8t

this time.

The loss of the Y chromosome has frequently been reported kn myelo-
proliferative disorders and there has been much speculation as to the im
portance of this loss. In this paper two patients with myeloproliferative
disorders are described In which the affected cells showed a selective Joss
of the Y chromosome These and mmilar cases reported in the literatore
are compared with respect to the clinlcal and prognostic meaning of the
absence of the Y chromosome in these discases.

Material and Methods

The bome marrow cells were cultured for 2 and 4k at 37 °C in McCoy's SA
medinm (Gibeo) supplemented with 208/ fetal calf serum  Mitoses were arreated by
adding Colcemid (Cfba) at & flnal concentration of I xg/ml for 2h. After centrifu-
gation the cclls wers smspended In 0.075 Af KRQl for 10 min and fi ed in an alcohol/
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Table L Phlstgtive chronk myeioid Mokemres miskiy Y chromosoms

Com Ags  Nomber  Y-oemathe forviral  Commenty Rel

Ro. yurs of s ealh, % moaths
atmed

ddhalt form

1 a Mis 100 4 blast ermis 35
By 100 (4%, XY) 7 montn

1 8 M 100 over 18 mo bhast crieis bed
B 50 1

LR S M 100 4 death doe to et

myocurdial lefarction

4™ M5 1w orer12 osteomydo- anl
B® @ fbrosa/CMLY

S enlic form

s 3 M s 12% biast crivis 13
:E] 5 ¥ months

M = bone merrow B = peripberal blood.

Chnmm-gby lom of the Y chromosoma are bated, whereby two groops o

depending ot the presencs or sbemcs of the Ph  chromosoos. Dos 1o
hmﬁnwmk;hmumdwumnd[mﬂm
“m?nuqi.uq(lma-ﬁouai[‘l’!un-) BAUTERS o oL [2} (1
o) and Oxores of ol (13) (3 casex) ar pot Listed. ATl cases with one exception
e aduits In Jyverold boy nusing Y chromosoms wa found m the bons
TATOW cally tn CAL which e to be clemified se  povenile form [15) The Joms of
B Y chrom o singls sion in the affected cell in CAL
%o rere (;abia T). To dats oaly 2 cases 17 351 have bexa reported paralleing the 2

hdumb—fmmm blestic it [55] The ather wi stfll aloew
 fhe thna of potilication, total of 18 months following dugnoss (171

Discussion

Two patlenty aro reported suffering from a mycloproliferative disorder
*5d showing in the affected booe murrow cells oy the single chromosome
lhmrmmy-lonohhnYchmwomo.Thedhgnodﬂnlhcm:o!p
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Case 2 L. A, a textile dying expert, born 1896, father of two daghiers, way ad-
mitted to the Basel University Hospltal on April 24 1975 for bone marrow ard Br
et blopsy because his famlly physician detected abnormal blood findingy (fmmature
forms of white blood cells) The only physical signs were Jocalized ecchymoses on
the upper extremlties,

Hb 134g% WBC 16,000/l with 42.5%, polymorphonnclear neutrophlls, 26

nomegmented nentrophlils, 2¢/s yelocytes, 7% myclocytes, 0.5%s promyclo-
cytes, 9/s blasts, 3.5%s cosinophil, 3.0% basophils, 5.0% monocytes and 1.9 Iy
phocytes; reticulocytes 19 ¥/,,, cry 117200, Platelets 180,000/4L, partly ab-

normal and large. LAP score 44

Boncm:nowb{upty(Un}mdtyofBauledmecfhlholoty)-hthﬁt
marrow and a shift to the keht of the myelopokesis, groupings of megakaryocytes and
a severe diffose fibrosls.

Liver blopsy (Unvernity of Basel Institute of Pathology) extramedullary blood
producing arcas In dance with the dt is of Hofibrosis

Chromoscme mnalysis was dono on April 24 1975 15 metaphases conld be a3
lytcdfromlbebonenumwnmplenndmhomlbcpeﬂphenlblaod.mm
marrew cells examined presented e the single defect the Jom of the Y chromosome
using the quinscrine dihydrochloride stalalng technique and the remalning chromo-
somes showed no aberrathons. OF the 20 mitosis Investigated from the blood, 12 had
a normal male karyotype and 8 a loss of the Y ¢ The Y chr H
presext, showed a brillantly ficorescent segment equal o tho length of its weelly
ﬂmpﬂrtlnndd}dan.lntcrphlxuoddmmlmdvhhquimuimfatbﬂ
detection of the Y chromosome fa 500 bone marrow noclel with loosely stroctured
nmlurpanmNoYchmndncouldbemwhamthemulnhzcondmd
nnddoccubmllydmrdnbﬂﬂdyﬂnlenhmﬂudnbodyThhhfﬂﬂbﬂ
cvidence that the affected cell line carried p-rcdmdnllelymekmoflhc\’d\rumo-
0me.
The patlent is &l alive and hes been rendmitted scveral times becamse of severe
anemia belng treated each tims with transfudons of erythrocytes.

Cases Reported in the Literature

The loss of the Y ch 1 2 specific ch lity has been
found in varlous b fogical dt anemta [21 24 35] polyey
themis vera (20 23, 56) dderoblastic ancmis [11 19 apiastlc anemda [39), refrc

ic ancmia (531, thrombocytopenl lodysplasia [37) "

tory dysp B7. ysp 4
sis [18], adolescent myelofibrosis [28], acute myelokd leakemia [40] chronic myetol
lenkemla (table L IT.

The number of cases repocted for each of theso entitiey Is quite srmall and dus to
the pancity of the information regarding tho abaenco of the Y chromosome in these
discrders, It Is [mpomible to arrive at a deflnite conclusion concerning tho signlfi
cance of thh finding. In contrast to thh, several males of various age group suffer
mfru:uCITthv:becnubﬂvtd'holotllhthhmhlplﬂdﬂf
wspally all of tho affected bone marrow cells. In tables T and 11 the CML cases
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Tuble 1L (conficned)

Cm Agr Nomber Yoegathe  Sorvival Cornenents T
Mo years ofcells  eclh, months

sded
¥ 7T oom 10 >120 Bo crits p2d
Loom 100 > 0o cries b

M =booe merrow B = peripharat biood.
Number of celhs stodied not reported.
Rot reporsed.

tent 1 b a chronic mywiow lenkemia (CML) wheress fn patient 2 the

booe marrow biopsy & trating severe fibross
%, a dhorder closely related to CML [8) Du:w\hepludtyu(rcpamol
similar cases {tabls T, #t §s impomible to muke 2 g the

Wmu%mmmdaﬂmbm.
Ph chromosome in sdditin to the lows of the Y chromosome s greater
£ i ahown I table 1T Becawse the Phtnegative subgroup has gen-
enily been estimated to represent oaly 10-20% of the total CML. caszs
{30] e tom of the Y chromosome could be an cvent which does not
preferentiaily affect ooc of the two subgroups of CML.

Mnuch speculation concerning the role of tho Y chromosome has been
Publlshed n the case reports of both forms of CML (see references linted
in tabies Y and I). In contrast to the general view it xppeans from our cot-
lected data that the CML patlents with & misdng Y chromosome n the
affected cells bave at the most only a sfghtly looger survival time than
that found in paticnts with a Y {7 42] Furd our
data do not prove the hypothesis of Gaxsan and Mouoan [9] and of
SawDErRs and Saxumat [41) that the absence of the Y chromosome pro-
tects patlents from entering a bisstic phase. At lexst 12 of tha patients st
ed in tables | and T died in u blastic crisis. Thin conclusion sgrees with
ﬂ:nlcvolemnaL[lS]

In the the ik of tw Jos of the Y chro-
mosome In the atfected cells, it must be mentioned that a misttng Y chro-

roales after the ags of 79 years 13 mnch 23 spproximatety 75 of the sub-
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Table Il Phi-positive chronic myelold kukembas (adult form) missing Y chromosome

Cuisc  Age  Number Yenegathvo Survivel Comments Rel.
No. years ofcels celb, % months
sudled!
1 27 M XO/XY=31 13 crisls b
2 7 M 100 93 crishs 2,25,41
34 Ms 100
crisls 2
Bt 100 20 $ moaths 22,
L M6 100
crisls 43
Bl 3 3 months
5 45 M2 100 %
BM ™ » no eris
6 45 3 - 33 Do crisis 14
45 ): K] approx, 50 > 48 no crish M
8 47 M5 100 critls 9
B2S 0 > 24 no
s s - 100 (D) 42 crisls "
10 52 -1 100 > 82 Do crisis Al
1 5 B&S [>] > 6 no crish t
12 53 Ms 00 9
B10 20 > 24 no crishs
13 5 M10 2 >120 no crmis 3
“ 51 M 99 | crisis Smonths -3
15 52 M3 43 approx. 24 no crhis 4
16 58 MM 7
2
B20 6 crizis 2 months 3
17 s -8 100 1 crishe S months 22547
1 6 M4 9% . identification of the ¢
B13s 74 - Y chromosome
ot deflaite
19 64 MIs 100 6 crish 4
20 4 M 61 100 17 crils 33
21 & MIiss > no crishs K
27 T M 100 s
Bls 12 no erlshs
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m:hnmthehhtommpﬂﬁﬂhtypmpﬂﬁuoftbctﬂcﬁrdo:{hlnd
d proliferaton (31

Themechmhmlcad]ngiothslcnu“thchrmomhmtym
e, The aflmion by Havata et ol [14] thet most of the chromotoeal
changes tomd in all forms of homam enkemna seem to be related prima
rify 1o events taking place at centromeric Or parecentric reglons where the
so-called beterochromatin s Jocated destrves special notice, In murme
imkm[tijn-—-“ b numbao! phases wero observed show-
ng bridges g the by of two or more chro-
mmmmmymdnmmhamdmo(m
heterochromatin in lenkemic cells leading to mitotie pondisfunction. The
humndemmﬂycurhnwnddenbl:amcmlolhﬂao-

and, th , may be pref y prone 1o & in
toch mutotic errons.

Acknowledgements. W wnb 10 cxprss oor sncers apprecistion to D X Loo-
W andd A, vost OmaLLy for allowing ®1 10 se0 the clinical and hemasalogical data of
two repotted caw W ere also grteful 1o the Department of Pathology Ustversi-
ty of Baset, for sopplymg me wah the remilis of the varioos blopmes.
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Jects had a missing Y chromosome In at least some of their marrow cells.
The occurrence of a physiological loss of the Y chromosome with increas-
mg age is also supported by jmvestigations on bone marrow cells by
O'RIORDAN ef af [33] by WALKER [45] by SanDBERG and Hossrap [42]
and on peripheral blood by the Edinburgh group — see review by Couxt
Brown [4] In view of these observations two conclusions can be made:
(1) In general the loss of the Y chromosome 1n bone marrow cells is not
an event which s lstently related to malignancy es Is the case with the
Pht chromosome (2) The degree of hypoploidy vanes conslderably In the
bone marrow cells of nonleukenuc males listed as having & loss of the ¥
chromosome (35] however in CML patients often alf of the bone marros
cells analyzed were Y-negative (table I II) This fact scems to indicate &
selective advantage of the neoplastic cells characterized by the loss of the
Y chromosome. This suggestion is strongly supported by the fact that the
Y loss in 21l affected cells also occurs In young men with CML. The ave-
rage age of the patients with Pht-positive CML end a misung Y chromo-
some {table IT) was only 55 years. In this age group & possible pliysiolog-
cal loss is rare (sec above) The hypothems of the pecific loss of the Y
chromosome in leukemic cells is supported by the observation of a group
of patients suffenng from acute mycloblastc leukemls and carrying a
presumably balanced translocatron between a chromosome No. § and 2
chromosome No. 21 The Y chromosome was missing in 4 out of 6 such
patients [14] In addition, an X chromosome was missing in the only
femals patlent [38]

Loss of the Y chromosome has not only been reported in myeloproli-
ferative disorders but also in other neoplasias such as bronchogenic cardi-
noma [49] caranoma of the larynx acute Iymphatlc leukemia [44]
epithelial tumors [49) end several other neoplasias [42]

Cancer is a cellular phenomenon related pnmarily to a distarbance of
the mechanisms regulatmg cell growth and differentiation. However the
fine events causing this disturbance are not yet known [31] Therefore, it
is tmpossdble to present a hypothesis for the speafic role of the Y chro-
mosome in thess events. Actually to date only very fitle fs known about
the generel function of the Y chromosoms exeept Its importance for the
development of the male testes. In the mouse, the Y chromosome carries
» histocompatibility gene [10] Recently It could be shown that the prod
mct of this gene responsible for the HY antigen has been highly con-
served in evolution and is present also in man [50-52] Therefore, it can
be theorized that the loss of the Y chromosoms in myeloproliferative dis
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orders changes the histocompetibility properties of the affected cells and
thun to thelr lied pe lon [31]

The mechamism leading to the lows of the Y chromosome §s not yet
Imown. The sihusion by HAYATA ¢t al. [14] that most of the chromosamal

heterochromatin by located deserves special notice. Tn mmrine
kemia [3] 2 derable number of phases were observed show-
ing bridges cting the b hromath of two or more chro-
mosames. This phenomenon may indicxte an ncreased ‘stickiness of the
in lenkemic cells leading to mitotle nondhjunction. The
human Y chromosoms wsally carries & considerable amount of hetero-
in and, therefore, may be p Ly prone t0 } in

soch mitotic errors.

Acinowledpenests. W wih %0 txprew 00T sincers appraciation to D K. Luo-
w0 end A. vox Ouruir for allownag wa 1o e the clinical asd hematological data of
two ryporied caecs W are abo graiaful to the Department of Pathclogy Unbrenl-
ty of Basel, for mppiying us with the resutts of the variom blopees
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jects had a missing Y chromosome in at least some of their marrow cells.
The occurrence of a physiological loss of the Y chromosome with mcreas-
ing age s also supported by investgations on bone marrow cells by
O'RIORDAN ef af [33] by WALKER [45] by SANDBERG and Hossrerp [42]
and on peripheral blood by the Edinburgh group - see review by Court
BrowN [4] In view of these observations two conclusions can be made
(1) In general the loss of the Y chromosome 1n bone marrow cells s not
an event which s consistently related to mal v as is the case with the
Pht chromosome (2) The degree of hypoploldy vanies considerably in the
bone marrow cells of nonleukemic males hsted as having a loss of the }
chromosome [35] however in CML patients often il of the bone marrow
cells apalyzed were Y-negative (table T IT) This fact seems to indwcate 8
selective advantage of the neoplastic cells characterzed by the loss of the
Y chromosome. This suggestion 1s strongly supported by the fact that the
Y loss fu all affected cells also occars m young men with CML. The ave-
rago ags of the patients with Pht-posiive CML and a missing Y chromo-
some (table IT) was only 55 years. In this age group a possible physiolog-
cal loss Is rare (sec above) The hypothess of the specific loss of the Y
chromosome In leukemic celis is supported by the observation of 2 group
of patlents suffermg from acute myeloblastic leukemia and camrying a
presumably balanced translocation between a chromosome No. 8 and 8
chromosome No 21 The Y chromosome was missing i 4 out of 6 such
patlents [14] In addition, an X chromosome was missing in the only
female patient [58]

Loss of the Y chromosome has not only been reported o myeloprolt-
ferative disorders but also in other neoplasas such as bronchogenic carck
noma [49] carcinoma of the larynx, acute lymphatic Jeukemia [44]
epithehal tumors [49] and severs! other neoplasias [42]

Cancer ks a cellular phenomenon related primarily to & disturbance of
the mechanisms regulating celf growth and differentiation However the
fine events causing this disturbance are not yet known [31] Therefore, 1t
is impossible to present a hypothesis for the specific role of the Y chro-
mosome in these events. Actually to date only very little is known about
the general function of the Y chromosome except fts importance for the
development of the male testes, In the mouse, the Y chromosome carri¢es
a histocompatibitity gene [10] Recently it could be shown that the prod-
uct of thrs pene responsible for the H'Y antigen has been highly con-
served in evolution and is present also in man [50-52] Therefore, it can
be theorized that the loss of the Y chromosome in mycloproliferauve dis-
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B and T Cell Markers of Bone Marrow and Peripheral Blood
Lymphaid Cells fn Patienty with Paraproteinaemia
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Aborract. $todua bave beea carricd out oa B and T cells in bone mamrow and
pertpbenal blood from patieats with parvprotettaseis. The peripben] biood of pe-

thnts wnth nultipls myeloma showsd  significamt iocrease of B orlle, matnly
Tyeapbokd cally diag to the white In
petlexts with only  Wight jocrerm of B b asd a
wodeteie dacreas of T cells have been foxnd. As %0 the boms marrow the B cell
popalation raiscd in patients with muttiphe myvioma, bt Bt re-

turther dats 1o their pathogeotds.

Recent developenents in fmmunology afford to obtain more xnd more
information on discases of the lymphod system. Investigatiors of B and

beavy or [ight chins of parsproteies {1 2, 13 15 19 30] Most proba-
bly owing to the small quentity of sxpirates the study of booe marrow B
and T cell markers b lew common, Our main purposs was therelore to
examine the relatve amowmtt of the tymphald cells beariny 1gQ IgA,
IgM, IgD Igﬂwanwtnnlhwuhhccpmdmnymm
!omﬂn;rownurhhbonennrm@\{)mdp:ﬂpherﬂbbod(?ﬂ)lym_
phocytes in petients with paraprotetnaemia,
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20 patlents, 12 women and 8 men aged 40-72, have been studied. In 9 caser
No, 1-9) with multiple my OdM), the di is was cstablished on the beshs
of agar and immunoelectrophoresis, X-ray analysis of bones, morpholagy of BM
amears by Wright-Glems staining, and of other laborutory analyses, g, incresed
erythrocyte sedimentation, anaemia and secondary immunodeficiency The diagnash
of benign monoclonal gammopathy (BMG) in the remaining 11 patients under ob-
srvation for 6-36 moaths (No. 10-20) was based on the critiera tyvally requested
[13 18, 22] except for those concerning distribution pattern of B and T cells (pars-
protein coneentration below 2 £/100 ml, no secondary immunodeficlency no osteo-
Iy, no Increase In BM plasma cells). Ten patlents (5 women and 5 men aged
30-70), all hospit d with L logical discases, were sclected as cogtrols
for BM axpirates ufter thelr Iymphold syviem had been found intact by cHnfeal and
laboratary investigations, The PB of healthy staff members (8 women and 7 men
aged between 18 and 60) served as blood control.

Lymphoid cell rich suspensions from BM and PB wero obtained by density gra
dient centrifogation a3 described by BSYOM [6] The PB samples contained 93-55%
lymphocytes, while in the BM samples the gmall and large lymphocyte lymphoblast
and plasma cell conteats ranged between 85 and 3% Tryban blue visbilities of
washed cell suspensions were greater than 97V,

Companative stodies, by Panwos [26] on differcatiation of B and T mous lym-
phocytes have proved that the alr-dred smear method s equivalent to the cell s~
pention technique. For technical reasons the former method was chosen and the Im-
munoglobulin{1g) and C3-bearing lymphocytes on unfixed smears wero determined
by a direct {1 staining dure as described in & previoms publics-
ton [9). The conjugates contalned both heavy and light chain antibodies. At keast
400 cells were counted In each case. The relative of both brane-ar
soclated and Intracytoplasmic Ig- and C3-positive Iymphocytes were determined by
examination of the microscope field altermately In blue (480450 nm) narrow band
epi-Hllumination for fh and fn jonal lght of a Lelz-Orthoplan
microscope (type 860187).

Tbe B rosctte-forming ability of lympbocytes (T cells) with sheep erythrocytes
way Investigated sccording to the method of LaY ef ol. [21], with some modification
[12] The of mouse ery vie rosette-forming (MERF) lympbocyted

were d 23 publish 2]

Results

A summary of the normal values obtained is presented in table L A
sigmficant correlation (p<0 01) between the total number of Ig- and C3
b@:LngcclhtnthaBMofcoulmlshubemnot:d.ThemulpeﬂcnllSc
ocenrrence of Ig-coated lymphocytes in the PB of controls showed & high-
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ly significant correlation wrth that of MERF cells {12] Distribution pat
terns of examined markers in patients wath paraproteinacmin are shown
in tables I and 111

Blopsy of BM in patients with MM (No 1-9) In the cases of IgG para
protcinacmia a significant rise in the frequency of IgG beanng Iymphoid
cells was observed, while the distribution of other Ig-bearing cells re-
mained normal. Tho relative amount of IgA-bearing cells increased In the
petient with IgA myeloma and the number of IgG- and IgM-bearing cells
were higher as well No significant change In the T cell population could
be revealed, at the same time the number of MERF cells decreased end
the total number of Ig-bearing cells increased sigmficantly

Blopsy of BM in patienis with BMG (No 10-20). There was no ng-
nificant difference between the number of examined cell markers of pa
tients and that of controls

I tigations of PB in pati with MM (No 1-9) Both the fncrease
in the nomber of IgG-bearing Iymphocytes and the drop of amomnt of
IgM and IgD-bearing cells proved significant. Remarkable differences in
the number of IgA and IgE bearing lymphocytes, E rosettes and MERF
cells were not found. As to the total number of Ig-bearing cells and Iym-
phocytes with membrane-bound C3 a significant enhancement compared
to the controls could be detected.

I igations of PB in pati with BMG (No 10-20). The percen
tage of lymphocytes bearing Ig corresponding to the paraproteln in
creased moderately in almost every case, but the mean valves of other
type of Ig-bearing Iymphocytes remained within the normal range. The
relatve amount of Igcoated Iymphocytes wes lower in patients with
BMG than that of patients with MM (p<<0 02). Difference In the number
of MERF cells was not revealed between the healthy controls and the pa
tlents with BMG The total percentages of Ig- and C3-bearing fympho-
Cytes incresed, while the ratio of E roscttes lowered significantly A rele-
tively high number of IgD- and IgE-coated lymphocytes was observed in
the 14th case. This patient had hybrid (both atopic and allergic contact)
dermatitls, which has been reported previously [10]

Discussion

Our normal values obtained by the examination of B and T cell mar
kers from PB arg about the same as or somewhat lower than those gener
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ally mentioned In the Hteratore {3 4 9 15 16, 20 22, 27] Relatively
{ewer data are available about B snd T ccll markers from BM {1 5 14
17 19 20 23 25] It has been finnly established that matare T tympbo-
cytes do exist within the BM, too. According to our results the percentage
oceurrence of T lymphocytes in the BM Is the same a3 [17] or kigher than
that obtained tn other stodies [S 14] whils the total rumber of Ig-coated
calls s remarkably close to tho data. Preponds Tymphotd
cells (atmost 50% ) without detectabls surface markers has been fomnd in
the BM of control individuals

The p of lymphold cells with cytoplasmic Ig is high, at the
samse time & low number of lymphocytes carrying membrame Ig can ako
be detected In the BM of patlents with MM [20] Therefore, both types of
hymphold cells bave been dealt with in this nvestigation.

A significantly lowered percentage of B cells baving normal surface Ig
was foand in the myelome groop by Loostabsd e ol [22] whereas the
paticnts with BMO showed normal proportionms of B cells. Our finding in
these two groups exhibit the same results regarding either the BM or the
PB. In paticnts with MM the relative mmber of IgM  and IgD-besring

k o & fn the PB, thus rovealing a

n the pormal pathway of B cell differentistion [8, 13] In the patients
with BMG, a slight increase of B ceils and a moderate decrease of T cells
have been found In the PB. Whether this phenomenon might be coosidered
a3 oo of earflest digny of the well-known trandormation from BMG to
MM remuins to be seen {13 28] Our sindy on petients with paraproteln-
scmia supports the hypothests that MM Is & neoplasia of already differen-
tiated Ip-secreting cells localtred in tho BAS {28] as well a1 in the PB snd
that BMG b a discase with Jow proliferation of B ceils which mry occur
inthe PB

Patients with MM demonstrated Lmpaired antibody formation for anti-
genle stimulation, depressed polyclonal (non-paraprotein) Ig levels in
thelr serums {7 11 13] However in contrast to MM cases the Tg-srcret
tng cells teem to be intact n patients with BMG [18] On the otber hand
there hea been po marked difference in the mumber of T cellt from BM In
mmummwmdlmﬁmumm*_
nificantly increased in patients with MM, Thercfore, we can conclude that
m:rbolnmanc:ﬂpopuhdono(B&loccmmdn}yllﬂnmo{O
cells (U ceils). The very fact that the tumber of MERF cells (which arr B
wﬂmim[ll])mhﬂwm(dmﬂmu'hhht\(mddoam
myhmmhmﬂmmwmbummmx
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cells different from thase obtained fn chrome lymphocytc leukeemia [12,
24 29]

The presumption that the C3-bearmg property of certaln lymphold
cells (first published by CORMANE et ol [9]) might be a new B cell marker
seems to be supported by a significant correlation (p<<0 01) between tho
numbers of C3- and total Ig-bearing cells in the BM of the control group.
The EAC rosette-forming cells differ from C3-beanng cells. While the
former markers contmn C3 receptors with anti-C3 property on the cell
membrane the C3-bearing cells can be detected by ant-C3 conjugate,
je C3 can be found m the cytoplasm and on the membrane produced
and/or carned by the cell. It is hoped that the applications of the tech-
nique applied m this work will forther facilitats the classification of all
p with paraprotet ia and lead to a better understandmg of the

nature of these discases.
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Lympbocyte Reactlvity In Healthy Subjects and Cancer Patients

R. Haasz and E- Roszoson

Depertment of Oncokogy Rembem Untversity Hospltal and the
Abs Kbowth] School of Medictse  Technian, Halfa

Kay Words. DNA ryutheais
in cancer  Lymphocyts simmudetion  Maligmant trmory

Abstract. Lympbocyte of 40 cancer patieats with solid tomors a3 well av of 40

—ny
Laxts w0 schieve maximal detection of lymphocyts resctivity Iy docomented and dis.
cumped

Immune bas been reported b patients with mlignant neo-
plasia in advanced stagex [1 6, 9] Therefore, the evaluation of mmmme
Wmmulmhhcﬂﬁmm}mﬂmdmpﬂma

In this wark the i1 vitro lymphocyte transformation was employed to
mmmmmb;hlmdmp:ﬁmuhmmm
‘mmrm!mb]mmtoﬂcvh;mu\mmcdulywm
ulants. purified protein derivative (PPD)- k

Whh statreticn! sedetince of M. Yarex of the Facaity of Isdostriel sed
germent Exgineermg. Maz-
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(Sk SD) candidin (Cand) and phytohemagglutnin (PHA) The advan-
tage of using multiple antigenic stimalants to obtain maximal detection of
immunocompetence was also investigated.

Materlals and Methods

Normal subjects comprised 40 normal voluntesry selected at random of both
lcxu,whmemnnlgemumdmnnubﬁwmﬁmdﬁsmm

The patient group consisted of 40 patients of both sexcs, mean ags 45 age range
B—&m'[bcymmﬁerlngtromdlﬂm! inoperable mallnnm solid tamony
(gastrot l, lung, . The Investh
nﬂomMnmrdouUmpadmumamn-kdomprbrmndmtmbmdmo{n
dio- and/or chemotherupy

Preparation of lymphocyte cell suspension. Blood was drawn into tubes contaln-
{og Heparin and Macrodex (Dextren 70, Pharmacts, Uppsals, Sweden) and mited.
The tubes were placed at 45 angle mntil erythrocyte sedimentation had taken place
(0 min) The lenkocyte-rich supernatant was then tranaferred to sterile tubes and
centrifoged at 700 rpm for 7 min. The superatant was discarded and the cells were
suspended In 10 ml medlum (M 199), supplemented with antiblotles (100U penteil
lin and 100 g streptomycin/ml) After centrifugation the sediment was resuspended
in M 199 Ining 15% 2t d human AB serum to a concentration of
1X10% monommclear cell2ml of enriched M 199 which were distributed a3 soch
into sterile tubes. Into each of theso tnbes 0.1 ml of optimal concentration of the
following antigens were added (l)PPDmpmparadfmmlb"nphﬂbtdwdﬂv(
PFD 292 (Tubereulin Section, Minhitry of Agriculture, Fisherles and Food, Central
Vetcrinary Laboratory Weybridge, Swrey England) optimal concentration 50 x8/
culture tube (2) SK-SD (Varidase, Lederle Laboratorles Divition, Peari River
NY) orlginally devised for lar nse, was employed for lation of
fymphocytes after previom dialysls at & concentration of 40 U SK/10 U $D cultare
tube, (3) Cand obialned from the Department of Epidemlology Ness Ziona Institate
of Blology Isrscl, was used for etimulation of lymphocytes at  concentration of 1
sline soluthon. In sddition, the lymphocyte cultures were stimulated with 0.05 ml
PHA (Wellcome Research Laboratorles, Beclenham, Bn:lnnd). 'l'hh amonnt Wit
found by previous calibration experiments to sth the tymphocyt
calture,
Maltiple cnltores were set up from each of the sabjcts stodied The lympho-
cytes in the test tnbes were stimulated at the same time with each one of the abore
described agents. The resnlts obtalned were related to simultaneously performed vn-
stimulated cultures. The cultures were st up in triplicates and incubated at 37°C
with 5%/¢ CO atmospheres for 5 dayw On the 4th day of Incubation 2 xCi of trithst
cdlhymldimwnddcdloncbcnlmmdtbecn]mmmmhlcd{ormud'
ditlonal 18h, At the end of the labelling period, the cultures were harvenied by
waabing the cells ooce In kee-cold saline. The nmpmetnmpndvimed'ﬂ
2l of ice-cold $/s trichloroacetic rcld, The final precipltate was resospended and
Mmﬁ.mn’hkmmdmmowm The dried filters were
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Table 1 Cocfficient of correiation betwren indices of resctivity of lynmphocytes towsrd
iTarect

sinpsting agents
Cand PPD XD PHA
Cand [ 038 034  Patenn
D a17 o 04s
1K 5D 018 008 on
rHA o 016 047
Normal bndtridnaly

fnto botthes solution and the mudiosctivity was
wesnred by Packurd Hoquid scintilluilon counter The remilts obtaleed wers e
memmm)ummmw
the DNA of the dividung cafts. The Index of racaivity (stimulation) war
mmmmhdwmuﬂmdwm
tares. For ench test the maxs vatos of trpficede tubes was caloabated.

Regally

The figures 14 rep dative £ distributions o
mdnhﬂcudtymmmmrdthrmmmﬁmm
SK SD Cand) and FHA for normal subjects mnd cancer patients. The
difference between these two populations is evident especlally with unt-
gems toward which a certain popalation Is seositized following pror con.
wct. The difference was {oand to be stgnificant at the 0.01 level (by Kol
mogorov Smirnov test) for all three memory antigens nsed and st the 0.01
evel for the PHA. Ofnerving thwe figures 14 :n:nnycondndﬂ\hat
tho highest degres of stion relevant to the di between
patients and pormal eubjects is obtained following stimulation of lympho-
cytes with Cand and a gJightly lower degres of information i obtained
with PPD Thoe lnformation obtained by sthralaing the ymphocytes with
SK SD and PHA s of rmch lower degree than the previous ooe. As can
ais0 be seen in the figures 1-4 the highest percentage of subjects (healthy
ard sick) baving resctive tymphocytes was obtained following stimulation

with PHA, a Jower percentage with PPD and the lowest with Cand and
Sh-SD
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(SK SD) candidm (Cand) and phytohemagglutinin (PHA) The advan-
tage of using multiple antigenic stumulants to obtatn maxymal detection of
Immunocompetence was also investigated.

Materlals and Methods

Normal subjects comprised 40 normal volunteers selected at random of both
sexet, whose mean ags was 45 and ago rango between 25 and 65 years.

The patient group consisted of 40 patlents of both sexes, mean age 45 age range
25-63 years. They were suffering from different inoperable malignant solid tmmors

: 1, lung, y eardl and mall, ) ) The bverd
gations performed on thess patients were carried out prior to adminbstration of ra
dlo- and/or chemotherapy

Preparation of lymphocyte cell suspention. Blood was drawn into tubes cootale-
ing Heparin and Macrodex (Dextren 70, Pharmacls, Uppsala, Sweden) and mixed,
The tubes were placed at 45° angle untll erythrocyte scdimentation had talen place
(30min) The lenkocyte-rich was then d to sterile tubes and
centrifaged at 700 rpm for 7 min. The supernatant was discarded and the cells were
smpended In 10 ml medinum (M 199), supplemented with antibloties (100 U penkl
lin and 100 pg strep /ml) After {on the sedi was t ded
fn M 199 inkng 15/ d d human AB serum to a concentration of
1X10 mononoclear cells2ml of enriched B 199 which were distributed a3 sach

into sterlle tubes. Into each of these tubes 0.1 ml of optimal concentration of the
following antigens were added (1) PPD was prepared from a lyophilized batch of
PPD 292 (Tuberculin Section, Minlstry of Agriculture, Fisherics and Food, Central
Veterinary Laboratory Weybrldge, Surrey England) optimal concentration 50 s/
culture tube (2) SK-SD (Variese, Lederle Laboratories Division, Pearl River
NY) originalty devised for e, was employed for ot of
Iymphocytes after previom dialysis st a concentration of 40 U Sk/10 U SD culture
tobe- (3) Cand obtalned from the Department of Epidemiology Ness Ziona Testifuts
of Biology Israel, was used for stk ion of lymphocytes at a concentration of 1/
saline salotion. In addition, the lymphocyte cultures were stinmulated with 0.05 m!
PHA (Welkome Rescarch Laborstorles, Beclenbam, England). This amount was
found by previeus callb: ol to stimnl the ph

cultore.
Multiple cultures were set up from each of the subjects studled. The hympho-

cytes in the test tubes were stimulated at the same time with each ons of the above
described agents. The resalts obtalned were related to simultanconsly performed on-
stimolated cultures. The cultures were set op in triplicates and Incubated at 37°C
with 3% CO, atmaspheres for S dayr. On the 4th day of Incubation 2 #C3 of tritiat
cdlhymld]n:'ulddcdmea;hculmunndlbecnlm:umlnmbalcdformld—
ditioaal 18h. At tho end of the labelllog period, the cultures wero harvested by
washing the cells once In leecold maline. The noclear protein was precipitated by
2ml of kecold $/ trichloroacetic ackd. The flnal precipliate was resotpended and
pamed throogh a filter ditk (Whatman glam paper GF/A) The dried flltens were




different stimalitiog egests

Cand D sK.SD rHA
Cami 049 o 024 Patents
PPD 017 o® 045
KA Qs ons =3
rHA ow Q16 as7

Normal tadividale

toto solution s5d the radionctivity wes

from the ratho between dpm of stimuisted coltores end dpm of unsthoolated cul-
tires. For each test the meaa vatno of triplicats tobes was calcadated.

Resudts

The figures 14 rep the lative & fhstrit of
mhﬂmmmmmmmm
SK SD Cand) and PHA for nonml subjects gnd cancer petients. The
difference between these two popalations by evident espechally with antl-
s toward which a certain popolaton bs sensitired following prior con-
tact, The difference was found to be significant t the 0.01 level (by Kot
mogorov-Smirnay test) for ol three memory sntigens taed snd at the Q.01
level for the FHA. Observing the figres 14 one may conclode that
the highest degres of information relevant to the discrimination between
Ppatients and norzsl vobjects is Gbtatned following stimulaton of tympho-
cytes with Cand and a sHghtly Jower degres of information Is obtained
with PFD The information obtained by stimmlating the Iymphocytes with
SX SD and PHA b of much lower degree than the provions one. As can
aho be seen in the fignres 14 1he highest percentage of cubjecty (healthy
nd sick) baving reactivs lymphocytes was obtatned following stimmistion

with PHA, a lower pereentage with PPD and tho bowest with Cand snd
X SD
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Table I represents the cocfficients of correlation between indices of
reactivity of lymphocytes toward the different stimulatmg agents in the
two groups of individuals studied We have found a low positive correla
tlon between indices of reactivity of lymphocytes to different stimulating
agents of normal subjects and paticnts, These cocfficients are negligible
(and In the caso of Cand PHA even negative) for the normal subjects with
the exception of the coefficient between Indices of reactivity of Iympho-
cytes to SK SD and PHA which I3 0 47 The coefficlents obtalned for the
patients are somewhat higher (0.3-0.5) and they are significant at 0.02
level. Furthermore, the multiple correlation coefficient between resctivity
indices of lymphocytes to PHA and the indices of reactivity of lympho-
cytes to three memory antigens combined was found to be about 0.5 in
both group individuals. These coefficients are sigmficant at the 0 05 level
but once more their value is rather low The fact that correlations be-
tween various indices are low indicates low dependency between the re-
sults obtained with various stimulating sgents. Therefore the information
Is increasing with the number of stimulating agents used. It does not in
crease if the results obtained are fully dependent but it Is addinve when-
ever the results are fully mdependent.

Discussion

The lymphocyte transformation to PHA was found to bo of prognostic
significance mince its value decreases in cancer patlents with disseminated
metastnses while 1t remains in the normal range in localized tumors [6
10 11] It was not yet established whether the cellular immunosuppres-
sion detected {n cancer patients with solid tumors i the primary causo for
the bad prognosis or if it is secondary to the advanced cancer Simitarly
the lymphocyte trantformation to memory antigens was found to be cor
related with cellular immunlty (delayed hypersensitivity skin resction),
and with different stages of malignant discases [3-5 7 8]

In the present work the lymphocyte transformation to PHA and to
thres different memory antigens (PPD SK SD and Cand) was applied for
evaluation of frequency of lymphocyte reactivity In a group of patients
versus a group of normal ndividuals The differences between these two
groups were found to be signlficant for all the stimulatmg agents used
when the highest significance was obtained with Cand and the lowest with
PHA. In both groups (healthy and patients) the highest frequency of lym-
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phocyte reactivity was obtalned to PHA, & kwser trequency to PPD and
the least to Cand and SK SD

The High of hymr ivity to FHA in both groups
(100e/ luxhnh.bylndhidmhdeJ‘I mfplﬂmn)reﬂ:cnﬁ:nmcrd
capacity of tymphs o be nonsp lated with this potent
mitogea. On the other Eand the 1 ol y to the

Mmm@mwm&mﬂﬂnﬁmmdn
population, This hypothesis was partially substantiated In this work In
whhhhhﬂbcmmlhnbyhuuﬂn;ﬁnmbadmﬂmmd.
an incresso fn the detection of ivity was obtained. In ad-
ﬁmmﬂ(m‘mmummmtnuﬂMm
mhmmmmmmmmo{m
cyte test by o 8 scmi-ml d may in
crease the somitlvity of the test [2]

Tt was found through stathtical smalysts that there b low positive cor
relation between indices of reactivity of lymphbocyte to different palry of
Wmmmwmmmmmm
lowing ng numbers of stinmlating
lgcnuhldcﬂﬁwfo:dnlcmumdhd.Fmﬂ:umme.lhaem-;uﬂ-
tive but low carrelation (significant at 0.05 level) between the indices of
mﬁ,dwmmmmormmmm
memory sntigens cowhined. Indeed, it was found that only
mhnrurnninmﬂﬂmybcnhnnhnﬂbymmﬂmﬂud

mty suggest that stmilar population of Iymphocytes may be kovedss? =
botham.
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Table I represents the cocfficients of correlation between indices of
reactivity of Iymphocytes toward the different stimulating agents in the
two groups of individuals studied. We have found a low positive correls
tion between indices of reactivity of lymphocytes to different symulating
agents of normal subjects and patients. These coefficients are negligile
(end in the case of Cand PHA even negative) for the normal subjects with
the exception of the coefficlent between indices of reactivity of Iympho-
cytes to SK SD and PHA which I3 0 47 The coefficienty obtamned for the
patients are somewhat higher (0.3-0 5) and they are significant at 002
level. Furthermore, the multiple correlation coefficient between resctinty
indices of lymphocytes to PHA and the indices of reactivity of Iympho-
cytes to three memory antigens combmed was found to be about 0.5 in
both group individuals. Thess coefficients are mgnificant at the 005 kevel
but once more thewr value is rather low The fact that correlations be-
tween varjous mdices are low indicates low dependency between the re-
sults obtained with various stimulating agents. Therefore the information
is increasmg with the number of sttmulating agents used. It does not in-
creass if the results obtained are fully dependent but it i additive when-
ever the results are fully independent.

Discusslon

The lymphocyte transformation to PHA was found to be of prognostic
significance since its value decreases m cancer patients with disseminated
metastases while it rematns fn the normal range In localized tumors 6,
10 11] It was not yet established whether the cellular immunosuppres
slon detected in cancer patients with solid tumors is the primary caose for
the bad prognoss or If It Is secondary to the advanced cancer Similarly
the lymphocyte transformation to memory antigens was found to be cor
related with celfular immunity (delayed hypersensitivity skin reaction),
and with dufferent stages of malignant diseases [3-5 7 8]

In the present work the Iymphocyte transformation to PHA and to
thres different memory antigens (PPD SK SD and Cand) wes applicd for
evaluation of frequency of lymphocyte reactivity in o group of patients
versus & group of normal individuals. The differences between these two
groups were found to be significant for all the stimulating agents used
when the highest significance was obtained with Cand and the lowest with
PHA. In both groups (healthy and patients) the highest freq of Iym-




Acts hacmat. 57 339-343 (1977)

Acquired Pyruvate Kinsse Deficlency with Hemalysis in
Prdeakemia

V Heusriorm, H. Aseowd, K. G Busa, N. Ust and W Huomeod

Unbrarsithts- (Direltor Prof. W Horesram), Heldelberg and
Mediztnlache Universitiis Kllofk (Dirsktor Prof. 0. L), Fraibarg

Kay Words, Ery yts snzymes awemie Pyrovats
inase deficlency

Abstract. Acqubred erythrocyts pyravats kinase dcficlency may appear m
secondary 1o varions hematologic disorders, g acnte hukemis, sldero-
tlasts snemia, polycytherde vera, The case of & S8-year-old patlext with PX defl-
clency (L735 UM HB) and severs bemolytic soemia b preseoted, who 1 year hter
dlatymble

There have been approximately 150 observations [2, 4 6, 10-12, 21
25-27] ol exythrocyte pyruvais kinese (PK) deficiency xy came of heredt-
tary nomspherocytic bemolytic suemia [28] The colncldence of rednced
PK activity and ecuto leukemia was first described by TaMAra ef al. [25]
In two paticnts they sssumed that in these cases the heterarypote penes of
the coryme defect colncided by chance with Jeukemia Since then, ac
quired forms of PK deficiency have been observed in variows keokemis

clency occurs also in other hematologic diseases, c.g idiopathic and side-
roblastic refractory ancmia [6-9 13 14 23, 29] panmyelopathy (9 18]
polycy ver [9] and myelafibrosts [18]
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Acquired Pyruvate Kinase Deficiency with Hemolysis in
Prelenkemia

V HestApTER, H. Azvord K. G Buowe, N UnL and W Huxsteod

Mediziniache Unbverstiits Pollkiinlk (Dircksor Prol W Hotos), Heddbey and
Wdbinhche Untrerstdn-Xindk (Dinktor Prof. G, L), Frelbarg

by dialysic. A servey of the lheraturs s

Thbers have been approximately 150 cbeervatioms [2, 4 6, 10-12, 21

3 2 secondary symptom [7-9 16, 18, 20 23 26, 27] Acquired PR defl-
clency occurs abso {n other hematologic diseasey, ¢.g. idiopathic and side
oblastic mmi|[6—913142329]plnmydopnhy[918],
polycytbemta vera 9] and 18)
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Only very few papers support the fact that an acquired Ph defidency
can appear as an early symptom of leukemla, particularly of acute mye
loid leukemia {6 13-16, 23 29) DREYFUS ef al [14] refer to an anmls
réfractaire avec my€loblastose médullure partielle  This particalar form
of refractory anemia 13 mssociated with a low activity in a high percentage
of cases (epprox. 80-50%s) and often turns into acuts leskemua [14 16]
Acquired PK deficency may be astocated with reduced activity of other
cnzymes [6-8, 13 14 16 18, 26 27] In these cases, similar as with be-
reditary heterozygote PK deficlency PR activity is almost fnvanably re-
duced to about 60-70%s of normal values.

We report the observation of an acquired serious PK defiaeacy with
hemolytic anemma requiring blood trensfusions zs an early symptom of
acute leukema,

Case Report

A 68-year-old patlent who had previously never been terfously Il and who had
for years undergone preliminary physical inatlofs developed bemolytic anemis.
Apart from cxtreme pallor there were Initially po pathologhe findings, later spleno-
and hepatomegaly sppesred. The severity of this initially hyperchromlc hemolytic
anemia varded, itating multiplo fusd The lowest Hb value was 445%
reticolocytes rose to 90%,,. At an carly stage thers was a lenlopenia between 1200
md!.mplwhlcthadhppurtiThmmhocymwmmLScdimuﬂw
rate 4694 mm, billmbin 22 mg/100m), LDH 228420 mU/ml, Index of alkaline

phosphatase according to haplow: 150. Chromosorme analysis, carried oot

leukocyte

to exctude the clinical suspiclon of Rlinefelters syndrome, showed nothing extreor
dinary The criologkally and hk I Ined bons marrow was hyperplasiic
with an 1y In 4 and tolodeally 1 v erythropoleds eod
an Initlally fed texia and thrombopol

Ons year after the occurrence of ancrla the patient was bospltallzed with acuie
myclodd leolemis. In spute of & ive cy i therapy fing to the VARP
program, ouly u partial remission of 2 months duration was achicved. At autopsy
liver spletn and bone marrow showed acute leulemia. Blochemical brvestipatiom
i « PX dafic of the ery ytex, The lnitial valos of enzyme activily
was conslderably decreased (196 or 175 U/g Hb. Normal valuo 8.6::2.8). All other
mzmltﬁﬁﬂamdmtdulmdmlnamdwﬂmollhﬂ“d
cell population. The thermostabllity test of Ph. (3] indicated an fntermediary value
of 41 /s reaidual activity after 60 min at §3 °C. During the leukemic stage, tho activ-
ity of the enzyme was again d shortly after transfusi The Pk valoe
measured at this thne was 4 41 U/g Hb, The activity could be rabed by dlalyis 11
The unremarkable family history should be emphatized. Both parents lived for over
80 years without any flivem worth mentioning. An alicged healthy dster iives
abroad and could not be examined, The paticnt had po children.
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Discussion

An acquired redoction of PK activity as an early’ symptom of lew-
Yemia Is not a common finding [6-9 13 14 18,23 29] It b =m epi-
phenomenon without specific pathogenetic signlficanco for hemoblasto-
sa 1]

Three theoties concermmg the cause of tids form of entyme change
were recently discussed [9] (1) A disturbencs of tho regalatory mecha-
nhium of enryme activity (2) Elther a mining enryme activator or the
peesence of a pathologle enzyme inhibitor (3) Damage to genetic mated-
al, perhaps chromosomal microlesions. In an scquired PK and phospho-
froctokinase defldency AwNotp ¢f al. [1] found a diatysable, but x3 yet
Indafined factor of low molecalar welght which acts a3 enzyme inhibitor
In tho case we studied, too, the PK sctivity In the leukemic phase conld
be ralsed by means of dalysh by 30%, which s In agreement with the
presence of an emxyme inhibitor efiminable by distysis. In 15 out of 22
cases with low PK activity in scute leokemia or in the early stages of len-
kemia, a clear fncresss in enzyme activity coald be atisined. This con-
firms, t teast in some of the cases, the effectivenem of an enzyme inhibl-
tor Whether the scquired enzyme deficlencles’ are a uniform group with
shmilar canses remaim an open qoestion.

Even in our casc it fs to be questioned whether the PK deficlency was
acquired or hereditary since a PK valtoe a3 Jow #1 20.3 or 228Y of the
mean normal vatoe, has ot yet been described bn 2 refractory’ preien-
w:mmmmmmmhm
ancmis are 32 [29] 37 [7] 375% [16] and in xcute keukemis 264/
[20] Tt has been pointed out in other studies that PK valoes below 508/
rarcly occur in acquired PK deficiency and that tramfusions are largely

y 126, 27] The between reduced PK
.cﬁv{tymdhcmdydcmmmndnmopmqnuﬁmhlhepn—
sented case.

The late maniestation of the {lincta scems kess compatiblo with the he-
reditary form, aithough a complimmt cbservation kx been reported in &
65-year-old patient [21] The development of hemolytic anemia imto
acute keukemts likewhie potnts towards an acquired form of PK deficken-
cy However the & of & ¥y PK defick nto weute

been 0o report of & transformation into scute myclold kenkenda, although
23 a coincklence this may theoretically be cxpected. Likewise, the devel-
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Only very few papers support the fact that an acquired PK deficlency
can appear a3 an early symptom of leukemla, particularly of acute mye-
loid leukemia [6 13-16 23 29] DzEYFUS ef af [14] refer to an anémle
réfractaire avec myéloblastose médullaire partielle This particular form
of refractory anemia 15 nssociated with a Jow activity in 2 high percentage
of cases (approx. 80-50) and often turns Into acute lenkemia [14 16)
Acquured PK deficiency may be associated with reduced activity of other
enrymes [6-8 13 14 16, 18, 26, 27] In these cases, similar a3 with he-
reditary heterozygote PK deffciency PR activity 1 almost lavariably re-
duced to about 60~70%, of normal values.

We report the observation of an acquired serlous Pk defiency with
hemolytic anemia requirng blood transfusons as an early symptom of
acute leukemia,

Case Report

A 68-year-uid patient who had previouly never been serfously il and who had
for years undergono preliminary physical inations developed lytie anemia.
Apart from extreme pallor there were inttially no pathologic flndings, later spleno.
and hepatomegaly appeared. The severity of this [nitially hyperchromic hemolytic

anemla varfed, itating mottiple transfy The lowest Hb valoe was &4 g%,
reticulocytes rose to 90%/y. At an eatly stage there was a leukopenla between 1700
and 3,200/p! which later disapp Thromb were normal tion

mte 4694 mm, bilirbin 22 mg/100 ml, LDH 228420 mU/ml, index of aflafise
leukocyte phosphatase actording to Kaplow: 150 Chromosome analysls, carried out

to exclode the clinical smspicion of Rlinefelter’s d showed nothing extrasot
dinary The criologically and histol y fned boaa marrow was hyperplastk
with sn excenbvely i 4 and moeph ny i feuows ey éesis #0d

an Initially mal 1 desis and bopolest
One year after the occurrence of anemia the patient was hospitalized with acute
lc therapy ding to the VAMP

myelold lenkemin. In spite of lotensive cy
program, only a partial remision of 2 months duration was schicved. At autopsy
liver spleen and bone marrow showed acute leukemla. Blochemical } L
ind] a Ph & of the ery 3 The Inhtial valoe of enzyme actiniy
was comalderably decreased (1.96 or 175 U/g Hb Normal vatue 8.6::2.8). ATl other
mzymcncdviﬂuwemdmlcduldmo!thtlnﬂeu:dmgmnmdono{thcrtd
cell population. The thermostubility test of P [3] indicated an [ntermediary value
of 41¢/ residual activity after 60min at 53 °C. During the keokemic stage, tho sctfv
Ity of the entymo was again determined shortly after tramsfuson. The PR valuo
measured at this time was 4 41 U/g Hb The acthvity could be ralsed by dialyshs [1
The unrermarkable family history should be emphasized, Both parents lived for ovet
80 years without any lllners worth mentioning. An alleged healthy outer Lver
abrosd and could not be examined. The paticat bad po children.
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Discurtion

An acquired reduction of Ph activity as an early’ symptom of ko-
kemin {3 pot @ common finding [6-9 13 14 18, 23 29] It iy an epl-
phepomencn withoat specific p ift for hemobl
s (1]

Threo theories concerning the canse of this form of enryme change
were recently discutsed [9] (1) A disturbance of the regulatory mecha-

froctokinase defickency ARNOLD ef al. [1] found & dialysalle, but a3 yet
ndefined factor of low molecular welght which acts a3 enzyme inhibitor
In the case wo studied, too, the PK sctivity in the Icukemic phase could
be raised by means of dialyshs by 30%, which h in agreement with the
presence of an exyme inkibitor efiminable by diatysis. In 15 out of 22
cass with low PK activity in acute leokemnls or in the early stages of leu-
kemis, & clear increass in enzyme activity could be attaired Thbs con-
finmos, at Jeast in some of the casey, the effectivencss of an enzyme Inhibl-

Even in our case it Is to bo questioned whether the PK deficiency was
soequired or bereditary tince & PK value #1 low #1 203 or 22.8% of the
mean normal value, has not yot been deseribed In a ‘refractory’ prelen-
kemic hematytic sncmia. The Jowest estimated K values fn refractory
anemis are 329 [29], 37% [7] 37.5% [16] and in acuts leukenia 265/
{20]. It baa been pointed oat in other studies that PK vatues below 504/
rarely occur n acquired PX deflciency and that tramsfosions are larpely

y 26, 27] The path hon between redoced PK

-alvhynndh:nmlyﬂclnmhmmtrmnhmopenqnesﬁmhthﬂpm—
sented case.

The late mentfestation of the Miness seems less compatible with the he
reditary form, although a comphant observation has been reported fn &
65-yearold patlemt [21] The development of bemolytic amemia o
scrts keukemia Hkewise polnts towards an acquired form of PK deficien-
cy However (he dovelopment of a hereditary PK deficiency Into atute
mooocytic leukemia bay recently been reported [17] So far there bas
b@mmdnumamhmmmhuhmum
ulmhcﬂmmhmyhmzﬂnnthmnb,dndwd_
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opment of a hereditary PR deficiency into aplastic anemia has been de-
scribed as a terminal event in a 71 year-old female patent [4)
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opment of a hereditary PR deficiency 1nto aplastic anemia has been de-
scribed a3 a termunal event in a 71 year-old female patient [4)
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and cryoprecipltates from anotber larger group of patients were snafyzed
for antibodles to denatarated DNA (SSDNA) and nattve DNA (DSDNA)
by ming & radictmmimoanay method, as well as for DNA by the diphen-
ylamine resction. All cases have also been examined for the presence of
an antl-yglobufin activity

Materials and Methods

Patirntr. Srmples wers obtatned from 19 patients with srived cryoglotmfisernta,
either emendal (9 casen), or secondary to Wekdemtrfin's dissase (WD) (8 cose) or

after centrifugpsrica st 800 g for 15 xin at 37 *C, H was sabecquently lsactivated.
Cryocrit, The smount of cryogiobulin in sera was evalwated by the oryoctt,
trrm Indicating the volume occopied by the cryoprocipitats, expremed o woloms
porcentags of whole sertm after centrifogation for 20 rin of serom stored at 4°C
for 72 b, at 800 g end at 4 °C.
Irolation of cryogiobaitar. The method described by Mryrre md Faoaree
112] wea followsd.
Characteration | the cryagiobaiiu. The toial protein wes messared by the
Lowry method {11} The compamaty of cryoglobalins and of certals wpersetes
wero botted by g filttion oo Sephadex G-200, wrhag 01 acetic acid-ecrtaty
bofter PR3 S
Dnamwmmmlmp&m"mn
soutce of DRA
mwmu@mmmmwhﬁ:n&uﬂmduw
wl for 12 mi in  bolllng water bath, folkowed by tmmediste coollng tn an kv beth
chromatagriphlc

DSDNA was obtainad by fractianation of  sotation of 0.1 mg/
@l b 0001 M soffem dphowhats buffer oH €3 oo & col
oy dotion wa stepwise diesty
ia molartty of the same buffer The fraction ebxted by 0.3 M buffer was recovered,

SSONA was Jodmated s described by HC-DSDNA from Ey
cherichia coll intsrnally Labeiled with trymlne-+4C way obtatsed Amersham.

Chberdeal by Teagrat
Lot [14]. Abworbeace t S0-593-850 mm was rad In Perkin-Helnr spectrophoto-

only whea sbeorbence data wers greatest at §95 am,
stndles.

Inhittion arsy Specificky of the DNA blodiey activity was tested ks Fabibition
‘nﬂn‘ucﬂdmmmmhmwamme[m
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Antl »~Globulin Activity, DNA and Antibodies to DNA
in Nonlapoid Cryoglobulinemias

F INVERNIZZI, P PIOLTELLI GIOVANNA GAVAZZENT
P 8. Rmeowpt and C. Zanusst

IV Medical Clinde, Univenity of Milan, Milan

Key Words Antl-pglobalin activity Chronlc aggressive hepatith  Cryoglobnli-
nemia  DNA antibodies DNA antigen Immunoglobuling  Waldenstrdm s div-
cage

Abstract Antl-yglobulin activity free DNA, and DNA binding were studied In
19 eryoglobulinemias 8 patients with Waldenstrm's discase (WD), 9 paticnts with
cxcntlal cryoglobulinemia (EC), and 2 with chronle aggressive hepatitls (CAH). An-
thhuman p-globnlin activity was detected in all sera and dimolved cryoprecipiates
but two from EC and one from the CAH group. By diphenylamine ssay wo fouad
DNA in two sera from WD and in ono serum and cryoprecipitate from EC. An an-
tibody to denaturated DNA was shown oaly [n sera from the two patients with
CAH and from one patient with EC. Nooapeeific binding was more frequent.

Cryoprecipttates containlng DNA have been demonstrated in patients
with systemic lupus erythematosus (SLE) [9] as well as in patients with
essential cryoglobulinemia (EC) [4] Antinuclear antlbodies have also
been found in cryoprect of SLE patl [3] and DNA antibodices
have been reported to be considerably more concentrated relative to ser
um levels in these cryoprecipitates [7] In the cases of EC the DNA was
firmly bound to serum immunoglobuling althongh the nature of the Inter
action could not be determined [4]

In a previous report of our gronp [2] antibodies to DNA wero shown
by the hemagglutination technique in a seres of patients with nonlupoid
cryoglobulinemia this point is of particular interest because of the possl
ble participation of these antibodies in the formation of cryoprecipitates.
Inordortomfurthﬂthuh'uch:ddmcomdtbebiologlca!d@ﬂ'
cance of these antibodies in mixed I d cryogl serum
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Fig. 2. Percent of 191 SSDNA snd “C-DSDNA bound by sers (O) and crpoprs-
dpltates (@) = Sera which coold be Inhiblied by cold DNA.

Tublr I Axtpglobatm sciivity in paried 19 and Igh from cryoprecipitaies of patienty
with WD or EC

I Igd
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:
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Wirarm! sgpiatrnatng dose (mE'mD) o the letex spgiotmtion st

4 cryoprecipitates (1 from WD 3 from EC) and 7 sera (2 from WD 3
hvaC,ZlmmCAH)rcmdeDNAblndh;.Bmlhhlﬂnhymin
most nstnces not due to specific immunoglobuling sinca b could be k-
hiblted by cold SSDNA caly fn one EC serum and fn both CAH sera, In
wno(thuﬁ.mﬁwDNA'ulholumdbbcmhhiHmr(ﬁg,z),m
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Fig I DNA cootent (ug/ml) In sera (S) and cryoprecipitates (C) of patients with
WD (@) or EC (O).

Results

All the cryoglobulins studled were of mixed type. In WD the cryoent
waus the most elevated. in two sera its level was over 50% Of the immu-
noglobulin components the IgM was always monoclonal of type k, the
IgG k and 2 in two instances IgA were also present. The amount of
cryoprecipitate was smaller in chronic aggressive hepatitls and In essential
cryoglobulinemias in both cases it was alwnys composed of monotypic
IgM (k) and polyclonal IgG In two cases of EC there were also IgA, in
one case only IgG1 and IgG3 Antihuman y~globulin acthity was demon
strated In all sera and dissolved cryoprecipi from WD patients, in all,
but two sera and cryoprecipitates from EC patients, and in one scrum
from CAH patlents. No case presented SCAT positivity The dissolved
cryoprecipitats of five scra of WD and four sera of EC were subjected to
gel filtration the IgM component had antihuman y-globulin ectivity” in
two cases of WD this activity was also found in IgG (table I). DNA was
found in two sera of WD patlents. in onc its presenco was transitory and
apparently conditioned by the antiblastic therapy- In cryoprecipitates we
never found DNA by the diphenylamine reaction. In one patient with EC
we detected DNA In serum and cryoprecipitate the mtio ug DNA/mg
proteins In serum and cryoprecipitate was similar (12 and 16, respective-
ly) We never found DNA in CAH (fig. 1) When tested for DNA binding,
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Fig 2. Peroest of WI-SSDNA snd #CTISDNA bowad by se (0) and cryopre-
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= Sera which conld b tabibited by cold DAL

Table L Antly-globokn sctivity in panfied 1gG end Ig)\ from cryoprectpiases of patiemts
with WD or EC

Disgnosis Isa
WD L>23
WD
WD
WD
WD opss
EC
EC
EC
EC

Miolral agylatinaneg dose (mg/mi) o the frins pgintimtion test

4

(1 from WD 3 from EC) and 7 sera (2 from WD- 3
trem EC, 2 from CAH) reveated SSDNA binding. But this sctivity was In
most instapeey not doe to specitic immmmoglobulins since i coald be |
hibited by cold SSDNA oanly in one EC terum and in both CAH sers In
©os of these, natiro DNA was also found 10 bo an inhibitor (fig. 2). The
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chromatographic fractionation of these sera showed the SSDNA binding
ectivity In the IgG peak. On the contrary In the porified fmmunoglobalin
fractions obtained from the four cryoprecipitates no bindmg activity was
present. We never found DSDNA binding actvity The observed {nhib-
tien by DSDNA of antibodies devold of binding activity to DSDNA may
be explained by the different source of DSDNA DSDNA from calf thy-
mus ag inhibitor *C DSDNA from E coll in the antigen bindmg test

[13)
Discussion

Qur results confimm the close association between WD and antihuman
rglobulin factors, most often 1dentiflable as paraprotein but, at least in
some cases, also as the IgG The frequency of this association is less in
EC. The finding that in the isolated IgM from WD sera the speafic a1
t-y-globulin netlvity studied by examining the mmimal latex agplotinat
ing doss of purified protein is higher than in EC suggests that the IgM
paraprotelns passess an increased avidity and affinity for the antigen.

We have shown the presence of circulating DNA only in a few cases 2
out of 8 in WD 1 out of 9 in EC, never in CAH. Of all the examined cry-
oprecipitates, we found DNA only In the case of EC. The absence of de-
tectable antl DNA even after fractonation of the eryoprecipitates strong-
ly contrasts the suggestion that our negative results are caused by a block
ing of DNA entigen by antibody

We must remember that there is considerable uncertainty as to wheth
er the appearance of circulating DNA 1 truly pathological A recent re-
port [16] concludes that the presence of DNA 1n plasma is a pathological
event, while In normal serom it is detectable at a concentration of approx
imately 1.9 ug/ml On this basls we can soggeat that the clrculating DNA
shown In our ssra was clearly pathological probably iatrogenic, second
ary to alkylating therapy in WD of unknown etlology in EC. O consider
able interest b the finding that the only patient with EC whosc serum and
cryoprecipltate contamed DNA was also suffering from a membranoas
proliferative glomerulonephritis (bloptically confirmed) On the other
hand another patient with a similar glomerular leston had no demonstra
ble DNA in her serum and cryoprecipitate.

Specifically inhibitable antfbodics to SSDNA were shown in both sere
of CAH end in one of EC we never found entl DSDNA activity The
abience of dreulating DNA in these same scra might be related to an in
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theso antibodics in the cry ipt {rom the same tere
ruggests that they are not specifically d during the prect
mmm&ummmhmmtmmm
scribed by WireLD ¢ al. [17] in SLE cryoprecipitates.

The nonspecificity of SSDNA binding in the great majority of oar
compiezes thown by the absence of inhibrtion with the cold SSDNA and
by the lows of this activity In the isolxted fractions saggests a grester than
ol positive charge in cryopeecipitating compleres. The SSDNA bind-
ing with basic proteins: (g, coflagen, histone has already been described
{1, 7 10] In the patient with EC complicated by glomeralonephriths with
DNA in scrum and cryoprecipitate withouot the specific antibody we can
suppose & primary localization of DNA In the glomerular basement mem-
brane (10) with subsequent local formation of antigen-antibody complex
nmmhﬁdmrmluwmcmdu&mnmmrymsuidm
eryop n Ty ixs are not
DNA and 1nth DNA antibodies mapunibimyexhu'hnudnmmphm
are involved. In the few cases where ant-DNA antibodles are present
they are only directed against SSDNA, beloog to IgG &nd xre not specifi-
ally d In the cryop
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chromatographic fractionation of thete sern showed the SSDNA bindmg
activity in the IgG peak. On the contrary in the purified immunoglobulin
fractions obtained from the four cryoprecipitates no bindmg actinty was
present. We never found DSDNA bindmg activity The observed fnhfbi-
tion by DSDNA of antibodies devold of bindng activity to DSDNA may
be explained by the different source of DSDNA. DSDNA from calf thy
mut a3 inhibitor 4C DSDNA from E colf in the antigen binding test

[15]
Discussion

Our results confirm the close association between WD and antihoman
rglobulin factors, most often identifiable as paraproteln, but at keast In
some cases, also as the IgG The frequency of this association s Jess in
EC. The finding that in the isolated IgM from WD scra the specfic an-
ti-p-globulm activity stodied by examining the minimal latex agglutmat
ing dose of purified protein is higher than in EC suggests that the IgM
paraproteing possess an Increased avidity and affinity for the antigen.

We have shown the presence of circulating DNA only fn a few eases. 2
out of 8 in WD 1 out of 9 In EC, never in CAH. Of all the examined cry~
oprecyputates, we found DNA only In the case of EC. The absence of de-
tectable antd DNA even after fractionatlon of the eryoprecipliates strong-
ly contrasts the suggestion that our negative results are caused by a block
ing of DNA antigen by antibody

We must remember that there is considerable uncertainty as to wheth-
er the appearance of drenlating DNA s truly pathological. A recent re-
port {16] concludes that the presence of DNA in plasma is a pathological
event, while in normal serum it Is detectable at a concentration of approx
imately 1.9 ug/ml. On this basls wo can suggest that the clreulating DNA
shown In our sera was clearly pathological probably latrogenic, second-
ary to alkylating therapy 1n WD of unknown etiology in EC. Of consider
able Interest i the finding that the only patlent with EC whose serum and
cryoprecipitate contained DNA way also suffering from a membranous
proliferative glomerulonephritis (boptically confirmed) On the other
hand, another patient with a similar glomerular lesion had no demonstra
ble DNA i her serum and cryoprecipltate.

Specifically inhibitable antibodics to SSDNA were shown in both sera
of CAH and in one of EC, we never found ant-DSDNA activity The
absence of cirenlating DNA Jn these same sera might be related to an in
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g these antibodics In the cryoprecipd from the same tera
nnmsﬂmthrymmt pecificall d during the precipl
ﬁmmThndmthhmﬁbodyhmmplddydlﬂmﬁmnthnde—
seribed by Wartero of of. (17) in SLE eryopreciplintes.

The nonspecificity of SSDNA binding in the great majority of our
complexey thown by the atwenco of inbibition with ths cold SSDNA anmd
by the loms of this activity in the hsolated fractiom suggests a greater tham
uraal positive charge in eryoprecipliating complexes. The SSDNA bind-
ing with bazic protelm. Clg, collagen, histoas hay alresdy been descaibed
[1,7 10] In the patient with EC complcated by glomer drith with
DNA in serom and cryoprecipitate without the specific antibody we can
fuppote a primary Jocalization of DNA in the glomerular basement mem-
brane (10) with sabesquent local formation of antigen-mtibody complex
a.Onlhobaﬂ:dmrmulnwmmduﬂcdmmnmmSLEmn
cry fn o iss are pot composed of
D‘NAlndlnﬂrDNAunﬁbodiu tt:poad&!kymlhﬂod:\umpkm
wre involved. In the few cwses where antbDNA sutibodes aro present
they am onty directed rgainst SSDNA, belong to IgQ snd are not specifi-
ally d in ths cryopr
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chromatographlc fractionation of these sera showed the SSDNA binding
actvity 1n the IgG peak. On the contrary in the punfied immunoglobakin
fractions obtained from the four cryoprecipitates no binding activity was
present. We never found DSDNA binding activity The observed inbibl-
tion by DSDNA of antibodies devoid of binding activity to DSDNA may
be explained by the different source of DSDNA. DSDNA from calf thy-
;Elll;; as inhibltor “C DSDNA from E colf in the antigen binding test

Discussion

Our results confirm the close assoclation between WD and antihoman
r-globulin factors, most often identifiable &s paraprotein but, at least in
some cases, also as the JgG The frequency of this association is less in
EC, The finding that in the Isolated IgM from WD sera the speafic ao-
ti-p-globulin activity studied by examuning the minimal latex agglutinat
Ing dose of purified proten Is higher than in EC suggests that the IgM
paraproteins possess an increased avidity and affinity for the antigen

‘We have shown the presence of circulating DNA only in a few cases. 2
out of 8 in WD 1 out of 9 in EC, never in CAH Of all the examined ery
oprecipitates, we found DNA only in the case of EC. The bsence of de-
tectable anti DNA even after fractionation of the cryoprecipitates strong
ly contrasts the suggestlon that our negative results are cansed by 2 block
ing of DNA antigen by antibody

We must remember that there is considerabls uncertamty as to wheth-
er the appearance of circulating DNA s truly pathological. A recent re
port [16] concludes that the presence of DNA in plasma is a pathological
event, while in normal serum it is detectable at a concentration of approx
{mately 1.9 ug/m! On this basis we can suggest that the circulating DNA
thown In our sera was clearly pathological probably iatrogenic, second
ary to alkylating therapy in WD of unknown etiology m EC. Of consider
able interest Iy the finding that the only patlent with EC whose serum and
eryoprecipitate contained DNA was also suffenng from & membranous
proliferative gl lonephritls (bioptically confirmed) On the other
hand, another patient with a simflar glomerular lesion had no demonstra-
ble DNA in her serum and cryoprecipitate.

Specifically inhibitable antibodies to SSDNA were shown in both sera
of CAH and In one of EC we never found antl DSDNA octivity The
absence of arculating DNA in these same scra might be related to 2n fn
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tion process, Therefore this antibody s completely different from that de-
scribed by WodrIeLD et al. {17] in SLE oxyoprecipitates.

The nompecificity of SSDNA binding in the great majoelty of omr
complexrs shown by the absence of inkdbition with the cold SSDNA and
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chromatographic fractionation of these sera showed the SSDNA binding
actrvity In the IgG peak. On the contrary in the purified immunoglobulia
fractions obtained from the four cryoprecipitates no binding actrvity was
present. We never found DSDNA binding activity The observed Inhitd
tron by DSDNA of antibodics devold of binding activity to DSDNA may
be explammed by the different source of DSDNA DSDNA from calf thy
l[!;\l!] as inhibitor C DSDNA from E coli 1n the antigen binding test
5

Discussion

Our results confirm the close assoclation between WD and antfhuman
r-globulln factors, most often Identifiable as parnprotein but at least In
some cascs, also as the IgG The frequency of this association i Jess In
EC. The finding that in the isolated IgM from WD sera the specific an-
ti-y-globulin activity studied by cxamining the mintmal latex agglutinat
ing dese of punficd protein is higher than in EC suggests that the IgM
paraproteins possess an Increased avidity and affinity for the antigen

We have shown the presence of circulating DNA only in & few cases. 2
out of 8 In WD 1 out of 9 in EC, never in CAH Of all the examtned cry
oprecipitates, we found DNA only In the case of EC. The absence of de-
tectabls antt DNA even after fractionation of the cryoprecipitates strong-
ly contrasts the suggestion that our negative results aro caused by a block
ing of DNA antigen by antibody

We must rermember that there is considerable uncertainty as to wheth-
er the appearance of circulating DNA s truly pathological A receat re-
port [16] concludes that the presence of DNA in plasma is a pathological
event, whilo in normas) serom it is detectable at a concentration of approx
imately 19 yg/ml On this basls we can suggest that the circulating DNA
shown in our sera was dearly pathological probably fatrogenie, second
ary 1o alkylating therapy in WD of unknown etlology in EC. Of consider
able Interest Is the finding that the only patieat with EC whose serum and
cryoprecipitate contained DNA was glso suffering from a membranous
proliferative glomerulonephritls (bloptically conflmed) On the other
hand, another patient with a simiflar glomerular leston had no demonstra

ble DNA in her serum and cryoprecipitate.
Specifically Inhibitable antibodles to SSDNA were shown in both sera

of CAH and fn onc of EC, we never found anti DSDNA activity The
absence of circulating DNA in thesc same sera might be related to an in




Acta basmat 57 351 353 (1977)

Combined G-6PD and 6-PGD Deficiency In a Hindu Boy

Smurrea DasH and ARviND G BHAGWAT

Departments of Haematology and Pathology Posigradmate Institote of
Madical Bdncxtion asd Ressarch,
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7 Hacmolytic spsermia Himdu 6-!'G'D-k.ﬂ:l:ncy Quinise

Abstrmet Amdwwmhbmm
d Decanee of the 6PGD y-
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G-6PD I er d with drog-tnduced hac
mlyﬁc-mmda.hwwnweﬂ—r:copﬂwd:ﬂnho-p:ﬂm}oghmdxy Defi-

Iy rare. Less than half a dozen cases bave been documented in the liters-
ture 30 far [1] To the best of our knowledge, deficiency of both G-6FD
and 6-PGD in the same individual hes been repocted only oncs [2]. We
Mymmmmmmmmmmm
continent,

Caye Report

A S$year-old Hinde boy from Bibar (Fast Indfa) wes referred 10 o3 ja Decemnber
1574 with the following hittory

Fis Oioem started tn Angost 1973 with  week-lomg Jow-grade fever 373
373 4C. Abwr admishstration of 3 graimy of quinine (total dow L1373 mg fn 3
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Drug-induced haemolytic snsemiss de pot seem to occur in individo-
als b ygow for 6-PGD 4 [1]), bowever In two instances
where such an has been d, there were other meta
bolic alterations In the snserobic and aerobic pathways {1]

Acinowledpements W thaak Prol G 1 Barwin, Department of Humes Ge
metica, Unversity of Ann Arbor Mich. for Ins comments on this case and in whose
laborxtory one of i3 (5. D) acquired the famiTharity whth enzyme sy techakqoes
employed In this undy

References
1 Barwix, G J 6Ph and gimt redectase la
Blocheraica] methods in red call groctics (Acadamic Prem, New York 1969).
2 Baxwen, G. ] and Dmax, R.J A mew inberiied enzymatic defickeacy of krown
&P Y Am. ] hwm Gemet
16, AT1-474 (1964).

3 Gowr E. R.. Genetic masken n bumas blood (Blackwell, Oxford 1969,
4 Pux, C W asd Frics, L L Iokerited quantitadive varimtions of beman phos
phoglecomate derdropeoae. Axn, un. Geost. 0- 339-343 (1967).

Dr Susamus Dast, D Tomtivwte of Medial
Edwortion amd Rescurch, Mmaxn (Inxfla)



sz Dan/Biuowar
Table I Hucmatalom][mmluﬂomlnﬂnpadunmdhhﬁmﬂy

Patient Father Mother  First  Second

sister eister
Haemoglobin, g% 1300 14 60 1280 1220 129
PCV % 4200 46.00 800 - -
WBC comt 7000 6,500 2,200 - -
Reticulocytes, % 08 [1X] 0.5 <lA 06
Plasma haemoglobin, mg% 200 700 6.00 200 4.00
Mecthacmoglobln reduction  defioent  bormal  deficient  deficknt deficient
G-6PD % of normal £00 9500 6000 7500 7500
6PGD 4 of normal 50.00 9500 5000 9800 9600

waa given. Coaplete clearing of urine occurred in 7-8 days. Blood examination
prior to treatment revealed. HE 3.6 g% white cells 8,000/ul with 704 peutrophils,
2P/s lymphocytes, 2/s monocytes, and 1/ eosinophils. Peripheral blood stoears and
HE6 clectrophoresis were unremarkable, Urine wat positive for haemoglobin.
Hacmatolagical invertigations of the patient after the haemoiytic crisls, and of
his parents and two sisters were done In our laboratory The results aro summarised
1n table L The assays of G-6PD and 6-PGD were done by the methods described by

Baewmz [1]
Discussion

It will be apparent from the table that the patieat had severe G-6PD
deficiency and partial 6-PGD deficiency his mother and both sisters were
heterozygous for G-6PD deficiency only the mother was heterozygous for
6-PGD deflclency and the father appeared normal.

According to critena defined by PArk and Frren [4] this boy fits the
description of the so-called Ilford vamant of 6-PGD deficiency In which
the enzyme actlvity is approximately .50%/s of normsl. This is a raro var
jant and has been explalned by the inhentance of a silent PGD  gene In
assoclation with PGD- gene with complete penetrance of a simple domt-
pant autosomal gene [3] The most interesting aspect of our case is the
co-exustence of G-6PD and 6-PGD deficencies in the same individaal in
which one appears to have been mhented through a sex chromosome and
the other through an actosome. Whereas heterozygosity for 6-PGD deft
dency results in 504 reduction in enzyme activity that for G-6PD results
in variable reduction in the corresponding enzymo activity becanse of the
incomplete penetrance of the offending’ gene.
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Drog-induced haemolytic anaemiss de not teem to occur in individu-
lhba:rozygomlors-PGDddidcncy[l] howw:rlntwum
where soch an clath d, there were other meta-
bolic alterations in the s mdu:mblc, [

Ackmowltdgrments. W thank Prol. G J Barwzx, Deparisent of Humwn Ge
netics, Universty of Asn Arbor Mich. for bits comments om this cass end fn whose
Isboratory owe of w (5. D) scquired the famitarity with exryme may techalques
eoaployed bn this soedy
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Tabke I }hmbﬁnllnmﬂpﬂomlnthep:%tmdhhhmﬂy

Patlent Father Mother Fint  Second

st sister
Haemoglobin, g% 1300 1460 128 1220 129
PCV % 42.00 45.00 300 - -
WEC count 7000 6,500 8,200 - -
Retkcukocytes, as 03 03 <l% 06
Plastma hacmoglobin, mg% 800 700 6.00 2.00 400
Methaemoglobin reduction defident  pormal deficient  defickent defickent
Q6D of normal 6.00 9500 60.00 7500 7500
6PGD  { of notmal 5000 9300 5000 9800 9600

wus given. Commplete clearing of urlne occmred in 78 days Blood cxamimation
prior to treatment revealed. H6 3.6 3% white cells 8,000/ul with 70% nestrophils,
Z7/e lymphocytes, 2%/ yies, and 1 /s corlnophils. Peripheral blood smeans and
HE electrophoresls were unremarkable. Urine was positive for haemoglobin,
Haematological favestigntions of the patient after the bacmolytic crisls, and of
his parents and two sisters were done In our Iaboratory The resolts are summarised
in table L The assays of G-6PD and 6-PGD were done by the methods described by

Brewer [1]

Discussion

It will be apparent from the table that the patient had severe G-6PD
deficiency and partial 6-PGD deficiency his mother and both sisters were
heterozygous for G-6PD deficiency only the mother was heterazygous for
6-PGD deficlency and the father appeared normal,

According to critenia defined by Pas and Fircut [4] this boy fits the
description of tho so-calied It{ord vanant of 6-PGD deficlency in which
the enryme actlvity is approximately 504 of normal This is a raro var
fant and has been explained by the Inheritance of a slent PGD gene In
sssociation with PGD? gens with complete penctrance of a simple domi
nant autosomal gene [3] The most interesting aspect of our case is the
co-existence of G-6PD and 6-PGD deficiencies in the same individual in
which one appears to have been inhented through a sex chromosome and
the other through an Whereas h ygosity for 6-PGD defi
clency results in 50 reduction in enzyme activity that for G-6PD results
in vanable reduction in the cormesponding enzyme activity because of the
incomplete penctrance of the offending gene.




Comblaed G-6PD and 6-PGD Deficrency i

Dmlhdmdhcmbﬂcmumhsdcnotmloocm:minﬁﬂdu

305 for 6-PGD defi [1] however In two instances

‘h'““’dlln ! has been d, there were other meta-
bolic shterations m the anserobic #od acroble pathways [1]

Acinewledgrments W thanl Prof. G ) Baremx, Department of Homen Ge-
wetics, Univershty of Axn Arbor Mich. for hrs comments oa this case wad i whose
leboruiory one of wa (3. D scawered the {smilianty with enzyes asey techakqoes
enployed In thiy stody
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Pyridoxal 5-Phosphate-Resistant Sideroblastic Anaemia with
Trisomy 8 Mosaiclsm in the Bone Marrowr
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Abstraet A patient with aideroblastic snaemia manifested a trisomce condition
for chromosome number 8 In 75% of his bone marrow celly. Cytogenetic stodies of
peripberal lymphocytes demonstrated a normal male Laryorype. The anacmia wat
resistant 1o trestment with pyridoxal S-phosphate this & in contradiction with the
respomse achieved In some patlents with the primary wequired form of dderoblastic

anaemia
ingt] ja may result

Ring sideroblasts ch. ristlc of sid
from an undetermined defect in hacmoglobin synthesis [1] associated
with abnormal pyridoxine metabolism [7] possibly due to an enrymatic
defect [12] Pyridoxal 5-phosphate administration [11] has been suggest
ed to alleviate such a possible metabolic defect However various chro-
motomal abnormalities, including a deletion of chromosome number 20
[2, 4] trisomy 8 [9] heteroploidy [15] and polyploidy [5] have been de-
scrlbed in this dusorder Such aberrations can Induce a vardety of cellular
defects, incfuding enzyme alterations, which are resustant to pyridoxal [8]
We wish to present a sccond case of sideroblastic anaemia in which bone
marrow haryotype revealed moaaicism for trsomy 8 In this case, the
treatment with pyridoxal proved unsuccessful

Case History

The paticat was admitted on numerous occasions during the J-year coarse of bl
dlsepse He was firet examined in Augost 1973 at age 40 because of a 6-month hi
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tory of dyspnoes, lamitude, palpitations and ank! oedemm, At age 18 he had becn
imformed of  cardisc murmwr Since then, the ByTeptomatology of congrstive beart
e developed progrentvely

Oc phyicl examcation, the patsest was greyib-pake and thowed ddgm of
Jarpe atrial septal defect and conpesitve cardsac failore.

Fh Hver was ealarped Som below the nght costal margis and there was 5o
wwummmmmlbhodmww

diwproportionslly
mrtore cells proved %0 be ‘T Bdcoblesty when stamed for haemoxderio. The
narTow was nch i koo
Resalts of biochermoea! testa were normal Xoapd for  strum bumwbin of 14 my/
100m! and  serum Hutamsec cxaloscetc tanmminaw of 130 SMA wniny. Sersm
koo 228 xg/100 ml, with catoratiom of 72°  Serwm bapioglobims 250 mg/100 ml,
scwn vimln B, 760 pg/mt and whole-blacd folaic 65 mg/ml. The beematologhc

2% ms Lm of pyridoxal-S-phosphatet was sestuted 1n March 1975 for 50 dom,
with mo Gbvioos effect Therspy wis tharefors dbcontiaued, with the patient re
quiring 2 pt of peched red cefls approumately every 15 dayn,

Crtogenetic Studies

mmmm.mwmmmm—m-am
(PHA) Perivhenat blood celh. Boos
mAToOw spechnaTs mmmun%{wlhnmmuw
(dataecodeine), 005 giml Prrwpheral blood wis cultwred for 72h with the same
comcyneraton Colcemid added for the fical bour Afl crfhs were harvesed and slides
proparcd by slagitly modhfied method of MooRamuD of of [13] and mamed by
Glemse mats For meore precne destifioanon, chromoscmm] banding pariems wers
obtalard wecording to 1he ‘Guma 9 sechalqoe [14)
A tota] of 40 metaphaers were exmmined o PHA-sim e lympbocytes sad re-
vealed  modal mamber of 46 chromosomes with  normal male (44 XY) karyonype.

By cowrtery of Roche Prodects, Wetwy  Garden Chty Hertw
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Abstract A patient with amemia if a trisomic dith
tor chromosome number 8 in 75%/s of his bone marrow cells, Cytogenetic studies of
peripheral lymphocytes demonstrated a pormal male haryotype. The anremis wat
resistant to treatment with pyridoxal S-phosphate this ia in contradiction with tbe
respome achieved in tome patients with the primary scquired form of sideroblastle
snacmis.

Ring sideroblasts characteristic of sideroblastic anaemin may result
from an undetermined defect in haemoglobin synthesls [1] associated
with abnormal pyridoxine metabolism [7] possibly due to an enzymatic
defect [12] Pyridoxal S-phosphate admunistration [11] has been suggest
ed to alleviate such a possible metabolic defect. However varlous chro-
mosomal abnormalities, Including a deletion of chromosome number 20
[2 4] tisomy 8 [9] heteroploidy [15] and polyploidy [5] have been de-
scribed in this disorder Such aberrations can Induce a vanety of cellular
defects, Including enzyme alterations, which are resistant to pyridoxal [8]
We wish to present a second case of sideroblastic anacmia in which bone
marrow karyotype revealed mosalcism for trisomy 8 In this case the
treatment with pyridoxal proved unsuccessful

Case History

ﬁoPliwu-dmlntdonnumuomocudomdm'lnlhe}ymrmo(hh
d}m.le.HemﬂrncnmlnedhAnm1m.|mwbtc-m:ol-6-momhhh-
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tory of dyspooes, lamtode, paiphatioss and ankls ordeme. At &gt 18 bc had bern
lformed of  cardac mormmr Stace them, the tyraptomatotogy of congeetive beart
fallure developed progremively

On physkal cumimtion, the patient »  grevhb-paly and thowed wgne of
largs strial septal defect and conpesthve cardiac faitare,

Hrs Iiver was enlarged 3cm beow the nghi costal margin and thert was no
wicsomepaly H emoglobin 4.5 8/100 ml The perpberal blood smaar showsd most-

wature cell proved (o be ‘g’ nderoblasts when maized for hacmosiderm. The
ATTOw wis rich m bros

Remin of blochermeal tesis wers pormal except for  serom billrabia of 1.4 mg/
100m! apd  perwm glotamc oaalosceic anwminne of 130 DA wlty, Serwm
irom 278 xgH00mL, whh  ssluraton f 72/ Serum haptogiobins 250 mg/100 ml,
scrwm viceria B, 760 prfmd and wholeblood folat 65 np/ml The becmmotogic
and cardne abnormalities wers the oaly evidence of pathology

Following trapafmuont and therepy for congesirve heart fallure, the paticst re
cebred the followimg dafly repmes for  penod of scveral moothe. folie ackd
nsnnm(mmm(mmmmmmm
drogs were ungly and it No obviows effect was ob-

quiriog 2 pt of pecked red celh approTmately every 15 dayn

Cytogenetic Stadies

Chmnmrm-mmmwhbmnmmw
aghutiora (PHA) bood cells, Bome
-mmdnn%hlhhmmuw
(dcmccctd-).ous-uml Perpheral blood wa cultored for 72h with the sarmc
conceiraton Cobcensd sdded for the flmal hoar ATl culls were harvested and sBdey
preparsd by shighily modified oaethod of MOORHIAD er al [13], and satmed by
Gucre sain. For more precie weshficsnon, chromosomal basding Ratteres were
obtataed accordueg 0 tho “Gicrria 9 techalqoe” [14]
A 1ota] of 40 metsphases  erv euamned b PHA-stimsalated lrophotytes sod re-
vaaled  modal pamsber of 48 chromosorses with  torwmal mate (48 XY) karyorrpe.

By courtery of Roche Products, Wetwym Garden Caty Hetn
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Trisomy 8 Mosaicism in the Bone Marrow
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Key Words Cy fes A frm  Pyridoxal S-phosph
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Abstract A patient with sideroblastic anaemla manifested & trisomic condiuoa
for chromasome number 8 ln 75% of his bone marmow celle. Cytogenctlc studies of
peripheral lymphocytes demonstrated a normal male haryotype, The ansemiz was
rethstant to treatment with pyridoxal 5-phasph this Iz in co ction with the
response achieved in some patients with the primary acquired form of sidergblastl
anaemia

Ring sideroblasts characteristic of sideroblastic anaemia may resull
from an undetermined defect in hacmoglobin synthesls [1} cinted
with abnormal pyridoxine metabolism (7] possibly due to an enzymatic
defect [12) Pyndoxal 5-phosphate admunistration [11] has been suggest
ed to alleviate such a possible metabolic defect, However vanous chro-
mosomal abnormalities, including & deletion of chromotome number 20
[2, 4] trisomy 8 [9] heteroploidy [15) and polyploidy [5] have been de-
scribed in this disorder Such aberrations can induce a variety of cellular
defects, (ncluding enzyme alterations, which are resistant to pyridoxat [8]
We wish to present a second case of sideroblastic anaemia in which bone
marrow karyotype revealed mosalcitm for trisomy 8 In this case the
treatment with pyndoxa) proved unsucoessful

Case History

The patient was admitted on numerous occasions during the 3-year course of hb
disease. He was fint examined in August 1973t age 40 because of u 6-month hh-
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sy of dyspnoes, Lassitide, pelprtatiom and ankle ocdema. At sge 18 he bad been

mwmmmmmhmmmu
Tarps atrinl septal defect and congextive carduc failure.
Hix Brer was enlargsd 8cm below the right costal margia and there was so
Mlimwmmmmwwmﬂ
y yies aad wumerous pokloryten Some
mmwmmﬂﬂ!‘mlﬂwmaﬂl A booe mar
row asplrate was wxh erythrosd und with some megalo-

y
waturs celby proved 1o be ‘noy’ mdcroblass when sained for barmowddmn The
ToTow was nch o ron.
Remlts of biochernical teats wers motom! except for  serum balrubr of 14 my/

(5 mp, (150 mg), it (150 mp) and (30 mg) The

quring 2 pi of pecked red celb  pproxmately every 15 dan

Cytogemetic Studies
Chromosome preparations erc obtamcd from both bows marmow and phytobhes
gotun (PHA) and blood cefls Bome

DATOW specument were incubated &t 37 C for 1h i the presesco ! Coloemid
(demmecolcine), 005 wp/ml. Penpberal blood & cubtared for 72 wkh the sams
concentration Cokormed sddad for the fuml boar ALl cefhs %.cre harvonted sad slkdes
Wepared by slighily modificd method of Mookmun of oL [13} and stained by
Gures siarn For more precms aesttficatron, chromosorsal basdmig panerms were
abtalord eccording to the ‘Giemaa 9 techniqoe (141
A ol of 40 mrtaphases wery Cxammmcd v PHA-srmulated hympbocytos 0d o
vealed  modal marsber of 46 chromosemes with  normal e (48 XY) kxryotrpe.

By coortery of Rache Products, Wetwyn Qarden Gty Herns.
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Key Words Cytogenctics Mosakcism  Pyridoxal S-phosphate  Sideroblastic an-
temia Trisomy 8

Abstract A patient with st k anmemh i a trisomic condith
for chromosome number 8 in 75 of his boot marrow cells. Cytogenetic studies of
ripheral 1 di s Dormal male Laryotype. The anaemia was

ymphocyt
reshitant 10 trestment with pyridoxal S-phosph thh b In diction with the
response achleved in some patlents with thepﬁunrythulndformdddcrdylmic
ansemia,

Ring sideroblasts charactenstic of sideroblastic anaermua may result
from an undetermined defect i haemoglobin synthesis [1] associated
with abnormal pyridoxine metabolism [7] possibly due to an enzymatic
defect [12] Pyridoxal S-phosphate admintstration [11) has been suggest
ed to alleviate such a possible metabolic defect However varlous chro-
mosomal abnormalities, including a deletion of chromosome number 20
[2 4] trisomy 8 {9)] heteroploidy [15) and polyploidy [5] have been de-
scribed 1n this disorder Such aberrations can induce a vanety of ceflular
defects, including enzyme alterations, which are resistant to pyridoxal [8]
We wish to present a second case of sideroblastic anaemia in which bone
marrow karyotype revealed mosaichm for tnsomy 8 In this case the
treatment with pyndoxal proved unsuccessful

Case History

mpmtnidmmmmnwmmdumm}mmdw
dacnse ch‘ﬂmmm[mdln,«umlmnmwbcmwul-mlhhh-
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wry of dyspmocs, lemhode, palpitstions and ackle oedema. At ape 18 he had bern
lforrmed of  cardisc murmor Since thew, ibe symptomutology { congestive beart
fefhury developed progrenuecly

On physcal exammation, ibe patwat was greyish-pale and showsd sigm of
larpe atrial acptal defect and congestive cartiac fallere,

His hver was emlarged Bcm below (he nght coxtal marpim and ther wa po
thsmmﬂmmwmwm
b o and mmnerom Some
erythrocytey were hypochromic, ndmmncmdc“cdrvdcdhAbumm
row wspirete was hypercsiloler with crythrosd byparplasia sad with some megalo-

marTow wse nch in froo.

srum viamis B,, 760 py/m! and wholeblood folst 65 ng/mL The heematologh
and cardine abnormalities wers the only evidencs of pathology

Following transfsioms oad therapy for comgastive beurt faflure, the patiomt re
coived the following dally regmees for  perod of scvoral moathe foflc acid
(3 oy, (130 e lone (150 mg) and (30 mg). The
drugs were admiamtered mogly 00 b combustica N obmows effact was ob-
served, with the excxption of e ia blood folate to 140 ng/ml, nnd the dimixation

quiring 2 pt of pecked red cells approueatly every 15 deys.

Crtogenetic Studies

mm-mwmmhmm

tettun (FHA) prripberal blood cefic Bome
TTITOW eIl mmdnn%l«lhhmmo‘w
(demrecolcraa), 005§ ml Peripheral blood wa cuttered for 72h with the same
comcentration Cokerrad sdded for Ibs firal bour ATl cells were harvesied and slidey
propared by  shgiely modificd meibod of Moosmrin of af, [13, and mudwed by
Gicma suala For mory prease seniificanon, chromosoral bandag patierns were
oblarmed sccondrag o the Glemm 9 teckolqec |14]

A total of 40 metaphiscs erv quamised ta PHA-stsmstated baphocytes aad re-
voaked  moxdal B0ber of 48 chromowomes sk normal mals (48 XY) keryorype,
By cowrtery of Roche Products, Welwyn Garden City Herts
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Absract A patient with sideroblastic anacmia manifested a triomtc conditioa
for chromosome number 8 in 75/ of his bone marrow cells. Cytogenctic studier of
peripheral lymphocytes demonstrated a normal male karyotype. The anscmia was
resistant to treatment with pyridoxal §- hate this b o diction with the
response achleved [n some patients with the primary scquired form of sideroblastic
amemin.

Ring sideroblasts characteristic of sideroblastic anaemia may result
from an undetermined defect in hacmoglobin synthesis [1] associated
with abnormal pyridoxine metabolism [7] possibly due to an enzymatic
defect [12] Pyridoxal 5 phosphate administration [11] has been suggest
ed to alleviate such a possible metabolic defect. However various chro-
mosomal abnormalitier, including a deletion of chromosome number 20
[2, 4] trisomy 8 [9] heteroplokdy [15] and polyploidy [5] have been de-
scribed In this disorder Such aberrations can induce a variety of cellular
defects, including enzyme alterations, which are resistant to pyridoxal [8]
We wish to present a sccond case of sideroblastic anacmia in which bone
marrow karyotype revealed mosaicism for trisomy 8 In this casc the
treatment with pyridoxal proved unsuccessful

Case Historv

mpa(}mlmldmmedmnummocadon duting the 3-year course of hi
divense. He wat finst examined In August 1973 at sge 40 becawse of 6-month his-



Trisomy 8 in Sideroblustic Ansemia a7

The cytogenctic aboormality in the present case wes quite pronounced.

Tbenormlbrycrypeo{ﬂmpeﬂpbtnllympbocmbdnmlbedoml
origln of the cells with ch boormality [9 10] T: with
tidoxine or py S-phosphate had po effect on the degree of anme-
mh.Tbm(nmummindim\eLbnmpnﬁmnﬁﬂmdhomuha‘
with the primary scquired form of the discase, even though he presented
po evidence of a myeloproliferative disorder Further expenence with
similar cases may corroborate the negative predictive valoe of chromo-
somal aboormalities for a response to pyridoxal S-phosphate therapy
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No metaphases were observed in cells cultured without the addition of PHA In the
medium. In two bono marrow cultures (January 16, 1975 and March 13, 1575) »
mosalc condltion was observed. Among the 60 metaphases cxamined, 45 (75 )
revealed 47 chromosomes with an extra member in group C. The remainmg 15
cells wero normal (46 XY) G-band analysis of the trisomle cells fdentified the extm
chromotome xs 2 member of pair number 8. Examination of a further bone marrow
culture, 15 months after the initial one, still revealed the same mouk trsomy 8 In
15 of 100 metaphascs,

Discussion

The acquired sideroblastic anaemias are a heterogenous group of disor
ders inted with alcoholl i disorders, haemolytic anac-
mias, pernicious anaemia lead porsoning treatment with certain drugs of
myeloprolifcrative disorders [12] In some cases, none of the above con
ditions are implicated and these are referred to as primary acquired side-
roblastic anaemias [8 12] Occaslonally these patlents respond to treat
ment with pyridoxine or pyridoxal 5 phosphate [6 8 11]

Chromosomal aberrations have been reported 1n patients with sidero-
blastic anaemua associated with myeloproliferative disorders and at trmes,
in those with the pnmary acquired type In the former the cytogenetic
abnormalities include trsomy-8 mosaicism [2] heteroploidy [9] poly
ploidy [15] and F-chromosome deletion [4] Tnsomy 9 and 19 and the
absence of a G chromosome was observed 1n patients with the DI Gu
ghemo syndrome, the early form of which has been equated with acquired
sidcroblastic anacmia [3] The chromosomal aberrations observed in pa-
tients with the primary acquired form consist of a deletion or inversion in
the long arm of an F-group chromosome (2, 4]

It has been suggested that the cytogenctic abormalities in paticnts with
pnmary acqulred sideroblastic anaemin result in the enzymatic alteration
leading to the defect in haem synthesis [4 6] Some patients respond bet
ter to treatment with pyridoxal 5 phosphate than to pyridoxine [6 8 11]
1t has becen postulated that in these cases a decrensed activity of pyridoxal
kinase effects the conversion of pyndoxine to its actlve form pyridoxal 5-
phosphate [6 11] On the othcr hand (hc disturbance in hacmoglobin

In

d with mycloproliferative dis
ord:r: is belleved to be unrelated to pyridoxine and due to disturbed dif
ferentlaton and maturation of the erythroid cells [3 4] In these cases,
the disturbance may result from other enzymatic abnormalies such as de
creased haem synthetase or -alasc activity [3 8]
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A Case of Lambda Type Tetramer Bence-Jones Proteinemia

Mmsvo Kozuat Hoto Benvoxy, HIDEKATSU SUOTMOTO,
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Third Department of Internal Medichme, Facalty of Mediciae,
Kymirs Univenhty Fuinoks

Kev Words. Bosco] Bence-}
T Plessscytoms Tetrsmer dimer nd monomer

Light chain of

Abtrec A S0yesrold womes was foosd to have 1o extrameduflary plesmacy-
toma of the thoracke vertchss and  bone marrow plasmacytoss of 72¢. 1 the ver
wm of thh mrpcloma patiest, M-bow percipioa Line wes sen only with ast-arabda
chaln serum, bt pot with antiscra agaiost m, alphs, gumma, delta, fpailon asd
Leppa chams. O¢l hliration of the seruma on the Sephader G-200 colomn damon-
mdhmmmmhhmummmmmm

molecubr welght of T5.000 end  tetrameric Byht chaty. RenceJone
rmﬁhhamhouwhdnmlmm

Bence Jones protein bad been regarded as & pathognomonic protein
found in the urlne but not in the serum of patients with myeloma In 1962,
Bence-Jones protein was found to be identical to the light chains of the
fmmunoglobulins {1 2] Recent progress i chinical immunochemical
anatyshs has demonstraied Bence-Jones protein not only in the urine bat
:holnu:bloodphsml.

wmally bs assoctated with Ben-
w!mptm:lnurh[ﬂl Three cases of tetrameric Benco-Jones proteine-
mia whthout Bence Jones proteinuria, however had been reported since
1964 all of which were Lambda type [6-8] In the present repoct, & new
case of tetramer lambda type Bence Jones proteinemia not smoclated
with Bence-Jones proseinuria i presented.

Materials ard Methods

Tmsmooskcctropbortyh s s perfornal sccordag (o the mcthod of Schekiegger
9] Axirser sgziast Besce-Joscs proteim (Lappa and tanbda), Fe, alpha-chaty, my-
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A Case of Lambda Type Tetrammer Bence-Jones Proteinemia

Mmoo Kanmu Himeo Benvot, Hipexatsu Svomeoto
Kouxo Saxar and Hmona Isavasin

Third Department of Intereal Mediciae, Facuity of Medicae,
Kyosha University Fokuoks

Key Words. Bence Jomes proscinemia  Bence-Jones proseionrie  Light chale of
imanpaogiobolia Flesmacytoms Teoirmoer dimer and Donomer

Absiract. A S0-year-03d womsan wiy found 10 kave an extramedullary p

proiein bas pever beem detected ia the plent’ wnne.

Bence-Jooes protein had been regarded a3 a pathognomonke protem
found in the urine but not In the serum of patients with moyeloma. In 196,
Bencs-Jones protein was found 10 be identical to the Light chaing of the
fmmromoglobulims (1 2] Recent progress in clinical immunochemical
anatyshs bas demonstrated Bence-Jones protein oot oaly in the urine but
also in the blood plasma

Bence-Jones proted usually s cl with i Ben-
ce-Jones proteinria [5]. Three cases of tetrameric Benee-Jones proteine
rala without Bence-Jooes proteiouria, however had been reported since
1963 afl of which were lambda type [6-8] Inlheprﬂcnll?l’ﬁﬂ.lnzw
cme of tetramer lambda type B Ji Dot
with Bence-Jones proteinaria o presented.

Materials and Methods

mmosorcrtrophorems wit performed acrording to the method of Schekderper
I9]. Axthers sgammut Besce Jons proteian (apps end Lambea), Pe, alpha-chat, wro-
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chain and delta~chain were prepared in our Iaboratory in rabbity by maltpk tatra

nject of the human proteln fractions in Freunds adjuvant,
Antiserum against IgE was obtained from Hoechst Company QGel filtrstion of the
Bence Jones proteins and the patlent s serum was carried out by use of a Sephadex
G 200 column (25 X 100) with 01 Tris-buffer (pH 8.0) containing 0 15 sodizm
chiorkde, The [ight chain was fsolated from the A fraction by DEAE<cllulose chro-
matography using 0 01 x phosphate buffer (pH 7.5)

Case Repont

A S3-year-old woman, F F poted a pafn in the Jeft breast in July 1974 Since
September 1974 she had a gait disturbance and hypalgesia in the lower extremities.
She wax admitted to the neurcdogical institute, Ayushu University and a dagnosit
of an cpldural tumor of the upper thoracic vertcbrac was made.

In October 1974 a laminectomy of the thorack vertebrae (T4T7) apd parial

removal of the tumor were performed. HF di of the Y
tumor wus plasmacytoma. The patient was referred to our clinic in November 1974
She had no lymph hy and no hepatospl. Iy but a hard tumor of the

left breast was found. Lower limbs showed muscle weakness and hyperreflexa. Hy
pestherla, hypalgesia and thermohypestesis below the fifth thoracic vertebra were
noted.
Hemoglobla wat 113 g%, RBC 458 X 10 /mm? Blood sedimentation rate wa9
13mm in the first hour Bleeding time was 3 min, prothrombin time 118 scc and
partia! thromboplastin time 593 sec Blood urea nitrogen 60mgte, calciom
9.3 mp%/s, alkaline phosphatase 136 mU/ml (1U). Isozyme pattern of the serum alla
Iine phosphatase revealed only fraction ItL Lnown to be of bone origin Urioe ans
lyals showed no proteiouria throughout the clinical course.

kkney fonction tests, such &s ¢ on test, i and phen-
olsulfopheryl retention test were normal The bove marrow pattern showed & re-
markable increase of atypical plasma cells. plasma cells 72.4 /s, reticulum cells 0.4% 4,
lymphocytes 10.8%s, monocytes 10.8%e. Total bone marrow nocleated cell count was
113 X 10¢/mm® Bone scintigram by ®©Tc revealed an abnormally high ln‘:
of actlvity in the thoracic and lumbar b, “Co {rradb was int
fn additlon to steroxdy and cyclophosphamide, and the paticat graduaily improved
and way found to be in good condition in December 1974

Results

Immunochemical studies of the patient s serum protein Total proten
concentration In the serum was 69 g / with albumin 62.3 / alpha 1
globulin 3 1 /s, alpha 2 globulin 10 94s, beta globulin 7 8% and gam
ma-globulin 157% The g bulin did not | in concentra
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Fyg 1 Blcctropbaretc patirm on cellolose scetare membrane of the senem (2)
and wrme (b) of the pavent, F F The srme wxs concratrated 200 tiwses than origl-
pal wrime. Unne proteey AR, 610%, a, J1.1 & Scem protaeoc £Bg/dh Alb,
0y, I aLPETL 67171 &

thoa, but the cellulose acetate ekectropboretic pattern of the serum proteln

revealed a monocional peak at the fant gamma-globulin region as abown

n figare | Immunoekectrophorens of the serum showed a M-bow precip-

mn[mnlhe!nlpmm—ﬂobuﬂnnﬂon.ﬂdch‘utmchtdm}ywhh
| ciputin fines wero prod

b‘yﬂﬂntmbnilphﬂﬁo(l;&llpb}chh‘m-cbah,ddu-dnh,




360 K oZURU/BINOKI/SUGDIOTO/SAXAL I A YARHE

chain and deltachain were prepared In our laboratory In rabbits by muldple intra

infectlons of the respective human proteln fractions fn Freand's adjovant.
Antiserum sgafnst IgE was obtained from Hoechst Company Gel flltration of the
Bence-Jones protelns and the patient’s serum was carried out by use of n Scphadet
G 200 columa (2,5 X 100} with 0.1 Tris-buffer (nH B.0) contalnfog 0.15 ¢ sodium
chloride The light chain was fsolated from the A fraction by DEAE-<cellulose chro-
matography wing 0.01 M phosphate buffer (pH 7.5).

Case Report

A 53-year-old woman, F F noted a paln in the left bresat kn July 1974 Siace
September 1974 sbe had a gt disturbance and hypalgeds fn the lower extrembtict.
She wav admitted to the nearological fnstitate hyushu University and a dlagnoss
of an epidural tumor of the upper thoracle vertebrae was made

In October 1974 a laminectomy of the thoracic vertebrae (T4-T7) and partal
removal of the tumor were performed Hlistolopic diagnoth of the extramedullary
temor was plasmacytoma. The patient was referred 1o our clini la November 1974,
She had Bo Jymphad hy and no hepatospl ly but a hard tumor of the
left breast was found Lower limbs showed muscle weakness and hyperrefledds Hy-
pesthesis, hypalgesia and thermohypestesis below the fifth thoracie vericbra were
noted
Hemoglobln was 11.3 g%, RBC 458 ¥ 10 /mm? Blood sedimentation rate was
13mm fn the firt hour Bleeding time wus 3 min, prothrombin time 11.8 sc¢ and
partial thromboplastin_ tme $9.3 sec. Blood ures nifrogen 60mgYs, cakhum
9.3 mg#/s, aliallne phosphatase 136 mUsml (IU). Isozyme pattern of the serum alla
1ine phosphatase revealed only fraction I known to be of bone origin Urine ana
Iysis showed no prodcinuria throughout the clinkal course

Riduey function tests, such as test, Inine ¢t and phen
olsulfopheny! retention test were normal The bone marrow patletn showed & Tt-
markable fncrease of atyplical plasma celh. plasma cells 72.4 /o, retlculam cells 04%%,
Iymphocytes 10.8¢, monocytes 10.8%s. Total bone marrow nucicated cell coumt wat
115 X I10¢/mm Bone scintigram by ST revealed an abnormally high area
of sctivity in the thoracic and fumbar vericbrae  #Co irmediation waq administered
In nddition to sterolds and cyclophosphamide, and the patient graduatly improved
and was found to be in good condition in December 1974

Results

Immunochemical siudies of the patient s serum protewn Total protem
concentration in the serum was 69 g% with albumin 62.3 , alpha 1
globulin 31/ aipha 2 globulin 109+, beta-globulin 78/ and gam-
ma globulin 15 7% The gamma-globulin did not increase in concentra
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Fig 3 Gel filtrtion of the patlent’ serwmn (F F) om Sephadex G-200. Elwating
solotion 0.1 i Tris-HCl (pH # 0) contsining 0.15 4 NeCl

g
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Fug.4 Ot {liranon of Reoce-Jones protem (F F) ou Sephuder G-100 28 >
1007 Eluating sohtlon: 1M scetic sad. Fracton Sue 37ml 1A = Dimer of the
R protnn, 1A masomer of the B) proteis, 1B = the fraprant prote of BY
proters — = BI proter from BJ protetanris (ksppa chaln, Loy = BJ proteln
{rom RS proternemra (ombda chun, F Fy

on the Sephadex G-700 column was carried out, and a3 shown in figure 3
the lambda type Bence-Jones protein was cluted in the A-{raction along
aith trmferrin which has  molecular weight of 88,000 These fandings
demorstrated that the lambda type Bence-Jones protein i the myeloma
patient s serwm was tetramer of Bence-Jonss protein I the neutral pH
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Fig 2 Immunociectrophoresds of the serum of the patient, F F A = The pa
tients scrum (F F) B = normal human serum 1 = anti Fe (IgG) (contaminated
with antitramferrin) = anti-alphs chain 3 = ant lappa chain 4 = aoti-lambds

chain.

ipsilon—chain and koppa-chain Mancini tests of the serum protein showed
1gG 760 mg¥s IgA S4mgy 1gM 38 mg¥, IgD less than 20 mg¥e and
IgE less than 20 mg¥/s. 200 times concentrated urine of the patient did not
show any Dence-Jones proten in the iImmunoclectrophorests. On the ba
sis of these immunochemical studles of the scrum protein lambda type
Bence Jones protemn 1n the serum without Bence-Jones proteinuria was
ascertained (fig 1 2)

Molecular si.e of the lambda Bence-Jones protein in the patient s ser
um In order to determine the molecular sizc of the lambda type Dence
Jones protein in the serum of the mycloma patient. F F the gelfiltration
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range, because the monomer of Bence Jones proten has a molecular
weight of 22,000 The lambda type Bence-Jones protein (F F), isolated
from the A fraction of DEAE-cellulose chromatography however be-
came & dimer as shown in the chromatogram on gel filtration using 1M
acctic acid solution (fig 3 4)

Discussion

Until 1964 it was generally belleved that there was no Bence-Jones
proteinemia without Bence-Jones proteinuria [5] Rarc cases of Bence-
Jones proteinemia without Bence-Jones proteinuna, however have been
reported since 1964 Four occurrences of verified Bence-Jonces tetramers
in the serum have been reported, gamma-globulin fragments of the Ben
ce Jones type [6] tetramer Bence Jones proteinemia {7] 1gG myeloma
protein and tetramer of Bence-Jones proteln In the serum [8] and tetra
mer of Bence Jones protein in the serum and unoe [10)

In our patient there was Bence-Jones proteinemia without Bence-
Jones proteinuria. It is Interesting that all of the reported tetrameric Ben
ce-Jones proteins in the serum are of the lambda type Bence-Jones prote
Ins can exist in three different forms as monomers of 22,000 molecular
weight as unstable dimers of 44 000 molecular weight which are noncon
valently bonded dimers and are converted mto monomers when placed in
dissocaating agents such as 1M acetic acld and as stable dimers which
are disulfide bondes [11-13] The present case however had tetrameric
Bence-Jones protein in the serum, which was converted to dimer in 13
acetic acld This suggests therefore that the tetramer of Bence-Jones
protein in our patient consisted of two stable dimers [7 8 10] In gencral
lambda type Bence-Jones proteins appesr 1o exist as stable dimers and
tend to form tetramers, whereas kappa type Bence-Jones proteins are
usually present as monomers or unstable dimers [11-13]
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range, because the monomer of Bence-Jones protein has a molecular
weight of 22,000 The lambda type Bence-Jones protein (F F) isolated
from the A fraction of DEAE<ellulose chromatography however be
came a dimer as shown 1n the chromatogram on gel filtration usmg 1M
acetic acid solution (fig 3 4)

Discussion

Untl 1964 it was penerally belicved that there was no Bence-Jones
proteinemia without Bence-Jones proteinuria [5] Rarc cases of Bence
Jones proteinemia without Bence-Jones proteinuria however have been
reported since 1964 Four occurrences of verified Bence-Jones tetramers
in the serum have been reported, gamma-globulin fragments of the Ben
ce Jones type [6] tetramer Bence-Jones protelnemia [7] 1gG myel
protein and tetramer of Bence-Jones protein in the serum [8] and tetra
mer of Bence Jones protem in the serum and unne [10]

In our patient there was Bence Jones proteinemia without Bence-
Jones proteinuria It is interesting that all of the reported tetrameric Ben-
ce-Jones proteins in the serum are of the lambda type. Bence-Jones prote-
ins can exist in three different forms a3 monomers of 22,000 molecular
weight as unstable dimers of 44 000 molecular weight which are noncon
valently bonded dimers and are converted into monomers when placed In
dusociating agents such at 1M acetc aad and as stable dimers which
are disulfide bondes [11-13] The present case however had tetrameric
Bence-Jones protein in the serum, which was converted to dimer in 1M
acetic acid This suggests, therefore, that the tetramer of Bence-Jones
protein in our patlent consisted of two stable dimers {7 8 10] In general,
lambda type Bence-Jones proteins appear to exist as stable dimers and
tend to form tetramers, whercas kappa type Bence-Jones proteins are
usually present as monomers or unstable dimers {11-13]
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Our close friendship began at this ime In 1947 we organised togeth
er the first mecting of the *Sockid Jonal o d'H¢

gie in Montreux and afterwards we continued working together for many
yean In this groop.

The mam interest of Helni' - if 1 may be 30 personal ~ was applicd to
tunctional and clinical Hacroatology In later years as cimical supervising
pliysician, he still continoed to norture the broad base of medieme. For
hin haematology was pot an end In tisell but an integral part of foternal
medicine and one that shouald be helptul in dagnosng and determining
Uit patient s Mness. Here 1 wish to point out his exceptional didactic tal-
ent which, combined with his typical Bascl humoor made hom ooc of the
best-fiked profesors among the students and murses. He was & meticnlons
and critical rescarcher Besides hm exteotive medical knowledge s pa-
thents sensed and apprecisted his genume empathy and coneern.

As & phyticlan he was especially in the education of nurses
and was an active teacher at the nursing school of the Biirgerspital. Thin
led to appotntments to various bodies of Nuning Commissiors. With the
samo enthmlasm and dedecation he svaled himsell to military service and
w1 awarded the commemion of foll colonel and corps physician. He abo
contributed much to the post-graduate edocation of our Red Crom offi
cers m the army

His interest in hacmatology was, In the begmomg, matnly concerned
with the examination of living blood cells with the phass microscope. He
pesd special attennon to sideroblasts and mderocytes. Along with these
studses be abways developed the excellent microscopic photography him-

blems of the il i
Hh d peper ‘Organp In der kinischen Medizin
written in 1954 ummrmﬂn&mmwmmmmm
; ytom 1n the der Hi T
In 1951 be took upon humself the additional responsibility of Seeretary
of Acta H ologree. Owing to his doakny mad and his exten-

at the Umiversity of Bamsel,

hhcommnkno-hdpdntnpcchﬂyna_h.mduﬂm gifted ind}
v{dn.hn:ﬂl}tmselnronhaldﬁnmlo(mmmw}y
‘hcnmcypaummmﬂcmukm[ocurmhﬁuLHcIMylrmdn



In Memory of Professor Heinrich Litdin

With the death of Prof Heinricu LODIN the field of medicine has lost
an emument hematologist and physician and the Untversity of Basel a dis
tinguished teacher and Chief of the Department of Hacmatology of the
Medical Clinic.

He wes born in Basel in 1913 and after completing his medical studies
he devoted himself to the area of pathology under the tutelage of Prof
WERTHEMANN and subsequently to that of internal medicine with RUDOLF
STAHrLIN and HaNs STAUR In the latter field he was promoted to the pos
jtion of Supcrvising Physician

The undersigned first became acquainted wath Hrmvmcnt LOpmv 30
years ago ot & conference of the Swiss Society of Hacmatology At this
time he already impressed us all as a confident lecturer and authority in
his fleld. With the combination of a clear and concise presentation and his
(alent for conveying his knowledge he left a lasting impression
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most difficult to say no if someone ashed him for favour sull in the face
of oll this work and responsibiliies he remained & very humble person
In spite of the busy working schedule he always found tme for his pa-
tlents colleagues and [riends and most of all for hus wife and family A
love for the beauty of nature and classical music were a welcome and so0-
thing relaxation to him.

Suddenly nine years ago his untinng efforts and career were inter
rupted by a massive heart attach. It seems almost miraculous that, thanks
to modemn and intensive care and the efforts of all his colleagues, he recu
perated to such an extent as to allow him to return to his dutles at the
clinic as supervrsor of the Haematological Department.

We all share the sorrow m the loss of a good friend an outstanding
physician and human being as well a3 an exceptional clmical hacmatolo-
gist. His professional expertise will leave a lasting impression upon the
many colleagues and numerous nurses, to whom he was able to transmut 2
decper understanding for patients, and above all his outstandmg knowl-

edge of internal medicine, specually in the area of clinical haematology
SVEN MoescuuN Solothurn

The Publishing House and Dr hc. THOMAS KARGLR wish to express
their appreciation to Prof MOESCHLIN for his moving obituary and add
that they lose, with the passing of Prof LUDIN not only an excellent and
highly esteemend editor but also a personal friend. The relationship with
Prof LODIN spans two generations of the harger family and we shall keep

him in fond memory
S Kkarger AG Basel
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362 In Memory of Profcasor Helnrch Lidin

most difflcult to say no if someone asked him for favour stll in the face
of all this work and responsibihties, he remamed & very humble person.
In spitc of the busy working schedule he always found ume for s p3
thents, colleagues and friends and most of all for hus wife and family A
love for the beauty of nature and classical music were 2 welcome and $00-
thing relaxation to him

Suddenly ninc years ago his untinng efforts and career were 1t
rupted by & massive heart attack. It scems almost miraculous that, thanks
to modern and mtensive core and the cfforts of all his colleagues, ke recs-
perated to such an extent s to allow him to retum to his dutles at the
clinic as supervisor of the Haematological Department.

We all share the sorrow in the loss of a good friend an outstanding
physician and human being as well as an cxceptional clinical haematolo-
gist. His professional expertise will leave a lasting impression upot the
many colleagues end numerous nurses, to whom he was able to transmut 4
deeper undersianding for patients, and above all his outstanding know!
edge of internal medicine, specally in the area of clinleal haematology

SVEN MoEsCHLIN, Solothum

The Publishing House and Dr h.c. THOMAS KARGER wish to exprest
their appreciation to Prof MoescHLN for his moving obituary and add
that they lose, with the passing of Prof LUpIN not only an excelient and
highly esteemend editor but also a personal friend. The relationship with
Prof LUDIN spans two generations of the harger family and we shall heep

him tn fond memory
S harger AG Basel
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