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Plasma Levels of f~Thromboglobulin and Platelet Factor 4
in Relation to the Venous Platelet Concentration

Jack Kuttl Soodabet: Safal Kuttl Charles G Zaroulls and Robert A Good
Hematology Bervics, Memorial Sioas-Keitering Cancor Center, New York, NY

ey Words. 2-Thrombogloballn  Platelet factor 4 Platelet transfosion  Platelets

Abstract. The plasma kevels of p-thromboglobulin (-TG) and platelet tactar 4 (FF-4)
were determined in patients with varions hematologic malignancies, snd the resulis were
rdmdmdmuhmmm!ydctnmimdvmomphnﬂacummnu&dpnﬁmnmh
a steady state. The plesma 2-TG were d ik on 69 14 md the
vatues ranged from 0 to 82 og/ml In 33 instances, the venons platclet countwas <<25 X 1071
nd in two thirds of these samples A-TG was undedectable, The highest values for platma
£-TG were found in patients with the highest venous platelet counts. A highly dgn{ficant
correlation {r = 0.77 p < 0.001) between the valoes forplesma f-TG snd venouvs platelet
count was prescnt. The plasma concentrations for PF-4 ranged from 0 to 50 pg/ml Similarty
there was & highly significant relationsblp (r = 0.78, p << 0.001) between tho values for PE4
s0d vepom platelet concentration. We conclude, If the plasma kevels of 2-TG and PF-4
are med a3 markers of platelet activation in Wro it bs pecessary to simmulttaneomly con-
xider the platelet conceniration in the collected blood.

Introdection ciinkcal relate

the resulty of the plisma 4TG and PF4 de-
#-Thromboglobulin (4-TG) and platelct terminations to these valuey obtatned from
factor 4 (PF4), two platrictspecific prote-
{ns contained within the a-gramule [9 10]
are liberated into the plasma daring the plate
let relesss reaction. Lately comiderable

interest hias focmsed on the messurement of jects {11). Forther i a group of leukemic

the plazma concentrations of A-TG and

of clinical situations {2, 4 5 7 8,12, 14]

patients with varable venous platelet comty
a significamt positive correlation between
the values for plasma 4-TG and venow plate
Jet concentration was observed., This reln-
tionship was present despite the fact that



patients with fever scpticemia, and dissemi
nated Intravascular coagulation were includ-
ed in the analysis. Since 8-TG and PF-4 are
markedly homologous m structure [1] but
vary as regards physical and biological pro-
perties, it could well be anticipated that a
timilar relationship between the plasma
values for PF-4 and venous platelet counts
exists. In the present study we attempted to
establsh steady state values for plasma
TG and PF4 in patients with different
hematologic neoplasms.

Matertals and Methods

Fatients
A total of 43 patlents (24 males and 19 fe-
males, aged 17-77 mean 41 years) with scute Jenke-
mixs lnd n.rlom my:lopmﬂfmdve and lympho-
f were d. The ma-
Jority of the patients (83%4) had acute myeloblastic
or lymphoblastic leakemias, 2 patients had acute
myeclomonoblastic lcukernia and 1 patient each
had hairy cell leukemin, blastic chronlc grannlocyt
ic Jeukemia, mycosls fungoides, diffuse histiocytic
lympboma, and nodular histiocytic lymphoma, All
atudied patients vrere recetving antlleakemke or
herapy at the time of
Investigation except for the patient with hatry eell

Kuttl/Safal-huttl/Zaronlis/Good

according to the prindples of the Declaration of
Helslnkl,

Blood Sempling

Blood was obtalned from an antecubital veln
using a 19-gauge butterfly needle great care wn
taken to perform m pontranmatic venipuncture w-
ing minimal or o venons occlmlon, The first
2-3m! of blood were always discarded. For the
determination of A-TG abont 3m! of blood was
collected into a 5-ml plastic syringe and immedi-
atefy 25mi were tramsferred info a precooled
plastic tube containing EDTA and theophyllioe.
Promptly thercafier blood was collected for de
termination of PF4 Blood was obtained using a
standard 10-cm? vacutainer tube containing Liquid
EDTA. lmmedistely after collection of blood,
cach tube was gently jnverted three times and was
quickly placed in an fco water bath,

Prepwurbna/?la.m

if blood was cen d at
1,3001 for 30min at +4°C within 30min of
collection. After centrifugation, Q.5 ml of plasma
was obtained 5-10mm below the upper plasua
Inyer vaing a 26-gauge needle sttached to » db-
posable 1-m! tobercalin syringe [11]. Specific can-
tion was taken not to tiit or tap the tubes or oth-
crwise disturb the top plasma layer [13] The pla-
ma samples wers frozen at —20°C and awayed
within 2 weeks of scparation,

Asay of £ TG and PF4
The plasma concentrations of 2-TG and PF4
wero d by The # TG

leukemia, Patients with acute g Y Y leo-
kemia were excluded from this study At the time
of blood collection all patients were afebrile, there
menodlnkuldm:otlcuw lhromboembol.lc

diok hased from Ames-
Inm(Arun:mqu.lhﬁl.llL)‘LbcPP—4ndblm
munocassay was a Lind gift from Dr E. J Fedor

disease, and no dissernin

edlnﬂmhrea:uhﬂon.mlmlcmkp;dmu
had recefved many platelet transfudoms prior to
and during the perfod of thh study although the
patients with lymphoproliferative disorders had
recelved fow If any platelet trapfosions before or
during this investipation. The plesma 2-TG values
were determined on 69 occasioms, and in 36 in-
stances the plasms PF4 coacentrations were con-
comitantly mewsored. In axsociation with each de
termination of 2-TG and PF-4 veonous blood was
also collected for platelct counting vtlng phase
m}mymln!m-mdvﬂumcomcmwuob-
tained from all subjects participating in the study

D Ic Division, Abbott Laboratorks (Nosth
Chicago, ITL).

Resulis

Planma Levels of §-TG (fig. 1a)

For the 69 samples analyzed the plasma
concentrations of #-TG manged from 0 to
82 ng/ml. The venous platelet comnt was
<25 % 101 in 33 instances and in 22 of
these samples Immeasurable valoes for
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VENOR PLATELIT CRAC, xin

Fig. L Relatiomhip between plecra £TG con-
contrution and veron plaint count (o 69)

£-TG were peesent, In (hese 33 samples the
highest value for plasma £TG was 12ng/
ml Patents with the highest venous plate
lets counts had the highest values for pla-
ma A-TG concentrations. A highly signifi-
cant relatiocthip (r == 077 p-<<0.001) be-
tween the vatoes for plasma £-TG and ven-
ous platelet count was present, and the

equation for tho regression lhno  was:
y=012x + 137

Plasma Levels of PF4 (fig. 1b)

The plasma concentrations for the 36
PF4 determinatiops rnged from 0 to
50ng/ml. In patients with vemoms platelet
counts <25 X 1041 undstectable kevels for
PP-4 were present in 6 of 16 cases, and in
those instances the valoes for PF-4 were al-
ways & 4 ng/ml The highest plasma valoes
for PF-4 werc detected in patients with the
highest venous platelet concentrations. A
highly significant comelation (r =078,
p <<0.001) between the valoes for plasma
PF-4 and venom platelet count wes shown
to be present. The equation for the regres-
ston Tine was. y = 0.97x-037

In the 36 instances when the plarma lev-

centration for ATG was 1.6 times greater

ship between the plasma coocentrations of
£-TG a3 well a3 PF-4 and the platelet count
in the blood collected for analysis. Indeed,
this concordance b snticipated since the
centrifugation procedures currently wwed for
prepanation of plasma for S-TG snd PF4
anatysis do not provide plasms free of plate
lets [13] Walf [15] pointed ot that vitra-
centrifogation bs required to obtain plasma
tree of platelets and platelet dust. As can be



state conditons undetectable or very low
plasma concentrations of both protems are
expected to be found in severely thrombo-
cytopemc patients. Consequently in such
paticats plasma §-TG and/or PF-4 concen
trations within the range of normal controls
must be considered as highly abnormal. Re-
ceatly Dawes et al [6] demonstrated that
the half-life of 4-TG in the circulation was
about 100 mn, however the plasma clear
ance of PF-4 was so rapld that its halfife
could not be estimated, Therefore, it scems
likely that the major portion of the plasma
B-TG as well as the PF4 concentration, en
countered in the steady state patient (or the
bealthy subject) with normal platelet counts,
15 contributed by a small pumber of residua)
platelets in the separated plasma rather than
from true freely dreulsting platelet-specific
protein.

At the time of blood collection all pa-
tients in the present study were considered
to be 1 = stcady state, Nevertheless, a wide
distribution of individual plasma values for
£-TG and PF-4 over given venous platelet
counts was obtained (fig. 1z, b} This find
ing could be due to differences in the pa
tients clinical status at the time of blood
collection ie., fn some cases a subclinfcal
activation of the cosguiation system might
have been present. However despite mu]or

Kuotti/Safal-Kottl/Zaroult/Good

study only patients with acute levkemis,
tymphoproliferative, and myeloproliferative
dusorders were investigated, it seems proba
ble that the present data are applicable for
other steady state clinfeal nituattons, Couse
quently it is evident that whenever the val-
ues of § TG and PE-4 are used as indicators
of platelet activation and releass resction i1
vive 1t Is mandatory to consider the coo-
centration of platelets 1 the collected
blood.
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state conditrons undetectable or very low
plasma concentratons of both protemns are
expected to be found in severely thrombo-
cytopenuc patients. Consequently in such
patients plasma §-TG and/or PF-4 concen-
tratrons within the range of normal controls
must be considered as highly abnormal. Re

cently, Dawes et al [6] demonstrated that
the half life of # TG in the circulation was
about 100 min, however, the plasma clear

ance of PF4 was 30 rapid that its half-life
could not be estimated. Therefore it seems
likely that the major portion of the plasma
£ TG as well a5 the PF4 cancentration, en

countered in the steady state patient (or the
healthy subject) with normal platelet counts,
is contributed by 8 small number of residoal
platelets in the separated plasma rather than
from true freely crculating platelet-specific
protein.

At the time of blood coliection, all pa-
tients in the present study were considered
to be In a steady state Nevertheless, a wide
dustribution of individual plasma values for
TG and PF-4 over given venous platelet
connts was obtalned (fig 1a, b) This find-
Ing could be due to differences in the pa-
tlents clinfcal status at tho time of blood
collection, Le. in some cuses 8 subclnlcal
activation of the coagulation system might
have been present. However despite major

Kutti/Safaf huttl/ZarooisGood

study only patlents with acute levkemuz,
lymphoproliferative, and myeloprobferstive
drsorders were mvestigated, it seems prob
blo that the present data arc applicable foc
other steady state clinical sitoations. Coast-
quently it is evident that whenever the val-
ues of § TG and PF-4 arc used as indicaton
of platelet nctivation and release reaction bt
vivo It is mandatory to consider the co-
centration of platelets in the coffested
blood.
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Increased Platelet Aggregation Induced by Glucagon

Admimstration

Stephen J Proctor Terry F Davies Alan Oxley PeterJones and Alan Heath

Endocrine Unlt, Department of Medich

and Dep of

Royal Victora Tnfirmary

Newcastlo npoa Tyne

Key Words, Primary aggregation  Platelet Glucagon Asplrn

Abstract. The cffect of 1 mg of Intravenous glucagon on platelet aggregation has been
mvestigated In 12 normal subjects pre treated with salicylate. All subjects demonstrated
the expected inhibition of collagen-induced secondary aggregation but retained the normal
adenoslne diphosphate (ADP)-induced primary aggregation phase 18 h after the salicylate
therapy (600-1,200 mg) Subseq dministration of glucagon camed a sigmficant in-
crease in the ADP induced primary aggregation phase in the 12 subjects. This data indieates
that glucagon mncreases the reactivity of platelets to ADP and may help to explain the
common chinical assoclation of raised plasma glocagon increased platelet aggregation and

vascular dusease,

Introdaction

Human platelets have a number of phar
macological receptors and are respontve to
& varety of hormones. Many such agents
wfluence the adenylate cyclase-cyclic aden
osme 3,5 monophosphate (cAMF) tystem
which s present within human platelets
[Salzman and Nerl 1969] but the precise
role of cAMP In platelet functlon Is not ful
ly elucldated.

Glucagon is a potent stimulator of plas-
ma cAMP Increasing basal evels thirty
fold [Davies #t al., 1976] and may therefore
alter platelet function. In order to determine
the Influence of glucagon on the primary

phase of aggregation we investigated 1ts cf
fect in normal subjects befors and after pre
treatment with espirin.

Methods

12 normal subjects were studied aged 21-55
yeans incloding 8 males and 4 feroales. All had re-
fralned from any drug treatment for the previom
4 weabh. All were pre-treated whh aspirin, 600-
1200 mg, 181 prior to testing. 9 of the mbjects
were also tested with glocagon prior to the wpirin
therapy 2 of the subjects had further tests on sep-
atate occxsjom and reeetred the diloent onty

All subjects wero fasted overnight and tested
between 90 and 100 am. After withdrawal of
banal venom emples, 1mg of glocagon (Bl Litly)
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in 1ml of dhweat (L6% ghyowol snd 02Y phenal)
diinted to 10 ml with stells water was given intra-
venomly over lmin. Veaoo: blood wase with-
drawn ot 15, 30, 45 and G min thersafior, Them

ad
(ThoromboWellotest) were carried out on platelet-
pooc pleama. Biood gincom was estimated on &
Techaicon Plawma

timo with knofin, fibriscsen [Miller ot ol, 1971]
prodact

CcAMP way s~

stage profhrombin me, pertial teats wing gho the platelet comt and
Tibke !
CmeNo  Progmogn  Poregleoren
OD aa ()
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P = Opsical dumaity muimors (OD ) pre-ghucagom of peinary eggregenon phuse followleg pre-trestment

with et D = optical density rcmem sl vooos
by the degres of aggrepation post-ghucsgon Infwcion.

X = d&ifterence bn optical derwity mecassred

Potionns 1 7 cumed marked respouse, paticaiy $-12 showed small responss o the doss of ADP mecd



coagulation Indices remalned unchanged
throughout, All subjects demonstrated the
expectant  nse  im blood  glucoss
(183 + 039 mmol/1 at 30 min) and plasma
cyclic cAMP (498 + 40 nm/1 at 15 min) af
ter intravenous glucagon

T i e

Fig. L. Diagrammatlc representation of aggre
satlon curve methods of measuring
maximom chanpe in optical demity = Pre
slocagon curve; — = postglucagon. P = OD max
pre glucagon D = OD pmx at varfovs times
X = D-P - change In OD at various times post
glocagon.

Pre Ampcin  Post Asorim, min

Proctor/Davies/Oxley/JonesHexth

In the nine glucagon tests performed
prior to aspirin administration, 8 subpects
showed irreversible aggregation with the
dose of ADP wsed (0.5 uAf) and no effect
by glucagon on the aggregation was demon-
strated. Thus indicated that the effect of glo-
cogon was masked when the platelet release
reaction was not blocked

1 of the male subjects repeatedly demon
strated an increase in the pnmary phase of
ADP Induced aggregation after the gloes-
gon before salicylate therapy The reasom
for this was that this subject showed no sec
ondary aggregation at the concentration of
ADP used (patient 3).

12 subjects treated with aspirin had com-
plete inhfbitlon of collagen induced aggre-
gation and absence of the secondary phase
of ADP induced aggregation. With 0.5 ud
ADP at the time of testing, 7 of these 12
subjects had a marked fncrease in the pri-
mary phase of aggregation measured by
maximal change in optical density at var
fous times during the 1st hour following glu-
cagon (table I) S subjects showed a Iess
marked effect at the concentration of ADP
used. As sensitivity to ADP does vary be-

VLY

2000

Fig.2. The pre-aspirin JC:I'TN uﬂns'cug

T ———-

Intravenoos glocagoa iy given over 20 sec. There
Ivo incTeass in the degree of primary

ADP shows Boapr

rame ADP don was zsed howt the jon reaching st 43 min, Thi
4! F aspirin fat at  effect of glocagen can bo seen only when aspirin

time O the primary sggregation phase Is abolished, Is naed to Inhibit secondary aggregation.
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tween b different

may be required to thow maximal effect in
same subjects. In the amalyss tho respon
ders and apparent ‘non-responders will be
comsidered together

Analysis of Results

The chxage In degres of eggregation wos
amsessed by a method modiffed from Holdr-
net et al. [1969] ws scen In figure 1 The
preglocsgon maximum optical dentity (QD

time (T) to the maximum OD clunge was
ot dgnificantly different st the varom
trmes post-glocagoa.

Statistical Analysis
A comparbon of the pre-giocagon OD
max snd post-glocagon OD max at 15 min

being for sbject 1 (fig, 2). In thh sabject
the maximal respoose was geen at 45 min
postglncagon, indicating the varlable re
spomse in different sobjects. At 60 mbn, 7
subjects showed a returm o the preglocs-
tou coafiguration. Samples were ot taken
n the remaining § subjects beyond 60 min
to as3cys the total duration of the effect.

Discanlon

Wa have shown that glocagon increases
the senstiivity of platekets to ADP-lnduced
primary In pormal indivk

This effect was demonstrated to a vardable

count for the effects seen as the experiments
were performed when aspirin was cleared
from the circolation at 12~18h (kalf-life of
weplein in clrculation i 3-6 k).

aggregation in the mspirm-

hormone does ot st oo the platelet by re
versing the effect of sspirin upon the releass
reaction,

A number of bormones are known to In
flnence platelet behaviour i1 vitro, Cutecho-
lamines induce aggregation [O°Brien 1963)
whereas the prostsglandim are potent inhib-
hors [Kloeze 1967] Argintne and lysine
Yasopremin are powerful Indocers of human
platelet aggregation [FHexlom and Rossom,
1971] and somatostatin bas been shown to

ceived the diluent only on a separats occa-
tion but no detectable sboormality oc
Curred.



coagulation indices remaiped unchanged
throughout. All subjects demonstrated the
expectant  nse  n blood  glucose
(183 + 0.39 mmol/l at 30 min) and plasma
cyclic cAMP (498 + 40 nm/l at 15 min) af
ter Intravenous glueagon.

Tore s

Flg.1 Disgnmmatic representation

of aggre-
ntloa curve Indlcath hods of i,
matimem changs in optical density - Pre
. curve — o pont P = OD max
pre glucagon, D= OD max at varlom times
X = D-P — change in OD at varfous times post
glocagoa.

Pre Awrin  Post Aspria, min

100 ——
IO
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In the nme glucagon tests performed
prior to aspinn administration, 8 subycts
showed irreversible aggregaton with th
dose of ADP used (0.5 pM) and no effed
by glucagon on the aggregation was demoe-
strated. This mdicated that the effect of gl
cagon was masked when the platelet referse
reaction was not blocked.

1 of the male subjects repeatedly demoe-
strated an increase n the primary phase of
ADP induced aggregation after the ghx
gon before salicylate therapy The reasm
for this was that this subject showed o s
ondary aggregation at the concentratica of
ADP used (patient 3)

12 subjects treated with aspirin hed com-
plete inhibition of collagen induced aggre-
gation and absence of the secondary phast
of ADP mduced aggregation. With 05 M
ADP at the time of testing, 7 of these 12
rubfccuhldnmaxk\:dincr:ascinthcpd'
mary phase of aggregation measured by
maximal change in optical density at var
ious times during the st bour fallowmg gt
cagon (tzble I) 5 subjects showed & len3
marked effect at the concentration of ADP
used, As sensitivity to ADP does vary be-

Ly
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Glucagon has previously been shown to
have no effect upon platelet aggregation be-
haviour when given as a continuous infu
sion of 70 ug/kg over 1Y, h to 5 normal
volunteers [Mannuci and Pareti 1974] Our
results suggest that in the ngher dose we
have used, glucagon has a direct effect upon
platelets. The way in which glucagon exerts
this effect upon platelets is not clear The
maximom fncreases in both plasma cAMP
and gluocose occur at 15-30 min, corre
sponding to the effect of glucagon upon ng
gregation, Oral glucose In the dosage wvsed
in a standard glucose tolerance test (50 g)
will reverse the Inhibited secondary phase of
aggregation  after aspidn [Sagel et aof
1975] We have shown no effect upon this
secondary phase, and it is therefore nnlikely
that glucoss itself is responsible.

The plasma cAMP response is similar to
previous studles in normal subjects in our
laboratory [Davies et al 1976] Intrave
noos cAMP and dibutyryl cAMP reduce
ADP induced platelet aggregahon both in
vitro [Salzman and Levine 1971] and in
vivo [Zwelfler and Sanbar 1969] effecting
both primary and secondary aggregation but
only after doses which would produce great
er plasma levels than our subjects achieved
Glucagon itself has been shown to stimulate
cAMP in itro [Zleve and Greenough
1969) but the significance of this remains
uncertain It is pomible that high dose glu
cagon can, in some way prime the platelet
membrane receptors involved in the ADP
reaction or influence the membrane In some
structural way 5o revealing more ADP re~
ceptors.

Excess glocagon releasc [Gerich ef al,
1975] and raised plasma glucagon levels in
dlabetes mellitus are also assoclated with In
cremsed platelet aggregation [Sagel et d,

Proctor/Davies/Oxley/TonesHeath

states such as renal falure [Bilbrey et ol.
1974] and after severe bums [Wilmore et
al. 1974] Whether this raised glucagon b
responsible for the Increased Incidence of
vascular disease and venous thrombosh In
these situations remmns an interesting spec
ulation but the association of increased pla
telet semitivity to ADP In diabetlc peripher
al neuropethy is further evidence for this
suggestion [O’Malley et o 1975] High
dose glucagon has been rssociated with pul-
monary embohi in dogs [Sheddon, 1971]
and prolonged intravenous mfusion in man
has caused penpheral venous thrombosis
[Weltxel et al 1973] Glucagon decreases
gastric mucosal haemorrhage Induced by as-
pirm [Lin and Warrick, 1974] and stress in
duced acute hacmorrhagle gastritis & im-
proved by intravenous glucagon [Guth e
al. 1975} An effect upon platelet aggrega-
tion would help to explain these findings
and may have therapentic Implications.

We would stress that aspirin in these ex
periments was used simply as an exper
mental block to the release reaction and we
conslder the glucagon cffect completely in-
dependent of the pharmacological effects of
aspirin on the platelet. Of major practical
importance is the potential role of aspirin a5
& tool In experimental systems where inves-
tigators wish to assess the effect of varous
agents in vivo or in vitro on pnmary aggre
gatlon which otherwise would be masked by
the release reaction.

tions and Dr 17 Walker and Prof. R ¥ 11 for ad

mﬂmdmhmynpplyhothcrtﬂum vice,
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Effects of Low-Dose ‘Factor VIII Inhibitor Bypassing Activity
(FEIBA) in Resistant Haemophilia

Hugo Zwahlen and Eugene A Beck
Central H

1, and School of Afedicine, University of Berpe, Bermo

logy Lab y 1 o

Key Words. Factor VIII  Factor VIII mhibitor bypassing activity Haemopbilia
Inhibitors against factor VIIT

Abstract. Possible effects and side-cffects of ‘factor VIII inhibitor bypassing activity
(FEIBA) were tested on 7 hacmophiliacs with high titre antibody to factor VIIT (resistant
hecmophilia) FEIBA was ed both to hospltalised patients and as part of 2
home therepy programme, Serlous side-effects, aitributable to FEIBA were ane episod®
of hypersensitivity and, possibly hepatitis. Our preliminary data suggest that carly mjection
of FEIBA, using considerably lower doses than suggested by the manufacturer may
shorten the duration of immobilisation of hacmophiliacs with inhibitor against factor VI
in comparison with infusion of factor VIII and/or supportive care alone, at least followng
muscaloskeletal bleeding. A decreass or complete disappearance of the mhibitor was ob-
served in all patients receiving FEIBA alone.

Frriod

Elght Inhibitor Bypasming Activity’ (FEI
BA®) [for review sco 6] We present our
preliminary experience gained on possible
effects of FEIBA in hacmophiliscy with

Iutroduction

Formanon of inhibitors (antibodies)
capable of neutralising the therapeutic effect

of transfused factor VITI, is A major limits
tion in the management of haemophilincs.
Therepeutic regimens for treatinent of pa
tlents with high-titre antibody directed
against factor VIIT nclude immunosuppres-
sion (8] substitution therapy with high dos
es of factor VIIT [13] or the still debated
infusion of activated prothrombin complex
{5] Receatly an as yet poorly defined act~
vated plasma product hat been developed
which carries the descriptive name ‘Factor

high-titre antibodies agmmnst factor VIL
Onr results suggest that FEIBA even at re
Iatlvely low doscs, may reduce the morbidi
ty of such patients, at least in comparison

with supportive care alone.

Materials and Methods

Lyophl cryoprecipl tmately 500
units factor VIII per bottle) or lntermediate purity
factor VIII coocentrats was obtained from the
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Swim Red Crom. Fraction R, luer dexgnated s
FEIBA, was grven to m for ciinkal testizg by Im-
mxna, Viemas,

Prefiminary Study om Hotpitallsed Paticuts
Istually frecton R of FEIBA was admini-

Protocel for Home Treatment

The 4 patiets (2 adoits sad 2 chB-

dres) wers [t oo the folowing regimen
correrponds

cormesponciing to 510 waitvig body welghd), fol

BA. Phase 11 began wich the cay whea the patiens
received his first doss of fraction R or FEIBA and
was Instrected for bore therapy For comperisn
of phass T and I, Wikcomon's maiched pains
slgmed rank st was spplicd.

Resaity
lnpln:l,ltcﬂ!o(ﬂbﬁmﬂhlp:

were recorded for all patlents, However of
these only 26 episodes were safficiently de-
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Table L Lumﬂnﬂmdln:moxrhunmdmmbero(hhadjmepboduln4hunophﬂh with [shdbiter
wmmum@mnmmmmmwmm ”

Patient Jotnt bleeding

kneo  ankb

Fhaze |

gaw»
Ve

w

Total

L ow

w

Total

fined by the protocol for statistical evalua-
tion. In phase 0, obviosly due to Improved
instruction, 34 out of 39 hacmorrhages were
mfficiently defined for statistical analysis. A
further impediment for objective evaluation
was the fact that thres episodes of bleeding
into the iliopsoas reglon occurred during
phase I only Despite thess limitations it
was interesting to note that blesding sites
and numbers of haemorrhages were roughly
comparable in phases I or II, with sbout
75%+ of joint bleeding in both groups (ta
ble I). These same haemorrhages were grad-
ed according to their clinical severity (table

There was no significant difference
(p>> 0 1) between the two types of treatment
gecording to thess cnteria, le. FEIBA did
not affect the types and sevenity of bleeding
episodes. Stuking differences were, however
found by comparhon of the duration of im~
mobilisatlon (tsblo III) The difference be~

Intramencalar
biceding

[ RV

LI R B

LIRS ]

~

et ow
T

[P

~

tween the two types of treatment was highly
significant (p <0 001) It is apparent from
the numbers of days shown in table 1T that
tho three episodes of psoas bleeding alont
could not account for the difference of dura-
tion of rmmobilisation.

Possible side-effects attributable to FEI
BA were carcfully noted. 1 patient had fe
ver immediately after myection. Tachycard
and nauses were poted once. In 1 patient,
hepatitis with a positive reaction for HB-S
antigen was recorded durmg phase I

The inhibitor titre fell in all 4 patients
within weeks or months following the start
of phase II. In a 5th patrent with no detect
able antibody after 2 years of FEIBA treat
ment alone factor VIII was given for treat
ment of a major hacmorrhage into the right
shonlder (not inclnded In the study). The In
hibitor promptly reappeared and precluded
immediats further therapy with factor VIIT
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Tubbe IL. Scverky of bleeding cpisodes lased In tabla T

Patient

n

Uﬂ’>i gOw

Jolot tleeding

3 -
13 32

13
333333

Thwe pxbers refer 10 grades of gmptons 1-4.
tioacing.

TRopsoas

33332
1,33

Table I Dwration (dayy) of biceding episodes Exted (n table I

Patient Joint bleeding
kneo antle
Phece I
A 27 13,9 46,43 -
B .5
c MNISYDI2U B
D 10,10
Fhew 11
A 3
B (%) 344
C 3
D 71534244
Thopsoss biceding.
Discemion
Objective nformation on the therxpentic

effectiveness of blood prodocts, other than
{actor VIIL for trestment of bacmophifx fs
will scanty Thms far the use of these prod-

43253
2,53

3

1,553

2,32
2,404 4

12,2
2

222
2,22

J12
2,26 43° 40*

2312
1
1
3.2

ucts has been Emited to patients with reshst
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Table L Lomlh:ﬁoudhmrhumdnmb&dbhdmlepﬁoda(nlhnmphﬂmwﬁw
lnhmﬁnmvmbdm(phxDlnﬂlﬁz(phlxmmmwhhHﬂBA

Pathent Jolnt bleeding
kney

Phate 1

A s -
B P 1
c s 1
D 2 -
Total 14 2
Phase 1T

A 1 -
B 2 3
c 2 -
D 6 -
Total 1 3

fined by the protocol for statistical evalua
ton. In phase II obviously due to fmproved
instruction, 34 out of 39 haemorrhages were
sufficlently defined for statistical analysiy, A
farther impediment for obfective evaluation
was the fact that three episodes of bleeding
wto the iliopsoas region occurred durmg
phase 1 oply Despite these lmitations it

snklo

elbow

P wow W ey
LI I I [~ LI B |
hadialia i} E R

o
S
o

tween the two types of treatment was highly
sdgnificant (p<<0001) It is apparent from
the numbers of days shown in table III that
the three episodes of psoes blecding alond
could pot account for the difference of durs-
tion of immobilixation.

Passible side-clfects atteibutable to FEI
BA were carefully noted. 1 patient bad fe-

was {nteresting to note that bleeding sites
end numbers of haemorrhiages were roughly
comparable in phases I or IT with aboot
75% of jolnt bleeding in both groups (ta
ble I) These same hacmorrhages were grad-
ed accord!ng to their clinical severity (table

There was no signlficant difference
(p>01)bctwccnthntwotypauftreatmem
according to these criterie, Le., FEIBA did
ot atfect the types and scverity of bleeding
episodes. Striking differences were, however
formd by companson of the doration of im-
mobilsation (table II) Tho difference be-

ver b diately after injection. Tachycardis
and nausea were noted once. In 1 patient,
hepatitis with & posltzve reaction for HB-S
antigen was recorded during phase IL

The inhibltor titre fell in all 4 patients
within weeks or months followlng the start
of phase IT In a 5th patient with no detect
able antibody after 2 years of FEIBA treat
ment slone factor VIII was given for treat
ment of a major heemorrhage nto the nght
shoulder (not Included in the stady). The in
hibitor promptly resppeared and precluded
immediate further therapy with factor VIIT
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In sy cvent, we would sinctly warn sgainst

mainly that low-doss FEIBA therapy out
tide the bospital environment i feasdble
Whether or ot this trextment s truly josti-
fied and supedor to sny other proposed
farms of treatment remaim to be shown by
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6 Bloom, A. L Clotting factor coocentrates for
resistamt beemophllia, Br J Haicmat 40
21-X7 (19780

7 Ebinger F Priparutioms with facter VIIT in-
hititor bypasing activity: In Worlshop oa In-
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i.e,, about 10%s or more of patients with so-
vere hacmophilia can no longer profit from
the benefit of classical replacement therapy
[1 4 6 10] In theory bypassmg of factor
VIII, e.g., by activated factor X, 15 possible.
Thus & number of activated blood products
have been tested in patients who were re
sdstant to conventional therapy [S 6 9] As
polnted out by Bloom [6] no firm conclu-
slons about the safety and efficacy of this
approach can be drawn from the available
literature.

The mode of acton of FEIBA on the
coagulation pathway in vitro and a possible
hacmostatic effect In vivo remain a matter
of speculation [6 7] It is already apparent
from the available lterature (2, 6, 11 12]
that FEIBA, desplte lts improved standard-
sation in comparison with other activated
products, is probably not equivalent to ths
haemostatic effect of factor VIII in uncom
plicated haemophilia. Dosage of FEIBA In
resistant haemophilia seems to be Hmuted by
its capacity to induce intravascular coagula
tion [14]

When we started to use FEIBA and its
predecessor fraction R, for ‘weatment of
ha:mophluna,wemrel‘uﬂymmthuno
firm bass existed for the spplication of this
product. However the clinical sitnanon of
hacmophiliacs who were to receive this ex
perimental product was grave it not desper
ate in that conventional treatment with fac
tor VIII and/or supportive care gave highly
unsatifactory results thus, prolonged peri-
ods of bed rest were inevitable. The first
problem which we encountered wasx tho lack
of a clearly established dose-respome rela-
wonship Our practical approach, including

lu:rdasercglmemrorbomctrutmem.m
based on the assumption that, above a citl-
c.]nepoflﬂﬁ“ﬂm- there might be an all-
or-nothing effect in vivo Therefore, we

Zwahtea/Beck

did not adjust the dosage to the severdty of
bleeding, nor to the amotnt of clrculeing
Inhibitor Furthermore, in view of the pos-
bility of intravascular coagulation, dasage d
FEIBA was significantly lower than tot
proposed by the producer Thus, the dddy
dose did pot exceed 800 umis, even i
adults.

While FEIBA was clinically well tokrat-
ed bylhemnjoﬂtyofourpaﬂmtsmﬂi]
cncountered two senous mde-cfects wiich
were probably caused by this product, Le,
one eplsode of hepatitis and one severe by
persensitivity reaction In 1 patient who bad
not tolerated other blood products as well
Other recorded side-effects, such as tach?-
card, fever and nausea, were Infreqeent
and lack specificity At the low doses o
FEIBA, used in this study the inhibiix
titre decrensed or diappeared In all P
tents,

Our attempt to test the effectivencss of
FEIBA by comparing the duration of blest-
Ing before and after giving this product
strongly suggests that morbidity is reduced
by Immediate FEIBA treatment of suspect
cdblwdmg.[nall4paﬂentxwhohldﬁ-
ceived FEIBA, comparable types of bleed-
ing were clearly causing less mmoblization
than bleedmg ‘treated with factor VIII and/
ormppoﬂlvocamnltme.&:rmulumg‘
gest that FEIBA Is particularly cffective In
shortemng the morbidity caused by jodnt
or minor muscular bleeding. In 1 patient
FEIBA fafled, however to stop bleeding
following tooth extraction, a situation which
couldlxcuﬂycmltmllcdbyflﬂﬁfvmad

ministration despite the presence of an in

hibitor Our study also indicates that home
therapy using FEIBA, is feasible, at Jeast in
patients who tolerate the product. Special
precautions are needed to prevent thrombo-
sis of blood vessels at the ste of injections.
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‘be moro scrutinized. Wo have rc
viewed 124 cases of patients with a dlagno-
ss of A.A, seen in our service between
1971 and 1978, in order to evaluste the de
gree of effectivencss of trestment with an
drogens und the prognostic factars related
to a [avorable or unfavorable respomse.

Materfal and Methods

Of tho 124 AA. cases, S§ patient were mals

chmineshed production of all the blood elmests
formed tn the boos marrow {nclwhog bypopless
or severe aplasia of the booe pmrrow wnth B0 s
daation of primary inflitratres diseass, replace-
ment or suppreston of active hematopolcto to-

08
The ciinical hriory of all the pstiennn wma
conapiled, with compitts blood coust, eersm from,
vhamm B12 aod serum folate, Ham's and scros
hemolyws test, wnc acid, blood mxgar, BUN cho-
electrophoresis,

Tats and blopey wers sbo doos.

The patents wers dbvaded fmto severe (3) and
miM (70) cass, foliowing the Scarte Groop o
tna 27, A case was clamufled &3 severs 1If he
patient had bypoplaic bope marow wnd 2 ot of
3 of the following @ the two fire
blood conmtr (1) platsket count lew tan 20,000/

Table L Avtiology of splestic snecmia Ja 124

| wBBuzg g

B
2

Toble IL Respomsc ta reixtion oo acticlogy sad
srverxy in 60 patierts with mplastc Anacraia.
Agprt

Severe Muid

¥
- £
coamnunG {

N
coo~aoo
-

p
-
k]
-]

pbeabatazone, chloruepbenkcol, beazene, DDT
esd'or halr dye. In sach of thrss Latter cases thers
relatiogthin

oo, (7 couxt bew tan
a3d () correctad rencxiocyte cowmt kas thaa 1/
@ the premoce of speemis. Otberwise, [he cxm
wit clemafled a1 mild.

The sigm and cympioms in thess % groops

coors. In 59 pathents (46.594) there was 30 coutact
with souc sobatances or droga,

Ia ithe remabader the AA wes comsderrd sec
codary %0 ooc of the following rubssaces oxy-

mmu&,mm wad cyclopbon
phamide erv oicd b peticts who @d ot e
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Use of Androgens in Acquired Aplastic Anaemia
Relation of Rexponse to Aetiology and Severty

Javier Pizzuto Guillermo Conte Armando Sinco Manuel Morales Agustin Avils
Raul Ambriz and Américo Ferndndez

Hematology Service, General Hospital of the Natlonal Medical Center LM.S.S. Meukco City Metks

Key Words. Aplastic annemia actlology Prognostic indices androgens seventy

Abstract. 124 adult patients with acquired aplastic ansemin (A.A.) were studied. 5
presented as severe A.A. (mean survival of the whole group 2.7 months and m those whe
died 2.5 months mortality 88 8%/s) while 70 were mild (mean servival of the whole groTp,
27.2 months and in those who died, 22.7 months mortality 28.5%). Sixty four did not
live long enough to have adequate therapeutic trials or developed severe hepatic failure
which made it Impossible to continue treatment. The effectiveness of 78 therapeutic penods
of treatment In the 60 evaluable cases was analyzed as to setiology and severity A respoost
was obtamed In 31 (40%) of which 24 were with oxymethalane 17 showed tmprovement
after 6 months of treatment. No conclustons could be drawn as to the effectivencss of
methalone, cyclophosphamide and prednt becanse of the Iimited number of treatments-
In sovere A A. only one of 13 treatments was effective, whereas 30 of the 65 used fn mild
A.A prve a response Oxymethalone was used in 23 oot of 41 (56%) Tbe actrology &X
and age appeared to have no influence on the responss of the 60 paticats analyzed. The
only factor which appears useful for prognosis as to the effectivencss of treatment 15 the
soverity of the case,

has not yet been explained as dus either to
Ineffectiveness of the androgens or to actio-
logical factors swch as drug or toxic sub-
Rapces. A pective study was undertaken

Introdaction

Androgen therapy of aplsstic ansemu

(AA.) was introduced almost two decades
ago, and appeared to offer much promise for
jmproving the grave proguosis of this dis
easo 22] Subsequent experience with on

to attempt to determine variables, such us
severity of AA., modo of therspy etc,
which had favorable or unfavorabls prog-

dmgcnthenpyo!AAhubemu h
disappointing [6 30 31] The discrepancy
between Initial results and later experenco

nostic fmplication and which could serve as

the basls for a subsequent prospective con
trolled study in which such varisbles could
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Table IIL Raspocs & trestmeat B 60 A-A. patients (78 therapeatic periods)

Repomsc I refation to mventy Doration Tou! studbes
of treetment
{in those
repoacing)
Na. ot
Sewre M Trestents
No. ot Respooss Mo of Reggorme 3 m0. 6o, Number  Rasponss
Trestraaxts Trestmeeaty
Oxymxethalons 10 1 41 BEEF) T 17 8 24 (47%)
Metaalons 3 o s 3 3 o n %)
Cyclopbosphemide 0 o 7 3 3 [ 7 3 (93%)
Predeisoss ° [ 2 tae 1 [ ’ 1(11%)
Totak 13 1(8%) €5 30 (46%) 14 17 ™ 31 (40%)
Discenilon Bone marrow tramsplant hes given pro-

The teatment of AA, bn frek

mising resalts [26], as has the u’ao(hnmmo-

pmcdhomrymptonm}cmm(u-mfn-
sion end other supportive therpy) to a trial
of splepectory and then to the wse of ad-
renocortieal sterokds, bot pooe of these
modes of therspy appess to have had a fa-
vorable effect on progoosks. In the 1sst two
decades the me of nndmgm appeared
hing, & high p
being reported [22] Hmotbtrmtbm
have found s tmch ower proportion of rc
sponte to these drugs, and the present stmdy
was undertaken to this diver
gence of opinioa and the real wefolness of
the treatment with androgens. Other treat

this condition [5 11) cell stem defect (qual
iative or quantitative) or powmible amtobm-
mtme changes in the i

soch s cycl [4

IDJGWWMIILM

An analyrls of our 124 patients indicates
that althoagh the group Incloded a high per
centage of secondary AA. (531/), there
was no enential difference In response rate
or course between these and the kdlopathic
cascr. Whatever the sex, sge and actiology
of the A.A., almost the oaly index for prog-
nosls i3 the gravity of the case. It may be
memtioned, however that of the 13 treat
ments osed [n severe cases (table IT) only 1
of the 2 exposed to drogs responded and
none of the kopathlc cxscs or those ex
poscd 0 toxic substances gave amy re
spoase

An ovenll smalyshs of our 60 evalmble
paticots shows that e substantial
of cases responded w0 androgen therapy
(435 ), 23 has been observed by some oth-
er suthors. However if the cases arc claud-
fled

rding 10 the scverfty of the discase,
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Fig. 1, Raplan-Mcler [16] prodoet limit est!
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mild aplastic anacmiz and for S0 with sevv
aplastic anaemia (p < 00001).

ofmummaf7md9uch(nxﬂd},mkdm
4 do and prednboor,

P y with cych

q Y P to cach
type of treatment rather than the respomse of the
individual patient.

Sixty-ight of the 124 patients died, and of
these, 48 belonged to the severo ALA. groap which
had a mean survival of 2.5 months in those who
died (rangy 0.06 to 20 months) and an 83.8%/s mor
tality The remaining 20 deathy belooged to the
mild AA. cases which had a mean survival scveral
times greater than the preceeding group (224
mooths i{n those who died rungs 06 1o 84
months) and a mortality oaly /, that of the se-
vere cases (28.5%/ ) (fig 1)

Of the entire group of 124 patients, 64 were
therapeutically unevahusble because the treatment
could pot be adminkstered over & 3 month peried.
45 patlents (35 severe and 10 mild) died ahortly
after diagnods, and 19 (§ scvere and 13 mild) do-

severe Liver fallore. It is interesting to
noto that in this last group oas of the patients had
Y i The th anslysh
of this study was, therefore, cauried out on only
60 cvaluable patients.

An impoctant number of the 60 patlents did
not respond to any of the trestmenty employed.
Of the 78 therapentic periods amalyzed there was
a repoese {o auly 31 (40% ). Of the 51 cases (10
screre, 41 mild) which recaived oxymethaloos, 24
raponded (47%) af 11 (3 severo and 8 mild) that
recatved methatone, only 3 (27/) respoaded, and

there was a In 3 patfenty In the former
(43% ) and only one (11 /) fn the larter (ble I}

Aunmlyﬂ:ohhanbcwmlummhmd-
valmh:kolrapamnlnmcnﬂd
AA, only one of the 10 cases treated with o7F
methalone responded. In mild cases the frequen<y
of partial or complete responso to trestment VA&
led from 11/ to 56* with oxymethalono sivice
the largest number of respanses (table D

and responts, but ouly between the degres of %
verity of the coodition and th response (table I0-

2
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Table IIL Responst 1 tresrment In 60 AA_ petieats (78 theraprutic periods)

Resposse i relation 1o severlty Deartion Total sredSes
of wystraent
(i thoms
No.ol
Severy ¥ Trextmenty,
Mo of Resposxe  Na. of Respoose 3mo, 6mo. Nomber Respooss
Treatmmcuts Trestrmexts
Oxymcthalone 10 1 41 (6% 7 17 st 24 (47%)
Morhalone 3 0 3 3 3 [ ] IS
Cydopbosphsmide 0 0 7 3 3 ] 7 3 (43%)
Prodomoos 0 o 9 11wy 1 0 9 1(11%)
Totsh 13 18%) 6 WEEW) 14 17 0T 31 (40%)
Discamlon Bone marrow transplant has ghven pro-

The trestment of A A, has ty

mising results [26] uhatbeus:dlmmmo—

of splenectonry and then to the use of xd-

renocortical sterokds, but pone of these

modes of therapy sppeans (0 have had a fa-

vorable effect on prognoss. In the Lt two

decades the wse of mdmm appeared
a high

being reported [22] Hmod:almhnn
have found 2 moch Jower propartian of re
spouse to these drugs, and the present study
was mndertaken to fovestigate this diver
geoce of opinion end the real vaefulness of
the trestment with androgens. Other trest
ments for A.A. have been reported recently
boao marrow tramsplamt snd immunesup-
p'tuh: therapy odented to corm:t v.bu

Lhi:ccnﬂdon[i 113 ueﬂltemddcct(qunl-
itatire or quantitative) or pomible sutolm-
mmne changes in the mk

such as cy ¢}
w]mmﬁ]ymphocyiugjobuﬂn[ll.ﬂ].
An analysis of our 124 patients indicates
that although the gronp incinded a high per
centage of secondary AA. (531/), there

cascs. Whatever the sex, age and actiology
of the A.A., almost the only index for prog
nosis b the gravity of the cate. It may bo
mentioned, bowever that of the 13 tresat-
ments used In severe cases (table IT) only 1
of the 2 exposed to drugs responded and
nooe of the dlopathlc cases or those ex
poscd to toxic substznces gave amy ro
sponse,

An overall analysis of our 60 evalmble
patients shaws that a substantial proportian
of cases to sadrogen therapy
(435 A), 13 has been observed by soms oth-
er suthors, However if the cates are classl-

fied ding to (he severity of the disease,



;w-
5——[—,j
®
t
e &

oo wweor » n =
WEEKS

Fig. L Kaplan Meler {16] product Nimit estt
mates percentage surviving for 74 pattents with
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mild aplastfc ammemix and for 50 with scvert
aplastic anaemta (p < 0.0001).

of two groeps of 7

and 9 esch (mild), treated 1
y with cyclophosphamide and predalsoar,

bave y anal to each
type of treatment rather than the response of tho
individual patient,

Sixty-eight of the 124 patients died, and of
these, 48 belonged to the severe ALA. group witich
bad a mean survival of 25 months In those who
died (raugs 0.06 to 20 maonths) and an 88.8%/ mor
tallty The remaining 20 deaths belonged to tho
mild A.A. cases which had a mean survival scveral
times greater than tho preceeding group (224
mooths In thoss who died rmnge 06 to 84
monthy) and a twortality only /, that of the s
vere cuses (285%) (fig 1).

Of the entire group of 124 patients, 64 were
therapeutically mnevalmable becamse the treatment
could not be administered over a 3 month perfod.
45 patleats Q5 sovere and 10 mild) died shortly
after diagnosis, and 19 (6 severs and 13 mikd) de
veloped severe liver fallure. It is interesting to
nots that in this last groop ooc of the patients had
. The therap analysis
af this stody was, therefore, carmled out on omly
60 cvatuable patieaty.

An important number of the 60 patlents did
pot respond to any of the treatments employed.
Of the 78 therupeutic perlods amalyzed thers was
» respomss In only 31 (40%), Of the 51 caes (10
severe, 41 mild) which recetved oxymethalooe, 24
responded (47/) of 11 (3 severe and 8 mild) that
received methalone, anly 3 @7 responded, acd

there was a responss in 3 patients fn the fomd
(43% and only ono (11 /s) In the fatter (table 1.
Mort casss that responded to
did 0 after 6 months of treatment, while In thost
treated with methalone, cyclophosphamide of
predul tho e, if it sppearcd, dd w
within the firs 3 months affer fho begimning o
the treatment (table IIT) In 22 cascs the respoes
to arymethalone was partial (pormalization o
bacmoglobin and hacmatocri) and compiete &
ooly 2 (return to normal red cell, white cell and
platelet count) with methalone,
and prednlsone the responses were partial, Of ol
the respondmg patfents only two that recetved oIy~
methaloae suffered a relapse, without spperest
canse, and in ooe other there way a respoec that
on d fnk lon of oxyme-

thalone.

An analysis of the sbove results reveals an al
most complete lack of response In severe cases of
AA ooly coo of the 10 cases trested with oxy
mathalone responded. In mild cases tho frequency
of partial or complets fespoow to treafment var
fed from 11/ to $5% with oxymethalone giving
the largest number of responscs (table IIT)

An analysis of the response fo treatment Indi-
cates no correlstion between sex, sge, sctlalogy
and respomse, but oaly between the degres of se
verity of the coudition and the responss (table IT),
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The sathfactory respoase to axymeth
ome achicved in this stody s mainly
served In the cases in which it was admints-
tered for a Jong time: 70%/ of the responding
cases received this androgen for at Jeast six
moaths (table ITI). It s not possible to deter
mme whether there was spontancoos re
sponst in any of them, except that in one

oxymethalons

e, ft cannot be expected to be very effec
tive with scvere cmtet, which have soch a
briet survival tme (mean survival of 2.7
montn in 34 patenty knd In thote who died
2S5 moaths fig. 1) eod high mortality
rate (88.8/ ). Thhs s borne omt In our re-
sults- of 10 scvere cases that recedved ft,
only anc responded (table ITT).

The dliference of opinion as to the cifec
tiveness of androgems may derbve from the
grouping together of AA. cases of all de
grecs of kcverity Tho, a review of the liter
aturo [1-3 6-10 13-15 17-18, 20-24
28-31] and the prosent poblication ylelds
903 casex of AA. An analyshs of the response
to different therapentic trdaly withoat taking
Into comiderstion the scverity of the A A
gave an xverage of 41 7/s. Howerer when
the evthors data permitted an amalysis in
termm of the severity of the case (table TV), &
dfferent trequency of responss s evident mild
cases ty dto while

with & greater number of sovero cases,
with their high mortafity and short survival-
ke gave unsatisfactory results.

We may concinds that patients with se-
vere ALA. aro candidates for a different type
of therspy soch a3 bono marrow trensplant
it = compatible dooor is avallsble [26, 27]
or hununsupy calve treatment with cyclo-
phosphezide [4 19] or sutliymphocyte
ghobulin [12, 25)
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Table IV Rmmnmhuwwqdmmh

Autbor Treatment Unclanifled Classlfied by Prescot Adthors from Do in
Origina) Papers.
Caxs  Rapomse,
Severe Mild
Cases  Respomse, % Cases  Respoow,
Shahidi and
Dlamond
[22] 1961 Testosterone 17 53% 4 2% 3 10%
Dorantey ctal.  Testosterone, 4 ws 25 12% % n%
[10] 1965 axymethatone
ACTH
Abarez ctal. Temosterune, 32 “% 12 2% 20 559
[3] 1969 Androsteralone
Davis and Rubin ~ Nandralone 24 1% 17 6% 7 S1%
911972
Akzenian ctal.  Oxymethaione 8 0% - - [ o
] 1972
Cxmirts et al. Oxymethalone 17
[711976 Methalone 7
Nothing 7
31 9% a1 9%
Brands et sl Napdraione 8 2% 4 o% 4 s0%
(6] 1977
Van Hengstum
etal Oxymethalone a
{291 1979 Metbernalone 19
22 50% M 50% s 0%
Pizzuto et al Orxymothalons 51 47% 10 109% 41 365%
(Present stody)  Methalone 1 21% 3 0% ) 1%
Totak 56 382% 130 207% 126 563%

a different picture emerges there is 8 much
higher likelibood of response to androgens,
and indeed to the other drugs used, in mild
cases of ALA., but In severo cases the Iikell
hood of response Is munimal (abont 8%s) Ad-
renocortical steroids appesr not to be very
usefol. The usefulness of cydophosphamide
conld not be eveluated because of the Jimit
ed pumber of patients and the fact that the

instances of successtul mse were fn mild
A.A. where the percentage of response was
similar to that wth the other treatments
there even existed the possibility of sponta
neous response.

Nevertheless, the respomse in 3 ont of 7

cydlophosphamide may have some value.



Acta hacomt, 64 25-30 (1930)

Hematological Abnormalities in Scleroderma

A Sty of 180 Cuses

Rida A Frayhs Lawerence E. Studman and Mary B Stevens
Mmmwdlnm uw@.mwwwam

and the Ds

Hospital and the Johos Hoplim Hospial,

mmmwdmmmummm

Key Words, | 1 ab

Abstract. Hematological aboormalitics in scleroderma indicate a specific complication
dmwwmmwmmlwmmumm

was detected In 25% and was

y discase (usoally an over

wm}ummuwumdmmmmmw

Y _.p'ucntinlw.,mmr

rdnedrhhu:ﬁvn yopathy and/or ’vho:nl' wis
sopgestive of a cronover with systemic opos eryth T P wns often
ifeststion of md th v clated with an arteriths

a
or a tumor sypdrome.

Systemic sclerosls (scleroderma), 1 con-
trast to systemic lupus erythematosus, b
characterized by a pancity of hematological

fes. As part of 2
analysis of 180 petients whh scleroderma,
we were impremed that when present, thess
abnormalitles soggest cliher a specific com-
plication of the allment ftself, or & concornl-
tant disense process. This hes prompted oy
to report hereln on the frequencies, etiolo-
gies, and significance of the hematological
derrangements n scleroderma.

Materials and Methads

Tbe cam records of all patiarts with sckeroder
e homphialized st the Johoe Hopkioe Hoeplial

from Jammary 1952 to December 1972 wers re-
vicwsd. The crhierta for the dagnoshs of sckeroder

The critaria of Block er el (1] were Daed for tae
dagnohs of SRirrea’s sydrome.

tom lem ftun 124100 ml and b the male cases,
8 bhematocrkt below 40% or  hemoglobls lew
than 13 ¢/100 ml. The pormal rengs of the whits
blood call (WBC) sad platalet conats were coomid-
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In 4 patients, the anemia resuhed from
pstrc&ntmimlblcccﬁnrlnlmduylo
peptic nleer and in another d

-7

had marked visceral fovolvement with ad-
vanced pulmonsry scleroderma disease bn 4

ur:mh.lnz.lh:rﬁobgyoflhcbketﬂn;
was not foand.
Repal fallare was considered to be the

snemiz end the other 2 had pyeloncphrith,
1 paticot became anemic with the onset of
tymphosarcoma, In 3 patients the etiology
of the anemia remained obscure.

White Blood Cells

In 25 patients (14% ) the WBC was ele-
vated (reage = 10,200-24,500/mm?) in the
absence of a recognired infection or sterold
therapy Of these, 18 had normal differen-
tial counts, § bed neotrophille, and 2 bad
eotinophllia (highest = 770/mm¥). 10 of
the 25 patients had active palymyomtis.

oryositis (p grester tham 0 05). 6 patients

and 7 in 2. Sclero-
derms kidncy was diagnosed in 2 patlents
snd another 2 had active rhenmatold arthri-
th, In the remaining 5 patients with kenko-
cytosts, thero was no advanced visceral in-
volvement and 0o cause for the Jeukocytoshs
was obtained.

10 patieats (55 /) had repeated WBC
counts between 3,200 wnd 4,999/mm® Of
the 4 patients with comts between 3,200
and 3,999/mm® 3 hed SLE (with contomi-
tint SPgren s syndrome In 1) and lopoid
hepatitls way disgnosed in the 4th. Among
the 6 patlents with comnts between 4,000
md 4,999/mm® ooly 1 Ind SLE. There
was po evidence of any concurrent diseste
process in the other §

Piateleis

The platclets were evalnated by per-
pheral blood smear study In all 180 patients
aud by platelet count in 86, 8 patients kad
throm! on more than one occa-

‘Tabde [L Derrangemnent in white biood el and platslet comt

(=29

4

~-10)

n

3

1 pathemt had jopakd hepatins, another bed $idgren's ryndrome.

Thrombocysosia sttritotabie to a0 ekt
Anochied with microargiopetiia benolytic

acTaia,
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cred ; 5000-10 000/mm? and 100,000-400 000/
mm® respectively The diagnosis of fron deflcien-
cymemhwum.dalccord]ngmpeﬂphuﬂ
blood smear urmnlm-n.toullmn-bibd.hgaw
ity and marrow iron store cvalmation. Vitamin
B,y abtorption was assessed by the Schilling test.
Standard criteria were cmployed for the diagnokls
of microangiopathic hemolytie anemia 171 and
lbeurmhnlnhmnlcﬂmm Intestinal mat
abtorption was comidered to be present 17 the
classiaal clinicoradiological features were pretent
donxwilb-{cca]mumdonofmnmthnsﬂ
24h,'llhorwilhomnlovxylmucrrﬂcnc-rl
low serum carotene concentratlon,

Reslts

Significant Anemia (table I)

19 patients (10 6%s) had a hematocrit of
33% or less. Of these 7 had renal faflure
which was due to scleroderma Kidney in 6
All 6 had microangiopathic hemolytic ane-
miamnpretcrm.inn.levcnt.'lhcmthpa
tlent had nephrosclerosis and pyelonephri-
th,

Second to renal faflure ranked the CREST
syndrome [7] All of 6 such patients had
fron deficiency anemis, attributed to gas

‘Table 1. Ettologict of anemia In scherod
Stgnificant Moderaie
anemia anemia
(=19 (n = 26)

Uremis 7 3

MAHA 6 1

CREST syndrome 6
GI bleoding s 4

z
%

1 gome patients bad more than ooe etlology
t  Micoangiopathic hemolytic anemie.

Frayha/Shelzus/Sin o

trolatestinal bleeding in § 4 of the 6 nb
jects had mucosal telangiectases (in the -
phagus in 1 stomach in 1 and rectrmm 2}
Blood transfosions were given 1o 1 of the®
patients and in all the anemls was cotrected
with oral iron therapy 2 patlents — 1 hving
the CREST syndroms — had ntestmal msh
absorption and iron deficlency anema.

4 had features of other connective thse
diseases. 1 rheumatold erthritis, 1 polymy
ositis, 1 discoid lupus, and 1 SLE (withest
hemolysis) The enemls was considered s
ondary to the associated chronic inflimms
tory disease None had malignancy In1p+
tient the etiology of the anemm was 8%
found.

Moderate Anemia

26 patients (14 4%/s) had moderate 1t~
mia (bematoctit 34-36% for females, 14
34-39%, for males) 14 had features of oat
or more comnective tssue discase(s) 12
with polymyotitis, 4 with Spgren's 5T~
drome 1 with rheumatold arthritls, 2 Wi
discold lupus, and 1 with SLE. Of these, 4
bad iron deficlency anemia and the 1 with
SLE had Coombs positive hemolytic ant-
min. The anemin in the rest was
to the chronic mfiammatory process.

6 patients (4 with associated polymyos-
trs) had intestinal malabsorption and iron
deficiency apemia. One, in addition, had
folic aced deficlency Al had extensive small
bowel disease and all had hypoalbumin-
emla, hypocholesterolemia, and hypocalee-
mia with tetany in 2. In 3 patients in whom
the Schilling test was dane, By, absorption
was normal, In 1 patient studled by “Cr
labeled albumin, protein Josing enteropathy
was not found. All had biochemlcal and
clinical remission after long-term tetracy-
cline therapy and iron replacement.



= o

In 4 patients, the anemia resohted from

7

hndmxkedvh:tnllnvohmtv{lhtd—

gastrointestinal bleeding- in 1 ,m
peptic uleer and in anotber

vanced Y d: discase in 4

and ot Iabsorpticn In 2. Sclero-

mmzlbecﬂologydthnhbcﬂng
was not tomd.

Rensl faflore was considered to be the
czmcu(tbclntmhln:%}:ﬂcnn.lhd

derma kidney was dizgnoezd In 2 patlents
and another 2 had sctive rhermatold arthr-
ts. In the rematning 5 patients with leuko-
cytosls, there was no advanced visceral In

mz kidney and ms

ancrnia and the otber 2 bad pyelonephrttis,
1 patient became anemic with the omset of
Iympbosarcoma. In 3 patients the etiology

of the ancmia remained obsctre.
White Blood Cells
In 25 putients (14 / }, the WBC was ele-

vated (rangs == 10,200-24,500/mm) in the
absence of a recognized infection or sterold
therapy Of these, 18 had normal dfferen-
tia! counts, 5 bad neutrophilis, and 2 had

(highest =~ 770/mmY). 10 of

oryositis (p grester than 005). 6 patients

snd no cxmse for the leuknoytosls

was obtafned.

10 patients (5.5%) had repeated WBC
counts between 3,200 and 4,999/mm* Of
the 4 patients with counts between 3,200
and 3,999/mm* 3 had SLE (with coocoml-
tnt SPgrens syndrome i 1) and lopold
hepatitls was diagnosed In the 4th. Among
the 6 patients with comnts between 4 000
od 4,999/mm? ooly 1 had SLE. There
was 0o cvidence of any concurrent disease
process in the other §

Platelets

The platekets were cvalmted by per-
pheral blood smear study in all 180 patients
and by plarslet connt In 86. 8 patients had
thrombocytopenta on more then ooe ocea-

Tl I Derrangrment in withe biood coll and platdet cousta

(=19 =9 =9

H 2 '

1 patiest tad hapoid hepatics, $nothee bed Kgre's syndrome,

attribatabie w0 an srterhiy,

Amocsed with mkrounglopathic emotytic memis.
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sfon the lowest count being 30 000/mm?
Bone marrow studies revealed a normal or
increased number of megakaryocytes. 6 of
these patients died 4 of mallgnant hyperten
sion and arotemin. All 4 had microangiopa
thie hemolytic anemia 1 died secondary to
an overlap syndrome with features of sclero-
derma polyartentis nodoss and SLE. The
6th patent succumbed to refractory lupoid
hepatitls. In all the thrombocytopenia was
a preterminal finding. In the other 2 pa
tients no etiology of the thrombocytopenia
was found 1 is living and the other is lost to
follow-up None had sepsis or hypensplen
Ism, and in none were drugs fncnimunated.
Bleeding manifestations were not encount
ered in any of our thrombocytopenie patlents.

4 patients had persistent thrombocytosis,
In 2, it was attributed to a vasculopathy in
1 due to rheumatold arthntis and arteritis,
2nd In the other due to Sjigren s syndrome.
In the 3rd patient, the thrombocytosis was
related to a tumor syndrome (lymphosar
coma) No explanation of the thrombocyto-
sis wag avallable m the 4th. All but the 1
with Sjdgren s syndrome, died shortly after
the detection of thrombocytosis.

Discussion

In their report of 150 patients with sclero-
derma, Leimward et al. [12] found no ane-
miz in the ‘umcomplicated” cases. The fre-
quency ol anemln, however in two more re-
cent studies of scleroderma ranged between
7 and 29% [19 20] In our series, 25% of
the patients developed anemia. The present
data confirm that of Westerman et al. [20]
in that iron deficiency is the underlying
etiology of the amemua in an appreciable
number of patients half of theirs, and one

third of ours

Frayha/Sholmas/Stes ex

The commonest cause of the iron def-
clency anemia in our patients was gastroir-
testinal bleeding, often from muocosal tela-
gicctases In our experfence the assochation
of anemia and such telangrectases in sckero-
derma  suggests  gastromtestinal - bleeding
and that endoscopy might be helpful m
Identifying these telanglectases. In some pr-
tients Intestinal malabsorption contributed
greatly to the iron deficency snemie, The
reported B,, malabsorption fn scleroderms
[20] was not observed in 3 of our patiats
thus studied. The malabsorption in our p-
tients proved to be tetracyclme responthe.
Of interest is the recently described megs-
loblastic anemia following long-term tetrt-
cycline therapy for acne {11) Although s
has not been yet appreciated, such a pote-
tial complication should be consdered dur
ing the management of the malabsorption of
scleroderma.

In some of our patients no specific etiok
ogy of the iron deficlency anemis could b
found. Two-thirds of our anemic patients
were females. Apemia secondary to med-
strual blood loss stands as a posmibility Also,
it is temptmg to speculate that intermittant
occult bleeding from ulceratlons along the
alfmentary tract, known fo occur in 40% of
scleroderma patients [4] might have result
ed in anemis.

In some reported cases with the CREST
tyndrome and primary biliary cirrhosis,
bleeding esophageal varices contributed, in
part, to the ancmia [1] However of our
180 patients with scleroderma, the only one
with both of these discases had neither eso-
phageal bleeding nor anemis. This, cou
pled with the relatively low incldence of ar
shoshs tn scleroderma [4] Indicates that
anemia sccondary to bleeding varices fs in-

frequent.

Y
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Of fnterest b that 404 of our ancmic pa-
thents with scleroderma had other conmec
tive tinue disesscr. 5 resembled tho newly
described entity of mixed coonective thooe
disemss [18] Howover the extractable mo-
clear antipen (ENA), chanacteristic of thb
syndrome, way not sought. About half of the

»

scleroderma and SLE had low WBC [6] A
smoflar incidence of Icukopenia was found
in patlents with the mixed connective tissue
disesse (18]

Our data supgest that when thrombocy-
topenia develops during the course of sclero-
dermma & microangiopathle syndrome relat

described patienits with this . e
amemics. Furthermore, 2 of our pathents had
wdt:rodcummdSLE both resembling ths

of me with serologic and

ed to sclerod kidncy or kew common
ty a cromover with SLE shoald be consid-
ﬂnd.InZalompnﬂ:nu,mumooldm

systemic mantfestutioas of SLE reported by
Dubais et ol. [6] Two-thirds of their pa-
tients had significant snemia. In our pa-

ticats with an overlep synd the anemia
was compatible with that of chromic dmesse,
Bexddes, 1 patient with SLE had sutodm-
mune hemolytic anemia. Coombs’ positive
bemolytc anemia had been descdbed pre
viomly in 4 patients with sclerodenaa
[8-10 16, 20] =nd in 4 otbers with sclero-
derma z3 part of an ovedap syndroas [6,
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Serological and Immunoglobnlin Studies in Autoimmune
Haemolytic Ansemia with Emphasis on the Nature of

Biphasic Antibodies

S.R.Jaskl,Y S Iyerand H Af Bhatla

Blood Oroop Referencs Caotre (FCMR), Seth G.S. Aadical Collepe, Bombay

Key Weords. Antoantibodles Immunogiobalin  Serology

Abstract. 35 cases of antoimmuno haemolytic ansemia with positive direct Coombs
test wero mvestigated tor the pature of antoantibodies. The stodies nvolved charcterization

of the amtoantibodies on the basis of their thermal amplitode, serologlcal

nature

specificity
of tmmmmoglobulin and fight chaln specificity The findingy showed that the autosntibodies
conld be classified as cold autoantibody (18 cases), warm sutogntibody (5 cases) and H-
phasic antoantibody which rescted at 37 °C &5 well 13 at6 C (32 cases). Further clasd-
fication of these cases was made on the besis of antibody specificity to blood groeps,
{mmmoglobulin type tn relation to the optimum tempersture of their reaction.

Introdection

Autoantibodles assochated with scquired
hscmolytic sntemia are classified g3 cold”
and ‘warm momﬁbotﬁe:ml.hebd:d
thelr thermal amplitnde [13]

i the Rh system (8] 'Cold” antosntibodies
wsoally ocour a3 IgM immunoglobulms [5]
though rare cases with IgG and IgA specr-
ficities have also been reported [1]. The ma-
Jority of warm autoantibodies display I3G

sutoantibodics show a specificity to tome of

cificity within the I system — often directed
towards the sntgenic conplex of the 14 and
the ABO system. Occasionally the cold au-
toantbodics have also been reported &3 an-
t-P ant-N and anth-Pr [8] "Warm anton-
tibodies have specificitics commonty Sirect-
cd towards the sntigens of the Rh system,
mahly to the antigen ¢ and occasionally tn
other antigens or antigen with-

y the IgM snd IgA types being
rarc [4] Since most of the pathological antl-
bod.lcsmp’uduredby mw

chhn'u(!hchpplorlhohmbdatype[g]
Levels of bumunoglobulins kn patients with
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Berology and Lmunoglobuling of Axtoantibodies

37 C having Rh specificty On the other
Tumd saline-reacting cold antibody was pres-
ent In 17 cases and 14 of thom had specf
icities within the 14 complex. 11 cases pos-
ses low titre saline-reacting  amifbodies
which gave equivalent reactions at 6 and
37 C(titre range 1 1-1 4).

In afl these 32 cases of biphasic sutoan-
tibody the incomplcte type detected by the
enzyme or the JCT technique showed =
Hgher titre than the exline type The com-

Tim g 1C
]

3

parative titro valoes of these Incomplete an-
tbodies st two different temperafures and
their corrclation with thelr scrological spe-
cificity i given In fignre 1. It b cbvious that
the cases having incomplets antibody titre
af 1.32 or more at 37 C possess specifici-
trey predominantly within the Rb system. 14
cases with the I specifidty were all pre
dominantly of the cold-reacting type. Thoso
which showed no clearcut specificlty were
within the titre range of 18-1 16 at both
teruperatures,

Blood Growp Specificity of
Astoantibodles

Table T gives the finding of the
ficky of 55 tis

there were 3 cases with D-JTke and 3 exses
having complex antfbodies dasaified & pdl
23 thoy gave negaiive or weak rescions with

Table L and lght chaln specificities trvotved tn
Antomnhibodws D Effact of *-marcn pioethencl  [mmemogiobatn Light chuin specificity
pecaticaty
affectsd partially ot ———————kappu lumbds kapps+ not
affccwd afiected 1gG IsM IgG+M hchda et
(doay (douD
Axto-cold non - 7 2 1 N
Brphaslc
Prodorsioantty
oid 13 14 1 4 1 10 3 - 2
Predowinamty
s ’ . 1 7 5 - _ .
Rast [ S 3 4
5



32

Materlals and Methods

Blood aamples of the patlents were referred by
varions hacmatology clinics and Jocal bospitals In
Bombay and other party of India, Reagenty Hke
:;]nospcdﬂc antiglobulln sera were prepared lo-

'y

S i fied

d by titra

y was d
tion of at varjons e, using
pancls of red blood cells which lacluded cord
blood asd other rare phenotypes like 14, 1+ D-
and Rh null. Scloctive absorption and eluthom
were alto carried out In order to determine the
specificity
Immunoglobulin and light chaln specificity of
anicantibodies was carried ot by the indirect
Coombs test on pative sera iing monospecific
antigiobulin reagents and the results were con-
firmed by passive haemagglotination Inhibition of
monespecific antiglobulln reagents with the eluates
prepared from actoimmune sera. Hloates from
scnsitized cells were prepared by heat clotfon
techniques (9] In cases with ¢old autoantibodies,
wherens eluates In cases with warm sutoantibodies
‘was prepared by o ether cluthon technique [12]
Classification af I antlbodfes Into IT ID and
IF was bated oo the resction pattern reported by
Race and Sanger [11] Among those having Rh
specificity the pdl epecificity was identiffed by
negative or wesk reaction with Rh null fn compar
Isont to normal and -D- cells [8] D-lke and C-like
antibodies were thoss showing preferential reactiv
ity with the blooxd having the respective antigens.

Test for the Extimation of Immsnoglobulin
Levels
The sera to be tested for immunogiobalin level
were diluted In twofold serfal dilution [n normal
saline up to 20 tobex. Then, suitably diluted mono-
specific antigiobulin reagents having a thro of
18-1.16 were added. The misture was Lept at
room temperatare for 20min. A volume of the
mspention of red cells seositired with 1gG or IgM
or IgA immunoglobulin was added to the text. Af
ter 5 min incobation st room temperature, the test
was spiooed at 1,000 pen for 1min. The results
wero read mscroscopically end Degative sesults
were confirmed pically No d
" d the th of antlgl activity
the prescnce the partkufer immoso-
?mmjhmrunlummﬂ“d'm'wo

e

JoshTyes/Bhath

standard control serum baving IgG §6210 M
96.21U and IgA 953 I

Results

55 sutoimmune cases with positive direct
Coombs 1est were studied for serologial
and immunological aspects. These mcluds
18 cases with autoantibody reacting caly at
6 C, 5 cases with antoantibody reschog
only at 37 C and 32 cases of autosntibod
fes reacting at both 6 and 37 C (biphasic)

Cold Reacting Autoantibodies (18 cases)

All these cases had a saline reacton &
well as incomplete antoantibody The titre
of the antibody ranged up to 1 32 by the s+
line method and 1 128 by the enzyme meth-
od. The reactivity with enzyme (papen)
treated cells was stronger m all the cascs &%
cept one. Serological speaficity was estab-
lished within the I 1 system In 16 cases. In 1
caso the mntibody was affected by the en-
zyme techmque suggesting Pr specifiaty
and in 1 case antibody specificity was polt
clear

Warm-Reccting Autoantibodles

{5 Cases)

Al these five sera reacted only at 37 C
by the enzyme and by the indirect Coombs
techniques, The titre ranged from 18 t0
1256 4 of theso cases displayed their sero-
logical specificity within the Rh system aod
in the Sth case the speaficity was not clear

Biphasic Awtoaniibodies (32 Cases)

The sera in this category were heteroge-
neous in thelr reactivity 30 out of 32 cases
had saline reactivity at 6 C as well as at
37 C, which inclunde 2 cases with strong st
Iine reacting antibody (titre 1 16-1.32) at

~
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Table IIL Serokagical epecificities jevotved bn varioos types of antoant/bodks

14/Pr eystam

nol and all the six scra ahowed dual specificl-
ty of IgG+IgM. Interestingly 4 of these 6
cases had speaificity within the Rh system
Among the rest of the biphasic sutcantibod-
ies (1 = B), 1 showed IgM and the remain-
ing 7 had dual IgG + IgM specificity ATl
these sera wern serologically nonspecific,
except 1 which showed Rh specificity
Corrchition of

Rh wyswm

-rr -D- -C €

Hke Lk

-pa

casey, the Igh level was elevated. Patlents
with suto-cold as well as biphask predomi-
nantly cold antibodies showed & generalired
hucrease of the IgM level 10 oot of 33 cases
also showed an Incrensed kevel of 1gG The

tire of had no corrclath
with the d level of 1 oty
Bow

Discordon

Autoantibodies of tow titre arc a com-

anaemlie,
Imumiyofl.bemldtypumdnnmnl}y
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Tabie IL mmwwmmmwummmammdm

antibodies
Scrological Types of n Ty
of immumogiobuftn orvoh el
specificities autoantibodies e
IsG IgM IsG+M
(dwal}
Hsystem auto-cold 16 - 16 -
bipkasic? 14 - 14 -
Rh system atto-warm 4 3 - I
biphesic? z 1 - 7
Noo-specific auto-cold 1 - 1 -
suto-warm 1 1 - -
biphaxcd 10 1 1 s
! All predomipantly cold type.
¥ 7 out of 8 cases belouged to the predominantly warm type.
* 1 pred fr cold, 2 predoiinantly warm and 7 sificd biphatle (/pe.

Rh null cells, The majority of the biphasic
antibodies showing drmilar reactions at cold
temperatures and at 37 C were nonspecific.

Nature of Immunoglobulins
All the 55 cases of autoantibodies were
tested for immmuaoglobuln end 34 of them
were tested for light chain speaficities, Im-
mumoglobulms were studied by (1) their
itivity to 2 mercaptocthanol, and (2)
the Indirect Coombs test using monospecif
ic ant IgG and-IgM and anti IgA. Light
chain specificlty was ascertained by the In
direct Coombs test using specific anti-kap-
pa and enti-lambda antisers. Confirmation
of the immunoglobulin characteristic was
also made by passive hlemlggluﬁnn&on In

as monospeafic sera, The cluates abso
showed IgM specifinty The Ight chain
studies wers carrded out an 10 cases, where:
in the majority bad kappa specificity ex
cept for one which had dual specifiaty of
both kappa and Iambds. Among 5 cases of
warm autoaatibodres, 4 beloaged to IR0
and the 1 had dual specificity of IsG +
IgM. This particular case had an antibody
with Rh specificity Light chain studies were
done In 2 cases, of which 1 caso with no
clear specificity gave reactions with both
kapps and lambda. Among the biphasic s1-
tibodies the cases with the predominantly
cold-reacting type were IgM type except for
1 who was partally affected by 2-mercap-
tocthano] treatment, having & dusl fmmu-

lobulin specificity of 1gG + 1gM. This

on ecluate preparation of nuto:.ntibodld.
The findings are given In table ¥ Al the 18
cold antoanubodies showed IgM speaficty

a3 confirmed by 2 mercaptocthanol as well

hibition of pecific antiglobult

puﬂmln:aucd}dnotnwwdw—cmmo-
logical specifiaty Among the predominantly
warm (ype, wost of the caset (6 out of 9)
were partially affected by 2 mercaptocths-
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Hin specificrtics of IgG + IgM were more of
ten af the biphatic naturc with unclear s¢
rological specificity Evidently even thess
cases have either a kappa or Jambda clons

uln in antoimmune baemolytic ansemiz b
sccelerated as is shown by an fneresse in the
{mmmnogiobutin levels of the 1gG and IgM
types. Apparcntly those with the cold type
tend to have sHghtly clevated IgM and with
the warm type, clevated IgG Thess obser
vations aro simflar to those reported by other
workers [4] and are attribried to the tissoe
breakdown [6}
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huvenverylowdtremrdycmdingl&
[3) However the low titre cold autoanti
body with a high complement afflnity may
also be of pathological significance [2] In
a varlety of conditions, autoimmune haemo-
Iytic anacua occurnng secondary to mahg
nancies or viral diseases Is not uncommon
and may be induced by the edmunistration
of certain drugs such as aldomate (8] In the
present series of 55 cases of autoimmune
haemolytic anacmia, 33% were due to cold
autoantibody 9% to warm autoantibodies
and 58Y, being biphasic reacting at 4 and
37 C The nature of cold autoantibodies
supgests their specificity withm the 11 sys
tem, while those with warm autoantibody
speatficity lie withim the Rh system, The
present study also provides evidence that
the biphasic antibody with wide thermal
range (6-37 C) are heterogenous by na
ture. As shown in figure 1 they could be
classified as predominantly cold or predom
mantly warm The serological nature as well
as imomnoglobulm specificity of these bi
phasic antibodies clearly indicates that those
which are predominantly of the cold type
more often resemble the auto-cold type of
antlbody whereas those with the predomi

Joshi/TyenRhath

tles 1volving the 11 as the cold amfibodies
and the Rh as the warm antibodes. Further
studies by sclective absorption and eloon
experiments in order to charactense the spe-
cificities invalved are 1n progress.

The immunoglobulin nature of cold so-
toantibodics was mainly of IgM whik thyt
of warm autoantibodies was IgG Thow
with biphasic antibodies and predominantly
cold typs egain showed an IgM npature
However many of the cases of remaining
biphasic autoantibodies had deal immuno-
globulm specificities of IgG + IgM. Ths
again confirms the nature of different ant-
bodles with different immunoglobulin spec-
fiaaties.

It is likely that the autolmmune phenom-
enon of pathological significance hes 2 se-
quental order of autoummune changes from
anto-cold (IgM), to buphasic cold type
(IgM) to biphasic unciassified (JgM + G), 10
biphasic warm type (IgG + M) and to anto-
warm (IgG) It Is also likely that vanoms
other primary conditions like malignancy
may substaptiate further to the development
of autohmmune hasmolytic anaemis. This I
supported from the findings of 7 out of 32
cases of biphasic autoantibodies which had

goancies as the primary cause Howew

nantly warm type showed the istics
of the auto-warm type. A small pumber of
biphaslc autowntibodies (n = 8) with more
or less equal reactivity at both the tempera-
tures were indeed difficult to clasnfy Inter
estingly most of the cases with predoml
nantly cold type biphasic antbodies shawed
specificities within the I system, whereas
those with the predominantly warm type
had specificities within the Rh. The rest of
the biphasic antibodies did not show clear
speaficities. It i likely that such cases s
well as others showng no serological speal
icity may indecd possess multipls specifici-

er the majority of these malignant coodi-
tions with biphasic autoantibodies are pre-
dominantly cold type snd in ell of them
complement mediation played s significaat
role.
The nature of autoantibodies of the cold,
biphasic, and warm types i3 also reflected
by the immunoglobulin type It is apparent
from the flodings of the immunoglobulin
light chmn stodles that the tingle abnormal
clone of onc particular immugoglobulin
type with elther kwppa or lambda is in-
volved. Those with the dual immunogiobu-
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Hn specificties of 1¢G + IgM wexe more of
ten of the biphasic nature with unclear s¢
rological specificity Evidently cven these
casey have cither & kappa or lambds clons
invotved since none among tho 8 cases with

kappa and lambda in the present series B
more or kess similar to that reported by oth-
er workens {7 10]

The 1 hetds of
ulin In antormmune baemolytic snsemia b
sceelerated a3 i shown by an incresse in the
imnmnogiobolin levels of the 1gG snd IgM
types. Apparently thosc with the cold typo
tend to bavo sightly elevated TgM and with
the warm type, clevated IgG Thess obeer
vations arc gmfler to thoso reported by other
workers [4] and arc attributed to the tissoe
breakdown [6]
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have & very low titre rarcly exceeding 1 64
[3] However the low tlire cold autoanti
body with & high complement affinity may
al3o be of pathological significance [2] In
& vaniety of conditions, autornmume haemo-
Iytic ansemia occurrmg secondary to malig
nancies or viral discases is not uncommon
and may be induced by the admmistration
of certain drugs such as aldomate [8] In the
present serres of 55 cases of autolmmune
haemolytic anacmia, 33% were due to cold

Joshl/Tyer/Bhain

ties involving the 11 as the cold antibodies
and the Rh as the warm antibodies. Further
studies by sclective absorption and elution
expenments In order to charactense the spe-
afiaties involved are in progress.

The unmunoglobulin nature of cold sz~
toantibodies was mainly of IgM while that
of warm autoantibodies was IgG Tho
with biphasic antlbodies and predommantly
cold type sgmun showed an IgM natwe
However many of the cases of remsinmg
ibodies had dual lmnmoe-

binherl
P

autoantibody 94, to warm ibodi
and 58¢» being biphasic reacting at 4 and
37 C. The nature of cold autoantibodies
suggests their specificity within the I1 sys
tem, while those with warm antoantibody
specificaty e withm the Rh system. The
present study also provides evidence that
the biphasic antbody with wide thermal
range (6-37 C) are heterogenous by na-
ture As shown in figure 1 they could be
classificd as predomunantly cold or predom
inantly warm. The serological nature as well
as immupoglobulm specificity of these bl
phasic antibodies clearly indicates that thoss
which are predominantly of the cold type
more often resemble the auto-cold type of
antibody whereas those with the predomi-
nantly warm type showed the charactenstics
of the auto-wanm type. A small number of
biphanc autoantibodies (o = 8) with more
or less equal reactivity at both the temper
tures were indeed difficult to clasmify Inter
estingly most of the cases with predoml-
nantly cold type biphasic antibodies shawed
specificities within the I system, whereay
those with the predominantly warm type
b;dzpcdﬁnﬂuwﬂhhltheRh-Tbcmtul
the biphanc antibodies did mot show clear
specficities. 1t is Mkely that such cases as
well as others showing no scrofogical spec!
scity may indeed possess multiple specifici-

globulln specificities of IgG + IgM. Ths
again confirms the nature of different ant-
bodies with different immunoglobulin speci-
ficities,

It 13 likely that the sutormmuns phesom-
enan of pathological ugnl.ﬁmm:c has l ®-

ial order of i

autocold (IgM) to biphasic cold mx
(IgM) to biphagc unclssufied (IgM + G), 10
biphasic warm type (IgG + M), and to anio-
warm (IgG) It is also likely that vanous
other primary conditions like malignancy
may substantiate further to the development
of autolmmune haemolytic ansemis. This is
supported from the findings of 7 out of 32
cases of biphasle autoantibodles which had
malignencies as the primary cause. Howey
er the majority of these malignant condi-
tions with biphasic sutoantibodies are pre
dominantly cold type and in all of them
complement mediation played a significent
role.
The nature of sutoantibodies of the cold,
biphasie and warm types fs also reflected
by the immunoglobulin type. 1t is sppareat
from the findings of the immunoglobalin
light chain stodies that the single abnormal
clone of ope particular immunoglobulin
type with cither kappa or lambda ks in-
volved. Those with the dual immunoglobu-




Parents of Trsomy 21 Children

ASN phorpbatess subetrate (Sptm) + fmet red
vickt LB (Sgma) For each coe 300 FANs was

formed on the red and white blood cddls with

Tdde L Hemacytometric data for parents of tri-
somy 21 children (2 = 106) and of normel chikdren
& o=

Prremeser Moun Sundard  Slgnit-
devistiom s
L' b
REC M ASTATI Q35037 N3
Ithomt  F 51500 Q37035 NS
W OILTI410 LIOe NS
vloml F 15154 101D N3
WBC, M 6676 154195 NS
Ko F 64635 201171 NS
PMRa, M 3545 144160 N3
IMmm  F 43097 LI NS
Lymphocytes,
et M 17183 0206 N3
F 192185 05500 NS
Mooocyes, M 036035 Q11009 NS
1om®  F 04041 02407 N3

M= Motdwry F=fathrs NJ = mct significant.

»

Coulter Connter $ and a differential WHO count
wxy dons for 200 cells on smears siaioed with
May-Gritrwadd-CHoesa,

The data thoy obtained wers stodied gatistical-
Iy for ravge, meas, variance and gtmdard devis-
thoa

Resalts

Karyotype analysis ahowed normal ro-
salty tn 322 caves. 4 parents of trisomy 21
chidren showed the following

significan
the parents of trisoury 21 children (p < 0.05
table IT)

Table IL Neotrophd stialinn phosphataw activity In mothens and farhery of trhomy 21 chiidren and in

pereats of sorme! chikdem

Parents of tehomry 21 children Parcaty of morwm! chrlidren Pralm
Mothers. 52514 2035¢ =353) 3481+ 21.60 (m =~ 110) <005
Parben A.20 & 2609 (n = 57y 3053 + 2042 (o~ 11 <oos

00 <p<afs.
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Increase of Neutro
Trisomy 21 Children
Hematological and Cytogenetic Stndles

ophil Alkahne Phosphatase in the Parents of

J Grozdea G Bourrouilloy C Mounte and P Colombies
Imserm, Ulaomdummhdecwo'énéﬂquc,(:ﬁuhmﬁubme

Key Words, Hemacytometry Karyotype Neuntrophil alkaline phosphatase

Pareats of trisonty 21 children

Abstract. A comparative study of karyotypes, hematological vanables and neutrophil
alkaline phosphatasc (NAP) wes performed In 106 parents (53 couples) of children with
free, homogeneons trisomy 21 and of 220 parents (110 couples) of normal children. In
the parents of trisomy 21 children wo found a sigolficant increase of the NAP (p < 005)
and a nonsignificant difference fn the number of white blood cells. fn 4 cases, we &i%
fonnd an anomaly in the karyotype. A modification of the metabolism of the neutropblls

seems possible,

Introduction

It is woll known that the NAP is fn
creased in trisomy 21 children (1] Howev
er the genetic localization and the mecha-
nlsm which induces these enzymatic anom-
alies aro as yot unknown.

NAP activity was previowsly found In
creased m women over 40 years of age. In
thls age group thers fs a high Incidence of
triony 21 children born [4]

These statistical date as well a3 our ear
lier observations [6] caused us to study the
NAP karyotype, snd hemacytometry la the
pgmuolulsomyllchﬂdrcu

Subjects and Methods

106 parents of trisomy 21 children (S3 coo-
ples} aged 1748 years (mexn age 29 yearn) and
720 controls (110 cooples) aged 1942 yan

The tests performed were: (a) A laryotype
uudydmrcﬂhmdpﬂ‘bhuﬂwmlndm-

TyTEAtc
dS«JHmI!I}.F&rn:buvc.U—SDctﬂ:m
m},,cd_(b)Amzlqmdnunnndyultbouh
mhﬂ, (PMNg) {uﬂu'inglbchxhlﬂqne of Kn-
plow [9). smeans of peripheral blood were fixed In
a solution of methanolformaldehyde, washed,
dried, and treated for 10min with & A-naphthol

A
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Discusslon

In this study the parents of trsomy 21
children present a karyotype of 46 chromo-
somes without anomaly except for 4 cases.
The chromosomsl modifications in the pop-
ulation under study are comparable to data
found in the literature [2, 3]

The parents of trisomy 21 offspring scem
to carry several mmor hematological
anomalies The number of curculating gran
ulocytes was found Increased fn the father
decreased in the mother The mothers also
showed & decrease in the number of Iym-
phacytes. These retults seem to us {nterest
ing because in an cardler study wo found 2
significant decrease in the number of cren
lating Iymphocytes in newborn trisomy 21
wmfants (7] Another modification in the
granulocytes of pareats of trisomy 21 chil
dren #8 the significant increase of NAP
(p < 005) This enzyme level cen be related
to the even higher lovel found {u trisomy 21
children.

NAP eactlvity was previously found in-
creased in various physiological and pathol
ogical states active granulopolesis wth clr
culating young PMNs [10] bacterlal infee
tion {8] increased IgG [12] pregnancy {7]
and state of stress [13]

The high NAP levels we fonnd in the
parents of tnsomy 21 children cannot be in
cluded in these categories In these pareafs,
there seems to be a modification of the metab-
olism of PMNs Fuarther study of the PMNs
of these subjects {s now belng carrded out
by functional tests and culture techniques.
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Beta°-Thalassemia/Hb E Association

HemogloblnSynibahlnBldecﬁmloqtumdBomMumC:ﬂancﬂmttdh
Density Gradlent ard In Blood Erythrold Colostes In Calture

U Testa A Dubart N Hinard F Galacteros W Valnchenker P Rouyer Fessard
Y Beuzard and J Rosa

Unité de Recherches sur ley Anémles, Inserm U-51 Hopital Henr! Mondor Crétel]

Key Words. p-Thalassemia Erythroid cell culture  Globm chatn syathesis HbE

Abstrect. Hemoglobm syntheals m a 34-year-old man of Leotlan ancestry with Hb E/f°
thalassemia was studied. Hemoglobin electrophoresis exhibited only Hb F and Hb B. Ret-
culocytes and bone marrow cells showed no Hb A synthesis. The proportion of Hb F In-
creased (from 14 to 50%) with the denmty of RBCs fractionated on a discontinnons
gradient of Stractan. Reticulocytes were also heterogeneous with regard to therr density
and therr Hb F synthesis. the proportion of Hb F synthegs increased with ther density
Fractionation of bone marrow cells by density on o discontinnons gradient of Stmactm
provided populations of cells at different stages of maturation, the more mature havieg
the greater density Stmdy of hemoglobin synthess in bane marrow cells indicated that the
proportion of p-chains syntheszed increased and the pool of free a-chalns decreased with
erythroblast maturation in contrast, the proportion of SE-chains compared 1o a-thain
synthesis remmned constantly low These results provide evidence that the increased amount
of Hb F found in the blood of the patient was mostly due to the positive selection, in
bone marrow and in peripheral blood of cells contalning Hb F In contrast, colonies of
early erythrold precursors derved from the blood of the patient exhibited an enormos
reactivation of Hb F synthesls in culture, The low proportion of AE-chain synthesis (abont
30%s of a<chain synthesis) remained unchanged during the erythrold maturation of most
immature erythroblasts to reticolocytes. The bimation of two thal ic alleles, ont
totally deficient (8°) the other partially deficlent (#E) can explain the clinical severity of
the association §° thalassemia/Hb E.

Introdaction of Southeast Asin, This syndrome is charac

terized by & clinical picture similar to Cool
The f° thalassemin/Hb E sssociation ey’s anemins, although milder forms have
(£° thaVHb E) resents & combination of  been described [8] As In other severe thal
the b hles 1 dromes, the proportion of Hb F

TR

two most freq ¥

Y




e E

loundhdnpedphcmbloodhinumcd

b betcrogencomly distdbuted wmong
RBCLTlﬂsptmmnmnmtmuﬂnlyn
tdbated to tho preferential survival of the
celh containing Hb F during erythrotd ma-
turaticn [31] However mntll now no direct
evidence has been foumd to sapport this hy-
pothesh. It {3 known that only thalassemic
RBCy containing Hb F are able to survive
longer than tho ccibs which do not contain
Hb F {13}

Stadies

PH 740, ghacose 0204, KC1 Sml esd N2l fn an
amoant reqnired (o obtain 291 mOwm) and bryered
on the gmdioot The cells wers ceatrifoged at
35000 ¢ im 3 Beckman rotor SW 41 b a0 L 5O
Beckmaa wimacentrifepe for S0min ot 4°C. At

In the present study globl
wmm&dmumumm
cytes and RBCs of a patknt with A°-thal/Hb
B anoclation. A progressive increase in Hb
F rynthesis was observed during the ery-
throid matnration from proerytroblast to
reticolocyts, affording direct and clear evi-
dence in favor of the above-mentioned Iry-
pothesh. In contrast, In culture of exxly eryth-
mumm(smm)-mmmlm

of Hb F syntbesis way cbserved.
Mrterials and Methods
Haumatological Stwiles
All the Toal PATMDSHATY were

ingts srythrocytes wa esticmted by the ackd elu-
Gon mcthod 1161
Separaciom of Erythrocytes oud Bens Maorow
Ceils by Densliy Gradients

by

1ml of BSKG beffrr (phowphats buffer 10mM

boxymetty!
Clogs ot oL (6] sBghtly modified by Terts o1 ol.
23
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Evaluation of the Pool of Free a-Hemoglobin

Chalns

For the evalnation of the pool of free a-chalns,
the cells were incubated ms previomly described
and the Incubation was stopped at 20 60 or
120 min. The radioactivity present in the pool of
free a-hemoglobin chains was estimated by elec
trophoresis on cellulose acetats (Cellogel, Cheme-

and measurement of the adioactivity Incorporated
inHbEand Hb F

Evalustion of the a-Chain Pool in Bone Marrow

Bonc marrow cells were incubated as previons-
ly described and aliquots were removed st 20, 60
and 120 min.

Three diffcrent alignots of the membrane-fres
hemolysate (about 100 ug of hemoglobin) of each
sample were submltted to electrophoress on cello-
loso aceiate: the first was not modified, the second
was preincubated for 60min at 4°C with A-SH
chains to convert all the freo a<chaim into Hb the
third was first Incubated for 60 min at 4 °C with
#SH-chatny and then for the same period time and
at the samc tempernture with purified human bap-
toglobin. At the end of the migration, the strip of
cellulose acetats was siained with emido black and
was then transvermily sliced at 0.5-cm Intervals
lndprow-cduprwiom!yd:-uﬂxdmtorﬂm
ovaluation of the radioactivity in each fraction
The comparbon of the radiomctivity in corrs-
mmﬂluxﬁmkm!oflheﬁrﬂmdu{thenmd
samples mado it pomible to estimato the propor

a-chalny comparison between the first and the
third samples allowed correct evalmation of the ra-

dioactivity in tho hemoglobin fractions. Ono ex
anple Is gvien in figure 1

Cultures
Mononuclear cells from the blood of the pa

Parls, France) and tho plama clot
cultrres established fn 35-mm Falcon Petrl dishex
contalning 1 X 10¢ pucleated cells In 1mi fi9}
Slight modifications of the techolque wero uicd,
as previowmly described [25] emedium replaced
tho NCTC 109 mediom, humsa AB sermm a3

. Pk et

Fig.1 Rnd]o.ﬂivﬂyptﬁu‘nobaiwdﬂvm
horesfs of the b Tobin of the PO~

bund‘lbammu'caﬂxmcdhkﬂm"
sirip

sted instead of fetal calf serum snd CaCly Wi
added at a final coucentration of 0.026mg/ml
Bovine embryo extract was omhted. Erythropoi
unmmwwm(cmmnﬁtnmhhb-
mtm-h.Taumo,amdl)m.ddcdum
dmuu-conccnmdonaliiumeTbocﬂlm
sere then Incubated for 11-16 days fn 6 different
Petrl dhabes.

On the 7th or 14th day the cuitmres were
nx!nedduwdytnmupeu-ldkbu.rbeanm'o-
b\udcbwmm}dmﬂﬂaibyminlnto!lhﬂ
pesndoperoxkiase activity of bemogiobln [18].
Q-mnﬂnﬁonmdmnnnddmhv:ﬂtdmlcro-

oo
15 100 xCl of H lencioo
A TEnergie Atomigoe,

which had besn Incubated to prodeced



) HbF % 3

HbE 3 .

ATh

colanke. Incebetion waa terminated 24 b later by
dipestion of the 3ot with proasse (1 sg/m! Calbio-
chom, Saa Décge, Calil) for 10min
temperature sach trestmend allowsd the recovery
of all the cells from oos dih Red blood cells
were added 13 currier when secessary The celhs

Case Report

The patient of Laotian ancestry showed
a clinicul syndrome of p-thalsmemia nter
media. He remalned tramstobon-free unti]
the age of 33 year. At thh time he under
went climical observation for a medisstingl

sequently
logical parameten are reported n table L

Tahie T
Proposites Norzsal

Hb, 5% 1 133%1
PVC, % b % £3
ARG, 10YaR 465 s4%09
MCY it © B s
MCH, pg 185 B &23
MCHC, % n B k2
Aeticolocy s, % 5-10 <1
Serwm ron, mg% 0102 110 &35
Serwn fonda, /100wl 190 12 &0
Scrum baptoglobln, g1 <02 04 2

<1

Stactes 43

Hemoglobin Synthesls In Peripheral
Blood and Bone Marrow

Hemoglobin  synthesis o peripheral
blood showed an absence of JA-cham syn-
thesis In reth (fig. 1) furth

the proportion of JE-chain with respect to
echain was redoced (0.34) with respect to
that cxpected for a p~cham in heterozygotes
(0.5). Hemoglobin synthews In booe mar
row (fig. 2) was sfighily more balanced, and
the 7/ rato was lower (0 09) than in reticn-
Jocyics (0 14). The resalts of the stody of
Hb synthesis are summarzred in table IL

Proportion and Synthesiy of Hemoglobin

In RBCs Separated by Density

The proportion of Hb E and Hb F in dif
ferent tractions of red blood cells was evaly
sted by electrophoresis and s reported fn

LA o

A Y

I

f
Rl

-
LW

W oaw

Fig. 1. Radosctivity proflies of globin chalm
from Lbe probend” bood reticalocyter (A) asd



Evaluation of the Pool of Free a-Hemoglobin
Chaing

For the evaluathon of the pool of free a<halns,
the cells were jncubated s previomly decribed
and the incubation was stopped at 20 60 or
120min The radioactivity present in the pool of
free o hemoglobin chalns was estimated by elec
trophorests on cellulose acetate (Cellogel, Cheme-
tron, Milan, Italy) as previously described [2] In
addition, thih method also allowed the separation
and of the radicactivity Incorporated
iz Hb E and Hb F

Evaluation of the a-Chaln Pool in Bons Marrow

Bone marrow cells were incubated as previows.
ly deseribed and aliquots were removed at 20, 60
and 120 min.

Three different allquots of the membranc free
hemolysate (abont 100 sg of hemoglobin) of each
ample were submifted to electropboress on celln-
lose acetute: the first was not modified, the second
was prelncubated for 60min at 4°C with f-SH
chalns to convert all the free a-cbalns into Hb, the
third was first jocubated for 60min at 4 C with
ﬁ’S‘H-c.hxlm-nd!benfurﬂxnmepﬂioddm:md
at the samo temperature with purified human hap-
toglobin. At the end of the migration, the rip of
cellnlose acetate was statned with amko black and
was then trapsvermily sliced at 05-cm intervals

The comparison of
fractions of the fint and of the sccond

sponding

sampley made it poesible to etimate the propar
tlon of radicactlyity contalned in the pool of tree
a-chalns, comparison between tho first and the
third samples allowed correct ovalustion of the ra-
db:cthﬂyhdnhmodobinhd}cn:.ogoa
nmplohgvlmhxﬂ:\m:L

Cultures

Mononuchar cells from the blood of tho pe-
trifugation oo a cushion
Nyegaard,

m:u:unblhhcdln%—ml-‘dmn?m—ldkhu
o 104 nocleated cells In 1ml (19]

the techmique wers uyed,
omly described [28] emedium replaced
Zop:gfclmmedlum.hm”m“’

Testa/Dubart/Hinard/Gal.

/Valnchenker/Roayet |
ot
Eapingiein_Jompie
)
_— 1" e
Pl Geplepiohin

3 U/ml The cultmed

timo at a conceniration of
'ﬂ’:lhenlnmhmdfofll-lﬁdlnlnﬁdlﬂﬂm

Potri dishes.
On tho Tth or l4th day the cultures werd

nlbcdd.lmcﬂyhthe?ctﬂdhbﬂ.mmm
were Identified by siafnfog

dase activity of hemogtobln  [13}
Quuﬂudonrndno-nndamhm:r(zdndao—
scopo at 40X magnifiction.

At days 11 unndls,lmpddeleudne
(50 Ct/mAf A I'Energhe Atomiqoe,
Saclay anm)vun‘ldtﬂlnﬂ—"ndu{ﬂmlw

Eorobia) to oo cultare dish
erythrold

mediom (levctne-free
which had been fncubated to produced
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Fig. 3. Proportion of Hb E aod Hb F deter
mined w different fractons of RECY
deasity oo discowtrmows gradwnt of Stractan
(A) Proporioa of rahoactivity ixto Hb F and In
the pool of free achamms in differr fractons of
RECy scpanited by daolty on  decoatiosoos
gradient of Stractan (BL

Fractom JSEa T HAE Nona
1 0323 0035 013 0338
2 03 o4 014 03
J L3 2] 00y 027 042
oM oz oy oL
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b, {racnon 3 by polychroeaphllic and ortho-
chromatic fraction 4 by
athc enythroblasts, and fraction 5 by reticalocytes.

Tebke VL Hewogioben pnthems and pood of free
o-chara I booe marrow cefls separated by dermky

Fraction HbF/HbE & podd
1 009 n
2 ol4 @
3 o 5
4 o33 46
Reticolocyy 03 41
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Table 11, Hﬂno(foblnlym}nbinwfplﬁllbloodlmhommnow

2 Globin chain chromatograpky on CM-cellulote
PEla
Peripherul blood 030
Bone marrow 034
b Electrophoresis on cefluloss seetate
Hb E/Hb tot.
Peripheral blood 20 min 066
1°0 min a6y
Bone marrow 20 min o7
120 min 080

Tabls IIL. Propoctions of Hb F and of Hb E in
rrnrdomo(pcrlpherllr\:dbloodudhfr-cﬂ«utcdby
denalty gradient

Fraction % HbE % HbF
1 13 14
2 &0 pail
3 78 z
4 68 32
5 49 51
6 43 2
7 50 30
57

Unfracionated RBCs 63

Table IV Radioactivity of the pool of free a-hemo-
globin chatms and proportions of Hb E and Hb F syn-
thesired in reticutocytes of differeet dennty

Fraction %HbE % HbF % pool
1 9 Vi 67
2 78 25 42
3 71 » 3
" 53 45 30
M st 49 24
6 30 0 z
Whote 6 3 “

tood
Moo

a Sle Novet
014 0 o4
009 00 0K
Hb F/Hb tot. Hb F/Hb F *poolt
oM 050 5
033 050 a
@23 @30 bl
020 01s R

table TIL A progressive merease in Hb F
proportion from low to hgh-dennty red
blood cells was obtained. The hemoglob®
synthesrs in the reticulocytes present i 0%
same fractions showed the same phenow-
non associated with a concomutant rede
tion of the pool of free a-chalns (table IV}
These results are iilustrated in figure 3

Hemoglobin Sy ntkesis in Bone Morow

Cells Separated by Density

Bone marrow cells were separated &€
cording to their density by centrifugation o0
e discontinuous gradient of Stractan. Each
fraction contained populations of crythro-
biasts almost homogencous for therr maturs-
tion, making it possible to study hemoglobin

hest rding to ton of er
ythroid cells. The study of globin chain syn
thesls i summarized In table V and figure 4
The results shoned an wncreasing f/a ratio
with a progressively more balanced hemo-
globin synthesft during maturatfon from
procrythroblasts to aclkdophil crythroblasts
in contrast, a constant pE/a ratio way ob-

served
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s of globm chatas froca the
proband’  BFU-E scparsicd by chrometography
oa carboxymetinyl callaioss b urea

normal than that in the peripheral blood [3
12] Other workers, bowcver have pot de
moestrated such a striking difference between
the globin syntheshs In marrow and that in
the periphera! blood of patients homozy
gous for p-thalewsemia [14 20, 24] The
on Habl on

Table VIL Hemoglobha synthesis kn frashiy drawn
el froem bone martow and | blood BFU-E colonies
at different days of caftare

o0l
oas
oo3

o0 o0

ing & p-thalwssemia bomozygote, reported &
decrense In the A/e ratio and an mcresse In
the y/noo-o-chain synthesis ratlo with ery
throid matoration.

In the present work, we studied a patlent
heterozygous for § -thalememia and Hb E
who exhibited a significant incresse In the
proporten of Hb F in penpheral blood. The
syntheshs of the SE-chain rematned cousiant
during the ditferent steps of erythrokd ma-
turation from basophilic erythroblast to
blood reticulocyte. Comsequently it cam be
used a3 & coatrol to which all the other par
ameters studied can be referred. The Hb F
in crythrocytes was beterogencomly disteib-
uted, w3 evalusted by Kleibaners metbod
this abo bs the case in bomorypos g*-thal-
avsemis. In order to evaluate the proportion

y
synthesis during erythroid maruration b
from the work of Kim et & [15] and 3 ood
e o [33] 4 sobjects bomozyrom for

changes in the proportioa of rglobm syo-
thetis was obsersed. The Intter group, study-

of Hb F i in red blood cells of dif
ferent ages, we separated them according to
denanty Demity Increased with agmg, the
old cells contatned more Hb F than joung
celly, This result was in foll egreement with
the fmdingy reported by Lewkopowlos end
Fessar [17] wbo showed that F erythrocytes
In thalassemin have m higher devsity and
probably a preferential sunival [11 13). In
sddition, we obtained evidence for the het



Fig.5. FElectrophoretic pat
tern on acctate cellalose (pH 87)
N given by the bemolysate from

L] probands bone marrow celbs
fractiomated by demsity: smido
black staming. Fructions 1-4 s
in flgnre 4 Flectrophoretic pet
terns of bemolysate (left), after
sdditron  of purifiecd  p-chains
(middle), and afier additioa of
purified f-chalns and human hap-
toglobin  (right). Hp = Hapto-
globin Hp-Hb = baptoglobm-

b lobm complex.

The results obtaned by electrophorens
of hemolvsates indicated a progressive In
crease in the Hb F/Hb E ratio and a de
crease in the pool of free a~chains (table VI
fig 4 5)

Hemoglobin Synthesis in Erythroid
Colonles

which correspond to different stages of ter
minal erythroid differentiation (table VII)

Discaxsion

While the bemoglobin synthess during
erytrold maturation In people with the
thal la trait Is well documented [§

The study of hemoglobin synthesls in
culture revealed a more balanced globin
chein synthesss than in freshly drawn cells
(fig. 6) This wzs due to an important In
crease 1n the porportion of y-chain synthesls
in culture slnce the y/a ratlo mereased from
009 in fresh bone marrow cells to 041 in
erythroid culture in contrast, the PE/a ratio
remamed unchanged

The 7/a and fE/a ratios remained con
stant at three different days of culture

23 32] few studies have been performed In
cnaes of homozygous J-thalassernia. In ho-
morygous A-thalassemia, there 15 cither &
total absence of fA-chain radioactivity or a
marked deficiency in fA-chain radicactivity
with & g/a ratio of 0 1-0.3 [30) as measured
In reticulocytes. When globin synthesls wns
studied in marrow of patients homozygous
for 2 still abnormal g/a syn

thetic ratio was obscrved, but it was claser to
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» of ghobin chainy from fhe
probead BFU-E separstsd by chrometography
cm carboxymethyl celfaioss m wre.

pormal than that in the peripberal blood {3
12] Otber workers, bowever bave pot de
monstrated mch a striking ddference between
the globin synthests in marrow and that in
the peripbersl blood of paticats howmary
gous for p-thalsuscmia [14 20, .4] The
only svailable ot cn 1

Tabls VIL, Honogiohin syntbests In freshly dorem
exty from bono srTow and bm biood BFU-E coloddes
at cdiffereat days of cukore

Noneje SEfs & 4

a4 ox oo

003

on 003

ooz LTl

ing a f-thalassemia homozypote, reported &
decrease In the A/a mutio and an icTease in
the pnon-a-chain synthesh ratio with ery
throsd metoration

In the present work, we smdied a patlent
beterozygom for #°-thalssserne and Hb E
wha exhitated u significant increase in the
proportion of Hb F in perpheral blood. The
synthests of the AE-chain remeined constant
during the different stepa of erythrold ma-

used a3 a control to which all the other par
ameters studied can be referred The Hb F
i erythrocytes was heterogeneously distrib-
uted, a3 cvaluated by Klelhavers method
this also b the caes m bomazygoes #*-thal-
assemia. In order to evaluxte the proportion

syntheshs  doring msturation b
from the work of Kim et «f [15] and Wood
et ol [33] 4 subjects homazygous for
phalemenin were studied by the former
group, and a progressive increase In the noo-
o/ natlo was obecrved during erythrold
maturation  in  cootrast, no conshtent
changes fn the proportion of rglobln wyn-
thesis was observed. The latter groop stody

of Hb F fn red bloed cells of dif
ferent ages, we sepurated them according to
demtty Denuty increased with aging, the
old cells contaired more Hb F than young
celh. This result was in full sgreement w th
the flnding reported by Lewkopoulos and
Fenas [17] who sbowed that F erythrocytes
In thalassemm have & higher demity and
probubly & preferential sorveeal {11 13 1n
ddition, we obtained evidence for the bet
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erogeneity of reticulocytes density by the
same gradient techmque This heterogeneity
was constantly observed in thalasseme sub-
jects and never for normal individuals who
exhibited reticulocytes with homogeneous
density [25] For the propositus, the analy
sis of hemoglobin synthens in reticulocytes
of different densities showed that the pro-
portion of Hb F synthests was increased in
the most dense retliculocytes. In addition
where Hb F synthesis was higher & smaller
pool of free a-chains was observed. Similar
results werc obtained with reticulocytes
from patients homozygous for g-thalassemia
2]

It can be hypothesized that a continual
process of cell selection occurs during ery
throid maturation o the bone marrow of
thalassemic subjects with only those cells
with the least chain imbalance (more fetal
hemoglobm) surviving to enter the peripher

/Rouyer Fi

cluded that the Increased proportion of Hb
F 1n the present subject occurs through two
different mechanisms first, & positive sekc
tion of erythroid cells contaming Hb F sec
ond and to a lesser extent, the stmulatron of
y-gene expression mduced by the stimulated
erythropoiesis. It is probable that the two
mechanisms act similarly in other severe
p-thalassemia syndromes and that p-chain
stimulation {s variable 1n its expression from
one subject to another

In contrast, in culture of eady erythroid
precursors (BFU E) from the blood of the
patient, a great reactrvation of p-chain syn-
thesls (y/a ratlo = 0 41) was observed. This
uncrease of Hb F syntiresis mn culture s not
the consequence of a pomitive selection of
cells synthesizing Hb F because similar y/a
ratios were found at days 11 and 15 of cul
ture which for most of the colonles comre
sponds 1o the period of time necessary for
the from erythrobl

sl blood {31] To test this hypothesh we
studied hemoglobm synthests 1n erythroid
cells fractionated according to their matura
tion. the y/a ratio increased from 003 m
procrythroblasts to 0 14 m blood reticulo-
cytes A concomitant redaction of globm
chain ymbalance was found, as shown by the
n0n-a/a ratio of globin chain synthesis and
by the evaluaton of the pool of free
a~chains m contrast the SE/z matio re
mained constant. Furthermore I the frac
tion composed mostly of proerythroblasts
end bassophilic erythroblasts, the y/a ratio
was 0 04 and may represent the true p-chain
synthesls m erythroid cells not yet sclected
by the ineffective erythropolesss. This value
for the y/a ratio 1s higher than that observed
in the blood of normal individuals and
could be explained if wo take into account
that & stimulated erythropoless is able to in

crease Hb F production [9] It can be con

to reticulocytes In addition, the fE/a ratio
remained constant during this period and
was 1dentical to that observed in fresh bone
marrow cells or in blood reticulocytes, This
result clearly shows that the increased syn-
thesls of »chains in cultore is made on the
top of JE-chain synthesis. It Is very impor
iant to undersiand why thss enormous po-
tential for »-chain synthesls is not expressed
in vivo when It could be advantageous for
the patient. It 3 probable that this discrep-
ancy is dependent on the different pattern of
erythrojd differentiation in vivo and in cul

ture since the reactivation of »gene expres

sion in culture appears to be hnked to the
process of erythroid differentiation [22]

In addition we found a constant and re-
duced synthess of the SE allele (corre
sponding to only 60% of the normal gA el
lele) durmg the dufferent steps of erythrold
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maturation, The similar level of SE synthe
i in immature erythroblasts and in reticulo-
cytes suggests that the JE mRNA 13 not
unstable a3 found for the 3 or Lepore globin
mRNA. The resulty, like those of others In
the literature [10 21] Indicate clearly that
HbEhnm.nmbLeh:mog\o&nbm
p lobh hesized at a ©
dncedrlt: it could be tentatively classificd
23 a moderato thalawsemic allele. The com-
bination of two thalsssemie alleles, one to-
tally deficient (8°) and the other parthally
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erogeneity of reticulocytes density by the
same gradient technique This heterogeneity
was constantly observed in thalassemuc sub-
Jects and never for normal individuals whe
exhibited reticulocytes with homogeneous
density [25] For the propositus, the analy
s1s of hemoglobm synthesis in reticulocytes
of different densities showed that the pro-
portion of Hb F synthesis was increased in
the most dense reticulocytes In addition,
where Hb F synthesis was higher o smaller
pool of free a-chains was observed. Similar
results were ob d with
from patients homozygous for g-thalassemia
[25]

It can be hypothemized that a continual
proces of cell selection occurs during ery
throld maturation in the bone merrow of
thalassemic subjects, with only those cells
with the least chain imbalance (more fetal
hemoglobin) surviving to enter the peripher
al biood [31] To test thus hypothems, we
studied hemoglobln synthesis in erythrold
cells fractionated according to their matura
tion. the y/a ratio mcreased from 003 in
procrythroblasts to 0 14 m blood reticulo-
cytes, A concomtsnt reduchon of globin
cham mmbalance was found as shown by the
non-o/a ratio of globla chain synthesis and
by the ecvalustion of the pool of free
a-chalns m contrast, the SE/a rato re
mained constast. Furthermore 1 the frac
tion composed mostly of proerythroblasts
and basophilic erythroblasts, the y/a ratio
was 0 04 and may represent the true »-chain
synthesis in erythroid cells not yet selected
by the ineffectve erythropolesis. Tha value
for the y/a ratio is ligher than that observed
m the blood of normal individuals and
could be explained if we take mto account
that a stimulated crythropoiesis 13 able to m
crease Hb F production [9] It can be con

ytes

/Vainchenk Fi ,

cluded that the increased proportion of Hb
F in the present subject occurs through two
different mechanisms first, a posttve selec
tion of erythroid cells contalning Hb F sec
ond and to a lesser extent, the shmulation of
r-gene expression induced by the stimulated
erythropolesis. It is probable that the two
mechanisms act similarly in other severe
f-thalassemia syndromes and that y-cham
stimulation is varlable in 1ts expression from
one subject to another

In conirest, in culture of early erythraid
precunsors (BFU-E) from the blood of the
patient, a great reactrvation of p-chamn syn-
thesis (y/a ratio = 0 41) was observed. This
increase of Hb F synthesis in culture is pot
the consequence of a positive selection of
ctlls synthestzing Hb F becanse similar pla
retios were found at deys 11 and 15 of cul-
ture which for most of the colonies corre
sponds to the period of time necessary for
the maturation from smmature erythroblests
to reticulocytes In additon the fE/a ratio
remained constant during ths period and
was identical to that observed n fresh bone
marrow cells or i blood renculocytes. This
result clearly shows that the incressed syn
thesis of ychains in culture is made on the
top of fEchan gyuthets. It ks very impor
tapt to understand why this enormous po-
tential for y~chan synthesis is not expressed
in vivo when it could be advantageous for
the patrent It is probable that this discrep-
ancy is dependent on the differcnt pattern of
erythroid dufferentiation in wfvo and m cul
ture, since the reactivation of y-gene expres-
slon m culture appears to be linked to the
process of erythroud differentiation [22]

In addition, we found a constant and re
duced synthesis of the SE allele (corre
sponding to only 604 of the normal jA 2
lele) durng the different steps of erythrold



2 Thalamemia 'Hb B Amoclation Bios) athetical Sioben 5

matoration. The similar Jevel of AE synthe-
sty in immatare erythroblasts and in reticulo-
cytes suppests that the SE mRNA b not
wnstable az found for the 3 or Lepore globin
mRNA. The resalis, ke those of othens in
the literature {10, 21} Indicate clearly that
Hb E i pot an .onstable hemoglobin but
probably a bemoglobm synthesized at 8 re
duced mate it conld be tenimbhvely classified
ss 8 moderate thalassemic aliele. The com-
bimation of two thalsssemic alleley, one to-
tally deficient (3 ) and the other partially
deficient (AE), could explain the clinkal s
verity of the association 4 -thalHb E.
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Abstract, Electron microscopy of a new varient of congenital dyserythropoictic ansemh
n:mhx

type I has yockded several

hagh p of er

features include the relatively
the lovol

1 o

of all bone

Wmmmmmdmmwmmhmu

and plateicts and on the cell surface of the ery show
od that this drug was capable of f g (in itro) gly similar ol defocts
in bealthy erythrocytes.

The ultrastroctural featores of typical
cases of conpenital dyserythropoietic anse-
mia (CDA) type IT are highlighted by the
mnm of pﬂipiwnl cisternee  ("double

b the erythrocy
cell surface [5-7] In the present study we
describe the distinctive nhrastroctural fea-
tores of the blood and boae marrow cells of
a patient with a new varint of CDA 11 The
full clinical lnvestigation of this extrsordi-
nary paticnt has been published clsewhere
[14] n brict, the paticat & the product of &
firt-comin marriage, and his main clinkeal
problems are anscmia, severe tophaceous
gout and probable hacmosiderosts whh car
domyopatlty Representative blood values
inclode Hb 9.5 g/dl, MCV 114 {1, reticalo-
cytes 6%, amd puctested red blood cells
55X 10%L He hay a very low serum cho-

lesterol level and bl erythrocytes, in addi-
tion to their abnormal eppearance, are of
the rare Kell genotype Kpe/hp* Despite the
typical Ti status, the patients erylhrocytes
zre missing the Hempas antigen charscteris-
tic of CDA I [14]

dl sodiem cacodylat ) for 30 mia. The crth were



[18] Sections were cut with an LKB IIT ultrami-
crotome stalned with uranyl scetate [15] and lead
cltrate [16), and cwamined In a Hitachl HS-7S
clectron microscope. The ultrastructure of the
erythrocytes from the patlent and a healthy con-
trol was also examined after incubation of the
erythrocytes (In two scparate experiments) with
10 yimol/ vioblastine (VBL) for 30 min at 37 C.

Resnlts

Scanning electron microscopy showed 1
bizarre erythrocyte morphology in the m*
jority of cells exammed. Occasronally celis
with puts or depresmons i the membrant
were also seen (fig. 1a).

Fiz. 1. Scanmung and transmission electron mi-
croscopy a Bizarre erythrocyte morphology In-
clodng membrane pits and depressions (%)
X 4,500 b Peripheral blood erythroblast showing

%

R e
’ 2 ~i, (o - \-: .1
el ¥}

T"E’a

cisterma (1), widened nuckear porss Db
(3). X 5,000. ¢ Platelt
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and cytoplammic vacvoles
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na (arrow) X 9,600
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Trongmitdon electron micrascopy of the
petipberal blood revealed that 5.7 of the
1,036 erythrocytes cuamined cootatned pe
ripheral cisternae  All pucieated RBC n aur
colanon also contained the cisiernae. Fin-
gerfle projections from the enythrocytes of
ten contaned the cisternac (fg. Za) Layen
of cisternae Internal cisternac and cisternac
circumsceriblng entire ctils could be found.
COther cytoplasmic features were vacwoles
(some sutophagic) myelin figures and ferr-
tn deposlts (Gg. 1b) Nuclear abnormalities
obserred Incloded widened nuckar pores,

55

ened nockar ports (g 2b). An outstandmg
feature was the presence of the cisternae (ei-
ther perinuciear or penpheral) fn 177 of
200 (885 ) granulocytes cxamined. Sever
3l platticts were wen, and showed myelin
forms and cytoplesmic chstemnac (fig. 1¢)
The erythrocytes of the patients rela
U e3 were normal except for a single cell n
over 1,000 exammned from bis father Thils
cell had an umnual cytoplasmic vacoole
All erythrocyte precursor cells from the
bone marrow showed the nuclear and cyto-
plsmic abnommalities outlined above plus

noclear whorls, heter

h dt L noclear
division, karyorrhexhs snd nuckear vacuokes,
aod absence of the ouclear membrane
(fig. 1b)-

The patients granulocytes contaled in-
tranuclear  vacuoles, fewer than normal
oumbers of grnnuler, noclear membrane
whoth, lron-lsden mitochoodria and wid-

ferritin, pylnotic nocld, asyn
chrony in the derelopment of nuclel within
- or nmlthnocleated cells and cytop
within the perinocicar space (fig. 3a) Poly
ribosomes and miicrotubules were present ko
many celk.

VBL-Areated erythrocytes from a healthy
donor showed vacuoks, whorls at the cell
membrane, and peripberal chiternae in 5/

N
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e yE L]
.
i i
K.
s
ned
¢ - 23
o R
o f dooor showing

vacooles @),
o periphena] cimares (3). X 15,700 b VBL-trest-

cell membrase whorl (). X 13,500



(18] Sections were cut with an LKB III ultram!
crotome, stained with oranyl acttate [15] and lead
citrate (16], and eumined In a Hitachi HS-TS
electron miroscope  The ultrastructure of the
erythrocytes from the patient and a heslthy cop-
irol was also cramined after {ncubation of the
erythrocytes (In two scpamate cxperiments) with
10 yimol/l vinblastine (VBL) for 30 min at 37 °C.

Dewar/Lowential

Resalts

Scanning electron microscopy showed a
bizanre erythrocyte morphology in the ma-
jority of celis examined Occasionally cells
with plts or depressions in the membrame
were also seen (fig. 1a)

Fig.1 Scanning and tranmmimion clectron ml
croscopy a Bizarre erythrocyte morphology in-
cluding membrane pis and  depressions ().
X 4,500 b Peripheral blood erythroblast showing

peripheral cliterna (1) widened suclear pores @
and cytoplasmic vacuoler (J) X 5000 ¢ Platekt
showipg vacooles and stacks of cytoplasmic cister
nac (arrow) X 9,600

al cisternae (1), perinuclear cisternae (2), widened

fe2 T ; auciear pores (3), and a phagocytic vacuole (4)
Fingerilie projection containing the cisternac (ar =

row). X 16,400 b Granulocytes showing perivher
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Trensmission electron microscopy of the  ened nuckear pores {fig. 2b). An outstanding
peripberal blood reveaked that 527 of the (aiuremlkp‘rnmcco“bedﬁzrm:(d
1.036 erythrocytes ined pe  ther or perip N 1o 177 of
ripheral asterrae. AR nuckeated RBC in cir momu ):!qubcylncnnﬂncd.&wr
culation aho contained the cisternac. Flo-  al platelets were seen, and showed myelm
gerlike projections from the erythrocytes of  forms and cytoplasmic cisternae ({ig. 1c).
ten contsined the cisternae (fig. 22). Layens The erythrocytes of the patlents rela
of crsternse, nternal distermae and cisternae  tnes were normal cxcept for & slngle cell n
circumseribing entire eclls coald be found.  over 1,000 cwmined from his father This
Other cytoplasmic features were vacwoles  cell had an vousaal cytoplaamic vacuole.
(some sutophagic), myeln figures and ferrl- All erythrocyte precursor cells from the
th deposits (fig. 1b). Noclear aboormalldes  bone marrow shomed the noclear smd cyto-
obscrved inctoded widened puclear pores, plasmic sboormalities outlined abose plaos
nockear whorhs, ab beter ferriln, pylnotic nuclel, asyn

| fete noclear chrony in the development of nuclel within
divinon, Laryorrhexis and ouckear vacookes,  bi- or multi-nucleated cells and cytoplam
and absence of the noclear membrane  whhm the pennoclear space (fig. 3a). Poly
(frg. 1b). tibovomnes and microtubules were present in

The paticnt ¢ grunulocytes contaned i muny celle
tmnockear vacooles, fewer than normual 'VBL treated erythrocytes from a bealihy
nombers of granoks, mxclear membrane  donor showed vacuoles, whorls st the eell
whorls, iron-lsden mitochoodria snd wid- membrane, and peripheral chternac in 5/

eriroblast showog
ﬂ"mm(ummm celt membrane whord (3). ¥ 13,900
xad peripharal ciatersa () X 15,700, b VBLrest



of the 500 cells viewed (fig 3b) VBL did
not alter the morphology or the proportion
of erythrocytes displaylng abnormal features
in the patient.

Discussion

Ultrestructural studies of this patient
have revealed several interesting differences
from patients with typical CDA type I We
found that 52.7%s of our patients erythro.
cytes contamed the penpheral cisternae or
double membranes most diagnostic of
CDA IT In contrast, Hug et al [9] deter
mined that only 1-2%s of the cells from their
patient were 10 affected.

Scanning electron microscopy of the pa
tient s cells also showed erythrocyte surface
abnormalities of o type not previously de
scribed [12]

A striking feature of this case was the
volvement of the other blood cells The nu
clear and cytoplasmic defects seen in his
erythrocytes could be demonstrated In the
granulocytes and platelets. Only a mmonty
(11.5%) of the granulocytes were devoid of
marked ultrastructural abnormalities. There

Dewar/Lowenthal

all erythroid precursor cells In ther cases
were abnormal [2, 8 9 13 21] Th seems
surprising, because all cells within a given
cell population should be affected when the
defect Is genetic, unless some cells are able
to overcome the genetic damage [6]

We conducted two experiments with
VBL, an agent known to act on the red cell
membrane and the spectrin-contaming mi-
crofilamentous  network underlymg  the
membrane [10] We found 1t produced &
morphological picture stnkmgly similar to
that of tfre patient i 5% of the red cells ob-
tained from a healthy donor This suggests
that some of the ultrastructural features of
the patrent s dlsease may be the result of 2
pnmary defect in the cell membrane, as we
have previously postulated [14] A eell
membrane defect could give nse to the oo
clear and cytoplasmic features of dysery-
thropotesis {11 20] An alternabive expls-
nation by Lewis and Frisch [12] is that the
abnormalities in the membrane are second-
ary to a nuclear membrane — nuclear pore
defect cawsing sbnormal DNA and RNA
synthesis,

Although the CDAs are rare conditions,
and our patient is an exceptional case, de

have been few previous reports of g it
cyte abnormalitles in CDA. Furthermore
the aboormahties in these cases have been
far less striking [19] than in the present
case Qur morphological evidence of abnor
malities 1n the granulocytes and platelets
supports the view of Bofvn [1] that the pri
mary genetrc defect in CDA h at the stem
cell level.

All of the erythrocyte precursor cells we
examined from our patient showed ultra
structural evidence of dyserythropoless, in
cluding nuclear abnormalities of the kinds
previously reported in all three types of
CDA Other authors have reported that not

tailed igat} of such patlents may
contnbute to our understanding of dysery-
thropoiests 1n general
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C G Geary (ed)
Aphastic Amemis.

Baillitre Tindall, London 1979
249pp 39flg 32tab 2cpl £1250
ISBN 0-7020-0698-X

This book provides an in-depth analyxis of var
lom syndromex chamctenzed by defident ‘stem
cell proliferation. The topic has been divided fnto
ten chapters whkh were wntten by the edltor as
well a3 by a number of invited experts from the
United hingdom, Norway Germany and the
United States An introduction on pathophysolo-
8 (C G Geary and N G Texta) Is followed by
discusdons of dmg-nduced bone marrow aplasia
(H B Benestad), clinical featares (D Af Wil
llams) lsboratory stwdies (H Helmpel), dysery
thropoless (5 Af Lewis) and treatment, ncluding
bont marrow tramplamation (E. C  Gordom
Smith) The layt three chapters cover special as-
pects of aplastic wnemis in childhood (2 7 K Ew-
ans), red cel] aplads (C G Geary) and the apla-
aaleulemia syndrome (G R Milner and C G
Geary). The book has not been wnitten primarily
for the expert. both expenimental procedures (e g.
cultores of hematopokctic progenitor cells) and

H 1 are p n a way
which may be understood by the climcian as well
a3 by those who work primarily la the laboratory
Each chapter contains a bibllography covering his-
torfeal developmentis =s well ma recent r

alcaline phosphatase, chloroacetate csteram, acd
i b ch £ teTnk I

3 Teocne
aminopeptidase, f-glucuronidese, and PAS stam-
Ing which are all described in detall, but ot the

on the diagoostic approach to myefoproliferative
dborders, malignant lymphomas and the vatoms
Jeukemiss. Obviomly the anthor studled himself 8
vast number of these dhardery and attempied to
establsh diagnostic critera on the besls of the
meationed procedures. The need to redrscmss peo-
eral features of hematologic neoplasias in thh
context is questionable. In vicw of the large noo-
ber of personal obscrvations it 1s somewhat diffi-
cult to gam Imight into the most relevant data At
the end of the book onc finds 222 references clted
in the text, bot po subject index. On the whole,
the monograph does not qualify s a review but it
certalnly contalns many personal obscrvatioms
which merit the attention of hematologists later
ested In the hbtochemkeal differcnnation of the

E A Becl, Berse

G A McDonald T C Doddsend B

Crulckshe k (eds)

Atles der

3 Oberarbeficte und erx citerte Aafl.

Thieme, Stutigart 1979

X + 305 pp 408 fig. (motly cofor
) DM 98-

The general pi fon B 1 Toding a
number of informative figures and a carcfully xc
cumantated subject Index. The book can be recom-
mended a3 a valuble source of information con-
cerning 1 aspects of bone marrow fallure.

E. A. Beck, Beme

A Helle
Zytochemische Disgaostil In der Lltakschen
Himatologle,

Thieme, Stutigart 1979

VIII + 158 pp., 73 fig., 41 tab DM 30—
ISBN 3-13-577301 9

The titke of this monograph b somewhat mus-
leading cytochemical methods discunsed foctode

ISBN 3-13-374303-1

The German traoslation of the highly success-
ful Atlas of Heematology’ first publhhed i
1965 corresponds to the fourth English edition,
published [n 1977 The morphology of normal and
abnormal blood cells and hemopoetic precursors
fs fllstrated by ¢ celkent color microphotographs.
A new chapter on trammisdon and scannlng elec
tron microscopy of blood cellh ha  been added.
Numerows Nustrations refer to the hidology of
bone marrow lymph nodes, as well as to orpan

of b Hogh A special
chapter has been devoted to parxdics cocountered
in the blood and thelr fife cycles. Although this
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artifacts, Numerous fllustrations of SEM photo-
graphs illustrate porma! human granalocytes,
monocytes and lymphocytes. Factors which may
affect surface properties of lymphocytes are criti-
cally discussed. Labeling studies on lymphocytes,
as well as miscellancons factors which influence
surface properties of mammalian cells, are sobse
quently described. Further chapters discuss and -
Iustrate  mitogen-tramsformed  lymphocytes, cu!
tured cell Lines and, finally lmiacepmpﬂﬂuuf
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leukemlic cells. Although the d; full
of SEM {s still limited this atlas scrves its purpose
of Introduclog the non-specialized hematologist
into the possiblities of investigating surface prop-
crtles of lenkocytes. The quality of photographs
and the general presentation are outstanding and
Justity the relatively high price of this book.
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chunpen werden im Prinzip geschildert uad die ek
sprechenden Literatorhinwelse erteilt. Dic Abbd
dungen (schwarzweiss) sind anmerordentich k-
struktiv Das englisch geschricbenc Buch bt unes-
goxchriolt fir e Praxis und als Lebrboch =
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Satellitism of Platelets to Monocytes

A M Cohen U H Lewinski B Klein and A Djaldetd®

Departrsent of Medicine ‘5 and Elsctroa Microscopy Ush, Hebaron Hospital, Petsh Tiqva, and
T 1A v Unhvernty Medical School, Tel Aviv

Key Worde, Chronk lymphocytic leukaemia  Myeloprofiferative disorders
fonocytes Platelet Polycyth vera

Abms:tcﬂhnmo{plndmmmocﬂnmob!ﬂwthplﬁmumﬂ«hgfm
polycy i vera, a mytiop disorder and chronke lympbocytic leuksemia
mepb:nommmndoucdhinlhoh:ﬂymnobmuedh—mnmbbodmﬂ-
coagulated with beparin. The existence of platciet satelfitism was reported to ocoir mainty
to polymorphoauciears, bot the present otservation, as well a3 a previoas report from

The
o(ﬂﬂaphmommmlnthnm}u:ﬁmuftbophwhm(mln'mmmﬂclmm
13 discussed.

Platelet o P blood to obtained {rom beparinized
pdympbonndeuxwuﬂmdocumcnlcd venons blood. The patients suffered from
m 1963 [1-4] This rare phenomenan was poiycyth:zmhmn,dnmiclymphocyﬁc
found to occur mainly in venous blood anti- and a my

with dchheplnc}ctld]xmlbmmxm,
i acid (EDTA), and resalted in b g rosetto wes shown by

Puieher comnt emg \ deciton
Dijoldeti! and Fishman [5] observed satelli-
usm of platelets 10 monocytes even when
the anticoagulant wed was heparin. In the Cam Reports
following casc rcports 3 pathents are de-
scribed who pPlatclet Cem 1

A6 d worsen waa referred to the cBelc
Estsbiubed Tavestigator of the Chief Socatiers  becanes of polycythacmia. She sdfTered from

v Buresy, Minksiry of Heah, Tereal. prorhie after warn bathe for the bt fow monthy

PY




The blood pressure was 150/90 mm Hg, the liver
and spleen were not palpable,

Lab: y Findings. H 1 164 gy
haematocrit 58 reticulocytes 1.2%, and the ley
cocytes 23,100/mm? The ditferential count way
namal ESR was Omm In the 1st hour (Wester
gren) Platelet count was 1,080 000/mm? counted
with a blnocular microscope, and 920 000/mm?
counted with an automatic conater (Technicon
Model 1A) Blood volume was 91cm¥kg body
welght, and red blood cell volume was 46 4 cmi/
kg body weight (normal values 67 cm¥kg and
28 cm¥/kg respectively)

Care 2

A 6%yearold woman suffered from weaknesy
and pruvitus. On physical svamimation the liver
span way 18 cm and the spleen was palpable 7 em
below the costal margin, Blood pressure was 150/
80mm Hy Enlarged lymph podes were not
found.

The hsemoglobin was 14 1g/dl, haemstocrit
454, leucocytes 19,300/mm? with a marked shil
to the left. The platelet nomber was 170 000/mm?
by microscopke counting and 160,000/mm?* by au-
tomatic counting. Cytogenetic studies showed nor
mal karyotype Several attempts to obtsin bone
m:nrruw aapirate fafled. The dhxnodx of a myelo-

disorder was 1k

Case 3

A 69-ycar-oid womae, known to suffer from
chronic lymphocytic leukzemis for 3 years, was
referred to the clinje. She folt well and was 10 &
good general condjtion Enlarged and furm lymph
podes mepsuring 2-3 em were palpated in the exil
Ime and {ngnimal regiom. Tho spleen wus palpable
3 cm below the costsl margin with hard coasiten.
¢y Hacmoglobin was 125 g/dl, haematocrit 3%,
white blood cells 23,000/mm? with 84/ lympho-
cytes the plstelet count was 185,000‘mm by mi
croscopic and 141,000/mm by sutomatic count

ng.

Electron Microscopy

Peripheral white blood cells were pre
pared from the buffy coat of 10 ml hepann-
ized venous blood The cells were fixed n

Cohen/Lewiniki/Klein Dpkkn

1% glutaraldehyde m phosphate batfer pH
74 post fixed 1n osminm tetronde, &8
drated 1n graded alcohols and embedded b
Epon 812. Thin sections were cut witk ®
LKB ultratome I and examined with 2
Philips 300 transmision eclectron muen
scope

Platelet satellitsm appeared as rostc
formation around the monocytes (figl)

Ld . A
.u*;
?g;‘za
F‘
)\br\—
I e,
‘\*‘«:k “’f *oLch =~
G E@ 5
R
2 \»"1‘) :a‘f‘c-

£ e &

Fig. L Platclet satell thm to & moooy¥
7270
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Fir. 2. Monocjte with phagocytotk vacoole:
Around the cell sre platelets showing satellitrom
8 600.
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Fig. 3. Phkeln piesdopodn tn Us proces of
fasrag with monocyc prewdopodia 17,300

The mooocytes showmed an meressed nom-
ber of vacuoles, partially became of plateiet
phagocytosh (fig. 2) In a fow cases platelet
particles were seen within the vacuoles. Ss
tellithm was achicved by sdhesioa of plate
ket psendopodiz to the mooocytes and sub-
sequent lysas of their membranes (fig. 3)

Dhscwalon

Platelet to po

of platelets counted by actomatle fostrs-
ments was 85 and 70 of the respective
number obtalned whh a light mkroscope.
To the paticnts described by us, a5 well
=3 I the other cases [§ 9] the bindmg be
tween platclets and momocytes resembled
roselte formation. Monocytic pscudopodia
were usually confloent with those of plate
lets, but some of the platelets undernent
phagocytosrs, Apcldsberg (6] and Ajelds-
berg and Hershgold [7] showed the binding
between platelets and polymorphonocieans
a3 partial or complete phagocytods.
Plasma of the patsenis who showed pla
telet sateilitam cawsed also platelet adsorp-
ton by leucocytes In healthy sabjects. Plas-
ma from a patlent with hypogammaglob-
ulinacmia camsed satellitism of platelets to
monoc) tes obtalned from a healthy mdivid
ual [3] On the other hand, alter incubation
of the patients platelets and monocytes
with pormal plxsma the phenomenon of sa-
tellitsm was pot observed. Thew findings
are in favour of the existence of & plasmaric
Iactor which may be responuble for the sa-
tellitem, Indirect cvidence which supports
i sssumption & the findng that heating of
the patient s plasma 0 70 C or early Inco-
batloa with concentrated platelets or knco-

clears was demonstrated o blood  with-
drawn with EDTA (1 6~9] Thk phenome
non was Infreqoently described n blood
which was snticoagulated with oxalate, o
trate or beparin [2]

Platelet satellittun b important because
of possible fahe resutty of plateket counts by
sutomatic counters. Larzon and Plerre [10]
showed that marked platelet satellithm mo-
dified white blood cell duferentlal count
when performed with the Technkon Hemal-
og D counter In the 1st and 3rd patients
described In the present report the number

cytes p

The clinical sipnificance of satellithm is
# yet tnknown, except for the explanation
of spuriown thrombocytopenda (7]
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1.-:; ,ﬂ: pressue mlsummm Hg, the liver 1%y glutaraldehyde 1o phosphate bufler (i
were o e, 74 post fixed in osmlum tetroxde, dehy
Laboratory Findings. Hacmoglobln 164 y/di, bedded
hacmatocrit 58 retkulocytes 12%, and the lea drated 1n graded alcohols and em with "
cocytes 23 100/mm® The differentlal count was Epon 812. Thm sections were cnt -
sormal. ESR was Omum in the st hour (Wester ~ LKB ultratome IIT and cxammed with 2
gren)  Platelet count was 1,080,000/mm? counted Philips 300 transmission electron mxre-
with a blnocular microscope, and 9$20,000/mm? scope
medl,:){_lhm:)d.fulnmc wrr 91 czngr/‘kg body Platelet satellitsm » g
weight, and red blood cell volume was 464y [OTmation around the monoeytes (fie I}
kg body weight (normal values 67 em¥/kg and

28 e /kg, respectively) r v el e T
Case 2 n .ﬁ‘:‘:“?
A 63-year-old woman suffered from weakness 1”}“ & ot

and pruritss. On physical examination the liver :{:5

span was 18 cm and the spleen was palpable 7em ésj .t Y fré

below the costal margm. Blood pressure was 150/ '-"'\ Lo

80mm Hg. Enlarged lymph nodes were not A - - e

found. b “!’{}\J \_L' * ;f_gﬂ e
The hacmoglobin was 14 1g/dl, haematoat v e e -—

4s, lescocytes 19,300/mm with & marked chift L AR P

1o the lefr. The platelet number was 170,000/me® sy

by microscopic comnting and 160,000/mm by au- Ty >

tomatic counting. Cytogenetic studies showed nor 2, O 4 ((':‘
mal karyotype Scveral attempls to obtaln bope o g\b* "
marrow aspirate falled The diagnosis of & myclo- _ _
prolferative disorder was established.

Case 3 v 7270
A 69 year-old woman, lnown to suffer from
chrondc lymphocytic leukmemia for 3 years, was ;\’ - =
referred to the clinlc. She felt well and was in 2 P L G o
good genenl condlticn. Enlarged and flrm Iymph _:‘,._i\}.;, * -~ '
nodes measuring 2-3 em were palpated In the axil- -1 \/"——'ﬂl—\-_
las and inguinal regpom The splecn was palpable fiy, r )
3 cm below the costal margin with hard consisten- Q’:‘*
4 bin was 125 g/dl, I, g
white blood cells 23,000/mm with 84/ lympho- - ,
cytes, the platelet comnt was 185,000/mm? by mi o
croscople and 141,000/mm by sutomatic count - ¢ 7
ing.
"
P N
Electron Microscopy [N =
1 e -
Peripheral white blood cells were pre Fle.2. M e with phagocytolk acook

pared from the buffy coat of 10ml bepann-  Aroand the cell are platelets showlng satell tha
zed venous blood The cells were fixed in v 8,600



Sat 14 wa o Plateket b Momaptes

$ie 3 Pltelet peodopoba s the proves of
truag s b o Pevdopod 3T Y0

[he monocytes shomed an increased nem-
ber of acwoles, partally beeause of platelet
phagocytonn (g ) In a few cases platelet
parictes were scen within the  acwoles. Sa
¢ Mithm was achicved by sdhesbon of plate
ket preudopodia to the monocytes and sob-
sequent e of thar membranes (fig- 3)

Dhcewlon

Platelet satellitsm  to  polymomphonu
clears way demonstrated in blood wuth-
drawn w th EDTA [I 6-9] This phenome
non wa mirequently described in blood
which wa1 snucoagulated with oxalate cf-
trate or hepann {2)

Platelet satellitem o wmpoctant beeause
of posiblc fatic resalts of platelet counts by
automatic counters Larsom and Prerre [10]
showed that marked platelet sateflithm mo-
dified white blood cell differentlal count
when performed with the Technicon Hemal
og D comter In the 13t and 3rd pathents

\ described ln the prosent report the number

€

of platelets counted by automatic instru
meat w85 and "0 of the respecthe
number obtained with a | ght mictoscope.

fa the pauents described by s, as well
as In the other cases [$ 9] the binding be
tween platelets and momocytes resembled
forette Jon. Monoqytle prewdopod
wete wually coafluent with those of plate
ety but some of the plaekt underwent
phagocytosre Afcddibery [6] snd Ajelds
berg and Hershendd [7) shamed the binding
bhetween platelets and polymombonuckears
& partial or complete phagocytos,

Flauna of the paixnis who thowed pla
teket satelitam caoed abo plateket adsorp-
tion by fencocytes in bealthy sobfects. Plas-
ma from a patlent with hypogammaglob-
wlmacmia cowsed atelltism of platelets to
monocytes obtained from a beatthy kwdnid
aal [S] On the other hand after incubaton
of the patenis platelets and monocytes
with normal plasma the phenomenon of sa-
wlntem was oot obwned Thewe findmps
sre in favour of the exutence of a plasmatic
factor which may be responsibke (or the sa-
telithm. Indirect eskdence which supports
this as ampton ks the findimg that beating of
the paticots plasma 1o 70 C or carly hcu-
batlon with concentrated platelets or leuco-
<ytes prevented satell dsm

The clinkal significance of satellitnm b
s yct unkoown ewep for the explanation
of spurious thrombocytopenks [7]
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Micromegaharyocytes in Human Bone Marrow!

\f Wicsneth M Pllieeer B Kubanel and M Hampe
Department of Iatermul Medswme, Drvrica of Hsemstology sad Oscolony Usbveray of Ul Ul

hey Vords, Micramepalaryocytes  Booe marrow  Pre leokaemia

Abstract. Micromegakanyocytes (MMR) were defined morpbologically by the cell erea,
muckem form and cytoplasmx structore Boae martow smeans of 7 156 patients were retro-
spectnely amalyred MMA were foand most frequently and sbundamily bn scute non
hymphatic leakacmua, chronk myclold leukaemma and pre-keokacmia. The presence of more
than 10* “MR m the megakaryocyte population suppests a preskeukaemic condition or
pon-lymphate keuksemm. The platelet prodocuon of MM b probably quantitatively nor

mal although & fooctional defect bs suspected.

Introduction

Megakanyocytes (Mh) the farpest ha-
man bone narrow cells. powsess special
morrhological characternics. Durmg  the
maturaion process they undergo endomitot
xc divsion and become polyplond and large
watze (1, 15] In some bacmatological dis-
emcy, the Mk show typical morphologpcal

Tramimann (18] end Ixter others (1 5 12]
d y small and
Mk in chronic myelold kuksembs. In con-

Soppricd by Deotwhe Forchapeman
whaft' 5FB 112

sl 1o normal Mh., these cells are termed
micromegakanocytes (MMK).

In our study MMK were exactly defioed
under the fight microscope. In order to clo
cidate the importance of the presence of
MMK, booe marros smears of 7156 pa-
tients from Ulm Uni enltv Hospital were
retrospecthely cxamined.

Materiad and Methody

Paticnt Bowe marrow wnears of 7156 pe-
Ueats wers cusmined for the presesce of abmor
mully small MK Slades from 211 petsenty ere sc
hected for detalled cxfl ute determinanon of Mk
s dewenbed beiow

Boas marrew wit e1pinated froo the somesthe
tred fiac crew with  0ml syrnge contaning
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MAIKN were foond (T . 1) The detuh of
these 1 4 patents with MAK are [sted in
1able | The average age was 55 jyears Sex
dstnbunon wss S8 females and 4™
mabes, 53 of the natknts hed scute of
chromc lokaemua In L3 the dagnosn of
& pre-keokacnms state had been made ommg
to anom hacmatologreal abnormalitcs. Mo
ax of lymphatic kwkaemu was fommd to
posscys MAAL

The nomber of MMK was cxpresscd s 0
percentage of 100 thromboporetre celh The
nerape percentage of MMK was far above
10*  in mamfest myclokd keuksemixn and
pre-eolacmic siateyw. All other daeases, -
clochng scute kulacrua m remnson  re-

exlked [ess tham 100 MMNK (fig. 4)

Of particular micrest was the presence of
MAK in the pre-keukeemic dates. In 78 pa-
tients with predeulmemua, an average of
31 MMA was found The temtathe diag-
nots of pre-kukscmb was supported by
distarbances in production and or matars-
tion of all hacmopoietic ccll systems [4 7
13 17) The majority of these patlents were

.- u

L

Flg. & Average MMA coost i ddTerent dis-
L

e syt
——
L L v—

Lt s

followed up at least 2 yeam or il dewth (1a
ble 11). 10 of the 28 patients later developed
feukaemia (6 acute myclold leokaenda, .
scote undfferentiated feokaemin 2 acute



05ml anticoagulant solution. The bone marrow
particles were placed on slides, fixed In methanol
and stained according to Pappenheim.

Morphology and sze of MK MK were clasi-

hologlcally md(ng to thelr ch
istic staining sffinity at three stages of maturation,
Le megakaryoblast promegakaryocyte and me
gakaryocyte [2]

Cell rize determination was performued unng 2
Leitz microprojector The well-defined cells with
intact cell membranes were projected on white
paper cut out, and weighed on an analytical bal
ance (Mettler) Using the weight of the sample,
the area of tho paper was calculated and from thia
the cell area In square mucrometers was derived
Uniformity of the paper weight was tested by
tracing, cutting and welghing 50 fixed figures of
five different sizes. The standard deviatlon of all
250 tracings was 0.97%¢ There was a strict cone
lation between paper weaght and paper arez
(= 4+ 099 p<0001) Applylng a fixed magn!-
fication of X 2,500, the relation of paper welght
to cell area was,

1mg of paper corrasponded to 155 um  cell
ares.

mor

Results

MMK were defined using data reported
mn the Iiterature as well as our own results.

T

Wiesncth/Pllkeger/Kistanel Helad

According to Albrecht and Fiille [1] o
Fran.en et al [5] 1n chronic myclod ke
haemia » large group of MK shows eell 5=
face arcas below 800 um? The cytolope
appearance of 1 or 2 round nockd in these
cells with pormal mature cytoplasm [18]
in agreement with the observation of dipiod
DNA values of Mk in patients with chroat
myeloid leukacmia [12] We studied Mh B
4 "healthy persons and in 4 patients wih
hacmatological diseases (acute myeloid ke
kaemua, acute crythroleukaemia, chrook
myeloid leukacmia, pre-leukaemia) knowt
to possess a large number of gbpormally
small MK, For determining the cxct
size, 100 MK from each of them were m*
sured (fig 1) The followng defimnon ol
MMK was established

(1) the cell arca must be smaller tha
800 pm* [1 5]

(2) MMR must contan 1 or ? sk
round and chromatin-dense nuclel [12]

(3) the cytoplasm should exhibrt mahe
staining propertes and & granular structr®
[18]
In 124 out of the 211 patheats sclected
for detailed ecxaminanom, ome or MmO

Fig.1 Cell stze distributios o

; - 400 normal Mk and of 400 8
' pormal Mh Ia human booe 50
/ row A statbtkally sgifics®
n A\ - difference existed betmeen the
¢ w0 wx  we WD % Ew WX @ e of pormal and abpormal M
e pad (p <0001}
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AMK were (ond (fig. 2, 3). The detals of
these 1 4 patremts with MMRK are listed in
tble I The average age was 55 years. Sex
dutnbution was 580 females end 47
maks 53 of the patents had acute or
chroude keukacmua, In 23*  the dagnols of
a pre-benkacrme state bad been made owing
to vanous hacmatologica! aboormalitles. No
case of lymphatc leukaemia was foond o
powsess MAMK,

The number of MMK was exprossed a5 a
percentage of 100 thrombopoietic cells The
nenge percentrge of MMK was far above
10*  in maonifest myelold lenkeemins and
pre-leukmemic states. All other diseasey, in-
cloding acute leukscma m remiwdon, re
caled les than 10* MMK (fig. 4)

Of particutar mterest was the presence of
MMMK in the pre-leukacrme states. In 28 pa-
tentt with pre lcukeemiz, &n average of
31 MMK was found. The tentative ding-
nosis of pre-keuksemta was sopported by
daturbances in production andfor maturs
von of all heemopasetic cell system [4 7

V13 17] The majority of these patents were

67

Fig. 4. Average MMK cooxt bm ffferent dis-
caecy

followed up at least .. yeurs ot till death (s~
ble I1). 10 of the 28 patients later developed
leukserma (6 mcute myelold wukaemia, 2
acute undifferentfated keuksemis, 2 scute



Table I Diagnosls and MMK count in 124 patients

MMK

Chronic myeloid keukaemix EX)
Acute lenksemba 6

z
k3
£

_ -

Noaspecific atmorm! booe merrow 18

e e W

erythroleukaemia) No relation existed be
twccndreMthom-xtandLhemlervﬂu-p
to the final diagnosis of leukaemia. Leukae
mia appeared on averoge 77 months (range
1-32) after the detection of MMK. The av
erage survival time was 31 monthy (range
0.5-10) after the ciagnoss of Jeuknemia. 12
of 28 patients did not develop Jeuksemia,
although they exhibited penbient hacmato-
logical abnormalitics typical of pre leukne

Number of
patients with

30 15-51

? 212 1

415
13

[P
oo -

-1t
7-14
2-6

“e =3 aBw
\°°ro__

mia. The average survival tme of these 17
patents was 16 moaths (range 1-29) afier
the detection of MMh. 3 patients were still
alrve at the end of the study The causes of
death 1n the other 9 patients were 5 cardisc
fallures, 2 cercbral haemorrhages, 1 septi

caemia and 1 gastric carcinoma. The diag

nosis of pre-leuksemia had 1o be changed In
6 out of the 28 patienls, follow up studies
revealing 1 casc to be an 1ron deliciency an

*



Mxcroowegaken oy tet i 1he Boss Marrow

Tohle Tl Finel dlagmosts and  crage MMK
comt of 23 pabent sexected (o have pre leoe
\zemla

Numher of MALN
patients
Acits kenkacmia 10 a
Sapecied pre-seokacmia 12 »
6

[y .

tenﬂa,lmcpbhlnlkmxnﬂl,lidmpuh-

hrl

DNA cootent varkes between 4 and 32 ¢
with the majority of mature cells at 16 or 32
c[lS]Tbcdhponkﬂ;nH’lcmceo{mr
, of MK h theref
commonly regarded as less important than
specific  atmormal morphological patterns
In the enythrold and granolopoictic series.
Ooc exception it the presence of abnormally
small mature MK In chronk myclotd ko
ksemia independently described i 1961 by
Treutmann [18] and Franzen et of [5] and

tplmmm}yo(unlm‘n origln. 1 pantnl
died of a beant attack. Ouly the patient with
megaloblasiic ansemia respording to vitamin
B,, substitution bad more than 10% of
MMK.

The average percentages of MMK mn the
paticnts inithlly sipected to have preden
kacmba are Futed Jn table 11 All padents
with manifestations of leoleemia and with
mrevenible  pancytopenla  showed MMA
cotmits grester than 10%. In cootrast to thh,
all patients except 1 without forther supl-
con of pre-leukecmia had bess thae 10%
MM

In 11 out of 58 pon-lenksemic patients
with MMK (predecksemia, poly

Iater conftrmed by others [1 1., 17]
MMK can be recognized easlly by light
microscopy applying the following criterfa,
cell size morphology of noclews and matuei-
ty of cytoplsm. MMK are comparable to
large proaryclocytes with regard to cell shre
snd can be identlfied withont difficulty in
routine work

Previous studies from our laboratory es-
tablished that & disturbance of

tion was responsible for the prodoction of
soch abmormally small cells, called MMk
(7 16)

Crsual observations of MMK in states
other than CML prompted w to

the prevalence of MMK in a large oumber

g platelets wero found in the peripberal
bood No statstcally significant relation
exiied between the peripheral  plateket
count and the number of MMK in the bone
marrow (r = -017).

of boas marrow smears collected
in our institotion.

No MMK wat found in the marrow of
pormal Indrvidosls and oaly & few were
found in marrow smears of some patients
without hacmatological disesscs. Thmy, the
number of MMK mather than their mere
presence i1 of diagnoste digmficance. Whh
few exceptiort, more than 10*  of MMK
were scen only In myelold keuksemniss but
pot in malignant lyophoma. It Is remarks-
Helhuhmmmno(plﬂcnuwiﬂ:
Ecuto
IheMMKl.cwlvnbdowdxll?l Timit.

The exsct incidence of MMK in haemo-
polctic mafignancies cannot be derfved from




this study because the matenal was collect
ed retrospectively from a large number of
bone marrow specimens. However rough es-
timates showed that MMK were present in
more than 20%s of cases with chronic mye
lold leukaemia acute myelomonocytic leu
kaermia and acute erythroleukaemia and be-
tween 10 and 20%s 1n acute myeloid leukae
mia and polycythaemua vera. Patients with
chronic myeloprollferative diseases and dis-
tinct marrow fibrosis were not mcluded, be
cause this study was Iumited to the cytologl
cal analyss of aspirated bone marrow
Withm the non malignant conditions listed
in table I MMK were noticed in less than
1% of all bone marTow smears examined

Of particular interest is the presence of a
significant number of MMK in socalled
pre-leukacmia  Various prognostic factors
predicting the onset of leukacmia in these
patients have been reported [8 13] Howev
er differential diagnosis from refractory an
aerma not terminating 1n leokaemia s still
an unsolved problem The results of this
study show that the presence of a significant
gumber of MMK strongly mdicates the evo-
lotion into a myeloid or myelomonocytic
leukaemia. It has to be stressed that only 1
patient  with megaloblastic ansemia re
sponding to vitamin B . In the group of no
pre leukacmia in table II exhibited morc
than 10% MMK. The presence of more
than 10%¢ MMK 1n normoplastic or hypo-
marrows of patients with unex
planed pancytopenia therefore  strongly
suggests the exlstence of = true pre-leu
kaemic state The duration of the pre-leu
knemic phasc displeys large verlations so
that & correlation with the MMK couat can
not be acheved. The development of MMh
in the acute ond chrozic forms of mon-lym-
phauc leokaerma, tncludmg Pm"‘“hmmut
and polycythaemia vera, }s in agreem

Wicsocth/Pileger/hubeacl Heond

with the current concept of thess koix
mxuthcnpmmuofudoml&m\
ansing from the plunpotent haemopoidt f
stem cell pool [3 6 10 19]

It 15 not known, whether the pmtﬂd
large and abnormal platelets with ultrstrx
tural aboormalities and functional defecs ¥
observed 1n myeloproliferative discasts Y
11 14] can be correlated to the presenct &
MMK No correlation cxsts betwem B
number of MMHA and the platelet comt i
the penpheral blood Swce platelets arc 3
product of CVtOp[mmJCmﬂfuthﬂlﬂd)M
show only abnormalities m the nuclear ot
dization and not in the cytoplasmic matwr
tion 2 quanttatively normal platelét prodw
tion can be expected.
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this study because the material was collect
ed retrospecirvely from 2 large number of
bone marrow specimens. However rough es-
timates showed that MMK were present m
more than 20% of cases with chromie mye
loid lenlaemia acute myelomonocytic leu-
kaecmuia and acute erythrolenkaema and be
tween 10 and 20% m acute myeloid leukac
mia and polycythaemia vera Patlents with
chronle myeloproliferative diseases and dis-
tmet marrow fibrosis were not included be
cause thrs study was limited to the cytologi-
cal analysls of easpirated bome marrow
Within the non-malignant conditrons lsted
in table I MMK were noticed in less than
1% of all bone marrow smears examined
Of particular interest is the presence of a
sigmficant number of MMK m so-called
pre leukaemia. Various prognosuc factors
predicting the onset of leakaemin in these
patients have been reported [8 13] Howev
er differential diagnosis from refractory an
aemia not termmating 1n leukaema is sull
an unsolved problem. The results of this
study show that the preaence of a significant
number of MMK strongly indicates the evo-
lution mto a myelold or myelomonocytc
leukaemma. It has to be streased that only 1
pauent with megaloblastic anacmua re-
sponding to vitamm B,, in the group of no
pre leukacmia in table IT exhibited more
than 10% MMK. The prescnce of more
than 10% MMK in nororoplastic or hypo-
plastic bone marrows of patients with unex
plained pancytopenla therefore  strongly
suggests the cxistence of a true pre-leu
kaemic state. The duration of the pre-leu
kasmic phase displays large vanations o
that a correlation with the MMK count can
not be achieved. The development of MMA
in the acute and chronic forms of non Iym
phatic Jeukacmis, including pre levknema
and pofycythaemia vern, is in agreement

Wicsneth/Pllieger/hubagel Heimpel

with the current concept of these lenke
mias a5 the exprestion of a clonal diserse
erising from the pluripotent haemopoietc
stem cell pool [3 6 10 19]

It is not known, whether the presence of
large and abrormal platelets with ultrastric
tural ebpormahities and functional defects &
observed in myeloproliferative diseases [9
11 14] can be correlated to the preseace of
MMK No correlaton exssts between the
number of MMK and the platelet count fo
the penpheral blood Smce platelets are 2
produet of cytoplasmic maturation and MMk
show only abnormahitics n the nuclear plok-
dization and not in the cytoplasmic maturs
ton a quantitatively normal platelet prodoc
tion can be expected

References

1 Albrecht, M und FOlle, H H. Morpbologe
der Megakaryozyten bel Blutkranlbeten. Biet
28 109-121 (1974).

2 Besslt, M Cytology of the blood and blood-
forming orgsmy, pp 448489 (Gruse & Strat-
toa, New York 1956)

3 Brecher G Atypical megakaryocyies. A 1¢
flection of » stem cell disorder in Bakdal
and Ebbe, Platelets, pp.93-103 (Grme &
Stratton, New York 1974)

4 Dreyfis, B Preleolemic sistes, | Defm tos
and clunfication. 1L Refractory anemia sith
an excess of mycloblasts in the booe mamo¥
(smouldering scnte leakemis) Blood Cells 2
33-55 (1976)

5 Franzen, S. Strenger G and Zajicel, J M
croplanimetric studics on megakaryocytes bn
chronle granulocytic Jewkaemia  nd polycy-
thaemia vera Acta hsemat 26 182-193
(1961)

6 Flallow P J Usc of glucose-S-phophate de
hydrogenase npmatiers to stody human myelo-
prolfferative disorders  In Neth, G llo Hof
schoekder and Manmseller Mouern trends In
homan leokemis. 11 Blot, oppl 23 pp. 53 58

(1979)-



dacronegalan ocytes bn the Boas Martow

7 Hemmpel, H., Mcbioer E, Othchliper A
und Quermer W Funb day

n

H-agndnth.'n Symerms o der praleid
amer  almten  Leolimie.

Rl.u.ﬂ 10041011 (19721
8 Heimgxl, H, Driogs, P Mirou, P mdQ:cb-
ser W Verlre! ood

Haematol 70 439-501 (1971).
16 Quener Wy Wekdeiwer G Queiner U

ber Pancotem owt Pril

u lnd)lina u Heph.r)oqu

ook mbes
emer promclines Sodw. Kka Wachr 57
123 (5®)

9 Incrman, § sad Tangle, Y Platciet defects
m the mycoprolifenitive dvocders Aan NY
Acsd. Sl 201 251-261 (197D

10 Jemaem, M. K #nd Kiiman, S. A Chromo-
«se stdees 1 scwt ewkscmls Evidence lor

sbeormalitie

chromosomal
dhroblasts asd ewlscmic white crfh Acta
wed scamd. (8] 47-53 (1967

4 cloical and haboratory festures,
materal course end mrsagemest Blood Ceth
11 31 1996

Stratton, New Yorl 1974)

&11.!1?!!1 u—mum).

17 Smhh, W B Ablin, A, Goodman, J R, and
Brecher G Afypkal meplanocyies m pre-
keohemic phaw of scwte wyclodd leokemia,
Blood 42 533-340 (1973)

18 Travtmsan, F Beionders Formes vom Me-
nlanantes (Mikrokaryontes) s Sterml
penkiat der chromsch mrycloichen Leulose
Berl. Medhrin 12 484486 (1961).

19 Whazg, J FmF—,Tm.lH Carbose, P P
and Rrecher G



Acta haemat, 64 72-78 (1950

Granulocyte Chalone Assayed in rivo 1 the Mouse
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Abstract. An i1 vivo system has been developed for estmatmg the mhibitory acthme
of granulocyte chalone which overcomes the objection to the use of mixed prolferatmg
target cells. It depends on the identification of Jabelled mature granalocytes in the per
pheral blood of mice that received a radioactve precursor of DNA synthess, with aod
without granulocyte extracts, several days previously

Two extracts of bovine granulocytes were tested The first demonstrated that magimun
mhibition was achieved when it was given 2 h before the isotope suggesting that its activity
was short lived. It also falled to depress the labellmg index of peripheral lymphocytes,
thereby demonstrating tssue speafiaity The second was used to show that the dose

response relationship was exponential

When granulocyte extracts were pre
pared in sufficient quantity for imidal clnf
cal tests [Rytdmaa et al 1976] 1t became
possible to investigatc an in 1ivo assay of
matenal that did not depend on a mixed tar
get cell population Granulocyte extracts
gven to muce prior to the adminrstration of
tntlated thymidine (3H TdR) depress the
labelling 1ndex of leucocytes in the penipher
al blood This cffect has becn elaborated
into an assay system

The acuvity of granvlocyte chalone has
been demonstrated by Rvidmea and Al
nlemi [1967] by measuring the extent of 1n
hibiton of *H TdR into target cells in

short term cultures. This basic technique i
stift in common use aithough it has bees
modified in many ways. The principal draw
back of the method as appreciated by
Rytdmaa and Kiviniemi [1968] Is that the
tissue extracts arc tested against mixed pro-
liferating target cells. Howesver for short
term assays, bone marrow 1s the only avail-
oble source of normally prohferntng pre
cursor cells It has fong been appreciated
that this type of test can only detect inhibi-
tors acting at the G+ S portion of the ccll
cycle. In critical studies of the method,
Maurer et af [1976] concluded that it is no
more than a non-specific screen for amy



Aray of Qrasabocyke Chalone

S-phae mnhibitor requiring a supportmg
system for proof of troe chalone acthity
For the screenlng of large numbers of chro-
matographic and other fractions 1t is still the
only method which, howerer Imperfectly
sumfies the need for a relatively simple and
raped mdhcator system.

Sciiit end Lenpen [1972] have pomted
out that a simple sensithe test system, ape
alic s rive, b sho lacking. We have at
tempted to satlsly this need by devising the
technique descnbed here, which seems to
overcome the objectoms to the in vitro
thymidine method. Brecher ef ol [1958] de
veloped a technique that has been exten-
sively med 10 stody the bebavionr of siem
cells and their progency They showed that
mouse keucocytes could be labelled whh sin
ge Ip Inpections of H TdR, labelted hym
phocytes appearing in the peripberal blood
with & peak at 24 h and labelled neutrophils
with a peak a1 3 dayx 5 dsys later both s
belled granulocytes and lymphocytes were
#till secn but could not be detected at 8
days

It n pow genemally accepted that
*H-TdR n incorporuted only mto the nockr
of cells that are synthesring DNA in prepe-
raton for mitoms and that fn short-term
stodies of blood cells all sach labelling bs
completed within an hour or 50 of the infec
von of bBotope [Spector and Coote 1965)]
It scems reasomble to suppose that am in-
fobitor of frcorponation ioto the DNA of
kencocyte precunsors should be detected, of
TT B oiGio Nterval, by cvimning ine re-
lative numbers of labelied cells 1 the perk-
pherl blood.

Preliminary exp the

3

logmknclnhlbluon.Tbcynbolbcrndl}m
poly
oolyJ onbemm‘hneoelh.'l'hlsrdx
tve paucity of granulocyles sometimes In
ol ed scanning may fields in order to find
enough granulocytes to coumt, To overcome
this probiem the yield was increased by pro-
voking @ granulocytoms with Escherichia
mUtndolodn It was, htmc\!r necemary
that the e
Icascd from the reservolr compariments
were labelled to the same extent as those
from umtimulated mice and were true prod
ucts of granulopolesis and not just a trapped
mature populatioa.

Materiah and Methoch

Prepactiion and Examieation of Blocd Smcart
Gwrelold fomale DBATL mce, weighmgp ap-

of TH-TdR io10 the DNA of grans-

kxyte precwnon Bovine kecotylos wers holeted

by ammfepsbon after ddfferomind b of tras

whole blood The misct cath (and

membranet) were extracted (4 X 1h) with Hanls

balancad mit soloticm and the combuned extracts
by

wellbknown fact that white cell connts in
mxe are extremely variable both from day
to dey sod from animal to ankmal, and are
therefore unsuttable 21 an indicator of mye

I Amcoa bollow
fibew and mambrase ryssm The fracton of mo!

lug in the V&V raage 18-23 war dewbted
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Abstract. An in wvo system has been developed for estunating the nhibitory actates
of granulocyte chalone which overcomes the objectran to the use of mixed proliferstme
target cells, It depends on the identification of Jabelled mature granulocytes in the per
pheral blood of mice that received a radioacnve precursor of DNA synthesks, with and
without granulocyte extracts several days previously

Two extracts of bovine granalocytes were tested. The first demonstrated that maximes
inhibition was achieved when 1t was given 2 h before the lsotope suggesting that jts actiaz
was short lived It slso falled to depross the labelling index of peripheral lymphotytts
thereby demonstranng tissue speoficlty The second was bsed fo show that the dox

respanse relationship was exponental

When granulocyte extructs were pre
pared in suffictent quantity for Inrtial clint
cal tests [Rytdmaa et al  1976] it becanre
possible to Investigate #n in 1o sssay of
material that did not depend on a mxed tar
get cell population Grenulocyte extracts
given to mice poor ta the admmistration of
tritiated thymdme { H TdR) depresa the
jabeliing index of leucocytes in the penpher
sl blood. This effect has been elaborated
into an assay syStem

The activity of granulocyte chalone has
been demonstrated by RyiBnioa and Kii
niemi [1967] by measuring the extent of In
hibitton of H TdR mte targel cells in

short-term cultures. This baske techanque B
still 10 common use although 1t has been
modhified in many ways. The prnclpal draw
back of the method, as appreciated by
Rytdimoa and Kivinfem! [1968] i that th¢
tissue extracts are tested against mixed pro-
hferatng target cells However for shor
term assays, bone merrow rs the only avall-
able source of normally prolifersting pre
cursor cells It has Jong been apprecuted
that this type of test can only detect inhibl
tors acting at the G+ § portion of the cell
cycle In critcal stadies of the method,
Manrer et al [1976] concluded that k1 is no
more than a nonspeclfic screen for any
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$-phase inhibdtor requiring & supporting
wystem for prool of troe chalone actnity
For the screening of large nombers of chro-
matographic and other fractioos it bs sull the
only method which, however imperfectiy
satisfies the peed for a relatively stmple and
rapnd Indicator system.

Schilit and Langen [197°] hne polnted
out that a nmple sensitne test system, spe
afic in vhro B also lacking. We have st
tempted to mtbsfy this nced by deshing the
technique described here  which seems to
overcome the objections to the in witro
thymidine method. B echer et «f (1958] de
eloped a technique that bas beem exten-
snely med to stody the behaviour of siem
cells snd thelr progency They showed that
mouse kucocytes could be belled with sin-
gle Lp Injections of *H TdR, labefled hym-
pbocytey appearing in the peripheral blood
with & peak at 24 h and labelled neatrophils
with & peak at 3 days. 5 days later both la-
belled granulocytes and hympbocytes were
still scen but could pot be detected at 8
dayr.

It m pow generally accepted (hat
H TdR 1 incorporaied ooly fato the noclel
of ceils that are synthesizing DNA la prepa-
ntion for mitoshs and that in short-term
wudies of blood cells all soch labelling b
completed withm sn bour or 30 of the injec
ton of notope [Specior and Coote 1963]
Tt scems rewsonable to suppose that an in-
hibitor of incorporation into the DNA of
leucocyte precursors shoukd be detected, al
ter = sultabie interval, by estmating the re-
lattre mumbers of labelied cefls ia the peri-
pheral blood.

ke]

topoletic inbibilon They siso showed that
polymorphonuclear  feococytes  comprise
only .5 of the total white cells. This rela-
tve pawcity of granulocyles someumes in
vohed scanning may fiekds in order to {ind
enough pramulocytes to count. To overcome
this problkem the yield was Increased by pro-
voling a granulocytosis with Escherichia
coli eodotoxin. It was, bowever m:ceua.ry
o d that the gremulocy
lewsed from the reservoir cum-par(mcnu
were labelled to the same extent ay those
from unstirulated mice and were true prod-
ucts of granulopoess and not fust a trapped
mature populstion,

Materials and Mcthods

P tPeratim and Exsmination of Blood Sarears
foaceiold femaly DBAT mice, woghisg ap-

stamed (May-Gritos akd-Giems) and eramised by
Dbt raicroncopy (¥ 100 obpective) and  miml-

membriner) Sere extrackd (4 X 1h) with Head
wamumwm
by

Prelimary the
welb-known fact that white cell counts b
mice are extramcly varfable, both from day
to day and from animal to ammal, and are
therefore ummuitable s an bdicator of mye

k. Amicom bollow
flore ead membrane rystean. The fraction of wo-
tecular size womunally berween 500 and 10,000
daltons were lsolated, tyopbitszed and wbiected 1o
ol filtratioa on Scphadex G-25 The fraction elat
Wy B8 the VeV range 153 ves denlted and
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lyophllized. The sample of preparation A wat ob-
tained from the bulked extracts. In short tarm cul-
ture tests, uslng rat bone marrow 40%/, inhibition
was observed at & dose level of 100 pg/ml It was
used to establish blological activity and determine
the optimal Interval between the adminkstration of
*H TdR and granulocyte extract

Preparation B was obtained by a similar proce
dure, except that the cells wers extracted for only
1h. In the bone marrow test jt appeared to be
weakly stimulatory (10-15%) st 100 xg ml
Rytdmas and Kiviniem! [1968] have already ob-
served that, using thelr bone marrow assay the
amotmt of chalone obtained in succesdve extrac
tions of granulocytes apparently reaches a peak In
the third extract. This is the result of & concomi-
tant release of a stimulatory substance(s) which is
extracted mose readlly than the chalose. Individu-
al fractioms from Sephadex G-25 columns corre
sponding to the Ve/Vo moge 1.8-23 showed a

Perrioy/Wiernik Joees

peak of inhibitory activity reachmg a maximom of
20% nbibition In the fraction Ve/Vo 205 The
material which had been stored at -0 C, »a
mads up at concentrations of 2.0, 02 and 0wy
in 02 m! of physological saline

Resalts

Leucocyte Counts

10 mice were used to establish the sor
mal total and differential whute blood el
counts, taken at the same tnme of day ata
4-day interval (table I). As expected, the to-
tal WBC counts are very vanable but,
contrast, the differential counts are conss-
tent and show that the granulocytes com-
prise only a quarter of the circulatory whie

Table I Mean total and differenitial white blood cell counts from 10 BDA/ mice

Total WBC/mm?*

Day 0
X 11 631
SD 3624
Dar 4
X 34,3
sD 1620

Differenilal WBC count, %

23 67 50
31 41 13
0 T0.0 50
13 49 1.3

Sampluc!mﬂbloodmuk:unubennxdmeofmymdxnouml

Table IL Melnd.vﬂcrznunlwh}tubloodcd]cmmu(iSEM)nncrmm»mnEmbmdmmn

Blood ssmpied at Granuocytes, % Lymphocytes, % Monocytcs,
T () (%9 8 (1)

b 71 (£12) 4(x1D) 4(x))

s 6 (£ 1) b NER)] 8 (+4)
25(x3 0(+% S5(x1)

th
Controls (from table I}

Mlc:\\crehumd\hhlwngofcodo(mlnl
mnuu.ernhlhauﬁcr

2 0 I ml of saline into the tefl ¢ex. Smears of tad blood were



ey of Graulocy  Chalone

5. 4 mice were injecied with 100 ng of E.
oll endotoxin in 0 1 m! of saline into the
1 vein. o 4 and Bh later smears of tall
od were prepared and the of
hite cell types determined (table 1) 1t was
hus possible 1o reverse the proportion of

to hympbocytes, maklng the
subsequent evaluztion of the labelling In
dsces of granulocvies moch esver

kA

Labelling with H TdR

5 mice were Infected with 70 xC1
*H TdR and blood samples taken at Inter
vals over 4 days. Autoradiographs of blood
smears were prepared and examined a3 be
fore As Brecher et al. [1958] had found,
the labelling indkes increased progressnely
with ume {fig. 1). To determine whether cir
culating granulocytes end those released by

Tuble [IL Labctierg indices of white bicod cclis of mice grven £ coke endotous or sabae

Mice,

Esdotaun 4
Salne comtroh 3

of toad kabesled (+ SEM)
67(x 3 108 (x3)
(10 1 (xDh

20 xCITH-TAR was smpcied p and $6 h iy 100 mg of £ ceds 1n 0 1 oad of saknw » 21 ryecied oto tell v,
Soeary of tm] blood  ere roade 2 b boier mad antoradiographs developed aher 6 exks The pomber of mice, of

(he same strams s thosc med m the princypel

@ rcumstances beyond owr control

(bt mt bow dos o

Tabbe IV Labciing tmukces of granudocyses aad bnpbocyies m the tal blood of DBA/2 mice sampled at
77 and 96 h aficr chalane o sehne had been admonestered et the three tee inicrvals befors %1 TdR

Houry betneen  Mxct, Imbefied Mice, % labefisd Compartson
i or chalone of % labefled
00d 204C1 TH- hephocytes  granulocrtes
TR
Comrets sawpled ot 12 & 2.0 my cluplonc s p
sompicsd ot 72 A
2 E] 14 (221 Na (1D 3 10 (£30) 143 (:40) <0003
s b 3 70 (x31) 140 (£1%
1 s 760 (£3.0) 110 (x1D 3 W6 (£83) 154 (£34) N3
Comrols sompied &t 96 & 20 my cholane mpus
sanpled ot 96 &
2 L] 820 (£20) 8 (08 3 M2 (x60) 76 (£05) <00003
s 3 ] 30 (x43) 140 (£76)
24 5 T (44 30(x1D 3 503 (£108) 130 (£35) N3

Preparations doo poorty labctied for reileble evalaston
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Fig L. Labelling indices (+ SEM) of gramulo-

cytes gad Iymphocytes in the taff blood of 10 fe
male DBA/2 mice at 12-hour Intervals alter Lp

mjection of 20/ Ci of H TdR

A

endotoxin are labelled (o the same extent by
*H TdR, 20 «Ci was myected Lp nto each
of 4 muce and 96 h later 100 ng of E colt
endotoxin tn O I m! of saline was mfected
into the tail vems. 2 h later smears of ail
blood were prepared and sutoradrographs
made up 3 littermates were injected with
seline to act as controls. The labelling 1z
drces are given m table IT

Effect of a Granulocyre Extract

Preparation A was used to establish bro-
logical activity and determune the optimsl
interval between the admmustration  of
IH TdR and granulocyte extract 2 @ mg 1
¢ 2ml of 09 saline was myected mto 18
iice, & sumilar number of controls recening
saline Groups of 5 mice were cach ghven
20 ,/C of 3H TdR, Lp 2 8 and 24 h after
these inpections, 72 h after the dose of lobel
smears were made from 1 blood. 244 lat
ec (Le 96h after the sotope injections) the

Perrimy AViersll den

.
o § ~
@ ™.
® . %
j i
0
IR ] \‘; 9?
[+F4 0m

o

Fig.2 Responsc 1o three dow el o9
granulocytic chalons preparation as thown by #¢
inhibition of 3H TdR Incorparation Lato the DA
of granulocytes In periphera! blaod.

muce were cxsangwnated by cardizc pax
ture uader cther ansesthesig and soxad
made Awtorsdrographlc data ore pren B
table IV When chalone had been gnen 1k
before the isotope, stafistically sigmices
differences (unpared t test) between the I
bellmg of granalocytes In the treated 1
control groops were found 1o mice whokt
blood was sampled at both 72 asd 96 b o
ter admunustration of #H TdR.

[Jase Response to a Granniocy te Extrk?

Usmg the same technique, preparatos B
was assayed at three dose levels.

The extract 20 0.2 aod 0.02mp)
was given to groups of 6 mice, 2 h before
the sotope E coli endotoxin (100 ng) »8
given by the tad vewn 96 h after the isotope
wjection 2 h later smears of tail blood were
made. The results are shown n figure 2
The pants fall on a straight line when the
percentage of labelled cells bs plotted agmnst
the dose of extract on 8 Joganithmic scale A
50% inhibition ol labelling was obuamed
when 2.0 mg of extract was given fallng to
23/ at 02mg. As the control values arc
within 10 of the mean of the smallest
dose, there is no significant activity at ths

A

1
|
[



Amay of Gragulocyte Chaloos

concentnton. An indicalon of tiswe spe

cificity of the product Is provided by the

mesn percentags of labelled lymphocytes
consistenily within 10-14 /s.

Discasslon

By giving granolocyte exiracts to mice
prior to the sdmoktration of *H TdR it
bas been possible to depress the labeiling in-
dex of leucocytes in the peripberal blood.
The maxhmum depression was  echicved
when the extract was grven 2 h before the
motope, which b fn accord with the findings
of Rytbmoa and Kiviniem! [1968] who
showed that 'H-TdR Incorporation into
DNA b evanescent, peaking at 2 h fn short-
term assay It also supports other evidence
that chalones are short Iived [Iversen,
1976]

Wh:nlhnhmrnlbetwccnduh}eaiom
of chalone and 'H TdR was

by

Rytomas and Kivinlerd [1968] wming a
bone marrow bloassay system. They sthowed
that the maximal effect on the labelled cclls
was close to 50% and the relatiombip took
the form of a cumulative normal distribu-
ton. A similar conclusion was reached by
Bdlazs et al. [1978] ssxying crude granulo-
cyte extracts against rat myelold leakeemia
cells in cultare. On the other hand, Peukovits
[1973] agaln testing bone marrow cells
fn calture, showed a sigmoid responss to lo-
creasing concentrations of purified chalone

It should be eppreciated that the present
{n rivo test, like others so far described,
does not differentiate between the presence
of mitotic hibitons rnd stimulators (aot-
chalones) bat can cnly messure the relative
equilibrium of both effects. The test docs

defined by Meurer and Laerwm [1976]
mmdyhmmimmmqmﬁmﬂvdymd

Zlhmdthubbodnm'plcdnﬂof%h.

the Inhibith
b:;mlﬂenﬂonhylqua:d:hllonnln:
tlon {#t muat prove that & smpected chalone
Iraction b not toxic and does not impakr the
fanctional stats af the cells- it must demon-
strate the reversdbility of the inhibition of
profiferation by the mrspected chalons frac
tion and it must show that kt b gramulocyte
specific but not species specific. Although
not a rapid techmique, it could be used 23 an
accuraic sty for baich testing until sch
time o3 purc granulocyts chalons can be
prodoced.
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London, who provided the granulocyte extracts
and financia] sstdstance,
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Behaviour of Serum 2 Microglobulin and Acute Phase
Reactant Proteins In Chronic Lymphocytic Lenkaemin
A Multicentre Stady!

B Spad J A CHId, 5. M Kerrdsh end E.H Cooper

Unft for Cancer Rescarch, Unbversity of Leeds and Department of Hasmusology
The Geseral Infirmary Leeds

Key Words. S-2-Microgiobotin CLL

Abstract. Changes In serom-f2-microglobulin (52-m) kevels were measured in 52 patients
with chronke lymphocytic lenkmemila during periods of observation of 543 months. While
the majority of patients had clevated levels (O 3 mg/l), higher valoes tended to be ssso-
cisted with more advamced disease &3 xuesed clinically Patients with nooprogrewsive,
predominenily Rai stags O and [ discaso had persistently normal or near rormal A2-m

Staging systerms for chrondc lymphocytic  the largely clinkcal assewsments that the dis-
lenksemls (CLL) lave shown a good corre ease b stable or ‘progremsive  Current
Iation between stags and survival [3, 15]  protocols which seek to decide which form
They soggest that soms patients probably of therapy is likely to be most effective at &
60 not require ot will not bepefit from treat  given stage of discase would be considerably
ment. The questions of when snd how to  enbanced by the addition of objective indl-
treat patlents with more advanced disemse  cators of respenss or Lack of respoase.

2eMicroglobulln (£2-m) & a constituent

o wiwo of tho HLA molecule, and ocoomy on the

Dr 1 Siome, Lecds Geoanl Infirmary Laeds, murizces of all cells except erythrocytes [2,
Hoaphal, Leeds, Eagland; Prot R.L. Tarser Brad- m ﬂz—:{‘"ﬂh quertly cle
ford Royal Istt Beadfond, Esgleod; Dr. paticits with lymphoproliferative
OX. Tudhepe, Niowwitls Hompsal, Dussies, $con,  30Tders Incloding CLL [1 4-6, 17 18].1n
b Prol. D Hellerd, Ceatrs Hospitalkr et Unl-  Don-Hodgkin s lymphomas the levehs of so-
versitairs de Gremobla, Grenobls, Cldex, Prance. rum A2 m show a correlation with both the
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extent and aggressiveness of the diseaso 1
5] Sequential measarements of gerum £2-m
in CLL suggest that a persistently raused
level 13 a feature of more advanced or pro-
gressive direase [6]

The results of & more detailed study over
longer periods of tims are presented m thus
paper The cvaluation of the uscfulnesy of
the biochemical mdicator is made In the
realisation that the time course of CLL may
be greater than » decade and that any par
ticular group of patients represents diverse
stages and rates of evoluuon of the disease,

Patients and Methods

The general conclusions made in this paper
have been based oo a survey of 168 patients fol
lowed for perlods of at Ieast half a year vp 10 4

SpRtiChild/K e/ Caoper

alone. Declsions as to the treatment were made
clinical grounds and pot Infloenced by kaomled
of serum A2 m Jevelr.

During the course of the stady 13 patest
died, the cavse of death directly related to the &+
case. Tho scrum f2-n levels (o this subset of B¢
poudlation wers messured 1 year and § mooht
prior to death all these patlenty were recerd
therapy st the time these measuremests sev
made,

Radiolmmunoussy

£2-m was measnred by radiolmommossey w-
ing the Phadebay £2-m miero test (Pharmech Di-
sooxtics, Uppeals, Sweden) The upper Limk o
pormal was taken at 3.0 me/l which i bigher fo
the mmally quoted 2.4 my/l, derived from bakdy
blood donom This valoe was taken sloce we wert
dealing with an older protp of patlente ;a b
crease of svm f2-m kevel with age bas besy
shown [9]

Acure Phate Resctant Proteins
The serom levels of C-reactive proteln (G-17

years, in all contributing 243 years of experi:

ag-acid gly in (AGP), aqantirypsin (ATD

All patients with CLL mder sur at
the commencement of the stody were entered, In
the majority 126 out of 1%, ths firet mexvure-
ment of f2-m was, therefore, al some time after
diagnosis in pew cases, colneident with Ume of di-
agnosls. Thuy, in 42 patients, serum g2-m Jevels
were obtulned which covered the complets range
of clizdcal stages, prior to any form of treatment.

In 52 paticnts, 17 femaley and 35 roales, de-
tailed Joogitacinal studies were undertaken. 18 of
theso received no treatment, Thefr mean age was
64 years (range: 40-79). As serum S2-m levely aro
known to be clevated In patients with a redoced
glomerular filtration rate [20], the serum creatin-
Ino was mesmured oa scveral oecaxions in patients
fn the longitudinal study all were found to have
tevels < 115 xmol/l (130 mp/100 ml) except case 2

wmmﬂmmdmm

Blood samples weto takea during visits to the
hacmatology dlinicy or during treatment fn bosph
m.ndnmtd“_mcmmtmlwd.uw

and certloplesmin (CPL) wero measured by radol

CRP If the Jevel was > 10 my/l the upper kot
of normal of the other proteim are AGP 1431
ATT 4.5/ and CPL 0.6 /1 The glycorylatioo &
AGPE v fned by cromed o 5

1 3 L by A 29 iba let
tin In the fint dimemsion gel ar described by
Bor-Hansen et al [11].

Results

The dstribouon of serum M2 m in o
treated patients staged according to the Rad
classification [15] are sbown in table I

In the patients who died, the median val
ue of serum A2 m 1 year before death was
7.5 mg/1 with a range of 2.9-11.8 mg/l, and
at 6 months prlor to death the median valee
wes 5 4 my/1 with a range of 3.2-12.0 mp/!
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Longltudinal Studles. 3 Cases Selected to f2-m was elther slightly clevated or within

Show Particular Patterns of Change in the normal range,

Serxm f2-m Case 2 (fig.2) shows the evolution of

Cate 1 (fg. 1) shows the charscterhitlc  serum A2 m in a patient with dueass prog-
relatively stable f2-m in an untreated pa-  ressing from stage IT to stage IV and death,
tient with stage 1I CLL who has shown no  The re-introdoction of treatment on clinkeal
evidence of dhente progremiom during a grounds, when the levels of 2 m were con-
prolonged perlod of Investigation. The siderably elevated, had little effect on these

Tabde L Krusial-% allly |-wy Anova st for significance (r* = 19.60, p = 0 0001), Unirested CLL (eerom
Ao, ce

Sizge
0 1o m v
Nurbec E n s
Toter-quartile rangs 20 23 27 33 44 169
Medan 24 30 73
93% moo-parametric confidence lmit 0,28 26,47 30,242
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Fig. 1, Case L Siable f2-ra levels in wxtresied stage I CLL.
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cvels. There was ocaly slight clinical im-
ement. Sernm creatining was rabsed ter

tnally
Case 3 (0g.3), a paticnt with stage 1
- lymphsdenopathy snd

mittent high doso chiorambucil. Low plate-
let comt complicated management but
these returmed to normal cvemtually Sys-
Iymphedenopathy par
tally regressed durng chlorambucil thera-
py but completely oa sterolds, and there i
now no evidence of diseao clinically The
changes in A2-m mirrored thiy respoase

liuha

[

&

-

!
|

IR LLERE T

A gchematke representation of the over
all trend of the f2-m bovch between the
At and latest measurements in 18 ntreat
ed and 34 treated patkents with CLL are
shown In figures 4 and 5 respectively Un-
treated patlents with noaprogressive discase
show & stable pattern. This It In contrast 1o
the unstablc pattern of the treated pattents,
Sctting out the individmal changes la rels-
tion to an overall duration of discase thows
tbat marked tostability i a featnro of the fo-
ftial response to therapy and abo escape
trom control.

The distribotion of the evolation of
£2-m In the remabrder of the population of
treated CLL patients in the stody b shown

Fied Schemro tred o
A£2-m in wntrexted CLI.

Fie b Schematic trend of
#2-0 b trated CLL.
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Fig. 6. Level of f2m In treated patients who
are not incloded In figure 5 or tablo L

-2

In figure 6 All patfeats who survived 1 year
snd had sny subsequent yeady potuts from
the initial commencement of the study wers
included. Elevated levels of serum 2 m are
s¢en only fn the Inftal years after detectlon,
and it would appear that the long-term sur
vivors are those that have persistently low
valoes of serom S2-m. In those patients
who bave discase Rai stages II-IV a wide
range of serum 2 m levels can be present.
Whilst high levels > 10 mg/1 did not eppear
to be rustained for moro than 1-2 years, ft
1s the rate of change that corresponded to 2

Spdti/Child Kerredd Caepr

bearing large tumour foads (Rl stages I-
V) showed this could be elevated s bishn
351 (upper lmmlt of normal 14 &
that its elevation was dmsociated from ta
of CRP AAT and CPL. Thy phenomenet
Was not eucountered in patients with sl
tumour burdens. Lectm {mmuno-af
noelectropboresls showed the AGP reteiad
its normal glycosylation pattern fn ol sups
of CLL.

Dhscossdon

Vertical studies, notably in an untresdl
group of patients, confirm that there B4
correlation between stage assessed climaly
and serum 2 m level.

There {3 a broad similarity between B¢
findings w this report and those fn not
Hodgkin 5 lympbomas where an Incideet
of ralsed serum #2 m of 23%e in stage 1 s
Il disease was found in comparison ¥
60% in stage TIT and TV discase [5}. Ur
treated noo-Hodgkin s Iymphoma patess
with unfavourable histology tend to ba®
higher levels than those with mors favoor
ble forms In active Hodghdn s disease 1b¢
tncdence of a ralsed 42 m fs comparsbh

clinical imp or progr of the
discase

Acute Phase Renctant Proteins

The Incldence of elevated CRP was
16 4%, in samples taken dorfng the summer
months and 15 7% in those taken during the
winter When the C RP was clevated it was
almost aloays assoclated with some evi-
dence of infection. At this time the other
acute phase reactant proteing tended to rise
coincddentally There was 1o cofncidental
ﬁuofﬂmduﬂngpenodso{mnhﬂcc
ton. However a study of AGP in patents

[1 5] Not surprisingly longituding] studics
of patients with CLL showed a geoeralll
more stable pattern of scrum g2-m ths
that seen In the lymphomas, The steady in-
creases in serum A2 m levels occurrmg over
periods of several months was concomitant
with progression of dmesse and appears to
give a Jonger Tesd time than fn NHL. Re-
latively rapid increases In serum g2-m or
high Jevels (> 10 mg/) unalfected by treat
ment appear to lndicate poor prognosis.

The odgla of the Iocreased serum 2 m
tn CLL Is uncertam, Plesser et al [14] have
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lemonstrated  that the HLA-sssociated
<-m per lymphocyte Bt unchanged buot that
£-m essociated with other cell const-
probably the cell membrane, s re

10] contrasting with beharionr of other me-
tabolites derrved from cell death such a3 ur
ate and polymmines [8] Lymphocylctﬂ.nm-
labon by In vitro s

by marked jacresse of f2-m prodoction
[12] and most tymphotd cell Tines in cnlture
secrete 2-m jnto the medium [13] One

mafblfity b that

could be responsible for the increased serum
#2-m, bot this woald imply a chrondc stimu-
lation of such cells being sustained for many

It was of interest that oat of 21 patients
with stage O discase, that i with lymphocy-
tosls wooe, only 3 had a kevel of R2-m
greater than the upper mit of normal for
eldmypum'rhhmun;lynrznulphm

ponsdbllity has been suggested to accommt for
raked serom £2-m in diseases yuch as rheo-
matodd disease, cirthosis and Crolns dis-
ense [19]

The messurements of APRPs indicate
that A2-m kevels are Independent of the re
spose of this family of proteins to infection
in CLL patients, Tho cause of the dissociat
ed rise of AGP b vnknown the emdence
wwlduunwbnlphnmm-bcpa&

d by Gehmbery and
Andamn[ls] bat could reltect a local ds-
turbance n the Iiver produced by hympho-
cytc lnfiitration.

There are many gaps in our knowledge
of the fmction of A2-m and the bomeostatic
coatrols thet are operntlng when rabwed ser
um A2-m level occur In lymphoprolifer
attve disorders. Neverthelens, this stady has
shown that the changes in sermm $2-m kev

there being a shmpls
zhennmbcrouympbocytuhmnpedphzml
blood and tho serum g2 m. Furthermore,
there can bo marked differences in the lev
cls between ooc patient and anotber with
apparcatly the same tumoor Joad s fudged
clinically which supports the hypotheshs
tost it may be a subsct of the lymphocytes
that coatrol the serom f2-m kevel rather
than the tomour mas a3 & whole, This hy-
potbests would then bring together the ob-
served  d:

mon phenomenon could be the ectivity of a
> particalar subeet of the hymphocytes. Soch &
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Fig. 6 Level of f2-m In treated patients who
are not fucteded in figure 5 or table I

in figure 6 AN patients who survived 1 year
and had any subsequent yearly points from
the initlal commencement of the study were
included. Elevated levels of serum §2-m are
seen only mn the initial years after detection,
and it would appear that the long-term sur
vivors are those that have pensistently low
values of serum f2 m In those paticats
who have disease Ral stages II-IV a wide
range of serum #2 m levels can be present.
Whilst high levels > 10 mg/1 did not appear
to be sustained for more than 1-2 years, it
s the rate of change that corresponded to a
clinical mmprovement or progression of the
disease

Acute Phase Reactant Proteins

The incldence of clevated CRP was
16 4%, n samples taken durmg the summer
months and 15 7% in those taken during the
wmter When the C RP was elevated, It was
almost always associated with some evl-
dence of infection. At this time the other
acute phase reactant protetns tended to riso
comcidentally There was no coincidental
mss of f2-m duoring perfods of overt infec
ton. However a study of AGP in patients

SptVChild/herrnish/Cooper

bearing large tumour loads (Rei stages IT
IV) showed this could be elevated as high as
3.5g/1 (opper Lnut of normal 14 g/T) and
that its elevation was dissoclated from that
of C RP AAT and CPL. This pkenomenon
was niot encountered In patients with small
tumoar burdens. Lectn immuno-affi-
noelectrophoresis showed the AGP retaned
its normal glycosylation pattern in all stages
of CLL.

Dlscussion

Vertical studies, notably n an unfregted
group of pahents, confirm that there is a
correlation between stage assessed clinically
and serum f§2-m level

There is a broad similanty between the
findings In this report and those in non
Hodgkin s lymphomas where an incidence
of ralsed serum £2 m of 23% in stage I and
II disease was found in companson with
60% In stage I and IV disease [5] Un
treated non Hodgkms Iymphoma patients
with unfavourable histology tend to have
higher levels than those with more favoura
ble forms in active Hodgkin s disease the
Incidence of & mapsed g2 m s comparable
[1 5] Not surpnsingly longitudinal stodies
of patients with CLL showed a generally
more stable pattern of sermm g2 m than
that seen in the Iymphomas. The steady in-
creases in serum g2 m levels occurnng over
penods of several months was concomitant
with progression of disease and appears to
give a longer ‘lead time than in NHL. Re
latively rapid increases in serum /2 m or
high levels (> 10 mg/l) unaffected by treat
meat appear to indicate poor prognosts.

The origin of the Increased strum g2 m
i CLL is uncertaln. Plesner et al. [14] have
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demomatrated  that  the  HLA-amocisted
£2-m per lympbocyte bs unchanged but that
the #2-o sssoclated with other cell comst-
toents, probably the cell membrane, b re
duced they demomstrated that the serom
f2-m b not complexed with ghycopeoteins.
Masstyo raped cell death fn chemosemsitive

kncmia sad b b ot Iated
with tamlent elevatloms of seram f2-m {5,
10] coutrasting with behaviour of other me
tabolites dertved from cell death soch a8 or
mmdpolpminu[s] Ly'mp!:ncyﬁnnim—
Iation by
bymrk:dhﬂmndﬂ-mpmdnﬂion
[12] and most lympbold cell Enes in cuttore
secrete f2-m ot the medivm [13] Ooe
possibility Is that tramsformed lymphocytes
could be respooible for the incressed serum
#2-m, but this would tmply & chrente stiom-
Intion of sach ceils bemyg srstatned for many

It was of interest that oat of 21 patients
with stage O disense, that is with lympbocy-
tosts alooe, only 3 had a level of 2-m
grester than the upper Hmit of pormal for
eldaiypmms.mmmﬂyupuqdm
there being » simple

ponibility has been suggested to accownt for
rabed serom f£2-m fo diseases such ey rhen-
matoid disexse, cirrhosis and Crobms dis-
exso [19]

The messurements of AFPRPs indicate
that f2-m lovels arc independent of the re
sponse of this family of protelns to fection
in CLL pabents. ‘The canse of the dhsochat
ed e of AGP s uoimown, the evidence

Anderson [16] but coud refiect a tocal dis-
turbence in the liver prodoced by hympho-
cytle inflitration.

There are many gaps In our knowkedes
of the function of A2-m snd the homecstatic
controls that are operating when ratsed ser

‘hmhcru“ymphocytuhdxpeuphuu
blood and the scrum g2.m. Furthermore,
there can be marked differences in the lev-
ch between one patient and another with
apparently the same tumoor load a3 fodged
chinially which supports the hypothesis
that it may be & subsct of the lymphocytes
that control the sem f2-m kevel rather
than the tnmoar mass as & Whok. This by-
pothess wonld then bring together the ob-
served of flm
that are found In CLL, olignant lympho-
mas and mrultiple myeloms, where the com-
mon phenomenon could be the activity of &
P subset of the hymphocyter. Such

W oam gt ©
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Eey Words, Creatinine 2, i cona patlry bentgn, malkgn:
Plrsma cells

Abgtract, Serom f-microgiobuli were d ined in samples of 65
patients with benign oc maf, ] g hy In the group of patients
suflering from muhtiple my or Wald s Ia the mean gy-mricro-

Mwmﬁmmmmhmmwﬁwmﬂm
p&demMSmﬂmHﬁlyhﬂnﬁmdmﬂaﬂm&mmﬂmh
50¢ of the mycloma patierts. Serum ine levels were lated to
Ay-microglobulin levels However mean crestinine concrntrations did not significamtly
differ between the two groups of patienty, Plaxma cells and lymphoplasmocelintar

b were counted n boot mamow samples of all
paticnts. The counts, expressed in pereent of nocleated bone marrow celh, allowed &
poddnhnhxﬂnhﬂmtbhuﬂpmdthcmaﬂmmo{pﬂﬂmm
marrow from paticats with multipls my or
ptﬂmhﬁmbm}mmodmﬂpmmpﬂryknlhmlrlphmcdkﬂod@i&um
correlstion way noticed between the extent of this plesmocytic bone marrow infiltration
and serom A,-microglobulln or aeatinin kevel,

Intreduction coatirued with the hope that finalty methods

Todxy reports on meaymrements of to  malgnent tumors will be developed. Oms of
ooy xwoclated antigens ero often recehred  the marken widely stadfed I this context §s
with some scepticam, since too many of £ -microglobulin (#,m), a polypeptide with
thess tests have falled to fulffll the expects & molecular welght of 11,900 which b Iote
ton of belng weful cancer markens [13]  grated nto (o structor of HLA antlgem

theless, stodies on 1 and oth-  on the cytoplamic membrane of all oocleat-
* er markers of mafignant diseaso have to be  ed cels [20] Increased serum concentrs-
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Serum Cregtirdne Levels

Mean serom levels (o the two groups of
patients were rather similer 125 versus
137 mg/dl (03.2). This difference 5 not
sigmficant (tstatistics, p ~ 0.37). In the
beotgn group 6 sera (22%/) wers at or above
the upper pormal Hmbt compered 1o 10 sera

Bons Marrow Plasma Cells
The valocs for booe marrow plesma cells

(29%/) in ths gromp with mano-
cloml gammopathy

Correlation between Sersom pgom and
Concentrations

and ik clements con-
“hhiﬂlmmhﬂam4hpumn
of neclested bone marrow celh. Mean val-
ves were 8% In the benign and 31 fn the
nuafignant groap. This difference was highly

garmopathy were compered

dlagram (fig. 3), @ weak but stathtically sig-

miffcant positive caorrelation was observed
" (r=03% p <0.03). Valurs for the group

(t-statistics, p < 0 001). The two
prmmopathy

plmmu:l].-'ulmcd(ﬁ;_4)_w,5
booo marrow sanmples of the benign group



&

tions of gym are observed 1n cases with high
cell proliferation rates in lymphoprolifer
ative disorders such as monoclonal gammo-
pathles or leukemiss, and in certain other
malignances [1 2, 7 8, 11 12, 14 15
22-24] Serum concentrations also depend
on the glomerular filtration of gm [3 4
27] and are thus affected In patients with
impaired rena! function. The differentiation
whether an increased g,m valoe is due to
increased synthens or rather to decreased
glomerular filtration can be made by a par

Morel/Riesen

Pharmacia Diagnostics, Uppaals, Sweden). The
normal range of 1.1-24 mg/l was establlished on
sera from healthy blood doors, These concenins-
tions agree with previous reports [2, 22).

Scrum creatinine levels were measored usiey
the Jaffé reaction, without deproteimtion, fn a
fixedime kinetic amalysis on a Coalter Kem-O-
Mat anafyzer The pormal range was Q7%0-
160 mg/dl.

Datalls on the determination of bons marrow
plasma cells have previomly been described [191
Bricfly cytocentrifuge slides were prepared from
bone marrow samples, fixed In ethanohacetic ackd
snd stained with a FITC-labelled polyvalent an-

SLE Tabull

allel determination of serum ine [6
27)

In continuation of our carlier studies
{18] we were interested 1n the value of serum
A determmations as an ald in distinguish-
ing between bemign monoclonal gammopa
thy and malignant gammopathies, such as
multiple mycloma and Waldenstr5m s ma
croglobulmema. For this purpose we com
pared serum gym levels with the degres of
bone marrow lafiltration by plasma cells,
Furthermore, wo studied the interdependen
cy of pym creatinine levels and bons mar
row plasina cells in this clinical model

Patlents and Methods

Serum and bone marrow specimens of 63 pa-
thents with mocociomal gammopathy were stodied,
The patients were between 30 and B3 yeann old.
Most of them were over 60 years old. Both sexes
were about equally represented. DHferenthition
between benign and malignant monoclonal pam
mopathy was made by gemennlly med dlagnostlc
criteria [16, 261 35 patients were hospitalized with
owaltiple myel ocr Wal 3
linemia, wheress in 28 patients a benign mono-
clonal gammopathy was diagnosed. Serum and
bone marrow samples werp obtained at the time
of the diagnosis. Thus, the paticots wers not oo-
der chemotherapentlc treatroent,

Serum concentrations of fym were determined
by a solid pbase radioimmunoassay (Pbadebas,

mdduﬁmmnmdun.mmnceﬂlmdb'mph"'

P I
immunoglobulin (cIp) s3 well x unstained ro-
cleated bone marrow were coanted. Valnes for ci3
porlttve plasma cells were cxpressed In pereent of
mucleated bone marrow cells,

Statistics were calenlated on a Hewlett Packand
97 using the programs SD-03A (curve fittingh
CL118A, CL119A (t-statlsticy, t
and ST1-01A (baske statistics far two varisbles).

Resolts

Serum Values of pgm

Most of the serum levels of the patients
with benlgn monoclonal gammopathy fell
withfn the normal range (fig 1) The meaa
serum  concentration in this group was
1 48 mg/l which is comparable to the mean
value of 1 60 mg/l in normal controls Six of
the sera (21%s) were at or above the upper
normal limit of 2.40 mg/1.

In the group of the patients with malg
nant menoclonal gammopathy a mean s¢
rum concentration of 2.39 mg/l was observed
(fig. 1). 17 or approximately 50% of these
serx exceeded the upper normal lmit. The
difference between the means of the two
groups was statlstically nignificant (t-statis-
ties, p<<001)
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pathy who saffered from a severe staphylo-
coccal pasumonia snd In 4 mytloma pa-
thents who bad marked Bence Jones protein-
wda (fig. 2).

Serum levels of 2,;m and crestinine were
corrzlated In patients with monocloasl gam-
mopethy The carrelation between thess tvo
pammeters, bowever was weaker than that
reported by Wibel] et al. [27] and by Cars-
to et al. [6] in normal sers, and by Kin et of
[14] fn scra from tumor patients. Obvionsly
moaocional B cell profiferation scts prima-
rily at the A,m level A rise of the creatinineg
coocrntration appears only wixn coocomi-
tant the kidney shows malfunction, and in
turn this results in an cven further increase
of gm [27]

The reralts suggest an increase of serom
£m In comelation with the tnmar cell masy

bo estimated by the staging system of Durle

kevels were correlated to the extent of bone

by

Shuster et al, {22] between fym and clintesl

activity of plasma cell neoplada, nor by Fa-

teh-Aoghedam et al. [12] between fm and
sermm concentrations of mysloma protefn,

In order to evaluate the dlagnostic value

of Am determinations In monocloaal gam-

agnoshs of malignant
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Fig.3. Corrclations betwees
serum concentratioms of fym and
creatinine. O = Patients  wit

were more  densely infiltrated, wheress
merely 6 samples of the patients with malig-
nant disease contained less than 17% cIg
positive bons marrow cells.,

Correlations between Bone Marrow

Plasma Cells Senwom fiym and Creatinine

Levels

In our material no significant correlatiot
was found between fym concentrations and
the degree of bone marrow infiltraion. Lio-
ear correlation coefficients of r = 015 1
the benlgn, and of r= 022 i the malig-
nant group were observed, Similarly po
correlation was scen between bone marmow
cells and serum creatinine levels. Linear
correlation coefficlents of r = 016 I the
benign, and of r = -0 03 in the malignant
group were noted.

Di 1,

elements contalning cJg in booe marrow of pa-
tients with benign or malignant monocional fam-
mopathy Values are cxpremed in percent of nn-
cleated bone marrow cellt Ban Indicate groms-
tric means + 1 SD

The differentiation between benign mon-
oclonal gammopathy and multple myeloms
or related malignant diseass Is crucial be-
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tually certain when the proportion of bons
marrow plasma cells exceeds 15-20% of the
nucleated clements [26] Figure 4 demon-
strates that the two groups are optimally
separated by a discriminant pomt of 174/
bone marrow plasma cells. By using this
discriminant pomt most sera (83%s) could
be assigned to the correct group The diag
nostic valoe of this test Is higher than that of
the f,m determination. One has to object,
however that the method it much more
complicated than & simple radicimmunoas
say and that bone marrow is needed Instead
of serum. The 5 benign cases with more
than 17%e bone marrow plasma cells in fig
ure 4 had serum f,m levels between 1.3
and 2.8 mg/l, whereas only 1 of the 6 mye
loma patlents with modest bone marrow in
filtraton had high gm levels, Thus, it
seems that a combmnation of both tests s of
little help diagnostically

In concluslon, the determination of the
scrum fAym level in a patlent with mono-
clonal gammopathy can provide valuable
information on the malignancy of the disor
der
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Nodular Lymphoma Eventuating mnto Lymphoplasmocyhc
Lymphoma with Monoclonal IgM/ Cold Agglutinin and

Bence-Jones Proteinuria

E Pascall A Pe_oli M Melato and G Falconleri

Isdtuto df Clinrea Medica Generale {(Durettore: Prof. F § Feruglio) and Istituto di Anstomis ¢
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Key Words. Cold agglutinins Lymphoplasmocytic lymphoma

Monoclonal gammopathy Nodular lymphoma

Abstract. A case of nodular lymphocytic (centroblastic/centrocytic) lymphoma that
developed withm 5 months after the imtial diagnosis of lymphoplasmocytic lymphoma i
described. The change in the histopathological picture, consisting of the development of
a functionally more differentiated B cell neoplasm, occurred m the abdominal lymph nodes
while the onginal pattern persisted in the bone marrow liver and spleen The patient was
also found to have a serum IgM/2 monoclonal immunoglobulin exhubiting cold agglutmn
actvity wath speaificity for the non 1 erythrocyte antigens.

Introdaction

In the last few years a pumber of Iym
phoproliferative  disorders, includmg most
cases of chronmic lymphocytic lenkemia and
of non-Hodgkins malignant lymphomas,
have been shown to be neoplasms of B cell
lineage derivation These neoplasms are
monoclonal with respect to the synthenis of
their surface membrane and intracytoplas
mic i globulins The monoclonal im
munoglobubn cun aiso be secreted by the
Iymphoma cells in sufficient quantities for it
to be detected in the serum by routine elec
trophoretic techniques, Some of the mono-
clonal immunoglobuling have been found to
possess specific antibody activity directed

agamst 2 wide varrety of antigens, not infre
quently self-components [17 24]

It may be assumed that the neoplaste
event may occur at any of the stages through
which normal B lymphocytes differentiate
[22) Whether a particular cell type in the B
cell lineage which undergoes neoplastic
transformation can only proliferate bemg
‘frozen at that siage or can still retain abil-
ty of further maturatbon/differentiation has
not, however been well established

A number of mvestigators have reported
the finding, based upon light microscople
studies of sequential biopsy and/or autopsy
matenal of changes i cytological type and
histological pattern within the non Hodp-
kins Iymphomas, particularly the nodular
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lymphnmn[5—7l92523]l(hnncer h-ﬁhnuutﬂﬂu nod-nhr;-mhmy
taln, howmever whether the new m -
pattern really rep the ﬁ'-ll wvﬂlauhm-d.: m

of the nodalar lymphoma or results from
the proliferation of a separmte mallgnant
clooc.

The present report describes a patient

by

(ru.n The imaunolloarmcencs swdies per
formed om the blopry mecimen grve pegative re
sal

widlnodnh.rlymmocylh:

oot to s titre of grester than 1512 Thee dursct

who ped
nﬁd}y(-llklnSnmlhsnﬁcrlh:lnithld]—
agnosh) a lymphoplasmocytic lympboma
mod:udrh.h-wu-umlﬂ[l}mnu:loml
1obult cold
activity with specificity for the ‘non-1 eryth-
rocyte antigens.

Case Report.

A 55yar-old mea wry admisicd %0 the bowpl-

tal m Febrwary 1979 with 3moath history or
exertionsl
tow-grade fever eplpasitic with radistion to

test wis posttive. Total seram proteln

w1 6/dl Immesogioballn hevth wers [0

0 mpHdl, IgA 160 myAdl, and 1gM 40 mg A by
redtal

scanning
separxtion carrhed oot by the same slcctropborstic
technique 2 weeks later (fig 3). At this tune, bn-
wx1 oot Urlne
was pot Bevestipated for the presence of Bence-

mly (of 1 and 4 oo below the reepective coatal
margin) were foond
Poartinent lborstory data om sdosemson inclod-
ol ESR 4mm l 1h, Hb 103g4l RBC
2x1094, PCV 026, rabcwlocyte coout Y, WBC
of &

vabuws ware tha followizg: Hb
SHgdl, RBC 14X 1041, PCV 017 WBC
12 X 101, platelet coont 100 X 10%1.

Serwm protein electropboresis performed oa
egarose grl accordiag 1o Jehantson (3] rovealed
the buad,

wt
platsled coont 720 X 10974 An Xorsy fim of the
chet was mormal. L phy K mot

ox-Jones proteo of 1 typs (Uy 4

thow calarpenent of (e [Hec and peri-aortic
hymph modet. Atempts to spiratc booe marTow
tafled repeatedly

Micoscopical exammaton of  biopey spec-
s of  beft wxiliary ymph sode revesled re
placement of the pormal sractare by cellohr

factor wes megative, oy oglobnies
abaent The duect aatigiobult (Coombe) tex was
posittve for comphement A text for cold aggiote-

tbcrmmal



Pascall/Pezzoll/Melato Falcoeleri

b nm..f.

biop-

Fiz. 2. Higher magnification of the ame
sy specimen as in figure 1 HE. > 100

Fix. 1. Left axillary lymph node blopsy HE.
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Fit.3. Demtometric diagram of the two
serem proteis electrophoresh on ceflubor acstat

1
the fire dmisskow. Both clectropborls wers car
ned oot whh serom mmples separnted ot room
wmperaiuTe,

pooked growp O cord (O) erytimocytss The cold

«  memumbeidase. wdnlt wod cord erythro-
e
The % condiion rapkdly deteriorsted

.Ili_
I

'/-
sy

%
N . %
o %
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=X
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———
-—x

-
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Fig. & Agrosegel eectrophoresh of the

chatzs (s ), K Rgit chaos (+-K), 2 Bgbt chulm
(a-d), 304 1 fros baix chades (-4

duttere prohferation of cells cxkiblimy charac
wrbtics of plamia colls ot ddferemt metaraton
sugrs A grest proportion of thess ceils, bowever
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5 Autopsy specimen of an abdomimal Fix. 6. Higher magnification of the gap spec
IymI;hh-nmk HE. 100 fmen oy In (Tgure § HE. > 400,



Nodolar Lympboma, LP

IgM i Cold A

6 Mbotic fignres wers sent narely w1 vell &
marked atyphes (tingle trisuclested cells). In sddi-
tion w sach crib, there wers hymophocyies most of

showrd strocg 1gM/1 poshivhy ocdy | Ihclywph
mode specimem. The search for amylald (both of
the apud and kmmano type) gave mepsthe remtts
i all the cxamined tiwoer,

Discamicn

Nodular hymphoma appears now to be
clearly established as a B cell ncoplmsm
origuatmg from follicalar centre cells [13
14] The occurrence of a serum M contpo-
pert o podolar lymphomss seems to be a

tents with malignant lympboma have also
been reported to ocoasionally exhibit the si-
multaneous occurrence of two  distinctive
¢ytological patierns in dilferent sites, as well
a3 In different parts of the same blopsy
speamen [10 13] It b, bowever sn unan
swered question whether sueh lesions all de
rive from the same neoplastic clone or rep-
retent blologically distinctive  neoplasms
arising from scparuis clones.

The demoastration of the same mono-
cloml immumogiobaln In the cells of histo-
logically disimffar neophsms occurnng
consecuthely in the same patient [2, 3 28]
may be taken ss strong presumptive el
dence of monocionality thus sopporting the
hypothests that the second cytological pat
tern fs probably related to the original B cell
proliferstion and docs mot represent the

beloogmg to the IgG or IgM
class In wusociation with noduolar lympbormas
[11,13,16,28].1nthta2md:rd1m—
slon, altbough the

3 of a second malk clone. It fs

well known, bowever, that the proof of

withio & B cell population

would require the demonstration that all the
cells,

m!yﬂ:ofﬂrplucnummhdmtbem
pdmcdhlh:ﬂmndnﬂdon.hbhi;bly
probable that the same M comp

of thelr marph exhibit
m:mmrdyrtmictcddonﬂmukerm:h
nlbelmmnno'lohﬂnldlmypc,'rbg;emm

ﬂﬂcdum-np-rumuﬂndmcohh:hﬂ
tal diagrosts of podular lymphoms. Thi
conclunon scems 1o be fustifted by the ab-

lndhytmwﬁuvcmu.n}uﬁn'mm
jon of the histologh

P‘me-crmbdngmonfmqmuy!n the

development into an ‘nfaverable or ‘high-

grde vurlety of lymphoma, has been re

pored 1o oczur durtng the courss of the dis-

exse In # wgnificant proportion of patkeats
~ with nodalsr lymphoma [5 7 19 25] Pa-

docs not necessarily have unlform appear
ance [26, 27] T, varlations in morpbok
ogical types may be related to changes tn
the relstive proportons of the different
forms of e B Tymphocyte withm the neo-
plestc clooe

Althoogh direct endence b Lacking, it fs
possible that the two different histopathol-
ofical patterns observed in our patient may
be biologically related. On the other hund,
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ytoma may s( be difficult
to dmw m view of the recognized origin of
nodular Iymphoma from the follicular
centre which is the mite of producton of the
precursors of plasma cells Morphological
evidence has been provided of the occurr
ence of borderline cases between centro-
blastic/centrocytic lymphoma and LP immu
nocytoma [13]

Apart from any speculation about the
possible relationship between the two histo-
pathological patterns occurning consecutive
ly some unusual findings observed in our
case seem to make 1t of mterest when exam
med with respect to current concepts of B
Iymphocyte-denved neoplasms.

The quite rapid downbill course of the
disease from the time of clinical presenta
tion appears to be ratber unusual for nodu
lar lymphomas No period of clfmcal remis-
ston mtervened before the development of
the second histological pattern. Postmortem
ctamination revealed the persistence of the
ongmal histological pattern 1 the bone
marrow Liver and spleen while the transfor
mation occarred in the abdominal lymph
nodes The variatron m the histological pic
ture did not consist of transformation to a
high-grade vanety of lymphoma, as more
frequently described m nodular lymphoma
[5 7 19 25] The change on the contrary
was charactenized by the development of &
fonctionally more differentiated B cell neo-
plasm

Finally a further interesting feature of
the patient reported here was the brological
actlvity of the serum monoclonal immuno-
globulin which appears to have affected the
course of the disease to a great extent.

The occurrence of monoclonal mmu
noglobulins exhibating cold sutoantibody ac
tivity directed against antigens of the eryth-

Pascall/Pezzoli/Meclato/Fakcoorerd

rocyte membrane s a well recognired
finding in some lymphoproliferative disor
ders. In these instances the monoclonal cold
agglutimins belong malnly to the IgM class,
usually with the X light cham, and most
frequently possess specificity for the I ant-
gen [17 21 24] Monoclonal IgM cold ag-
glutining with the i light chain type bave
also been reported to occur occastonally [4
8 12,15 18 20 24] It is of nterest, how
ever that IgM/2 cold agglutmuns appear to
exhibit some charactenstics distinet from
the more commonly encountered Igh/K
1gM/2 cold agglutmins 1n fact, are vefy
rarely directed against the I antigen [4 8,
12, 15 18 24] they arc sometimes ako
cryoprecipitable [8 12, 15 18 24] md
have been frequently found in patients with
mahgnant lymphomss with sbort survival
time [18 20]

In the cese under discussion the scrum
IgM/2 M component can be regarded as an
ant-pon I cold agglutinin The anti-Pr
specificity may be strongly suspected smce
the patients serum agglutmated adult and
cord group O erythrocytes in equal strength,
whereas the reactiity was abolished by
protease and neuraminidase treatment of
erythrocytes. Unfortunately forther studics
by tesung the agglutination actrvity with
erythrocytes of amimal species [21] were not
performed 1n order to assess the precise spe
cificity within the Pr system.
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Systemic Lupus Erythematosus and Lymphoma

D ¥ Milligen and ] G Chang
D of Clindcal chy
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Absiract. 2 cascs of pon-Hodgkin s lymphoma developing In young women with systemfc
topus erythematosas (SLE) are described. The interval between the diagnosis of SLE and
the development of lymphoma was 4 years and 4 moaths, respectively In 1 patient the
Iympbora wes Jocalised primarily fn the lmg It h soggested that the development of
ymphsdenopathy in a patient with SLE should be an indication for ety hymph nods
biopsy

Intreduction

Green et ol [1978] described 4 femalo
patients and cited B others who bad SLE
and developed lympbomss In the course of
the discase, Since then 3 further cases bave
been described in the Uk Htersture [Barett
etal 1978 Gibbs and Sewl, 1978]. We pre-
sent 2 further cases which bave recently oc

posittre, LE cails positive, A disgnoshs of SLE wn
made xad she reponded wall 10 praduisoloss and
remained well oo & doss of 10 my dally

(VAP). The lympladesopatiy roohesd and sincs

tained oo 6-mercaptoparine, methotrerste, cyclo-
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The Reproducibility of two Methods of Stmdying Granalopoiesis
Agar Celture and Labelling Index

D Selgneurinand ] Léger

Laborstolre 'Hkmtolagie, CHRU do Grenoble, Gresoble

Key Words. CFU-C Mycloblast labelling Index

Abstract. The oventll reproducibility of two methods of studylng granulopolests bas
been investigated, Le. stody of the gramulocytic progentior cefls by the agar-culture tech-
niqoe and study of the myeloblast fabelling index by sutoradiography The results obtafoed
indicate that thess two methods are reprodncible for each step involred, from the thme of
marrow sampling right through to the final interpretation of the resalts.

the resalts obtained, it i ewential that the
overall ibility of thess technl
bokmw-nlorn::hm-p.humdxdmcd
marmow sampling up to the Interpretation of
the results.

Tha watk reported bere &1 & stedy of
this reproduciblfity

Materiahs end Methods

Materiats
20 patieniy whh acuts mycokd kexkmernia (type
A1, M2, or M3 accordtag 1o the FAB clamifics-

tiom) wers studled. Afl putfents wers dudied twics
a2 the time af

Methods
Tbe trcimique of Piks end Rebinten L] was
amed 10 stady the gracmiocyte Le, double-

mapemion of 4 X 104

A wers parformed st two cffu-
hmuleﬂmﬂleD‘w
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The clinical Improvement was dramatic and
the laboratory tests reverted to normal. When the
utetoids were tafled off fn December 1978, the re-
lapsed with fever amaemir, pleurisy and pasal ul-
ceration. Investipatlons  showed  bhacmoglobin
6.1 g/dl, white cells 1.8 X 109/itre, platelets 25 X
100/lltre. ANF positive (IgG 141U}, DNA ant-
body 33 U/m] (pormal < 10), chest x ray normal.
Nasal muconl! blopsy revealed chroalc Inflamma
tion. Prednlsolone was re-started at 60 mg dally
with clinfcal improvement and the blood count re
turmed to normal.

In Januvary 1979 she developed further ma-
lalse and intrapulmonary coln lesiomy were scen
!url.bcﬁmdmon!.hnchmx—nysmthmmf
fered & At
mylnodmemmdwbl:hmlmdm
consist of diffise histiocytic lymphoma After a
stormy post-operative period the patient was even
tually treated with VAP but died 3 days later fol-
lowing a forther poncumotborax. At necropsy the
Iungy were infiltrated by tumour as were the kid-
neys and adrenals. The lymph nodes, spleen and
bone marrow were not fnvolved. Histologheal In-
terpretation was difficnlt but favoared extra-nodal
diffuse histiocytie lymphoma.

Discussion

Since SLE is relatively common, It is cu-
vious that the amociation with lymphoma
shonld be so uncommonly recognised. The
reason for the association is obscure but it Is
possible that the abnormality of immune
surveillance causing SLE may also predis-
pose to the development of Iymphoma, In
case 2 the Interval between the disgnoxls of

Migan/Chasy

is fnteresting that this patient developed pr-
mary malignant lymphoma of the lung. Thn
conditfon s extremely uncommon [Sakuls,
1979) but has been reported In one other
patient with SLE [Gibbs and Seal, 1979
who also had undifferentiated non-Hodg-
kan ¢ lymphoma.

In view of thess cases, and despite the
fact that benlgn lymphadenopathy frequent
ly occurs In SLE [Cammarata et al., 1963),
we would suggest that the development of
Ilymphadenopathy in  patient with SLE
should be an indication for early lymph
node biopsy
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The Reproducibility of two Methods of Studylng Granulopoiests
Agar Culture and Labelling Index
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Key Words, CFU-C Mycloblast labelling index

Abstract. The overall reproducibility of two methods of stodying grannlopoleshs has
been hrvestigated, Le. study of the granulocytio progenttor cells by the agar-culhme tech-
miquo and stody of tho myeloblest labelling fndex by sntoradiography The results obtained
indicats that these two methods are reproducible for each step Involved, from the time of
marrow sempling right through to the final interpretation of the results.

Hartmann ¢t &l. [3] and Sdgnenrin and
Hollard [6] However in order to imterpret
the results obiained, it b exsential that the
orenll ofbility of thess qe
bctno-nfo-rnchwp,tmmthcﬂmd
marrow sampiiog ©p to the Interpretation of
the resnlts.

The work reported here b o study of

tion) were sinched, All patieats wers stidied twice
ot the tine of

plece) of  total voleme not exceeding 1 ml

Methods

The teclnbque of Pike snd Rodinten [1] was
teed 0 sindy the grasnincytic CFU-C, Le, dooble
mlmmm-mw:mm“m

The peilet was resmspended fn Heaby® solation to
give  miekmem ollolar cwpension of 4 X 100
culls per milfilkre.

All expericenty wers performed &t two calle-
tar concentrationt, 1e. 2 X 100 and 5 X 104 mar
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row cells per millilitre. The same ceilular concen~
tration was used for both cultures of cach patient
Each concentration was performed in triplicate to-
gether with two control plates to determine spon-
taneous colony formation.

Both colonty (rare n this type of pathological
study) and closter formatiooy were scored on dsy
7 Closters wero subdivided Into mbcroclusters
(5-20 czlls) and macroclostery (2040 celly)

The *H thymidine LI was obtained wming an
avtoredlographic technique [§] The marrow cells
were incubated for 1h at 37°C with 10 pCy/ml
TH-thymidine (specific activity 20 C/mmol) After
exposire for B days and Wright's staining, the
perceniage of leocoblasts contalning more than
three graims was determined per 1,000 letcoblasts,

The normal valoe for the LI of myelobiasts
wxs 049 4 0.04 which I3 comnsistent with those
values found In the lterature, The cultures and

Table L Varhatiom in the mycloblast LI and the
mumber of CFU-C (clustery) In the marrow on day 0
and 2

Case L CFU-C number
No.
day 0 day2 day 0 day 2

1 006 o5 113 ko
2 a10 0.14 ND ND
3 016 a.18 60 000 45 000
4 012 o3 ND ND
s 012 0.14 7 400
8 0 o004 ND ND
9 Q12 016 ND ND
10 010 0.06 76 7%

" 006 LX) ND ND
12 020 020 20000 20000
13 17 021 2000 2000
14 010 0.05 3 1

15 0.0 0.06 6000 9000
16 og? 007 ND ND
17 017 020 25 40

18 o7 a1? 1100 2000
19 .01 0.01 1 1

20 o1s 0zo 597 524

ND = Not determined.

Selgnenrin/Léger

sutoradiographs were evaloated by the same per-
son. Tho statistical test msed was Student’s t test
for paired comparisons,

Results

The myeloblast LI showed no signdicant
vanation. For a single patient, the largest
variation wes 004 The mean value for the
LY was 0 099 on day 0 and 0103 on day 2.
The extreme values were 001 and 020 on
day 0 and 0 01 and 0.21 on day 2.

The number of CFU-C (cluster number)
on day 0 was no different from that on day
2 The extreme values were 1 and 60,000
clusters on day 0 and 1 and 45 000 clusters
on day 2. Taking into consideration the dif
ficulty m scoring and the culture method, ¥
would appear that there is varation in the
sesults obiained on day 0 snd day 2 in ooy
1 patient (patient 5) This variation canmo!
be expliained.

0,00

1000

.

008

Doy 0 Dwy?
CFU-C rumbe

Day O Dy 2
Mywiatiast U

Fig.1 Varations in the myeloblast L1 and the
pumber of CFU-C (clusters) jn the marrow on
day 0 and day 2 (mean + SEM)



Reprodociiiiity of CFU-C Connt and LI

The sxze of the clmsters and thelr cellular

Discavfen

If ooc withes to study the varlations In a
given parameter during the evolution of 2
drsease, aoe must be certaln that thess varl-
aticns are due to the discase snd are not a
result of the technique wsed. Furtbermore,
the methods used in this study favolve meoy
variable factors. The best pomible standar
diation of the techniques employed hes
been sttempted. The resulty show that under
these comditions, the study of grannlocytic

cells in agar culture aund the mes-
surement of the H-thymidine LI are sath-
factorily reproducible. This holds troe for
the overall results of each of these methods,
us well ag for each step of each techniqoe,
from the time of marrow sampiing to the in-
terpretation of the final resnlty.

Thus, it scems unnecessary to freezs
each sample in order to test the sedes of
sarnples for 1 patient at the seme time as re-
ported by Krewizmarm and Fliedner [2)
However It i absolutely necessary to oso
the same CSA throoghowmt the long-term
CFU-C sindy It 3 incispersable to use a
condittoned medinm of good quakity [1].

1

750 (1979).

4 Pke, B L and Roblzson, W A Homan boes.
marrow colony growth fn epar el ] cell
Physiol. 74, TI-34 (1970).

5 Roge, A, W Tecknks of astoradiography

Amuterdam
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Accrpe: May 19 1960
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row cells per miililitre, The same cellolar concen-
tration was nsed for both cultures of cach patlent.
Each concentration was petformed in triplicate to-
gether with two contral plates to determine spoa-
taneous coleny formatron.

Both colony (rare in tids type of pathologhcal
stirdy) and cluster formations were scored on day
7 Closters wero subdivided Into microclusters
(5-20 celly) and macroclusters (2040 celly)

The H-thymidine L1 was obtalned using an
agtoradiographic technique [5] The marrow cells
wero incubated for 1h at 37 C with 10, CUml
TH thymidine (specific actvity 20 Cl/mmol). After
exposture for 8 days end Wright's staining, the

of leucobl fning more thas
three grufns was d ined per 1,000 leucobl

The normmal valoe for the LI of myeloblasts
w21 049 £ 004 which js consistent with those
values found in the literature. The caltures and

Table L Varfatlons in the myeloblast LT and the
mumber of CFU-C (dusters) {n the marrow on day 0
and 2

Case LI CFU-C pumber
No

day0 dey2 day0 day 2
1 0.06 0.07 113 307
2 al1o 0.14 ND ND
3 a6 ais 60 000 45 000
4 012 013 ND ND
5 a2 014 7 400
] o0 004 ND ND
9 a2 0.16 ND ND
10 010 0.06 76 76
1t 0.06 a0 ND ND
12 a20 [1¥.1] 20 000 20000
13 017 021 2000 2000
14 ailo Q.06 3 1
15 o003 006 6000 9 000
16 0.07 0.07 ND ND
17 .17 020 Pi 40
18 017 017 1100 2000
19 o.nt oot 1 1
0 a.1g o 597 3524

ND = Not determined.

Selgneuriwlipr

autoradiographs were cvaluated by the seme per
son. Tho statistical test nsed way Stodentd | i
for paired comparisons.

Results

The myeloblast LI showed no significxt
variation. For a smgle patient, the largest
variation was 0 04 The mean value for the
LI was 0 099 on day 0 and 0103 on day 2
The extreme values were 001 and 020 o0
day 0 and 0 01 and 0.21 on day 2.

The number of CFU-C (cluster mumber)
on day 0 was no different from that on éry
2 The extreme values were 1 and 60,000
clusters on day 0 and 1 and 45 000 clusten
on day 2. Taking mto consideraton the &
ficulty in scoring and the cultare metbod, X
would appear that there is vanation In the
results obtained on day 0 and day 2 m caly
1 patient (patient 5) This vanstion capnot
be explained.

0,000

+ 1

aw 8,000

Oay0 Oay2
“prictiest Lt

€20 Dw?
CFU € rumbee

Fig. 1. Variations in the myeloblent L1 and the
nomber of CFU-C (clusters) fn the mamow o8
day 0 and day 2 (mean + SEM)L



Reprodscibility of CFU-C Coast and L1

The sizc of the clusters and thelr cellalar
composition secmed constant from one sam-
plng to the pext.

Discurrion

If one withes to stody the varistions In a
given paramcter during the cvolution of a
Hseate, one must be certaln that thess vark-
atioms are doe to the disease and are not &
resalt of the technique wsed. Furthenmore,

. tho methods used in this study fnvolve many
variable fectors. The best posdble standar
disation of the techmiques empioyed bas
been attempted, The results show that under
these conditions, the smdy of grannlocytic
progenitor cells in agar culture and the mea-
sarement of the ‘H-thymidine LI are satis-
factorily This holds troe for
the overall results of each of these methods,
a5 well a2 for each step of each tecimique,
from the time of marrow saerpling to the i
terpretation of the floal results.

Thus, b seems unnecemary to frecre
each sample in order to test the series of
szmples for 1 patient at the same thne o e
ported by Kremtomamm and Fliedner [2]
However it Is absolutely necemary to mse
the same CSA throoghont the long-term
CFU-C sindy It b indisperabls to we a
cooditioned medinm of good quatity [1]

m
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Sex and Splenectomy 1n Agnogenic Myeloid Metaplasia

J Benbassat and S Penchas

Department of Medicine A, Hadasssh U

Ity Hospital, Jerusalem

Key Words. Actuaral survival Agnogenic myeloid metaplasia  Splenectomy

Abstract, The avallable data of 338 cases of splenectomy in agnogenic myelold metz
plasia (AMM) published since 1940 were retrelved from the literature and analysed. There
were no marked differences between male and female patients as to thelr survival since
splenectomy sinco the time of diagnosis or since the onset of the manifestations of AMM.
Cardiec and thromboembolic complications caused death in 26%s of the male patients, but
only in 16%s of the females, while hemorrhage and Infections were more common ¢XUs™
of death among women. Lenkemia developed in 114/e of the males and in 6% of the female

patients

Introdmetlon

Silverstein et al {1] reported a longer
survival after splenectomy of female pa
tlents with genlc myelold 1agl.

We have recently surveyed the literature
on splenectomy n AMM and collected 338
cases (120 men 106 women and 112 pa
tients in whom the sex was not reported)
published since 1940 In tbe present report

(AMM) Half of thedr 13 female patlents
survived at Jeast § years after splenectomy
while the avernge survival of 16 male pa
tients was 2 years only Furthermore, the
mean doratlon of the Hliness before aplenec
tomy was 45 years in women, but only 17
years in men. The authors were umable to
identify any mignificant risk factors related
to cardiac, renal, metabolic, hepatic or coa
gulation abnormalities that would make the
male population of patients with AMM at 2
greater risk for splenectomy [1]

we compare male and female patients a5 to
their survival, indications for splencctomy
and causes of death

Methods

Reports of spleneciomy in AMM publihed
alnce Janunry 1940 were retretved from the ltera
ture as detafled previoasly [2).. When avallable,
clinical, Iaboratory asd follow-up data were com-
plled for cach individml rublshed case wccording



Sex and in

ko Myelold

to & predesigrated format, and a digital comgnter
w1 teed for the amilysh of the data Actoartal

Tatie L Inckcxtioms for splemeciowry b 166 o

Rebet cases of AMM by sex
Intrcation for sphemecionry  Mabes Fornales
% -
Mecharncal descoosbort 7 LI B
Thrombopexis 4 16 12 18
Ancia 4 4 88
Portsl hypersension 0 7 1 1
Diagnostic: 4 4 & 7
Sphamic roprors 3 3 0 [}
Roution n v o« ou
Toul B 100 T 10

Tuble IL Spkenectony in AMM canses of death in
116 published cases by sex

Comes of death Ak Fealey
% [
Infectiom 4 3 M 4
Cardeac ] 12 4 3
Tirombornbolic ’ 14 4 ]
Hemorhegs s 12 9 17
Lewkerxla 7 11 3 6
Ocher trmar 3 5 3 3
Othee cxvecs . » 4 s
Totdl 6 100 31 10

1s

and albumin by sex reveaked po significant
differences between male and femalo pr
tleats. Portal hypertenson was the fndica-
tion for splenectomy in 7% of the males, but
only In 1/ of the female patients (table I
Cardiac and thromboembolic complications
cused death in 26 of the male patients,
but only in 16% of the females, while hem-
arrhege and infectiony were more common
causes of death among women, Lenkemia
developed In 11/ of tho males and in 6%/ of
the femalo patients (tabls IT).
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Fi.3 Sorvival dnce the onsct of manifesta
tions in published cases of splenectomy in AMM
by sex.

The median postoperative survival was
15 years in 96 males with available data
and 2.0 years in 82 female patlents (fig. 1)
Survival since diagnasis was 5 1 years In 53
men and 5.8 years m 46 women (fig 2)
Survival mnce the onset of manlifestations
was 9.2 years in 64 men and 11 0 years in
62 women (fig.3) The postoperative mor
tality was 3 1 and 4 9% for male and female
patients, respectively dunng the first 2 days
after splenectomy The mortality within the
first 3 months after splenectomy was 20.8
and 183/, for male and female patients e
spectively

Discusdon

Our results conform with previous ob-
servations that portal hypertension [4] and
lenkemia [1] are more common among male
patients with AMM Female patients had a
somewhat longer survival after splenectomy
than males. However the differences were
nesther marked nor stathtically signifieant.
Furthermore, there were no dufferences n

Bepbanat/Peache

the postoperative mortality of male and {e
male patients with AMM.

Thess findings are at varance with thos
of Silverstein and co-workers [1 5] who r¢
ported that survival after splencctomy was
twice as long In female patients with AMM
as in males, This discrepancy may be due to
the relatively small sample (29 patients) oo
which the concluslons by Silverstein ad
ReMine [S] are based, and to the differ
ences m age and indications for splenccto-
my between their male and female patients.
Tho results of the present survey of a lane
number of published cases (338 patreat)
suggest that women with AMM do not sp-
pear to be better candidates for splenectomy
than male patients with this discase.
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Life-Threatening Hypophosphatemia in a Patlent with Acute
Myelogenous Leakemia
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J Pinkhas
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Key Words. Hypophosphatemia  Acuts myelocytic kenkent
Abstract, A patlent with acoto myelog k e developed sovere hypophospt
temia by:mum k fmlon, loss of spht coatrol, nechal rigidity
sthetla, b ngestivo heart faflure and lhver dyfunction. The pomtible camses
rmthiscmd}ﬁnnmmmdm,puumuﬂ;lmlndnﬂnccdminhn:ﬂon,m
P and with was poted fal-
lowing phosphate sdministration.
The d life exp of pa €©mg on the d

m'?ﬁuw herewith patient with
ances © eport & t consisting of peatami-
scute myelogenond leukrmin fn whom st cla (240 mp/day), crphalotin (8 gidsy) and carbes-
vere snd life-threatening hypopbosphaternla l-ad_llﬂn (0gAisy) was staricd.  Hypokalemfa
deve followed dramatic

gt om0 e

Lidney blocknde
Cam Report by wric scd, butravenoes aceiazolamide 1.0 p/idey
deteriorurd

petient's
A 4Sysroid woman saffoimg from sowte  Sradoally and 10 days beter, marked weaknem wi

blasts) aad 119 gt bemoghobin had on sdmimion  ¢oct, confusion dsockentation 3
A5y serem phosborm sod 5.1 meAll seron  Coupazied by hyperesthesha and cochal rigidity
calchan. The latter w The el wh aorml The

rematned
changed followhay $-duy comrse of cytostss ara Pl was boumding and regpalsr 140 beats per
- bleodde 200 myiiey thogomniee 200 myklry sod  minwte, the certbromisal flukd wae steile, 4 brm-
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phocytes per cublc milimeter were counted, and
the protein and clectrolyte levels Were normal
The patient became Jaundiced, her respiration was
laborious and rales were heard over ber both
lungr. The chest x ray examination was consistent
with congestive heart faflire and revealed calarge-
ment of the cardisc silouhette with engorgement
of the polmonary vesscls, The blood gascs were
PO, 80mm Hg, pCO, 20mm Hg, pH 739 oxy
sco saturation 90%, bicarbonate 19 mEg/l. The
routine laboratory examimaticns revealed hemo-
globin 80g/dl phosphorm 0.6 mg/dl, caldfum
72mg/dl, potasium 21mEg/l, magnesium
219mEq/l, total billrubin B1mg/dl (indirect
5mg/dl) and SGOT 86U 24-hour urinary phos-
phofus excretion was 20 mg/l. Tho repeated blood
cultures still grew P aersginosa, 45 mM of phos.
phato salty were administered doring the next 36h
followed by » dramatic improvement {n the pa
tient s it the ined foll exs,
the nuchal rigdity and the hyperesthesls dimp-
peared, she regained sphincter control, the respim-
tion becams normal and the polsc stabilired at 90
beats/min, The phospboros level rose to 1.9 mg/dl,
the calcium was 7 6 mg/l, potassiom 3 4 mEq/l, bi-
lirubin 4.8 mg/dl, SGOT 611U and LDH 628 TU
The patient's general condition gradually im-
proved, the fever disappearcd, the repeated blood
cultores were sterile and 2 weeks later the phos-
phorms and caldom levels were pormal (41 and
89 mg/dl, respectively).

Discusslon

In this patient who had normal serum
phosphorus levels on admission, severe hy
pophosphatemia with serum phosphate lev
cls below 1mg/dl developed after two
courses of chemotherapy The spectrum of
clinteal manifestations caused by this condi
tion included confusion, disonentation ex
treme  weakness, hyperesthesin, congestive
heart foilure, hemolysis and lver dysfunc
tiop. It scems that the nuchal ngidity al-
though previously uareported in patients
with severe atemiz, was a mani
festation related to thus entity This assomp-

Aderkn/Shocnfeld/Santo/Berliner/Shaklal/Weinberger/Pialkn

tion is based on the fact that thers was 00
evidence of a leukemic meningeal hfiin-
tion and that the administration of the phos-
phate salts brought a prompt disappearanc
of the neurological findings. Hypophosphy-
temla, occaslonally reported in patients wih
acute leukemia was attributed to the excet-
sive uptake of phosphate by the lenkenic
blasts, with hyperphosphatemia, noted fok
lowing jmtation of chemotherapy and hyss
of blasts [1]

None of the several conditions knowa 10
induce severc hypophosphatemia were pres
eatly observed, namely alcohol withdrawsh
diabetes mellitus, pharmacologic PO, ¥iod-
ing, drarctic phase after severe burs, by
peralimentation, nutritional recovery S%
drome or severe respiratory alkalosis [2}
However several causes kmown to 1nduct
moderate hypophosphatemia were presently
er ed, ic hypocalcemia [1] star®
tion [2] glucose and saline administrabes
[2, 3] sepsis [4] hypokalemia [5] xnd 8=
tazolamide administration [6}

It seems that all of them played in coo
cert to inducs the severe hypophosphatemis
in the preseatly reported patient.

Hypophosphatemia impairs the function

of polymorphonuclear white blood cells
leading to decreased resistance to infection
[7 8] decreases the 2,3-dPG concentration
in the red blood cells [9] impalrs organ oX
ygenation [10] and causes severe atmo!
Ities of platelet function [11] all of them
contributing to the aggravation of the clink
cal condition of severely ill patients. This
clectrolyte imbalance could easily be cor
rected and was followed by an improvement
in the patient s condition Multifactorial se
vere hypophosphatemla seems to be more
frequent than recognlzed In the entically QI
patients and has to be considered in similar
cases.




8 Craddock, P Fj Yawats, Y Vaa Sunten, L,
Chlbentady, 8., Slivie, &, aad Jocob, H. & Ac-

19

Iypophophatemia of partaters! hypsnl-
mextation. New Engl 3 Med. 290 14031407
as14L

9 Lichtman, ML A Miler, D. R Colwen, J aud
Waterhowse, C. Reduerd redcedl ghyeoiysis,
23-apscapbogiyeants and mdenosine triphos-
phats concentrations and increased kemoghobin
oxypen affmity camed by bypopboepbatemis.
mlnuunan-sa(mu

10 Ditrel, J Inmaired cxyyes reiesso cammed by
mdmmhﬂnm
cytes in diabetes. Lancet L T21 723 (1972



118

pbocytes per cuble millimeter wers counted, and
the protein and electrolyts levels were parmal
The patlent became janmdiced, her respiration was
labordons and rales were heard over her both
lungs, The chest x-ray examination wasy contixtent
with congestlve heart fallure and revealed enlarge-
ment of the cardiac sillonhette with engorgement
of the pulmonary vemelst. The blood gases were
PO, 80mm Hg, pCO; 20mum Hg, pH 739 oxy
pen waturation 90°fs, bicarbonats 19 mEq/l. The
routine laboratory exsminations revealed hemo-
globin 80gdl, phosphorns 0.6 mgy/dl, calciom
72my/dl, potassiom 21mEgl, magnernm
219mEq/l, total bilfrubin 81mg/dl (ndirect
5mg/dl) and SGOT 861U 24-hour urinary phos-
Phorus excretion was 20 mg/l. The repeated blood
cultores still grew P gerwginosa. 45 mM of phos-
phate salts were administered during the pext 36h
followed by = dramatic Improvement in the pa
ticnt's H she ined foll -

Aderka/Shoenfeld/Santo/Berliner/Shaklal/Weinberger/Pinkha

tion is based on the fact that thers was no
evidence of a leubemic meningeal infiltn-
tion gnd that the adminsstration of the phos-
phate talts brought a prompt disappearznce
of the neurological findings. Hypophospba-
tem:n, occasiantlly reported In patients with
acute leukemia was attributed to the exces-
sive uptake of phosphate by the leukemnc
blasts, with hyperphosphaternia, noted fol
lowing inftlation of chemotherapy and Iysis
of blasts [1]

None of the scveral conditions kmown 1o
wduce severe hypophosphatemia were pres-
catly observed, namely slcoho! withdrwal,
diabetes mellitus, pharmacologic PO, bisd-
ing, diuretic phase after severe bums, by-

tho nuchal rigidity and the hyporestbesia disap-
peared, ahe regained sphincter control, the respirs-
ton became normal and the pulse stabilired at 90
beatt/min. The phosphorus Ievel rose to 1.9 mg/dl,
the caldom was 7.6 my/l, potassivm 3 4 mEq/l, bl-
lirubln 4.8 mg/dl, SGOT 611U and LDH 628TU
The petient’s genersl condition gradvally im-
proved, the fever disappeared, the repeated blood
coltures were slerlle and 2 weeks later the phos-
phorns and calclum levels were normal (41 and
8.9 mg/dl, respectively)

Dhcossion

In this patent who bad pormal serum
phosphorus levels on admision severe hy-
pophosphatemia with serum phosphate lev
els below 1mg/dl developed after two
courses of chemotherapy The spectrum of
clinical manifestations caused by this cond}-
tion included confusion, disorientation, ex
treme weakness, hyperesthesia, congestive
heart failure, hemolysls and liver dysfunc
ton. It seems that tho nuchal rigidity al
thongh previously unreported in patieats
with severs veas a mani-
festation related to this entlty This assump-

penali ion, nutntional recovery Sy~
drome or severe respiratory alkalosis [2).
However scveral causes known fo induce
moderate hypophosphatemia were presently
encountered, Le. hypocalcemiz [1] starv-
tion [2] glucose and saline administration
{2, 3] sepsis [4] hypokalemia [5] and ace-
tazolamide administration [6]

It scems that all of them played m cog-
cert to mduce the severe hypophosphatemma
1n the presently reported patient.

Hypophosphatemla impairs the function
of polymorphonuclear white blood cells
leading to decreased resistance to fnfection
[7 8] decreases the 2,3-dPG concentration
in the red blood cells [9] Impairs organ ox
ygenation [10] and causes severe abnormal-
{ties of platelet function [11] all of them
contributing to the aggravation of the chal-
cal condition of severely ill patents, This
electrolyte imbalance could eatfly be cor
rected and was followed by an improvement
in the patient s condition. Multifactorial s¢
vere hypophosphatemia geems to be more
frequent than recognized In the cnitically D
patients and has 1o be considered in similar
cases.
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Derangement of DNA Synthesis in Erythrolenkaemia. Normal
Deoxyurldine Suppression and Impaired Thymidine Incorporation
in Bone Marrow Culture™?

Kshitish C. Das Gurjeewan Garewa! and Dipika Moharty
Department of Humnaiology Postgraceats Institate of Medical Education and Research, Chandigarh

hey Worde. Deoxyurkdi test DNA syotbens  Erythrod )
Thymidine incorpoation

Abstract. Deoxyuridine (dU) suppression test (L e. ability of exogenous dU to suppress
the ncorporation of subsequently added *H thymidine into DNA) and the incorporation of
sH-thyrmidne ('H TdR) alooc without dU were studied in bone marrow cultures from
10 patients with eryttrolenkacmis, 10 patents with vitamin B,,/Tolate-deficient megalo-
bluﬂtmaﬂ:ﬂlmlehmmhﬁaUymrmﬂmbjcmDaphcmmpbohﬁnlm

bl.mbetvtcn ¥ In er the

values bn ery mewhklnmfmalrmpinconmmnlnmmﬂ
dUmppuﬂmh:ﬁnthﬂo{ﬂo—d:ﬂdmmcpbbhnicmmmmeehmxpom
tion of *H. alone was lower iner than In normal or

vitamin B, Tolate-deficknt megaloblastic bone marrows. Autoradiographic studies showed
that "H TdR labelling ndices a3 well &3 mean grin count (MGC) of basophilic and
polychromatic erythroblasts were significantly lower kn erythrolenknemia than In normal o
viamin B, /folate-deficlent bone marmows. The redoced Incorpormton of H TdR In
erythroleuksemla erythroblasts wes probably not due to deficlency of the satvage patitway

enzyme, thymidine Linsse, since MTX (107 M) which blocks the de novo pathway of
thynﬂne-DNAtymh&ds.cnhmc:dthelnmponﬁono{'HTdenmmmmﬂmh
erythrokenkaemis #3 well #3 in normal boos marrows A high Htracellular pool of
thymidine-tripbosphate (ATTP) doo to defective DNA synthests may allosterically Inhibit
thymidine kinase and *H TdR Incorporstion.

Introdoction votrement of myelodd precorsors with o
tendency to terminate m acute myeloblestic
Erythroleukaemin  (DIGugeimos  syn- A of of i
prelimioary rvport part work
drome) B lbym:do-p-roiL]Imdw dhsorder s i Proc
Wmh!‘hfddhywrphﬂ-ﬂlhhd This work win sopported by rescarch
fecthre erythropoleshs, and a varnable in- fmnm'l.nd:uCnmuln!Hcﬂc-llu-an




Announcements

Amnooneenwent of the Gerhard-Domegk Prize

The Gerhard-Domagk Prize for clinlcal snd
expenimental cancer rescarch is herewith annoanc
ed. The deadline for snbmutting contributions k
December 31 1980

A pamphlet with the exact stipulations of the
board of the Cancer Rescarch Foundation Prof,
Dr Gerhard Domagk, MUnster can be obtafned
from. Priv Doz Dr med. 5. Ritter Medgzinhche
Unlv Klinik, Westring 3 4400 MUnster (FRG)

The Frnch Amsochafion of HemophiTtars Inter
oatiooal Prire of FF 15,000 whose sim is to cn-
coursge medical research Into the discase, will be

awarded for the fourth time in 1981. The previos
prizcwinners have been

19735 Dr Jean-Picrre Allsin
La Quene-1&-Yrelines, France
1977 Dr Wageor
Chapel Hill, N.C, USA
1979- Dn. Blomm and Peske
Cardiff, England

Tho regulationy, {a French or in Englih, il
bo forwarded on request by the Selection Com-
mittce  (Assoclation Francahe des Hémophla
CNTS, 6, rue Alexandre-Cabanel, F-75739 Parit
Cédex 15 France).

The work submitted for the Prize mest rach
the Secretariat of the Selection Committee by
March 15 1981, at the Iatest.
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Acts haemat. 64 121 130 (1960)

Derangement of DNA Synthesis in Erythrolenkaemia. Normal
Deoxyuridine Suppression and Impaired Thymidine Incorporation
{n Bone Marrow Culture?

Kitish C Das Gurleewan Garewal and Dipika Mohanty

D of F Trstitmts of Medical Edocation and Research, Chandigarh

hey Words. D ridl jon test DNA Eryth k .t
‘Thymidime incorparation

Abm'ld.Dcmyuﬂd.h:e(dU)m-ppruﬂmlnt(Lc abifity of exogenous dU to suppress
the y added *H-thymdine into DNA) and the ncorporation of

'HAhym:dhz('HTdR)nh::-hhomdmenudkdmbommummLmruﬁm
10 patients with erythrolenksemia, 10 patients with vitamin B, /folate-deficient megalo-
bmﬂclmmﬂ.lmdwhmmbﬁammmdwbjem.wempbobﬁu]m
blance between megak in ery the
du jon values in ery lmwhhinnormnlrmplncmtﬂ:uo-lnclml
dU suppression in vitamin B,,/Tolate-deficknt meguioblastic bone marrows. The frcorpora-
tion of *H-thymidine atone was significantly lower in erythrolcuksemia than in norma! or
vitemin B, folate-defickent megaloblastic bone marrows. Autoradiographic studics showed
Lhu'HTdthe[ﬂn;lndmuwcﬂumngmhmum(MGC)o{buﬁph{hclnd

were Jower In ery da than in pormal or
viuminBuﬁohm-dcﬁd:mhmumnmmndnwdhcmponﬂmaf'HTden
erythroleukacmia erythroblasts was probably not due to deficlency of the salvage pathway
enzyrme, thymidine kinase, dnco MTX (10~ M) which blocks the de novo pathway of
thymine DNA the h of *H TdR into erythroblests in
erythrolenkacmia &t well #s in pormal bone marrows. A high Intracellolar pool of
thymidine-tripbosphato ({TTP) dus to defective DNA syntheshs may fnbibit
trymidine kinesc and H TdR mncorporation.

Introduction volrement of myelodd precursors with o
tendency to terminste in acute myeloblastic
Erythrolenksemis  (DrGugllelmo s syn-
A prelmnloary rvport of part of this work
d.rmn:)hlm‘ychp(“ﬂf‘.mdkofdﬂ ppeartd a2 an abwract fn Proc Anam Aeer,
by s DI opin An Path 1976, p. 12
marrow  erthythrodd hyperplasia with lnef This work was supported by researth grant
feciive erythropolesis, and a varlable Io-  from the Indan Coonel of Medical Resaarch.




leuhaemia {4 29] Erythrold precursors
show megaloblastold changes unrespon
sive to therapy with vitamin B,, and folate
A stnking morphological similanty exists
between megaloblastosis in crythroleukac
mia, and megaloblastosis due to deficiency
of vitamin By, and folate (nutntional mega
loblastosis) However cytogenetle, cytokd
netic and enzymatc studies have suggested
that megeloblasts in erythroleukaemia ere
of ncoplastic ongin [12, 18 19 24 26]

The molecular basls of megaloblastic
erythropolesis is still obscure It has been pos
tulated that megaloblastosis is @ morpholog
ical expression of deranged DNA synthesis
from any cause [6 15] A qualitative abnor
mality of DNA synthenis has been shown to

Das'Garewal/Mobamy

occur in short term cultures of bone marros
and PHA-sumulated Iymphocytes from p-
tients wath nutntional megaloblastic an-
mia due to deficiency of folate and vitamn
B, [8 10 21] This is characterized by
impasred de novo synthests of thymidme
monophosphate (dTMP) from deoxyundme
(dU) ns measured by the faflure of exogen-
ously added non-radioactive dU to suppres
the incorporatson via the salvage pathway
of subsequently added *H thymsdine
(*H TdR) into DNA (dU suppression test).
This abnormality (abnormal dU suppres
sion) 15 corrected in vatro by the addition of
PteGlu, 5 methyltetrahydrofolate (S-meth-
yl H,PteGlu) and/or vitamun B,, d

ing on the nature of vitamin deficency

D# novo PATRWAY LALASE Prower *
i [ a—

CAMMEN OIHITT  ARMITAL
€ MAMTLATPMLTE

oAoTC ACO
+
onamat S MITHYL THF
4 OoCTTIR
(.. I
TN

# PATHW Y§ OF THYMIME DN
! L B THYMONLATE STNTMETALE
t
L

Fig.1 Simplifed diagrnm-
matic representation of parine
and  pyrimidine  brotynthesis
MP = Moaophospbate DP = &~
phosphater TP = triphosphate”

A SYNTHEMS d = deoxyribose: A = adeninc
G = puanine C = cytonne
T = Thymine: U ~ aridinc”
GAR = glycinamide rfbonuckeo-
Ude AICAR = amipormi-
darp]l 4-carbotamide: dUMP =
deocynridine monopbosphate”
dTMP = (deoxy) thymifine mo-
nopbosphate:  dTTP = (deoxy)
thymidine triphosphate.
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1

Tahie L Sarxxiary of hacrastological fandergs o1 the tooe of dugeous of 10 patieres  fth erythrokeoknends

Cise Age  Sex Penpberal blood
Mo yean
Hb  PCY e WBC
g (wm) T x10°1
1 18 M 40 012 04 135
2 14 M 40 012 03 s
e B CH VO S 10
4 m M s0 o013 0O 2
5 37 F 60 01z 06 H
6 24 F 74 02 28 23
7 3 M & o0m 17 3
LI M 86 06 31 A3
e 3 F 51 om 14 B
16 2% M 37 01 0% 1B

Boac mmTow

mycl-  wmepl-  ME  myeio-  meglo-
bty blast/ oo bl ‘biaanc

Y 100 WBC % Cchangms
0 “ 151 30 +4 44
1 2 11w ++4t
13 pi 201 %0 + 4+

9 u 061 20 PRI
30 1 1351 37 PNy
n % 121 41 PR
2 w 091 33 ++
8 -] 131 ++++
32 so 141 37 PR
12 3 11 4 e

The megaiobists showcd moderats to wtemse PAS posttrvity b ead wohmsucksted mwgaloblests scrv

presci m vasahie Bumber 0 all bowe smTOwS

cavsing megatoblestoshs [7 21] The imter
related bjochermcal pathways are shown in

cultures of booe marrows from patients with
erythroleuknemia, who showed marked me-
galoblastold” dnnsu lnmumv u'y1.hro~
blun, morpbol

from nutritiooal megaloblastosts.

Matertals sud Methods

Subfects Sindiod
Subes wers carned out om 10 pethexts wih

P agoosis are wwamariced ko table L The dugaoss

wrs besed oa the followlog critena: () sasemia,
Iemeocytods o

ma (Hb level 6842234 PCY 21 +638%)
with macro-ovalocytoss and Deutrophil hyperag
meatation in periphertl blood and flarkd megalo-
blastosls [n the bove marrow

Fﬂnlhnumﬂt-farn:nmy and showsd

Bc-mmnbuhtdﬁm

rrestigahom w15 The canee of primacy serilty
Boos marow ssplretion were dosc In these pa-
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leukeermia {4 29] Erythrold precursors
show megaloblastoid changes unrespon
sive to thernpy with vitamin By, and folate
A striking morphological similanty exists
between megaloblastosts in erythroleukse
ma, and megaloblastosis due to deficiency
of vitamn B,, and folate (nutntional mega
loblastons) However cytogenetic, cytokd
netic and enzymatic studies have suggested
that megaloblasts in erythroleukaemia are
of neoplastic origin (12, 18 19 24 26]

The molecular basis of megaloblastic
erythropoless s still obscure It has been pos
tulated that megaloblastosis 13 a morpholog
1cal expression of deranged DNA synthesis
from any cause [6 15] A qualitative abnor
mality of DNA synthesis has been shown to

Day'Garenal Mfobizy

oceur in short term cultares of bone marow
and PHA-stimulated Iymphocytes from p+
tients with nutritional megaloblastic anx
mia due to deficiency of folate and vitama
B,, [§ 10 21] This is charoctereed by
impaired de novo synthesls of thymdinc-
monophosphate (dTMP) from deoxynndme
(dU) as messured by the failure of exogen-
ously added non radioactive dU to suppress
the incorporation via the salvage pathay
of subsequently added  *H-thymudie
(*H TdR) wmnto DNA (dU suppressioo test).
This abnormality (abnormal dU soppres
sion) s corrected in vitro by the addibon o
PeGlu, 5 methyltetrahydrofolate (5-medr
y H,PteGlu) and/or vitamm B, depend
ing on the nature of vitamun defiaency

De novo PATHWAY saomer Mo
+ v M
wmdfu‘ﬂ’( AAPRARTETE
RALMTUANA T
nnnré AQp
s TMLTHYL THF
I} OMOCT Dl
G r THY M~
é? CTHeON |
THF
( o
o Py e -
VI :Imv wLroed
Ld WL THF
4 ,,C"me
o THYMOINE KINASE Flz.!  Simpliled diagras-
< atre matic representation of purine
and  pytimidine  biosynthest
= MP =~ Moaophosphat DP = &~
; phosphate TP = triphasphate
t . ® PATHWATS OF THYMINT DN SYNTHIMS d ~ deoxytibose A = adenfne
- G = guanine C = cytosloe”
i 1 THYMDN T EYNTHETASE &y
- r " T ~ Thymine U = undint
GAR = glycinamide nbonucleo-
— tde AICAR = amuoimi-
ol dazole--carboxamide- dUMP =
E" deoxyurid] e monophosphate
ot dTMP = (dcovy) thymidine mo-
nophosphate:  dTTP = (deoty)
Oy thymidine triphosphate
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resulted In partial correction, and S-meth-

125

ton of MTX was significantly lower In

y-THF caused no correction, bat combin ety !
tion of S-methyl THF and cyanocobalamin
camsed almost complete correction. In the

bone marrows coltores from patients with
mﬁ.hml:uhunh,dUumcdllnnnmm-
plete tou of 'H TdR b

into DNA.lndthu-dd}Lh:dPlcOI\L
S-methyl-THF and balamm had no

than In potmal or vitamin
By, sod folxte-deficient megaloblastic bone
marrows (p <<001) H TdR ircorporation
was, however much higher In vitamin B
and folate deficlency than in normal bone
marrows (p << 0 01). Preincubation of mar
rwtdhw{thTK(lO"M)cnhmcu‘thﬂ

turther effect on the degree of dU suppres-
ton 1 In the normal marrows.

Incorporation of H TdR Alone and the

Effect of MTX

The data i3 shown in table 1. The in-
corporation of H TR alone withoat sddi-

Toble 1L JU mepprosmon tt [ booe merrow culrare

Subyecty dU alosc U +
PG
Nornal ( =10) $2x 17 49x 18
25-102) @21-9%7
Nutrtsoma!
one palobiancels
folate-deboient ( =6) 6361216 72+ 26
(61-87) @é-117
Viarea B,y
defiacnt ( =4) T4EINM 46£128
(305-902)  (213-645)
443 22 46t 29
(11— 96) {24-100)

PrcGin =30 g iobe.
-1

Cresocobelemia = 1 pgfmbe.
Sty ETHT = 50 wg/tube (3-methyt-H, PreQle)

sdded
HTdeanNA in erythroleuksemiz o3
well 23 normal bone marrows,
Auntorediographic stodies of bone mar
Tow aho corroborated the above findings (-
ble IV) H TdR labelling indices as well 83
MGC of basophilic and polychromatic ery-
throblasts were significantly lower in ery-

du +

du + @+
vitzmin Smetyl
By H, PO H PuGla+
vitadn B,y
53t 21 FRES § $3x 19
@1-102)  @1-100) 7- $7)
67253 47x 23 69+ 24
(303-968)  (41-120) (52-117)
3981103 620223 63 26
(143-572)  (293-%46)  (G4-108)
32+ 19 48t 22 60x 31t
31— (24— 99 22-113)

*H TR focorporation 1so DNA with dU sad dU + fokete /vitarxin B ; 1ra expremed o1 pereestoge of controke
H-TUR 0coparanon witowt dU) Mesn = §D txage  demosed tn pareathescs.
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tients foc chromosomal studies us a part of lnves-
tigatlons for primary sterility No chromosomal
abnormalitles were found In them. These bone
marrows were Wilized immedistely after aspira
tion for DNA synthesls and deoxyuridine suppres-
slon test end the data obtained (which was all nor
mal) served as control.

Routine hacmatological studies were per
formed by standard techniques. Serum and red
cell folate [23] and scrum vitamin B,, were a3-
sayed mkrobiologically [1] Bone marrow aspir
ates were aken from the sternum and divided into
aliquots for morphological and cytochemical stud-
les, dU suppremion test and 'H TdR fncorpora-
ton studies, and autoradiography

dU Supp extion Tess and H TAR

Incorporation

5 ml of the aspirated bone marrow was collect
ed fn cold heparinkzed 0.06AM Trs-buffered
Hanl s balanced salt solutlon (pH 74), and pro-
cessed for measuring H-TdR Incorporation into
DNA, and supprenlon text with dU These meth-
ods have been described In detadl previownly [7 8
211 AH cultures were set up in triplicate, 3 X 104
cells were used In each culture tobe, containing a
final total volome of 1 ml The cells were preinco-
bated with 0.1 mol of dU with and without Pte
Glu, S-methyl-H PteGlo and vitamin B for 1h,
after which 14Cl of *H TdR (specific activity
210 C¥mmol Radlochemical Centre, A h
England) was added to each tubs and farther lo-
cubated at 37 C for 3h. The control tubes were
not proacubated with dU folate of vitamin B
prior to the addition of "H TdR. The radioacthvity
of extracted DNA war measared ln & Packard Tri-
Carb Liquld Scintillatton covater (Sr.No. C242%)
and disiotegrations per minut (dpm) were calet-
lated from queoch comrectlon curve ulng sn ex
teroa! standard. The hworporatioa of H TdR
Into DNA in cultures preincnbated with dU with
and without edded folate or vitamin B, was com-
pared with and expressed as percentage of Incor
poration In the controls (le. replicate cultures

Daxs/Garewal/Mobanty

*H TdR (21 Ci/mmal) and incubating the caltures
for a further 3h. DNA extraction and measare
ment of radioactivity were dooe as described
above [9 14 21]

Autoradiographic Studies

Approximately 005 m! marrow aspinte wn
mixed with an equal volume of Hanks balanced
salt solution, pH 74 containiog 200 U/ml exch o
penicillin and streptomycin and 5 xC of *H-TER
(specific sctivity 5 CU/mmol) In each case, reph-
cate cultures were abio set up to which both
3H TdR and MTX (1078 M) were added together
Thete were incubated at 37°C for 1h, after
which smears were prepared In glars slides with
ooe frosted end, and fixed jn methano! for 1h
Autoradiography was carried out usipg Esstmn
hodak NTB-3 dipping emultdon with an exposore
tune of 28 days at 4 °C. The slides were developed
and fixed In Eastman Kodak developer and fixer
then dried In air These were staied with My
Grilowald-Glemsa. The labelling Index was defer
mined by counting the number of labelled celly
per 1,000 cells for basophilic and polychromatic
erythroblssts, and the MGC was edimated from
50 labelled cells In red bone marrow

Reslis

dU Suppression Test

The results of dU suppression tests m
bone marrow cultures of haematologically
normal subjects, pauents with natritonal
megaloblastic anacmia due fo deficlency of
folate and vitamin B ,, and patents with
erythrolenkaemua are shown 1n table 1T In
normal bone marrow dU (10~ ; mol) sup-
pressed H TdR 1ncorporation mte DNA
almost completely (e approumately to
less than 10%s of controls) In nutrtional
loblastic marrows, dU suppression was

without dU). DNA comtent was in an
UV spectrophotometer at 268 nm wuting crystallioe
call thymus DNA (Sigma Chemicals, USA) a3
standard.

The effect of methotrexate (MTX) oo H TdR
Incorporation jnto DNA was studied by preinca
bating replicate cultores with apd withoat MTX
(100 to 107*AH followed by addition of 1 uCi

markedly aboormsl This abnormality was
almost completely corrected by in 1itro ad
dition of PteGlu and 5 methy! THF but
not by vitamun B, in folate deficzency in
vitamin B -deficlent marrows, the addituon
of PteGlu or vitamin B,, (cyanocobalamin)
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esatted m partial correction, and S-meth-
y-THF caused no correchon, but combina-
oo of Smethyl THE snd

cawsed almost complete correction. In the
booe marrows cultures from patients with
erythrolcukuemia, dU camed almost com-
plete suppremion of *H TdR P

mto DNA, snd the sddition of PteGln,
S-metry L THF and bal fad no

15

tion of MTX was significantly lower In

marrows (p << 001) *H TdR incorporation
was, however much higher in vitanm B,
and folate deficency tham in normal bone
marrows (p << 001) Preincubation of mar
row cells with MTX (107 3) enhanced the

forther effect on the degres of dU suppres-
sion m i the normal marrows.

Incorporation of H TdR Alone and the
Effect of MTX
The dste s shown in table LI The fo-
corporation of *H TdR alone withoat add-

Tabler L dU mappreymon tat 1 bose manow ot

Sabperts U oo au +

P of wdded
*H TdR Into DNA in erythroleukacmia a3
well g3 pormal booe marrows.
Avtoradiographic stodies of bone mar
row also corroborated the above findings (ts-
ble 1V). *H TdR labelling indices as well 23
MGC of basophific and potychromatic ery
throblasts were significantly lower In ery-

qu + du + LIS
PGl e Syl Sty
B H Pt H PrGia+
vhoma By
Mocomd { = 10) 51t 17 491 13 53+ 21 45 21 53% 19
(2s-102)  @2-97  @7-107)  (@1-100) @7~ 97}
Nstrncsssd
oploblenom
foloe-deflornt ( =¢)  &56:214 13+ 28 6875253 67+ 23 69 24
(162-887)  (36-117) (03-%E  (41-120) (52~ 7}
Vitares B,y
delaacn ( =4) Tr4x1NE S16:128 3982103 4003 65t 24
(03-%02) @I85  (83-312)  (9I-948)  (ld-108)
( =10y 44z 22 48: 29 522 19 43x 22 60 11
Q1-96)  (24-100) (U= 98 Q24— 55  @2-119)

TH TIR mcorpertion w0 DNA 1k dU ead dU + folterrtacma B, are cxpremsd oy of
pertratags of comtrobs
(& *H-TdR meorporenon wichoat ¢}, Hesa £ T singe % depod m

yabe
3-methy-THF = 50 pg/tube (S-omrtiny - H PueQh)
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Table IIL Incorporation of *H TdR nto DNA in cultares of bone marrow cells in the presence and absesce of
MTX

Nat re of JH TdR incorporation fnto DNA, dpm
fesson
withoat MTX with MTX (102 Af)  percrmtage of coutrel
dpm/3I X 10* cxfls dpm/3x 10% exlls (ie replicnte
cultures whbout MTX)
1 Normal marrow (ne=10) 28,520+ 5843 3855+ 8175 135+ 90
(20.550— 40 840) (26304 ~58 007) (126—-152)
Enthroleukacmis (n=10) 70824+ 5624 29 685 6,987 140£10.5
(14 956~28.054) (18,97 —30,638) (120-161)
3 Nurona! megaloblastosns
Folate deficlent (n=6) 62,570+18 733 - -
(38 462—88.553) - -
bV wmin B, deficdent ( =4)  65.275%.2,551 - -
(41.267-9..568) - -

Mean % SD range h denoted m parenthesen,

Table IV Results of autorsdiographic stockes on *H TdR incorporation without od with added MT>
(10- M) mean + SD

H TdR iacorporatron

Labelling mdex mean gra count
without MTX w th MTX without MTA whhb MTX
Basoptulic erythroblasts
1 Nomul ( =10) 66741 68854 0959 495174
Erythroleoksenua (= 10) 458197 “01x84 17.5%43 55255
3 Nutntonml megaloblastoans
Vitamm B delicent (n=4) 753+58 - - -
b Folat defraent (n=6) 7751640 - - -
Polvchromatic (ry hroblasts
1 Noemal ( =10) e 8+69 40566 16 £315 R £
Erythroleukacma (a=10) 13554 157465 9 2.3 1532 7
3 Nutntiooa! megaloblsstons
) V tamen B, deficent (n=4) 33 5x89 - - -
3 750 - - -

b Polate deficrent (n=6)
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throleuksemis than I normal or vitamin

bone marrows  (p
< 0.01) Addition of MTX signlficantly in-
cretyed then MGC of erythroblasts in ery
throleukseemis = well as in pormal booe
marrows (p << 001) bot dii not appreciably
affect the H-TdR labelling bndices of thesa
cells, Erythroblssts in vitamin By, and fola
te-deficlent marrows tended to have higher
*H TdR labefling fndices than in pormal
marTows, but the ditfevence was not gathtd-
cally significsnt, the MGC of erythroblesis
m these vitamin-deficaent marrows was sig-
nificantly higher than in normal marrows (p
<001).

Discowion

The current studles chow that desplte the
morphological resemblance between megs-
loblastosis In erythroleukscmia wmd mege-
loblastosts in vitamin B,, sand folate defl-
clency the patiern of DNA synthetc aboar
mafity in booe marrow cclls in these two
disorders are strikingly different. The dU
spprenlon tet (Lo ability of exogernom

to thynndylate (dTMP) by the folate-depen
dent enzyme synthetase, s 2
wensltive Iy 1

jbed

erythroleukaemla, the dU suppression of
H TdR incorporation into DNA by baae
marrow cells was within normal limits,
These findings Indicated that the uptake of
exogenous  dU  ats  phosphorylation  to
dUMP and subsequem conversion to JTMP
by the enzyme thymidylate synthetxse were
effickent 10 13 to reduse the incorporation of
subseqoently added H TdR kito DNA via
the salvage pathway Tbm, the de novo
pathway of thymdylate cynthens was prob-
ably unimpaired in bone marrow cells of pa-
tents with erythroleuksenta, and the defec
tive DNA synthesis in these cells is unrelat
ed to that camsed by deficiency of folate and

briefly reported by Waxman and Herbert
(25] m 6 patients and by Wickramad ghe
and Sounders [28] in Z patients without
providing any data on H TdR Incorpora
thon by the marrow cells. Tho present data
farther ghowed that in coutrast to vitxmin
B, and folate-deficdent booe mamow o
which *H TdR incorporation into DNA of
erythroblasts wias higher than pormal, the
incorporation of thia redionucleoside In
bone marrow of patients with erythroles-
kecmla was significantly lower than fn not
mal bone marrows. The significant redoc
tion of both labelling indices end MGC of

wcal ndex of mutritl
megaloblastosh doe to of folate
and viamin By, [6, 7 10 13 21] In the
present yudy the dU suppreesion test yleld
ed aboormal vatues in all 10 patlents with
Dutritional megaloblestic ansemia, and the
abmormal ties were corrected by the appro-
priste In vitro additioos of PreGle, S-meth-
yl—TH]-‘md\mmlnBuucmptacdunun
basts of the pature vitemin defich

erythroblasts in erythrolenksermia {tabls IV)
soggest that mesn H TR  incorporation
into DNA per DNA-synthesirmg erythro-

blnt(&phmcdnwwmbehmma,m
roleukserma than {n normal or vitamin B,y
folate-deficlent megaloblastic bope mar
rows. Tho resutts are coosistent with those
of previoos investipators who reported &
marked decrease In the fraction of DNA

hgntpldﬂmhluthelﬂ;lﬂcnuvhh

g cells among % and ear
ly Pﬂl)chmmau: erythroblasts in erythro-
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T ble 1L Incorporation of *H TdR Into DNA o cuhures of bone marrow cells b the presence and sbscar d
MTX

\atare of H TdR incorporaon into DNA, dpm
teslons
without MTX with MTX (10 Af)  percentage of comrd
dpm/3 X 104 cells dpm/3X 10* cells (Le repiate
cultures witbout MIX)
1 Normal marrow (n~=10) 28520+ 5843 38525+ 8175 135+ 90
(20,550~ 40,850) ( 6,304~58,007) (126-152)
Erythrofeukaemia (n=10) 20824+ 5624 9685+ 6987 1401105
(14 95628 054) (1897 ~30638) (1°0-161)

3 Nutntoral megaloblastoshs
Folste deficient (n=6) 6257018 733 - -
(38 462~ 88.553) - -
b Vitamin B deficient ( =4) 65.275£22.551 - -
(41,267 ~92.568) - bt

Mean + SD range u denoted m parentheses,

T ble IV Results of aotoradiographu studles oo H TdR mcorporation without md-nhnddtdm
(10~ Af) mean + SD

H TdR incorporation

Labelkng mdex mean gram count
w thout MTX w th MTX w thout MTX wah MTY
Bazophikc crythroblasy
1 Normal ( =10} 66 71431 688254 09ts9 49573
2 Enthrokwksema (n=10) 58£97 501184 175+43 [RELE]
3 Nutnbonal megaloblastorrs
Vitamn B deficsent ( = 4) 75358 - - -
b Folate deficrent ( =6) TI5+68 - - ~
Podvchromaic er) trroblasts
| Normal (n=10) 18869 405266 16 =38 $86
Eryl.hrultuklcrm.l(n-lO) 135x54 1571635 9. 3 1532 7
1 Nutntoosl megaloblastom
a) Vitaml B , deficrent (n=4) 135189 - - -

b Folate deficzent (n=6) 327450
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leukacrmia bone marrow [11 22 24 26]
This defect appearcd to be more pron
ounced in the erythroblasts with megalo-
blastoid appearance a large fraction of which
constituted a non proliferating cell poputa
tlon [22] Combined cytophotometric and
sutoradiographic studies further showed
that this abnormality was maialy duc to on
abnormal accumulation of cells in GO or G1
phase end the presence of U’ cells, which
were unlabelled with 3H TdR had DNA
content between diploid (2¢) to tetraploid
(4c) values [3 22, 24 26] The cytokinetlc
abnormalities of erythroblasts particularly
megaloblastoid cells simulated those re
ported in leukacmic myeloblasts [2, 20]
These and other Hnes of investigations sug
gested that the abnormal growth and prolif
eration of erythroblasts 1n erythroleukaemia
probably resulted from neoplastic transfor
mation of a stem cell common to both ery
throld and granulocytlc senes [5 12, 18
19] It 1s possible that the mmpared DNA
metabolism 1n erythrold precursor cells spe
aally megaloblastold® erythroblasts mn ery
throleukaemla 15 a characterntic feature,
fundamental to the neoplestic or leukaemic
nature of these cells

The blochemical mechanism of deranged
DNA synthess 1n erythrolenksemia s still
uncertain A balenced gynthesis of purine
and pynmidine nucleotides is an 1mportant
requirement for DNA synthesls in prolifer
ating cells The nucleotide pools in the cells
are mamtained by de novo synthesws, incor
poration of cxogenous substrates by salvage
patirways, and Interconversions of different
nucleotides {fig. 1) A complex pattemn of
control loops operate m regulatng these
processes. dTMP which, after a sequence
of phosphorylation forms dTTP aad ks ut
Iezed for DNA synthesms, is in turn produced

Dav/Garcwal/ Mobsty

either by de novo synthesis from carbamyt
asparate or by phosphorylation of exoges
ous thymidine by the salvage pathway The
two slternative pathways of thymrdylste
synthests, the de novo and the salvage paik-
ways, arc interrelated by a common eod
product, dTTP which exerts a regulatory &+
fluenice on both pathways by a feedback I-
hibition [17) This also accounts for the ¢
ciprocity of the two pathways [9] In &fi
ciency of vitamin By, and folate or @ the
of folate ists such as MT,
the impairment of the de novo pathway
lends to increased activity of the salvage e
zyme thymidine kinase [16 22] which i
tum promotes incressed 1ncorporaton o
exogenous thymidine into DNA In coo-
trast, the megaloblastoid erythroblasts inerv
throleukaemia marrows showed redoced
mcorporation of exogenous *HTdR =
compared to normal as well as vitamm B/
folate-defiaent megaloblastic bone mar
rows. The explanation for this finding re-
mans speculative It js unlikely that defi-
clency of the salvage enzyme thymidinc
kinase Is responsible for this blochemrcal
abnormality because preincubation of the
marrow cells with MTX caused a significant
1crease in the incorporation of *H TdR by
the crythroblasts i erythroleukacmia as 10
the normal bone marrows. It is concewvable
that a derangement of DNA synthesls 1o ery
throleukaemic  (neoplastic)  erythroblasts
may lead to a high wmtracellular concentra-
tion of dTTP which in turm would mhibit
thymidize 1ncorporation into DNA by 2
feedback process depressing tho activity of
thymidine kinase allosterically Studies on
fntracellular nucleoside triphosphate pools
may revea] a clearer picture of the biochem-
ical defect leading to the derangement of
DNA synthesls [n erythroleukaemia.
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leukacrma bone marrow [11 22, 24 26)
This defect appeared to be more pron
ounced in the erythroblasts with megalo-
blastoid appearance, a large fraction of which
constituted a non proliferating cell popula
tion [22] Combined cytophotometric and
autoradiographic studies further showed
that this abnormality was maimly duoe to an
abnormal accumulation of cells tn GO or G1
phase, and the presence of U’ cells, which
were inlabelled with *H TdR had DNA
content between diploid (2c) to tetraploid
(4c) values [3 22, 24 26) The cytokinetic
abnormalities of erythroblasts part:cularly
‘megaloblastold cells simulated those re
ported wn leukaemic myeloblasts [2 20]
These and other lines of investigations sug
gested that the abnormal growth and prolif
eration of erythroblasts in erythroleukaema
probably resulted from neoplastic transfor
mation of a stem cell commeon to both ery
throid and granulocytic seriet [5 12, 18
19] It is posmble that the impaired DNA
metabolism in erythrord precursor cells spe
cielly megaloblastoid erythroblasts in ety
throleukaemia is a characteristic feature
fundamental to the neoplastic or Jeukaemic
nature of these cells

The biochemrcal mechanism of deranged
DNA synthesis n erythroleukaemia is still
uncertain A balanced synthesis of purmne
and pynmdme nucleotides 13 an important
requurement for DNA synthesis in prolifer
anng cells The nucleotide pools in the cells
are mantaned by de novo synthesls, incor
poration of exogenous substrates by salvage
pathwayy, and mterconversions of different
nucleotdes {fig 1) A complex pattern of
control loops operate 1n regulating these
processes. dTMP  which, after 2 sequence
of phosphorylaton forms JdTTP and 5 uti
lized for DNA synthesis, 15 1n turn produced

Das/Garcwal/Mobanty

either by de novo synthess from carbamyb
asparate or by phosphorylation of exoges-
ous thymidine by the salvage pathway The
two alternative pathways of thymdylate
synthesis, the de novo and the salvage path-
ways, are interrelated by a common end
product, dTTP which exerts a regulatory -
fluence on both pathways by a fecdback m-
hibition [17] This also accounts for the rc
ciprocity of the two pathways [9] In defr
aency of vitamm B,, and folate or in the
presence of folnte antagonists such as MTX,
the impairment of the de novo patway
leads to increased actvity of the salvage e
zyme thymudine kinase [16 22] which in
turn promotes increased incorporation of
exogenous thymidine into DNA In con-
trast, the megaloblastold erythroblasts nerv-
throleukacmis marrows showed reduoed
mcorporation  of exogenous *H TdR &5
compared to normal as well as vitamm B,/
folatedeficient megaloblastic bone mar
rows. The explanation for this finding re-
mains speculative It s unlikely that deft
clency of the salvage enzyme thymidn¢
kinase s responsible for this biochemucal
abnormality because premcubation of the
marrow cells with MTX caused a sigmificant
increase in the incorporation of *H TdR by
the erythroblasts m erythrolcukeerua as i
the normal bone marrows. It 13 concervable
that a dera of DNA hesls in ery
throleuksemic  (ncoplastic)  erythroblasts
may lead to a high mtracellular concentra
tion of dTTP which in turn would inhibit
thymdine incorporation Into DNA by 2
feedback process depressing the activity of
thymidine kinase allosterically Studres on
intracellular nucleoside-triphosphate pools
may reveal a clearer picture of the biochem-
ical defect leading to the derangement of
DNA synthess in erythroleukaemia.
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Fancon's Aplastic Anemia, Analysis of 18 Cases
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Key Words. Fanconi's aplastic anemha

Abstract. A total of 18 paticnts within the age range of 5-13 ycars, 12 male and 6

female, aro dlagnosed as having Fanconls splastic anema oq the besis of coogenital
abnormalities, pancytopenia, boos marrow hypoplssie, and chromosowmal and hematologle
amalyws. The bereditary and famifial basts of Fanconl's splastic suemis was apparent in

this series. Common l[ties were growth café an lait spots, hyper
’ d mental b and b |

Lsm mwmmdhhmmdmmhméﬂ;m

obterved in the bone marrow in most of the patents. 1 cuse developed scute mythomono-

Cytic eukemia,

Introdsection

Fanconl’s aplastic anemia b » famifial
pancytopenia assoclated whh bone marrow
b and
onginally described a3 occurring in 3 broth-
en by Fancoul In 1927 [1]

Several congenial aboormalides mmy be
present in this dusorder such a3 skeletal ab-
hyperpigmentation, reoal mal-
ricroceptaly  bypogonadism,

tal

formatlons,
aod mental and grow th retardations {2, 12]
Thds bereditary disease msaally becomes
hema y manlfest in the first decade
of e [9 11] Strctural chromosome ab-
nommalites LR described by Schroeder ef

al. support the bereditary bushs of the dis-
easc [12]

The purpose of this paper is %0 present
18 patients with Fancoal's aplastic anemia,
a3 the largest series reported from Turkey
[5 6,8]

Materinis and Methods

The cascs of Famoal eplastic eneria were
dagnosed between 1963 and 1978 In the Hemetol
ogy Scctiom of the Department of Feclatrics. They
were 12 males aad 6 fomales; ther ages raoged
from 3 10 13 yean. The disgaosts of Fascos”
#plastic anero Wi maede oo the bad of congest-
tal shmormaalaies, pescysopenta, and bots caarrow
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Fanconl’s Aplastic Anemia, Analysls of 18 Cases
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Key Werds. Fancom s aplastic anemia

Abstract. A total of 18 patients within the age range of 5-13 yesars, 12 male snd 6
female, aro diagnosed ms having Fanconi's aplestic ancrma on the basis of conpenital
aboormalitics, pancytopenis, bone marrow hypoplasia, and chromosomal and hematologle
analysls. The hereditary and familial basis of Fanconi's splastic ancmia was apperent in
lhhm%u&mmonnmmuduwmmhmudlﬂon.uumhhrpou,hm

mental

and hypogenita

Bsm mmm&mdﬂeadhmmpﬁydmmhhucdhm
observed m the bone marrow m most of the patients. 1 case devedoped acute myelomono-

cyti leukemia

Introdection

Fancoal's aplsstic anemia i a familfal
pancytopenis msociated with booe marrow
md

originally described as occurrmg In 3 broth-
ers by Fancon! in 1927 [1]

Scveral congenital aboonmlities may be
present in this disorder such as skeletal ab-
oormatities, hyperpigmentation, renal mal-

and mental snd growth retardations (2, 12]
beredutary discase usually becomes
bematologically manifest In the first decade
of life [9 1] Sunﬂnnlr.hmm ab-
first o

al. support the hereditary bashs of the dhs-
emwo [12]

The purpost of this paper is to present
18 patients with Fanconl's aplastic anemis,

» the largest series reported from Turkey
56 8]

Matertals sud Alethods

The a3 of Fancool aplertic asemla wers
dlagnosed betwenn 1963 and 1973 In the Hematol
ofy Sactioa of the Department of Fediatrics. They
wore 12 ales ead 6 fernalr ek aper ranged
from 3 w0 13 years The dagnoads of Fascom!
apkestic anctis wis made on the beals of coapeal

broeder et

ul topeats, uad bome marTow



130

throlenkaemia  and  sideroblastic
Scand. I Haematol 20 117-128 (1978)

25 Waxmap, S. and Herbert, VB, functions In
D1 ‘Gugliclnos syndrome Proc. Fed. Am.
Soc. exp Blol 28 627A (1969)

26 Wickramasinghe, S. N Chalmers, D G and
Cooper E H.. A study of Ineffectlvy erythro-
polests In sideroblastic anaemia and erythraem-
ic myeloaks. Cell Tisx. Kinet, 7 43-30 (1968).

27 Wicrumasinghe, 8. N, Olsen, 1 and Saunders,
J E. Thymidine Linase activity in human
bone marrow cells. Scand. J Haemat IS
139-144 (1975)

28 Wickamaringhe, S. N and Saunders, J E.. Re
snlts of three years experience with the deoxy-

ansemia

Day/Garewal/A{ohanty

uridine soppression test. Acta haemat. S
193-206 (1977)

29 Willams, W J., Beutler E, Enlev A ] md =
Rundles, R, W  Hacmatology: 2nd el
pp. 802-805 (McGraw Hill, New York 19771

Recelved, July 9 1979
Accepted  September 17 1979

Dr Kshjtkh C. Das, Profestor and Head,
Department of Hacmatology Postgradumte
Institote of Medical Education and Research,
Chandigarh (India)



Fasconl' Aplmtic Asemia, Asalysh of 18 Cass

bin F level was d i oll

113

with a range of 2.8-77% (mean

117 ). G:mnmouul unlylb showed

marked

breaks,
cndoredupheation and  dicentric  centro-
moeres in 13 cases, althoogh po significant

¥

nd oD
¢

_%' & ~

chenge conld be detected In §
patients (fig. 2, 3).

1 of our patwents developed AMML and
died in the hospital wherems the sister of a
bay with Fanconls splsstic anemia in our
seres also developed acute keukemia in an-



hypoplasia. Chromosomal analysls was performed
in all cases. Hemoglobims F and A, were alwo
mensured in the majority of the cases by previons-
ly described methods [4]

Resalls

The congenital abnormalities observed
n our pattents can be seen 1n table I Con
sanguinity of the parents was observed mn 9

Table L Abnormalties in 18 cases of aplastic
ancmia

Growth retardation 18

Microcephaly 15

Café au lait spots 14

Mental retardation 9

Abpormalities of fingers 10
(polydactyly syndactyly clinodsctyly)

Deformities of the ear

Hypogenitalbm

MaHformations of toes

Microphtaimia

Hyperplgmentation

Renal anomalies

Thumb anomaltes
{absence or hypoplastic thumbs)

Vhiligo

Spins bifida

Hypoplastic spkeen

Scollosh

Strabismus

Sprengel’s deformibes

Absent rudiu

N N N )

(SN N

GBzdagoflw/Cavdar/Arcasoy/Babscan/Sanal

patients and there was more than 1 case of
aplastic anemia in 3 famihes. Figure 1
shows the pedigres of such a family Con-
genital malformations without anemiz were
also observed In two families.

Hematologlcal findings are shown in 1s-
ble II All patients had pancytopenla with
mean values of Hb of 4 7 g%, WBC 4 093/
mm? and platelet counts of 35,540/mm’
Bone marrow mspiration i 15 patents re-
vealed marked hypoplasia while 3 had nor
mocellular marrow It was interesting to
note that 10 patients had a sigmficant num
ber of mast cells in the bone marrow mege
loblastic changes in erythroid precursors
were also observed m those patents who
had erythroid foci in the marrow

AD RAMILY

O O

|
bl

@ Fancons apastc anema
Ml texema

Fig.1 Pedigree of a patient with Fancoof
aplastic anenua.

Table IL. Hematologica! findings in Fanconal's aplastic ancamias (mean values)

Hb WEBC/mm! F1 telety/mm? Serum fron UIBC HbF HbA

gt pfdl il %

47 4093 1s.540 ) 92 14 e
Bone marrow Hypoplastic In 15 cases, in 3 cases, tastic changes often cheened o

mwpmn[mimdnumbuofm:ﬂh
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Hemog! F level was i d in all

13

patients with a range of 28-27% (mean
117 ) Chromosomal amafysh  showed
marked ch 1 breaks,

endoreduplication and dicentric  centro-
meres n 13 cases, although no significant

change could be detected In §
patients (Ez. 2. 3).

1 of our patients developed AMML and
died in the hospital whereas the sister of a
boy with Fanconl's aplastic anemh in our
scriey also developed aoute leukerma In an-
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X ¢6 = Fiel Chromosomal wne
- e aboccmalites b chid with
.“ Pancoul aplatic amemin. Arrow
v todicates chromatid breals and
fragmentation,
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Fit.1. Stroctonl sheormali
et jn chromosome coltere Ap
ladicuter typical ‘endored
Pacabos



other hospital (the type of leukemia was not
clearly defined) All patients received com-
binations of corticosteroid and testosterone.

Discussion

The hereditary and familial basis of Fan
coni s aplastic anemia was apparent In this
series, In fact, consanguinity of the parents
was noted m nine familles and congenital
anomalies without anemia were observed in
two familles It was interesting to note that
more than ono sibling was affected with
Fanconl s aplastic snemia in three fambies.
Autosomal recessive inhentance of the dis-
case is generally accepted [11 12] Excess
of males over females was noted In this se
nies, a finding parallel to those reported in
the literature (9]

The most common abmormalities ob-
served in our cases were growth retardation,
café au lait spots, hyperpigmentations, m
crocephaly deformities of phalanges includ-
mg thumbs (fig.4) renal malformations,
mental retardation and hypogenitalism. Hy
poplasia of the spleen interestingly wes
shown in 2 cases by scanning techniques

Structural chromotome abnormalities
were detected in the majority of our cases
(13 out of 18) (fig 2 3) The most common
ones were chromosomal breaks, fragments,
endoreduplication a3 have been descnibed in
the literature [8 12) However normal
chromosome patterns were observed in onc
fourth of the patients.

The level of the fetal Hb was uniformly
elevated in our cases with a mean value of
11.2%s while Hb A; was normal (mean
2.7%) Although this is not a specific find-
ing, 1t was our mmpression that Hb F was
usually hugher in this disorder than that ob-

/Sanal

Gdzd: 1
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Fig. 4 Photograph of u 10-year-old boy with
Fanconl s aplastic anemia thowing the abseoces of
radios and thumb on the right, hypoplastic thumb
on the left kand and hypogenitalimus,

served i ecquired aplastic anemas and/or
In acute leukemias. Although all patents
displayed pancytopenia in this senes, It
should be stessed that cytopenia involving
one blood series may precede pancytopentd
Furthermore the patients with unexplakned
growth retardation with munimal malforma-
tions should be followed carefully as they
may represent a incomplete cxpression of
the disease In fact, one girl among our pa
tients was followed at the outpatient depart
ment for 2 years for stunted growth with o~
idally normal blood counts She eventually
developed pancytopenia fn the presence of
bone marrow hypoplasia.

Growth hormone deficiency has occa
tionally been discovered in this drscase [3)

The significant finding in the bone mar
tow of Fanconl's aplastic anemia was the
presence of mast cells or tssuc basophils
which were not usually seen in other types



ancoal's Aplastic Anemls, Azalyiis of 18 Cases

of splastic mnemis (fig. §). This foding
conld bo used a3 a criterion for the diagno-
i of a ruild or ncomplete form of the dis-
A= =N

The devckopment of scute kenkemia o 1
of 18 cases of Fanconl's aplestic anemia s
notewortly and compatible with an in-
cressed rsk of malignancy in this diseme
[1, 7 10] Interestingly the type of lenke
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Balanced Bone Marrow Globm Synthesis in Mideastern

a-Thalassemia
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Key Worils. Globin synthesis o-Thalassemia

Abstract. Hematological dama and globin synthesis studies 1n 8 g-thalassemic children
whose parents are from vanous regions in the Middle East are reported. All patients were
devord of HbH 5 of them had nuld anemma, hypochromia and mucrocytosis and ther
blood a/non-a-globin racioactivity ratros ranged between 056 and 075 Ths other 3
patients were hematologically normal with blood radioactivity ratios between 077 and
088 Bone marrow studies showed balanced globin chain synthesis for 6 of the patients and
relatively more o-globin synthesis than in the blood for the remaining 2 The decresse in
the relative synthesis of a-globin on erythroid cell maturation may relate to the molecular

basis of a-thalassemia in the Middle East.

o-thalassemia 13 characterized by defi
cient production of a-globun in the hemoglo-
bin synthesizing cells and s clinical manj
festatrons sccm to resuit from the intracelln-
lar accumulation of excess f-globin and
from jts eventual precipitation [1] As the
larger part of hemoglobin is synthesized
within nocleated erythroid precursors, de
termination of globmn synthess in o-thalas-
semic bone marrow 1s expected to revesl the
relationship between globin chain imbalance
and the degree of the characteristc hemato-
logical abnormalitics. Comparatlve studles
of peripheral blood and bone marrow from
thalassemic patients arc elso expected to
revenl mechanisms that regulate hemoglobia

blosynthesis dunng erythroid cell matura-
tion

Severa]l  Investig bave
globin chein syntbests 1n o-thalassemic ey
throid precursors and have m most cases
found 1t as unbalanced &s 1n peripheral reti-
culocytes [2—4] In tho patients studied,
thalasserma  probably resulted from the
deletion of e-globin genes and the conse
quent deficlency of specific mRNA in the
mmature hemoglobin synthesizing cells. In
8 previous study we have indicated that
a-thalassemia in the affected Israeli Jewish
communities differs by several festures
from that found In other populations [5}
and Orkin et o/ (6] have directly demon-

1l




Globin Synthesis in & Thalamemic Mamow

strated the presence of dysfunctional a-glob-
m geoes in the Mediterranean and Midesst
em type [6] The distinct molecular back
groond may result in e different patten of
globin chain syntbesis duting erythroid ma-
turation. We bave indeed found in the bono
marrow of 4 unreiated Taraell patients with
Hb H disease significantly higher e-fnon-a-
globin radicactivity ratios than in thelr peri-
pheral blood [7] In thhs peper we report the
ndoectivity ratios (o blood and bone mar
row {rom 8 Mideastern curriers of a-thalss-
_ semila and show that bone marrow globin
synthesis in 6 of them b balanced.

brs was precipitated by nnc scetate (8] and globla

siobin fraction wey cakrlsted.

were
standard mythody 21 proviomsly described [10].

Resaks

The children studied were 2-12 yean
old and have all hed elevated concentra-
tons of Hb Barts at birth. At the time of
this stody no fast-moving bemoglobin could
be detected fn their blood end serum iron
levels were wrthin the normal range.

Table I thows the children s origin and
mdlhdxbcmmbgialdln.hmdme
mis, hypochromia and
p'rnmthmb}uculdlnwhnml‘l'me-
bas been highest, whereas the other 3 gub-
Jects demoonstrate no hematological abnor
ma

Table 11 shows 1be o-non-o-globin ra-
dicactivity ratos for blood and bone mar

Table L Ongm 22d hemriolopeal dita of o-thalescres crrmers

Sabpects  Paem

RBC, 1021 MCH, MCV Hb Bant
rthples yda s 1 ut birth,
3
10A Iaq 103 a3 41 T80 52
1KC Yewes ns 486 236 740 L]
BC Yerace 102 530 w2 34 53
41C Yemen 106 su 197 &% 34
SRE Ireo/Alghastsn 100 548 "2 s 30
«LO Yemen n7 4 ni a9 L4
7 AH. Rooersa/N. Aliiea 119 430 n7 L ¥ 26
*yv Egrputng 114 416 4 ”"3 26
Nowtioabiesemac (25)* N2HLOTE 413100 SEL241 NI <03
Nursker of cases in parsachess,
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Abstract. Hematological data and globin synthesis studies in 8 a-thalassemic childres
whose parents are from vanous regions in the Middle East are reported. All patients were
devoid of HbH. 5 of them had mild aneria, hypochromua and microcytosts and thelr
blood a-/non-a-globin radroactvity ratos ranged between 0.56 and 075 The other 3
patients were hematologically normal with blood radicactivity ratlos between 077 and
088 Bone marrow studies showed balanced globin chawm synthesis for 6 of the patlents and
relanvely more a-globin synthenis than in the blood for the remmmng 2 The decrease 2
the relative synthesis of a-globin on erythroid cell maturation may relate to the molecalar

basis of a-thalassemia in the Middle East.

o-thalassemia is charactenized by defi-
cient production of a-globin in the hemoglo-
bin synthesizing cells and its clinical mam
festatons seem to result from the intracellu-
lar sccumulation of excess pf-globm and
from lts eventual precipitation [1] As the
larger part of hemoglobin [s synthesized
within nucleated erythroid precursors, dc
termunation of globm synthests in o-thalas-
semic bone marrow ss expected to reveal the

biosynthesis dunng erythroid cell matura-
ton.

Severnl investigators bave examincd
globin chain synthess in a-thalsssemic ery
throld precursors and have in most c2s¢s
found it as unbalanced es 10 penipheral rett
culocytes [2-4] In the patients studied,
thalassemia  probably resulted from the
deletion of a-globm genes and the conse-
quent deficiency of speafic mRNA 1n the
b e h globin synthesizing cells. In

relationship between globin chain imbal

and the degree of the characteristic hemato-
logical abnormahtes. Compartive stuches
of penpheral blood and bone marrow from
thalassemic patents arc also expected to
reveal mechanisms that regulate hemoglobin

a previous study we have indicated that
a-thalassemia in the affected Tsrael; Jewish
communities differs by scveral fentures
from that found in other populations [5)
and Orkin et al [6] have directly demon-



Tlobla Syxthods jo e-Thalenernic Marrow

The mechbantyms that ensure balanced
iobrn chain syothesis In o-thalsssemic bons
marrow may differ from those soggested to
egnlate globln synthesls in p-thalxssemia.
Frcess g-globm In immatore erythroblasts
mey be relatively stable and walikely to un-
dergo degradation [2, 3] Umstable a-globin
mRNA could accomnt for the racioactivity
ratios tn our paticnts bone marrow and per
wheral blood and specifically for those de
termined in the sobjects with normal red
cell parameters and no snemin. subjects
68 Indirect support for this esumption
comes from the recent demoustration by
Orkin et ol [6] of dyl!unmbu.ll aglobin
lod h
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Table I Globin synthesis rrhos In a thalassemic
blood and bone marrow

Subjects Peripheral blood  Bone mamrow
a/oon-q! a/pon-a
1GA 068 100
2KC 059 a9
3IBC 056 Ly
41IC 062 091
S RE 075 084
6 L.O o077 105
7T AH 088 094
8YYV 082 099
Nonthalasseric  107£0.08 (S 093£003 (3)

' Ratios of total radjosctivity in gobin fractions.
7 Meanvalues + SE number of casen I parentheses

row from these carmers of a thalzssemin
The blood ratios range between 0.56 and
088 and are highest In subjects 6-8 whose
red cell parameters are normal. Bone mar
row radoactivity ratios for 6 of the carnens
fall within the range determined for non
thalassemic bone marrow while for the oth
er 2 subjects B C. and R. E. they are low
er- 077 and 084 respectively Both these
ratos, however are still sigmficantly higher
than the corresponding blood ratios.

Discussion

8 children with mild o-thalasserma syn
thesized relatively more a-globin in their
bone marrow erythroid precursors than in
tbeir periphernl reticulocytes 6 of them had
bone marrow radioactivity ratios compara

Zalzov/Steinherz/Wollach/hirschmara

respectively  As these were determined In
unfractionated bone marrow globin which i
lable to contain radioactive nonheme prote
in that chromatographs as g-globln [11] the
posibility cannot be excluded that the bone
marrow ratios for subjects B C. and R. E
are erroneously low We however did st
observe the presence of such nonheme pro-
tein 1s bone marrow globin preparaboos
from several other o-thalassemic patients
and therefore consider the ratios listed 10 ta
ble IT to reflect a true variability in the ac
tlvity of bone marrow from these a-thalans-
mia carmers

A disparity i radicactvity matios b~
tween bone marrow and penpheral blood i
known to occur in heterozygous p-thalasse-
mia [12] and has been partly attrdbuted to
proteolysis of excess a-globin within carly
erythroid precursors {13 14] and to the op~
eration within them of mechanisms that reg-
ulate globin chain synthesis to reduce imbal-
ance [15 16] Some type of rcgulanon hss
alswo been suggested to occur in bone mar
row cells of patients with Hb H diseass, 2
severe form of a-thalassemua, to account for
a discrepancy between the relative synthess
of g-globin 1 intact cells and in a cell-fre
system directed by RNA from them [4 7)
On the other hand, contrary to the results
reparted in tha paper 6 previously studwed
a-thalassemia  heterozygotes had mmilarly
low o-/non-g-globin mdioachwity ratios in
their bone marrow and blood [2-4] 5 of
these patlents were Amencan blacks in
whom s-thalassemiz results from the dele
tion of a-globin genes [17] and the 6th was
a G ian whose origin has pot been re-

ble to those determined in nonthal

bone marrow mdicating roughly balanced
globin chain synthesis while the other 2,
subjects B C. and RE, had o/oon-o-
globin radroactivity ratlos of 077 and 0.84

ported [3] The distinct findmgs in erythroid
precursors from the a-thalassemia carners
studied by us probably relate to n different
molecular background for their discase,
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An Estimation of f-Glucuronidase and N Acetyl f-D-
Glucosaminidase Activity in Normal and Chronic Lymphocytic

Leukaemia Lymphocytes

S I Dempsey A D Crockerd and J M Bridges
Departrscnt of Haematology Royal Victorla Houpital, nd The Qoeen  Unbversity Belfsst

Key Weeth, Chirome hymp! k. £G 1 t
Nacetyl-g-D-giocosantinidase

Abstract. The | enzymes f-gho (EC 3.2.1.31)lndN-lcctyl—p-D—
lucosaminidase (EC 3.2.1.30) were d by blochemical and | means in
lhndm;mms}ymphgcytuo(mc:nuolmbkm,wmdBceﬂmdmcuoi
T cell chronic by ,‘ yth Iower levels of activity were observed
both b

ically for each enzyme in B cell chronk lymphocytic

ltnhtmd.lymphocﬂn,‘bamlbcn!nuobum:dfmdnTc:ﬂ:hmnlc
wwmrmmum\mmmmmmmm

arymes in the majority of B cell chronke

ﬂmlhemufmpmandpohrpoﬂﬂﬁtyomhwthcd]chmnichu.

kacmia lymphocytes.

Tutrodocfion

The introducton of cell marker tech-
tiquer by allowed the divinon of mamy
hmphoproliferative disorders Into B or T
etil types. Tavestigabon of the tysosomal en-
Iymey acld phosplatase and A-glucuront-
dasc i these conditions bas given resalts
which bave been correlated with the pres-
coce of B or T cell markers. Cy

Thos, & cytocheniaal method [11] bas
been employed to estimate the f-glucuroni-
dlsemnwmo(norm!mdd\msﬁclympbo-
Sytic keukaemla (CLL) hymphocytes and this
technique has shown lower values by most
emes of CLL {6, 20 21] A blochemical
Detbod to emess tymphocyte p-glucurons-
Fﬁ;‘]"‘mhﬂyw'mbvumhm

Ammnlyiowmlmymem
tyt-A-D-gl

methods based on such findings can prove
u‘d\:lln\hemﬁnethsﬂfkmhndlymph-
ol neoplatla and desene furiber study

dnsc)habeenﬂcm:udw Hod:m.-..
foally [1 5 14] and cytochemically [9 16)
ia normal lymphocyter, Crockend et ol. [3)
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Lysssoal Enzymes and CLL

amined and graded a3 follows: grade O bo sctiv
sy grade L 1 largs oc 1 5 xmall granthes; grade
2; 5-10 seall granules or 1 large plos 2 5 wmall
prenuker; grade 3 10-15 pranaler grade 4 13 or
moro gramaler.

The total activity score was the man obtatned
by multiplying the mumber of celn by the ob-
served grade [21)

Resalts

The Lmmunological, cytochemical and
blochemical findings are recorded In table L
Normal b and 1
resalts were noted for the 20 control sub-
jects. A high percentage (5> 60% ) of SMIg

Tuble L Lymphocyst sorfacs merken, f-ghoco-
and B wcores
wd actrvitms (ool 4
ferooe formcd/10° collh mens & 1 8D)
Contral  BCLL TCLL
sbjects  pateots  pabent
Sampie mamber 20 19 1
Lymphocysa/sd 10 54920 108,640
+650 &359%
E rosetier, % % 10 5
+9 '3}
MREC rowties, % 2 Iy 4
%1 +18
Antly, % 17 ] 3
3 £11
FClacommenicdes
Criochemcal score 139 » n
£24 +32
Teochemecal scrvity 219 a8 146
w39 %20
A-Omcuronki e
Cytochmnicsl score 103 3 1
EP £
Bochemucal acthery 44 1% 54
hts +0s
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posttive cclls were found n 19 of the 20
cases of CLL indicating B cell type. In 1 of
the patlents, 50% E rosetting cells were
demonstrated indicatmg T cell disense.

B-Glucoseordnidase

The mean values for gglocosammdase
sctivity susessed both blochemleally and ey
tochemically m the CLL patients and con-
trols arc shown in table I The enzyme ac
tivity measured bochemically was ugnifi-
cantly lower In the B celi CLL cmes
(p << 0 001). Cytochemical scoring of the ea-
Tyme sctivity gave 1 mean for the controls
of 139 (roge 9%6-150), with 1 subject lying
marginally above the ramge cakulsted for
the mean + 2 SD The mean for the B cell
CLL cases was 29 (ramge 1-128) and again
1 pabent lay outside the caleulated range
for mezn t 2 SD A significant ddfference
(p<0.001) was observed betwern the con-
trol and patient groups. The findings for the
T cell CLL patient fell within the norma!
range wing both techmiques. The distribu
tion of the cytochemical seores b Mlimtrated

1 and 2, while approximately 80%/ of the
lymphocytes m B cell CLL showed & com-
plete absence of enzyme activity The T cell
CLL case bad a notably even dbstributon
of the enzyme.

B-Glwcwronidare

The biochemical and cytochemical find-
Iugs for g-glocuronidese are shown in table
LTh:lrﬁvhyur!.becuzymemrnmcd
bloch was g Y lower
(p<<0.001) in B cell CLL patients com-
pn:dﬂlhnurmaldmon,mcym:hcmj-
nlmlum:d.mmo‘lm(m
w-lwmm@mmh,,ﬂ,m
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have shown sigmificantly lower levels of thus
enzyme in the lymphocytes of B cell CLL
compared with normal B lymphocytes. Al-
though the cytochemical technique has been
employed to investigate the lymphocyte
f-glucosaminidase content In a number of
conditions [7 10] no reference has been
noted to its use in the study of CLL.

This study was therefore designed to m
vestigate the cytochemical stainmg of g-glu-
cosaminidase m CLL. The behaviour of
f-glucuronidase was determmed m parallel

Materials and Methods

20 patients with CLL were studied of whom 7
were on regular cytotoxic therapy at the time the
samples were taken. 20 pormal donors served as
control subjects.

Lymphocyie Separations

Moponuclear cells were separated from 20-
60ml heparinised blood (10 U/ml) on Fleoll Iso-
paquc a3 previomly described (3L Monocylcl were
removed from the

Dempsey/Croclard Bridens

Detectlon of Surfoce Membrane

Immunoglobin (SMig)

Lymphocytes were stained for SMIg msing
fluoresceln-labelled sherp anti-human  fmemooo-
globulin seram (Wellcome Reapents Limited) a3 de-
scribed earller [3] Lymphocyte sispentions et
obterved under & Wild M20 floorescent macro-
scope and the percentape of immunofluorescing B
lymphocytes determined.

N Acetyl-B-Glucosaminidase and
#-Glucurowidase Assays
All Iymphocyte suspensions were treated with
0.05% Triton X 100 and homogenrsed in a Potter
Elvehjem homogeniser prior to assay N-ace-
tyl f-glecosaminidase assays Involved the bcube
ton at 37 C for 10min of 50l Iymphocyle
homogenate (I1x10% cells) wath 100 u1 0.1 M -
l.rlte phosphate baffer pH 48 and 100 «] 125 mY
feryl 2 2-deovy-f-D-gtv
mpynncdd: (hoch Light Laboratories Ltd). Re-
actlons were terminated by the addition of 3md
fce-cold 0.2 M glycine baffer pH 10 8. 2-Glucuron-
dnemmytdl:lmﬂ.ul‘yuﬂmoluncﬂmbu!
{u’ pH 40 and 125 Af &methylombelideryl-#-0-
tde (Koch Light L ories Ltd). Fleo-
rescence was measured ming a Locarte Flootk
meter model 8/ (Locarte Scientific Instroments)
cxciting at 360 nm and emitting at 450 am.
Enzyme activity was expressed as  nmol

by
the method of Beur! e L [1). Nonspedfic e
terase using o-naphthyl acetate a3 substrate [22]
and May-Grunwald-Glemsa staining indicated that
monocyte contamination was always less than 3/
in the fimal cell smpenslons.

E Rosette Test

T lympbocytes were Kentified by thelr  bility
to bind sheep red blood cels (SRBC) senutised
with 0.14 Af 2-aminocthyllsothioaronivm brombde
(AET Slgma Chemical Company), uung the
method of P Uegri o et af [15]. The percentage of
lymphocytes binding 3 or more SRBC was deter
miped in a ha mocytometer

M use Red Blood Cell (MRBC) R ette

The method of Shohat and J shue [17] was
used and apain the percentage of lymphocytes
bunding three or more MRAC was determiped n a

hacmocytometer

4 y iferone formed/109 cellvh
N Acctyl-f-Glucosaminidase and
B-Glxcuronidase Cytochemistry
Freah  o-dried penphernl blood smears wers
fixed with cold formalin-methanol (7.3) at 4 C
for 1min, rinsed with cistilled water dried at
room temperature and kept at 20 C overnight
Blood films were thawed prior to incubation with
the respective working solution. N-acetylS-gluco-
was Iy using
the method of Reed and antu (16) wath naph-
thol AS-BI N-acctyl-f-glocosamide (Sigma Chem-
{cal Company) ss subarate, n'mp]ed with fast
pmet GBC, p-G ed
using  naphthol AS-BI-g D-ﬂncln'on.ld.e (Sigma
Chemdcal Company) a3 substrate and bexaronhum
a3 coupler ing to the method
of Yaws and Mirus 211
All blood fllms were counterstalned with 1
methy! green pH 420 100 lymphocytes were ex




sosduplyieg the mmmaber of celhr by the ob-
merved grade {211

Remdis

The immunoclogical, and

results were noted for the 20 coatrol sub-
jects. A high percentage (> 60% ) of SMIg-

Teble L Lymphocyte sarface markers, Sghuco-
and £ xore

and wochomecs] acrviba (amol
ferooe formed/10°7 celh owan + 1 8D)

Coatral  BCLL  TALL
wotyects  pateats  patient

Sarcrphe oaraber » 15 1
Lympbocywa/sl 1350 M0 108,640
£630 36930
E rosetins, % L] 10 x
9 “t
MRBC rowetics, % 2 4 4
%1 13
Amrlg, % 17 « 3
+5 N
#-Glexconraredase
Cysochamscal score 19 » "
£ L
Rochexwcal sctty 219 s 146
39 +.0
S-Glocaroosd e
Cytochermeal secre 103 s 1m
xR %9
Brocherscal actrity 44 1 54

*03
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positive cells were found n 19 of the 20
cases of CLL Indicating B cell type. In 1 of
the patients, 50% E rosetting cclls were
demonstrated ndicating T cell dbsense.

p-Glucosaminidare

The mesn values for g-glucosaminidese
activity assessed both blochemically and cy
tochemically in the CLL patients and coe-
trols are shown in table L. The enryme ac
tivity messured blochemically was aignifi-
cantly lower In the B cell CLL emes
(p << 0 001). Cytochemical scoring of the en
Tyme actinty gave a mean for the cootrols
of 139 (range 96-190), with 1 subject Iying
marginally above the range cakulated for
the mean + 2 SD The mean for the B cell
CLL cases was 29 (range 1-128) and agaln
1 patient lay cutside the calculated range
for mexn + 2 SD A significent difTerence
(p << 0.001) was observed between the con-
trof and patient groups. The findungs for the
T cell CLL patent fell withln the pormal
range ming both technigres. The dmtribu-
tion of tho cytochermical scores Is linstrated
inﬂ:\nelmd:ha‘l'.hnlppmdmndy
70% of normal fymphocytes fell into grades
1 and 2, while approximately 80% of the
ymphocytes fn B cell CLL showed a com-
plete absence of enzyme activity The T cell
CLL casc bad a notably even distribution
of the enryme.

£-Glucuronidase

The blochernkcal and cytochemieal find-
lngs for p-glucuronidese are shown In table
L The activity of the enzyme measored
bioch bl y lower
(p<0.001) In B coll CLL putients com-
pared with normal donors. The cytochemi-
ulmlulbontdnmnno(lﬂ:i(rmg:
60-148) for the comtroh with 1 subject
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have shown mignificantly lower levels of this
enzyme In the lymphocytes of B cell CLL
compared with normal B lymphocytes. Al
thaugh the cytochemical technique has been
employed to investigate the lymphocyte
B-glucosammudase content n a number of
conditions [7 10] no reference has been
noted to its use in the study of CLL.

Thus stody was therefore designed to m-
vestigate the cytochemical stainmng of f-glu
cosaminidase in CLL. The bebaviour of
B glucuronidase was determined m parallel.

Materials and Methods

20 patlents with CLL were stodied of whom 7
were on regular cytotoxic therapy at the time the
samples were taken, 20 norroal donors served as
control sabjects.

Lymphocyte Separations

Mooonuclear cells were separated from 70-
60 ral heparinised blood (10 U/ml) on Flcoll-Iso-
Paque as previomly described {3] Monocytes were
removed from the 1 K by

Dempsey/Croclard/Bridges

Detection of Surface Membrene

Immunoglobin (SMIg)

Lymphocytes were stalned for SMlg wing
fluoresceln-labelled sheep antihuman iounpoo-
globulin serum (Wellcome Reagenty Linnted) s é
scribed earlier [3] Lymphocyte smpensions were
observed under a WIld M20 floorescent micro-
scope and the percentage of Immunofinorescing B
lymphocytes determined.

N Acetyl f-Glncosaminidase and

f-Glucuronldase Assays

All lymphocyte suspensions were treated whit
0.05% Triton X 100 and homogensed in a Foiter
Elvehjem homogeniser pefor to asay N-at
tyl-f-glucosammnidase essays Invotved the iocabe-
ton at 37°C for 10min of $0xl lympbocr™
homogenato (IX 108 cells) with 100 x1 013
trate phosphate baffer pH 4.8 and 100 [ L2550l
4 y 1iferyl-2 ide 2-deoxy-f-D-#it-
copyranoside (Koch Light Laboratones Ltd) R¢
rctions were terminated by the additios of 3md
{cecold 0.2 M glycine buffer pH 10 8. f-Glocaro
dase was asayed similarly ueng 0.1 Af acetate bl
fer pH 40 and 125Af 4-methytambeiliferyl-f->-
gloceroaide (koch Light Laborutorfes Ltd). Fiwo-
rescence was measured ming a Locarte
meter model 8/9 (Locarte Sciendflc Tnstrumea(}
exciting at 360 nm and emitting at 450 nm.
Enryme actinty was cxpresed a1 omol

the method of Bewtle et al [1] Non-specific es-
terise wsing o-naphthyl acctate as substrate [22]
and May-Gruowald-Glemia staining indicated that
monocyts contsmination wis always less than 3/
In the flnal cell sospentiont.

E Ros 1t Test

T lymphocytes were fdentified by their ability
to bind sheep red blood cells (SRBC) scnxitised
with Q.14 A 2-aml; bromide

4

N Acetyl-p-Glucosaminides end
p-Glncuronidase Cytochemistry
Freah air-dried peripheral blood smesrs wert
fixed with cold formali -methanol (7.3) at 4°C
for 1min, rinsed with distilled water dried at
room temperature and kept at ~20°C overnight:
Blood films were thawed prior to incobation with
the respective working solutlon N-acetyl-f-gloce-
was Ity vslng

(AET Sigma Chemical Company), osing th

method of Pellegrin et al. [15] The percentage of
Iymphocytes binding 3 or more SRBC was deter

mined in a hacmocytometor

Motse Red Blood Cell (MRBC) Rosettes

The method of Shohat and Joshwa {171 was
weed and agam the percentage of lymphocytes
binding three or more MRBC was determined ln

hacmocytometer

Y
the method of Reed exd Bemnets [16] with naph-
thol-AS-BI N-acetyl-f-glucosamude (S gma Chem-
kal Company) as substrate, coupkd with fast
et GBC g-Glucnroaklase was demonstrated
using  naphthol AS-BI-A-D-glucnroasde  (Sigma
Chembeal Company) as substrate and hexazonhum
pararpeanilin a3 coupler sccording 1o the method
of Yam and Afitus [21]

All blood filmy wer cou terxtalned with 1/e
methyl green pH 42 100 lymphocytes were ex
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€7 than the figare of 147 recorded by Fln-
dnn and Dandel [6] and 197 reported by
Yem end Mitus [21] but ln sgreement with
the figure of 95 noted by Kohx et al, [8] for
tubjects of u similar age. The significant re-
duction in cytochemical score for this en-
yme tn CLL ¥ has been report
«d by other authors [6, 11 21]
In scoring the cytochemical reaction for
Sglucosamitidase in pormal |
we were able to adopt the metbod advocat
A& od by Yom and Mitus (21] i ther stody of
This method of scoting duf
fens from that of Lidewicz (3] who empha-
sised the presence of & diffuse pattern of
positive staining in some lympbocytes and
meinded this observation in his method. We
found poutivity was limited to a granolar
drstribotion by the techuique of Reed and
Bennert [16] The mean score for our 20
coutrols therefore cannot be directly com-
pared with tho resolts obtained by Lidewicz
[9] The cytochemical score for fglocom
minidese showed a significant dufference be
tween the control and petient groopa. This
finding concurred with results obtained
both in this and a previous
wudy (3] Stmilar (indings have been poted

f m thix cond T cell CLL has
bern described [2] a8 a chronic lymphopro-
Iiferatire disorder differing In some clinical,
cytological and  fmmunological respects
from the commoaer B cell CLL, Flandrin
and Daniel [6] recorded pg-glocuronidase
tevels within the normal range in 2 out of &
scries of 20 cases of CLL. The lymphocytes
were devold of membrane-bound tmmmo-
grobalin g possible T cell derth
and showed a uniform patiern of posliive
staining for the enryme. In our caso of T
cel] diseae, Aglucaronidase and S-glucosa
minidase showed a aimilar ualform pattern
of siafuing with positivity occurring as »
large granule at one pole of the ceil. Bio-
chemically both enzyme results fell within
the limits of rormal. The staining resctions
of pglecosaminidese, which have not been
previowsly described In T cell CLL, would
appeat to conform to the pattern poted for
8 dase and acid ph 121
slthough this sbservation requires confirma
Doui.nnhvmlcrlc'olTCd]CLLpl
tents.

The me of cylochemical techniques to
dﬂnomnmtbelylmomlmzym.dd
phosphatase and g-glucuronidase appear to
bco(vﬂn:hdlﬂnmmﬂng(hemmnn

for other enzymes, ding scid
pbotphatase and a-naphthy) acetate esterase
[4 19] In eddition, reduced levels of sden-
ozine deaminsse have been reported m B osll
CLL lymphocytes (12] m contrast to the in-
crened kevels of activity obsened i lym-

disorders from the rarer
T cell variety Our findings fot g-glucoss
minldese ln CLL suggest that thhs enzyme
panaich the behaviour of ackd photphatase
md g-glucuronidese and coald be
hmjmbnvhhlhmluimludnh

phocytes from W 3
Unscmua panents [18] these  diflerences
may be a rellection of the varying stages of
maturation attained by the B cell b the tno
dustinct tymphoprollferathve states.
The inctuson of a case of T cell CLL in
A our series aliowed the siudy of p-plocoss.

Igation of by wtive disease,

Adckwowicdgementy
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lymg marginally outside the calculated 2 fairly even cellular distributson of the en

range wsing mean T 2SD and 2 mean of 8 ryme approximately 70% of the lympho-

(range 2-45) for the B cell CLL patents  cytes falling mto grade 1

Agam there was a sigmficant  difference

(p<0001) Both biochemical and cyto-

chemical results in the case of T cell CLL Discusston

fell within our normal range  Figure 2

showy the distribution of enzyme activity in Our findings of a reduced content of

the lymphocytes of the control and patlent  gglucuronidase in CLL lymphocytes deter
and reflects the pattern for p-gluco- mined by blochemical means accord with

gmups”da“ in porms! aad B cell CLL pa  those of Douglar et ol [4] The mean cylo-

fents, The T cell CLL patient sgain showed  chemlcal score of 103 for f-glucuronidase



Lyscaotaa] Enzymey aad CLL

in oor 20 control sobjects i vhat Tow

143

In this dition. T cell CLL has

¢t than the figure of 147 recorded by Flan
drin and Dardel [6] and 197 reported by
Tom and Mirws (21] but m agreement with
the fignre of 95 noted by Kohn et a! (8] lor
wmbjects of a similar age, The slgnificant re
doction in cytochemical score for this en-
Zyme m CLL lymphocytes has been report
ed by other sutboms [§ 11 21]
In scoring the cytochemical reaction for
in notmal lymphocytes
»e were able to sdopt the method sdvocat
4 ed by Yem and Mirus [21] fn their study of
£tlocuronidase Thns method of scoring duf
feny from that of Listewlcz [9] who emphs-
thed the presence of o diffuse pattern of
posltire staming in some and
m%nmhmwuw:
poritivity was limlted to a grmular
dstribution by the technique of Reed and
Bemnctt [16] The mean score for our 20
coutiols therefore cannot bo directly com-

m‘“‘ﬂ'ﬂ)tha:ﬂulmmforp—giwoa
mﬂ‘*w:ﬂpmmtcﬁﬂnmbc
theen the control and patient groups. Tha
foding concurred with resuln obtamed

both in this and a previoms
ndy [3] Similar fndings have been noted
for ather |

been described [2] o3 a chrome lymphopro-
Iferative disorder dulfering in some clinical,
cytological and immunological respects
trom the commoner B cell CLL. Flandrin
and Daniel [6] recorded pglocnronidase
levels within the normal range In 2 out of a
series of 20 cases of CLL. The lymphocytes
were devoid of membranc-bound fmmumo-
globulin suggestmg posnaible T cell detivation
and showed a uniform pattern of positive
stmmng for the enryme. In our case of T
cell discase, j-glucuronidase and A-glucom-
minidase showed & similar uniform patiern
of stamning with positinty occurring as a
large granule at one pole of the cell Bio-
chemically both enryme results fell within
the hmits of normal. The ttalning reactions
of p-glocosaminidase, which have not been
previously described In T cell CLL, would
appear to conform to the pattern noted for

tion in a larger series of T cell CLL pa-
thents.

The 1se o cytochemical techmiques to
demonstrate the lysosomal enrymey acd
phosphatsse and g-glucuronidase appear to
be of valus in differentiating the common B

enrymes, acld
Phoxpliateis and e-naphthyl acetate crterase
14 19] In sddition, redoced levels of sden-
cdmh“mh.nbtmrepoﬂdmlicel]
CLL Iympbocytes [12] in contrast to the In-
Temed Ievels of acthity observed in lym-
Phocnes from . lob

y P disorders from the rarer
T ccll variety Our (indings for Aghucoss-
minidase n CLL suggest that this cozyme
parellels the bebaviour of acid phosphatase
and p-glocuronkdese and could be

in coujunction with these stains b the in-

Untemla paticnty (18] these differences
T3y be 2 reflection of the varying stages of
T¥tuntion attained by the B cell in the tho
Gislinct ymphoproliferative states.

T lochmon of a case of T cell CLL fn
Our series allowed the study of pglocosa

4 ol
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Autoradiographic Studies on Lymph Node Populations from
Non-Hodgkin B Lymphomas®

Dennis Quaghno Andrea De Pasquale Lino Piccinini Massimo Tonelll and
Marco Mugnaini
Istitito di Clinkca Medica, University of Modena, Modena

Key Words. Autoradiography Cytokinetics Non Hodgkin B Iymphomas

Abstract. The authors have mvestigated the cytokinetic behaviour of 23 cases of noo-
Hodgkin B cell lymphomas. In all cases diagnosis was established on the basis of histo-
logical cytc loglcal and cytoch | data. The study carrled out with the axd
of sutoradiographic techmiques, indicates that the varlous histological subclasses arc
charactenized by a different metabolic and kinetic behaviour- the aggresmiveness of the
malignant lymphoma is closely related to the rate of growth of the lymphomatous cell
populations, as assessed by the mitotic index and the labellmg index with YH-thymidine.
The study of the synthens and metabolism of RNA provides not only useful information
on the energy requirements necessary for the neoplastic growth, but, when employed in
assoclation with histochemical techniques for the detection of intracytoplasme
Ig synthess, it defines more accurately the functional charactenstics and the differentation
potentialitics of the neoplasuc populattons in different cases.

The prognosis of malignant lymphomas the attempt by Bloomfield et al [1] to cor

has hitherto relied almost exclusively on the
hustological characteristics of the malignant
process and on the assessment of the clinjcal
stage of the pauent.

Quite recently with the purpose of ob-
taming objective information on those bio-
logical aspects of malignant cells which
mught have a direct bearing on prognosls
and responsiveness to treatment, DEW lines
of investigatton have been pursued, such as

Wark supported by grant No. 79.01557 96 CNR
Rome.

relate the histological features of the tumour
with the expression of the surface markers
of neoplastic cells.

Similardy the observation that malignant
lymphoproliferative dmorders, even with a
sumflar histological pattern show & different
response to treatment and a highly vanable
clinical course, following an identrcal thers-
peutic regime prompted us to undertake an
autoradiographic investigation on the kinet
ic and metabolic behaviour of lymph node
populations from patients with different
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T Me IT Relatiomship betw cen some chimeal and kmetic s1pects i 9 cases of nodular controblastic/centrocy i

malignant h mphomss
Nme Sex  Age Clmical  *H TdR LU/% of cells! Therapeotic
stage respomse!
LC cG, s cC L cB
sC F 50 HIA 0/16 ar7o 39 4675 good
ZT M 48 IVB 021 1/68 189 asr pooc
BF M 6 1A 0136 1/59 39/3 st poor
PR M 59 IVA 0715 3/80 301 54 poot
LE. M 56 INA 0/37 1/58 1974 40/1 ood
RZ M 63 1B 0120 1766 3us 5819 poot
BG M 51 IA 0/48 2/47 1671 a6/4 good
cs F 70 1vB 0726 1169 974 5871 good
MM, F 2 IvVA 0/38 252 33 a7 pooc
Mean alue = SD 0/28+11  1+1/63*10 1 /M4E3 49£6 923

! Related to toia) malignant cell population.
?  Foloming the same chemotberapeutte scheme

with the asmessment of the mitotic index (MI), b
capable of providing useful dats on the prolifera
tive actinity of a ncoplastk: popalation.

The study of urldine incorporation and of the
degree of nuclear<cytoplasmbe (N-C) transfer of
the label was carried out following the observa-
tion that m acute (10} and chronfe myelodd [11]
leukaemlas the metabolic features are closely re-
lated elther to the prolifenative ectlvity of the
carly components af the leakaemlc cell population
or to their reridusl capecity for differentiation.

The urldine N-C ratio was obtained by diridiog

the mean cytoplasmic graln comnt X 100 by the

niean total grain count. This valoe, on the bk

of the resalts of our previous studies, was taken

a1 an indlcation, at the cytological level, of the
‘ormatlon.

labelling may ako reflect the synthests of Intracy
toplasmic Iy Therefore, & correct Interpremtion
of the algnificance of uridine incarporation h
Iymphoma cells requires the parallel study of B

Flz. 1 Malignant lymph node
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Tg by the x
tecimique described by Stersberper o ol (13] 1
cach case the LI wms evaloated oa 200 cells sad
ta MI om 2,000 ceiln.

Resalts

Table 1 shows the various cell types pro-
sent in the different hrtological varieties of
oon-Hodghin B lymphomas, the M1 the LY
the degres of nridine incorporation a8 well
1 the pereentage of N-C tranaler of the I
bel and [mally the intensity of intracytoplas-
mic Ig perodase staining.

Table 11 relates the kinetic data 1o the
dafferent exll types present in § cases of cen-
troblaste. centrocyte {ymphomas.,

Dhscursion

Notwlihstanding the conskderable Fom-
ber of mestigations which in recent years
have been carried oot 1 order W obuin
mote detafied Information on the biotogy of
maBgnant Iympboma colls, kinctic stdbes

\ Dave been relat ely fow 24 8, 9 12]
Furthermore, many of the Mnetic obsena

With regard to the present sindy ft b
necessary to dustinguish between the kanetic
behaviour of those cases of non-Hodgkin B
lymphomas with a muxed cellular patiern
and thos with a predominantly uniform cell
popelation.

In the former the monoclonal profifera-
tion quite clascly follows the differentiating
pathway of the stimulsted B lymphbocyte
[7] It is, bowever possible to observe &

ity In malignamt lympboplasmocytic lym-
pboma there arc 2ls0 Dockear-Cytoplasmic
ssynch since the and ex
cretion of Iy may be present in cells, deflned
In table I a3 tymphoplasmocytic, which are
morphalogically almilar to ymall hympho-
©ytes that normmily do not cxhibit sach sn
scthity

With regard to those lymphoms with &
one cell T §
Cytomas and lymphocytke lymphomas sre
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almost mert from the kinetic point of view
except for a small fraction, respectively of
plasmoblasts and large nucleolated lympho-
cytes which acts as a self mawntaining pro-
liferating pool

The cells of immunocytomas as well as
of lymphocytic lymphomas retam a certam
degree of uridme mcorporation which in
the case of immunocytomas is probably re
lated to thear variable capacity to synthesize
immunoglobulims.

Daffuse centrocytic lymphomas (small
cleaved cells) are charactenized by a low LI
while mitoses are exceptional Probably
these cells are mostly out of cycle or n &
prolonged G, phase.

In diffuse  centroblastic lymphomas
(large non-cleaved cells), the LI appears to
be very high, smilar to the pattern which
may be observed in normal centroblasts [7)
while the MI lags behmd. This discrepancy
suggests esther that these cells have an ex
ceptionally long S penod compared to the
otber phases of the cell cycle or that a con
uderable number of them undergo endore
duplication not followed by mitosis. In fact,
the DNA content of part of these cells s
frequently m excess of the tetraploid val
ues, as shown by tho cytotlucrometric stud-
1e3 of Riccard! et al [12]

The centrocytes (small cleaved cells) and
centroblasts  (large non-cleaved cells) of
centroblastic/centrocytic  lymphomas  show
the same kinetic behaviour as In the un
mixed histological varicties. Thx pattern
does not differ significantly fn the different
cases, However 1n OUr present case maten
al we have observed a varable fraction of
large cleaved cells, the LT of which vardes
comsiderably m single cases (table IT) Poxsi
bly thesc latter cells correspond to an mter

mediate stage m the transformation of cen
troblasts to centrocytes and therefore a high

Quaglino/De Pasquale/Piccinint/Tooelli/Afugnaty

percentage of such cells or an increased pro-
liferative activity on therr part may mdeete
the existence of a more rapidly expanding
process or a greater tendency to evolve to-
wards a more aggressive form as & resalt of
a Joss of their differentiating capaaty

In fact, the single case of centrocydc
tymphoma with large cleaved cells (tbie )
showed kinctic data m kecping with 2 ce3-
troblastic lymphoma and a highly aggressve
clinreal course

The kinetic behaviour shown by centro-
cytes and centroblasts of centroblastd/
centrocytic lymphomas scem to suppart
the hypothesis of Lennert [5] accordmg to
whom centrocytes derve from centroblest.
Acceptance of the Lukes and Collins 6]
concept on the denvation of centroblasts
from ‘simulated centrocytes would imply
that centroblasts, unable to undergo differ
entation, but endowed with a high prolifer
ative actvity were capable of completely
replacing the centrocytic component 1t 2
short tme an event which does not usually
take place,

Burkutt cells and lymphomatons immu-
noblasts have a high LI and proportionally
an even higher MI The observation of l&-
belled mutoses after aaly 1 h of in viro o1l
ture, indicates an exceptionally short Gy pe
rod.

Centrocytes, centroblasts and immumo-
blasts show a progressive Increase in the rate
of uridine incorporation and N-C transfer of
the label, presumably in connection with the
encrgy requirements lnked to their prolifer
ative activity however undine incorpora-
tion in ncoplastic immunoblasts may some
times also be related to thar vanable degree
of Ig synthesis [4] although the RNA turn-
over rate never reaches the mtensity found
w nop-neoplastic immunoblasts,

The prelimmary results obtained, espe-
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clally In our group of centroblastic/cantro-
cytic indicate the of
different metabolic and kinetic patterns,
even within cases showmg the same histo-
logical features, which may varlably in-
fluence the course of the discass and the

proxches 1o the clamufication of the hmpho-
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Successful Pregnancy during Combination Chemotherapy for

Hedgkn’s Disease

Helene Daly Shaun R McCann T D Hanratty and IanJ Temperley
Federated Dublin Volontary Hospitals and St James’ Hospital, Dublin
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Abstract. Hodgkin s discase commonly presents in young adults and can be cured of
brought into prolonged remizsion by radiotherapy chemotherapy or a combinatron of both
An Increasing nomber of women are therefors liable to become pregnant during or followmg
treatment for the disesse. We describe a patient in whom pregnancy was successful in spito
of treatment with chemotherapy during the latter half of the antenatel pedod.

Caso Report

AZlyolr-oldeﬂ:ntwuld.rnitmdmﬂnHw
ncn]hcdpruﬂtmfor3monﬂnl’hydnlmmlm—
tion revealed a temperatnre of 38 °C, a diffose er
ythematons ragh on her arnm and lege, grom bilat
eral cervical Iymphadenopathy The liver wm
palpable 5 em below the right costal margin and
tho spleen was palpable 6 cm below the left costal

enlarpement of both orgam altboogh no fpecific
focal defects were detected.

Became of amenorrhoca & pregnancy teft Wi
dom'l‘hhwupcdﬂv:md:ﬂnhlm!ﬂﬂﬂ

phangiography and liver blopsy were not
am.AuhﬂaldhmmhdmuwBHcdlﬂ""
dbeauvnmnh-nduhnm

margin, Investigations revealed u b lobin of
10.0 g/dl with a normal white cell count and plate-
let count. The ESR was 85mm/h. The alkaline
phosphatase was 157IU, tho aspartate amino-
transfernse (AST) waa 631U (normal 7-40) and
1he alanine aminotransferaso (ALT) was 80TU A
chest X-ray showed marked mediastinal and para-
tracheal lymphademopathy Lymph node blopey
revealed lymphocyte-depleted Hodgkin's disesse,
A bone marow apirate and bilateral posterior il-
iac crest marrow biopreas (Jamahidi needle) re-
vealed normal marrow without evidence of Hodg-
kins disease. A liver und spleen scan conflrmed

e with b
ide, vincristt 5 and predaisone
outlined in table L

ing two courses of ch th physh

cal examination was normal spart from some TT5-
dnal hoarseness. Her antenatal cocrse was pocosh
plicated. Full doso chemothsrapy was
thronghout pregnancy and diring a 2-week fer
val from therapy sho was delivered of & 2 K5 fe
male infant, The Farr score revealed a

age of 37 wecks. Physical examination of the i
fant ut birth and 1 year later revealed no aboot
mality and chromosomal analysls was normsl 1
year following delivery the patlent's disesse I
lepsed and was refractory to chemotherapy



Pregmacy b Hodgkin's Dbesse

“Tobia 1

Dase ghven Roats Dap Tocal dome
e befory.
Acrvery mg
Cyclopbosptumeds 1.000 w3 L lwds 7.000
{630 myfe)
Viacrisios 20mg ir lendt 1
(14 e/
Frocarbarine 150 g po 1-14 (inciastve) 7350
(100 wg/m’)
Fredoiaces oy po 1528 (ochatve) EXT)
(50 mg/m®)
Weght = 53 kg matack erem = 1.5
Discavsion Tkylating sgents and antt ih
equally [ikely to camo fetl.!lbuoumﬂﬂa.
Pregnancy of 18 weels gestation and  They refer to 1 patient treated with procar

wiicrpread Hodgkin s discase with en unfa-
vourabls histology were dlagnosed shrmlts-
peowaly In our patient. Hodgidn s dherse
had previoosty been during preg-
nancy md Bery o el {1962) showed that
thero were Do adverso cifects of the disesse
on the pregnancy or of the pregnancy on the
disexse. In 1968, Nicholson revicwed 185
pregnancles in which cytotoxic drogs wers
given, 27 patients ad Hodgkins diseasc,
but in only 3 cxsey was a patient treated
with moro tham two drgs and procarbazine
was not meed In any case. He canchuded that
cytaxic thorepy after the first tdmester was
swociated with low birth wedght only Jodn-
son ond Fllrhle [1977] reported & case bn
which Hodgkin s discess was treated from

Schein and Wincknr [1975] refar to fso-
lated descriptions of pormal deliveries fol-
lowing trextment with procarbazine and vin-

the edministration of karge doses of cytotax

for pregrancy to proceed to term withont
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of both.

brought 1nto prolonged remission by rad

py or &

An increaning number of women are therefore ].inblo to become pregnant during or followmg
treatment for the discass. We describe a patient fn whom pregnancy wes successtul fn st
of treatment with chemotherapy during the latter half of the antenatal perfod.

Caso Report

Azlyn:oldpnﬂumm.dmmadlothcﬂn-
Unit Haink l-ﬂd‘o-
n:nlhcdprurlrmforﬂmmﬂnl’hyiﬂlumﬂny
thon revealed a temperatnre of 38 °C, a diffuss er
ytbemators resh on her arms and legy, grows bilat
eral cervical lymphadenopathy The Iver was
palpable 5cm below the right costal margin and
thnl'plrmvupa}p;blaﬁmbdcwtboldtml
margin revealed & ba of
10.0 g/d] with a normal white cell count snd plate
let connt. The ESR was 85mm/h The alkaline
phosphstase was 157IU tho aspartate amino-
transferase (AST) was 631U (normal 7-40) and
tho alandne aminctramferuse (ALT) wes 80TU A
chest X ray showed marked medisstinal and para-
trachesl lymphadenopathy Lymph podo blopsy
revealed tymphocyte-depleted Hodgkin's disomse.
A boos marrow sspirato and bilateral posterior I
fac crest marrow Hopsles Jammbhidl noodlo) re-
vealed pormal marrow without evidence of Hodg-
kin's discase. A Urer and spleen scan coafirmed

colargement of both organs although no specic
focal defects were detected.

Becanso of amenorrhoea s pregrancy test wid
done. This was positive and clinkal cvatuation
conflrmed a pregnancy of spproximately 18
wecks. Becanso of the pregmancy pipedsl Iym-
phanglogtaphy and liver blopsy wero not carted
mAcnmmdimudsolmvanandaﬂn"
d.'ucunwnmﬂiulnd:hnm

with hosphem-
ldc.vlnahﬂ.nn.pma:‘huﬂnumdpud.nhmb-
outlioed in table L

Following two courses of chemotherapy phyd-

cal examination was novmal spart from some res-

[
xge of 37 wesks. Phyzical examination of the in-
fant at birth and 1 year later revesled no abnor
mality and chromosomal nalysis was normal 1
year following delivery the patient's disesss re-
lapsed and way sefractory to chemotherapy



Pregrancy o HodgYio's Discass

Tabie 1

Dom Rouse Dap Toul dose
o shen befare
actrery mg
Cyclophoupbtmide 1,000 mg 8 laads 7,000
(630 mgimt)
Vincriecns 20mg 1 Lads "
(14 mg/mh)
Frocbazios 130 g pa 1 14 (tactusive) 7330
(100 my/m?)
Pradoincos S ve 15-28 (machosbre) 3130
{50 mg/m)
Wegkt = 53 ip mriace aes = LS x?
Dhcaslon

Preg-
nscy and Barry et al. [1962) showed that
there were no sdverse effects of the discass
on the pregnancy or of the pregaancy oa the
disease In 1968, Nicholson reviewed 185
pregoancies n which cytotoxke drugs were
given 77 patients had Hodgkine disowe,
but fn only 3 cases was a patient treated
with more than two drugs &nd procarbezine
wis not osed In any case. He condluded tha
eytoxic therapy after the first trimesier was
smoclated with Yow birth weight only John-

alkylating agents and antimetabolites wers
equally likely to cause fetal abuormalities,
They refer to 1 patient treated with procar
bezine in the fint trimester with a normal
outcome to the pregnency However they
alto poimt out that fetal abmormalities and
abortion were more Hkely to occor when
chematherspy was gives during the fimt
trimester of pregnancy

Schein and Winokur [1975] refer to bo-
lated descriptions of normal dellveries foi-
lowing treatment with procarbazine and vin-

The sdmintstratlon of largs doves of cyiotox
i drugs from the 18(h week, it was possibie
for pregnamcy to procesd to term withoat
evidence of fetal malformation in this pa-
teat. The dik of teratogeakity from
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chemotherapy is far from clear Sieber and
Adamson [1975] collected 14 conceptuses
with major malformations following treat

ment with ant-tumour agents. However
with the exception of antl folates the terato-
gematy of the other agents used is uncer

tain. We would agree with their advice that
therapy with cytotoxic agents should be
withheld, if possible, until the end of the
first tnmester of pregnancy There B in

creasing evidence [Sieber and Adamson,
1975] that the incidence of acute leukacua
in patients treated for Hodgkin s dmease is
probably related to the use of chemotherapy
cspecially if this Is combined with radiother

apy However since the latent penod for ra

diotherapy or chemotherapy induced leu-
kacmia is up to 15 and 14 years,

ly [Schwartz and Upton 1958 Galton and
Spiers 1971] 1t is very important that all
children born to mothers receiving chemo-
therapy should be followed into adult life. It
13 posuble that these normal children may
significantly increase the size of the pool of
humans who are at nak of developing ma

lignancy
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d

function  Myel

Abstract. Biochemical of &

Unemix

Feiop

functicn bave been examined ming cells

trom patlents with jazndice or oraemia fn order to elucidate how toxms might affect thne
cells and vital enzymes snch ss NADPH axldase, mycloperoxidase and esterases. Indices of
fanction were depressed n folminant hepatic faflure, I acuts uracmia avd in some caes
of akobolic cirthosls, Conversely there secemed to be an adaptrve enzyme Incresse in chrenie
uraemin and obstructive frundice. The taxins which affect bencocyte jodination and mryeio-

peroxidese have been defined.

Patlents with ureemia are known % be
highly susceptible to infection {11] s are
patients with some categories of jamndice,
and the combination of jrnndico with urse-
mia that i3 seen i patients with acute hepat
ic pecroch aarries a grest tability o pal-
monary infection [5] The capacity of the
phagocyts to kil bacteria hinges on fts abili-

to polymorphs, bkalide loos such =3
are combined with orxygen and the
halite that is formed then lodinates the tyro-
sins residoes of bacterial protetns.

catalysed by myeloperoxt
d’*o'm)'mmlgnmm
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potsible impairment in jaundice or uracma
has been made by examining glucose utilisa-
tion by the HMP shunt, the ability of cells
to take up C lencme [12] and thelr ca-
paaty for ifodination [7] MPO and lenco-
Cyte esterase were also quantitated, and a
study was also made of the effects of poten-
tial toxins on the former and on the related
caryme microperoxidass that 13 an integral
part of cytochrome c.

Methods

Leucocytes were isolated from heparinised
venrous blood by scdimentation of the erythrocytes
by addition of 3/ dextran and thereafter centrifn-
gation of the plasma at 800 g for 5 min. Comtami-
nating erythrocytes were removed by rapld hypo-
tonic lysis utng 5ml cold 029/ NaCl for 20scc
followed by the addhion of S mi 164 NaCL After
repeating thhs procedore the celly were
ed In appropriate buffer comtalning SmM dex
troese. The neutrophil count was always in cxces
of 85%s.

HMP Shant Activity

The colls were smpended in Hanks’ neutral
alt solution containlegy SmA dextroze. HMP
drunt activity was determined with and without
stimnlation by scrum-treated rymosan using flasky

ing 3-5 X 10# in Hanks solo-
ton, 50mM glocoss and 0054 of glu-
cose-1-1 C. Incobatlons were performed for 15
30, 45min whilst the cvolving iCo, was ad-
sorbed by an inner chamber contalning 0.5 ml 1N
NaOH and 0.5 m! hyamine on a plog, and also for
30 min after termination of tho reaction by sddi-
tion of 60% citrkc ackl These mdscrbent plugs
were then dhsolved In tolnme scintiilation medi-
am prior to counting.

In edditional caperiments In which the of
focts of billrubin, and of tamrocholate and gly
cocholats on HMP shumt activity wero examined,
Lhcywmﬁrﬁ-ddcdmdx:lemocnulnnmob-
mmmmmmmmmmofm
smay by sddition of glucose 1-44C. Exch was ex
amieed at 50 and 25 uAd concentration.

Werdle/Wilkm

Lencine Uptake

100 ul of leucocyte smpenmon (approx. § X
10% cells) was incubated with 100 gl Hanks' sob-
tion, to which at time zero was added 50 xl phos-
phate-buffered saline coutalning 0.1 xC #CHn
cine. The reacton was set vp fn o sexies of twha
and was stopped at 5 10, 15min by the additis
of 100 z1 cold 10%s trichloracetc mcid (TCA) The
precipitated proteins were then washed and resor
pended thrice In cold normal mlino cootabsisg
1.0 mAf unlabelled lencine. Finally each cell bet-
ton was dirsalved [n 0.1 Af NaOH prioc to coont-
{og In toluene scintillation flnid.

Lexcocyte lodination Capacity

Cells were resmpended jn Kreb s-Ringer phor-
phate buffer containing S mAf dextrose and 8 X
10 M sodivm fodide. To 0.2ml cell suspension
(approx. 5 X 107 cells) was added 0.1 ml pooied
ABscrmnlndm'ruﬂnambcr'SOplphlnbuﬁn‘
and to ‘sti d tubes 50 ul Ised rymo-
rn. After 15 min preincubation In a shaking wr-
ter bath at 37°C, 50ul of Ul (thiosulphr
te-free) was sdded and the tubes were incobated
for 30min, The reaction wes terminated by the
addition of 0.1 ml of .01 sodmm thiosniphste
and then 02ml 5/ TCA. The tobes were ceotn-
foged to yield the protein deposit, which way the
washed thrice by thorough micing and resospen-
ton in salme. The radicectivity of ‘resting’ aod
simnlated® tubes was counted in a gammACHT
ter The former count was subtracted from the
latter to give the ‘stimulated lodmatson capachty”

thelr own sera. The effects of the differing sem 03
cells from normal persons and en those from otf-
er clinlcal entitles were also studied. In stodies de-
signed to amets the effects of pomible tonos and
drogs on the lencocyte lodimation capadity of nof
mal cells doobling dilotions were mads down to
inf wmall n & volume of
02ml, end the sbove volumes of cells and re
agents were added for the asmay The effect of




Polymorh Lencocyts Fanctioa b Ursersia asd Janedice

thawed omt thrice. Afer centrifwpstion the chesr
was wed for MPO and esterzm o~

nnu.puu.‘npnccdhmnnncxn
wd o

Erteruse Activity

Tha keococyts supermatant (0.2mD wes bscu-
bated for Smin at 37C wikh 2ml 01 Af phos-
phate baffer pH €35 and & subetrate 10ml $-
raphthylacetats (2 mg io 20 mil. Tho reaction was

bearn recording
mwmmwolmmm
matynt, A5 ml goubacol (20 mA) ax hydroges do-
mor and floally Clml bydrogem peroaide to
achievs  fioal concentnation of 0.6 mAf ead Fom
Gt moment the increes ba orxeps colour wes
followed wt 470am for 10min The halthl resc
tion rate and the Vimey wrre recorded and the ac
thvity waa wxpresed s1 mkTomolos of setragmls-
col/min/10° encocytes maing an sxthxcton coeff-
clent af 255 e armal [7)

The effect of potenilal soxtm on MPO scthvity
wea stadicd b the fame system by sdding them b
05 mi miing prior to the reaction. The akmn waa to
record o of each that woold re-
doce MPO activity by 30%/ Lihewise, the effects

by the wdfilon of 05 m! 1O TCA

iad the maphthcl bn the supermatant wis read at

312 um In comperison with en tmincobated blank,
NADFH Orxidare Acthiry

02m! lewcocyte wu added to
33mAf photphate buffer pH 5.5 [2L, aad the de-

30 and 10 wAf concentrations.

Resalts

HMP Shuns Glucose Oxidation
Table I presents the resulty of the study
of pentose-phosphate shrmt activity b the

Tabla L. HMP thoroe oxidation of ghucose-1-1 C with opeoniaed ryposan sticxdetion

12
Acoe wreemss. 4
Chroedc orsemia 3
Alcobobe chrrhons 3
Paracetxmol DecTonls 4
Obmtractive jecadxcs 6

TablaIL  C-lemcine ptaks by lewcocytes [12]

E
i

omol/l/$ 104 kencocytes

125k 26

014 p<oo!
168 £ 17 < 0.008
a1y P <000t
Ma1s p <000l
175:£33 p<0ol
donis 10° Mocoerme
9202 4 2

3,923 & 600 p<0001
1,300 4 %00 p<ocs
7,269 & 553 p<000l
19614 152 p<amol
11,200 & 2% p <0001
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possible impairment i jaundice or uracma
has been made by examining glucose utilisa
ton by the HMP shunt, the ability of cells
to take up C leuaine [12] and their ca
paclty for jodination [7) MPO and leuco-
cyte esterase were also quantitated, and a
study was also made of the effects of poten
tial toxing on the former and on the related

enzyme microperoxidase that Is an integral
part of cytochrome ¢.

Methods

Lencocytes were isolated from  heparinised
vepows blood by sedimentation of the erythrocytes
by addition of 3*/s dextran and thereafter centrifo-
gation of the plasma at 800 ¢ for 5 min. Contami-
natlng erythrocytes were removed by rapid hypo-
tonic lyss waing Sml cold 024/, NaCl for 20scc
followed by the addition of 5m! 1.6/ NeCL After
repeating this procedurs the cells were resuspend-
ed in appropriste boffer containing 5mA dex
trose. The peutrophil count was slways In excess
of 85%s,

HMP Shunt Acti ity

The cells were smpended in Hanks’ neatral
nlt solotlon containlng SmAf dextrose HMP
shont actfvity was determined with and whthout
stimulation by serum-treated rymotan using flasks
containing 3-5 X 10¢ leucocytes in Hanks solo-
tion, 50mAf glucaee and 005 xC1 of glo-
cose-1-1 C. Incubatlons were performed for 15
30 45min whilst the evolving Co war ad-
sorbed by an {nper chamber cantaining 0.5 m] 1N
NaOH and 0.5 ml hyamine on a plug, and also for
30 min after termination of the reaction by addi
tlon of 60% citric acid. These adsorbent plugs

WardleWilkim

Leucine Uptake

100 ul of leucocyte smapemlon (approx § X
109 cells) was Incubated with 100 41 Hanls' mis-
ton, to which at time zero was added 50l phor
phate-buffered saline containing 01401 #Cies
cine, The reaction was set op In a scries of tobes
and was stopped at S 10 15min by the sddim
of 100 u! cold 10 trichloracetic ackd (TCA) Toe
precipitated proteing were then washed and reos
pended thricc {n cold normal sline comtuoemy
10mA unlabelled leucine, Finally each cell bet
ton was dissolved in 0.1 M NeOH prior to eoon
ing In toluenc scintiTation flaid.

Leucocyte Iodination Capeciry

Cells were resinpended i Kreb's-Ringer phov
phate buffer contalning §mAf dextrose and § X
104 Af sodiom lodide. To 02ml cell sumpensin
(approx. § X 103 cells) was added 0.1 ml pooied
AB scrum and to ‘resting tubes® 50 1 plais bafler
and fo ‘wimolated tubes’ SO ul opsonised Zymo-
san, After 15 min prelecubation in a shakicg ¥
ter bath st 37°C, 504l of I (tostiphr
te-free) was added and the tobes were incubatrd
for 30min The resction was terminated by b+
addition of 0.1ml of 0.01Af sodium thiosipheir
and then 02ml 5% TCA. The tubes were cetr-
faged 10 yield the protein deposit, which was then
washed thrice by thorough mixing and resmpe
sion {a ealine. The redioactlvity of ‘resting’ ssd
‘stimulated” tubes was counted in a pammacoan-
ter The former count was subiracted from the
Iatter to give the ‘stimmlated jodination capacity
m

Cells from patfents with uraemia or jamndics
wers studicd both in AB normal serum snd b
their own sere. The cffecss of the differing sers ot
cells from normal persoas and om those from ot
er clinical entlties were also studied. In stodics de-
sigred to amess the effeets of pomible toxins and
drgs on the leucocyte fodination capacity of nof
mal cells donbling difutiom were made down to

small in a volums of

were then dissotred [o tolnene eciatillation medl-

fects of bilirubin, and of taorocholate and gly-
cocholate on HMP shont actlvity were cramined,

mmlo:ulnprhmmmcm“m
amay by additfon of glocose-1-14C. Esch was cx
amioed #t 50 and 25 pAf concentration.

02ml, and the above volumes of cells and re-
agents wers added for the wesay The effect of
cach toxin was examined thrico in order to deter



Polymorph Lencocyts Function in Ursemis aod Jomdics

leococytes of 12 normal persous, 4 patients
with scote urecmia, 8 persons with chronke
uraeia on dinlysh, 8 patients with faundics

vet were 125 + 26omol ‘C-1-glucose ox
Wised/h, corrected to § X 10% lencoeyter,
Cella from patients with acute ursenia and
with akoholic cirrhoshs showed 2 moderate
depression of HMP shunt activity There
wn1 a marked redoction of activity in the
leacocytes of the 4 patients with fulminant
bepatic fullure dus o par; l necrosh
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Leucocyte Iodination Capacity
‘Table 1T shows the effects of ursemic or

own sera, Varations of up to 10% can be
caused by whits cells in the
sera of other donors but the eifect of pooled
AB scrum s negligible. When normal white
celly were n the scre of sctely
umsemic patienty & 15~20% redoction in Jo-
dinstion capecity occurred. Urnaernic white
cells fn thelr own scra showed o 15-35%

Leococytes from 6 patients with obstroctive
jamndice showed increased HMP abrunt oxi-
datlon md there was a thmilar increase n beu-
cocytes from patients with chrone uraemba

When ths cflects of bifirubin and bile ac
1ds on morpml bevcocyts HMP shune sctivie

d with normal cells in
mmwmﬂshhmﬂl@d
scra showed a 25304 reduction of their Jo-
dination capacity whilst cells from obstruc
tive faumdice patients in thelr own jrundiced
tera showed & 30-35Y Increass of Sodina-
tion &3 compared wih porml lrococytes.
Jemndiced white cells in wraemic serum
showed an inhibition of their lodination.

Effect of Relvant Toxins on Leucocyts
Todination Potenticd
Table IV [ixts the concentration of exch
pumnh!mﬂnordm;thnmmh:d
redoce Jeucocyte bodination by 50%. The
standard uracmic toxing soch as urea, cres-

tintne, od p P
Tais bad no effects but indole-3-acetic acdd
cmsed SOV
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Takle IIL. Stimulated jodination capacity of white celly and the effects of pathologfeal sers

Leucocytes Serum

Normual Noemal

Normal tracmia

Ursemla urzemia

Ursernla oJ

oJ nocmal

oJ oy

Normml QJ

oJ uraemia
07 = Obatructive faundics.

Table IV Toxlos and drugs that reduce §

Urea

Methylguanidine
Creatinino

Hippurates
Indole-3-acetic acld
Phenol
Phenylguanidine
Unconjugated biltrubin
[¢)

Iyeocholste
Taurocholate
Cholic acid

Tabls V Poroxidass and esterase assay

Parscctamol necrosis
Obstroctive Jaundice

n

24

10

10

Result % change Stpuificaoes
nmol/h/107 polys
60£13
0% ~17 p=0m
210 ~30 p<0ol
4512 ~25 p<0al
T0£13 +15 p=00
08 +33 p<00!
45+ 10 ~25 p<dl
4012 -1 p<od!
{odination by 50% x 103 M)
- p-hydroxyphenytacetic acld 10
_ 2,5 diydroxybenzole acd 160
_ 3 4-dibydroxybenzote acid 10
- p-hydroxybenzolc ackd 1@
30 aspirin (in vifro)
5 sodiom salfcylate 1
- mandelic acld "
4 paracetamol (acetsminophen) :
- o-aminophenol
12 phegylbetarooe 12
1 ethanol 0
ascarbic acld 100
Prcoxidase, xmol/107 celly Estorase,
g N/10 ol
s1k14 126
33:£08p <005 23+M4 Bs
139 + 3.6p < 0.001 21410 ot
46+07 20+ 11p <0.05
33+ 05p <00l
28+ 18p<005 2549 ns
147+ 48p <0001 64+ 16p < 0.01



Polymarph Leucocyte Faoction ie Ursemia and Teosdice

lewcocytes of 12 normal persom, 4 patients

Jammdice
doe to alcobolic curhasis, 4 patients with
parecetamol-indoced hepatic necrons end 6
with obstroctive javndice, The normal val-
s were 125+ 26 nmol #C 1-glocose ox
idised/h, corrected to 5 X 10¢ Jemeocytes.
Cells from patients with acute uracmia and
with akobolic crrhosls showed a moderate

.hmcﬂnu“.he4pmi=nuwhhfu1md.nml
bepatic failure dus to p i necrovh.
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Leucocyte Iodination Capacity

Table IIT showy the effects of uraemic or
jaundiced sora on the jodination capecity of
normal leococytes, together with results for
unemic or jmmdiced leococytes in thelr
own sera, Vadations of up to 10% cm be
cmed by resopending white cells In the
sera of other donory buat the effect of pooled
AB serum b negligible. When normal white
cells wero suspended in the sera of scutely
ureemic patients @ 15-20¢ redoction n fo-
dination capacity occwrred, Uraemic white
musinthdio-nmthtdl 15-35v

Lrucocytes trom 6 pattents with obstroctive
jrendice thowed hcreased HMP shrunt oxd-
dation and there was a similar incresse in lew-
cocytes from peticnts with chronic uracmia,

When the effects of billrubin and bile ac-
ids on normal kevcocyte HMP shunt activi-

ity by 704 and SOgM glycocholate in-
cressed these parammeters by 35 /.

Leucine Uptake by Leucocytes

Tabls IT gives the results of “C-lencine
uptake by 5§ X 10® cefh from nommal per
sons over 10min (9,282 + 421dpm) as
compared with 4 patlents with obstructivo
jrancice, whose cefls showed an incressed
uptake (11,200). Thero was a marked de
mammmmm-

P with normal cells in
AB serum. Nommal white celbs in faundiced
sere showed 2 25-30% reduction of their So-
dination capacity whilst cells from obstroc
tive jammdice patients in their own farndiced
scrx showed a 30-35% incremso of jodim
ton as compared with normal leococytes,
Jaundiced whits cells In wraemic serum
showed an intdbition of thelr Jodination.

Effect of Relevant Taxins on Leucocyts
Todinction Potential

Table IV lists the concentration of each
potential toxin or drug that was required to
reduce lencocyte jodination by 50%. The
siandard ursemic toxing soch as ures, cres-
tintne, rh and p-aminohipm
o had no effeets bot ndole-3-acetic actd
cxmed 504 lohibidon &t S50 pg/ml
(03 mAf). Unconjugated HHrobin cansed
Inbibition at caly 4 X 10¥M sod sodium
tayrocholate inhibited at 20 X 104M
&4 chollc #cdd, bt soffum glycocholate
was without effect. Phenol-inhihited fodina-
ﬂmnaumc:nmﬁmnlixw"u
(©3 mpan
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phenylbutazone and sodium sahcylate. As-
pinn had no in vitro action yet studies on 6
medical students showed that after ingestion
of 600 mg espirin there was a 20%s redoc
tiont of their leucocyte lodination cepacity
Presumably this reflects the action of a me
tabolite. Total leucocyte counts did not
chenge Ethanol cawsed 50%% inhibition of
iodination at the relatively low concentra-
tion of 0.5 mM (25 mp/dl) and ascorbic acid
at 0 1 mAM (20 mg/dl)

MPO and Esterase Actlvity (table V)

MPO nctivity was reduced In paraceta
mol posoning and in acute uraemia. Half of
the patients with alcoholic cirrhosis had low
values. Patients with obstructive jsundice
and with chronic urmemia had elevated
MPO Ievels. Esterase activity was reduced
in alcoholic cirrhosls and perhaps in acute
and chronic uraemia, whiist values were
certrnly elevated in the leucocytes of pa-
tlents with obstructive jaundice.

Effect of Toxing on MPO

Microperoxidase and NADFPH Oxidase

As will be seen from table VI the stand
ard oraemic toxing did not affect MPO but
the vanons phenols caused inhibition. Bilr
rubin and the bile aads caused half maxi
ma) inhibiton at modest concentrations. All
agents caused uncompetitive  inhibrton
meaning that the maximvm capadty of the
enzyme (the Vma:) was reduced and at the
same tme the concentration of substrate to
cause half maximal activation (the Michae
lis constant) was wncreased. Almost identical
reagents caused Inhibition of microperaxi-
dase

A homogenate of normal leucocytes gave
an NADPH oxidase activity of 16 pmol/
mh]mgmdmhwmrcdncedmm'/oby
1.5 uM unconjogated  bilirubin  and by

Wardle/ Wilkaee

Table VL Concentratiors of toxin required to o
50% enxyme Inhibition (concentratioms X 107 M)

Myelo. Mioqo- NADMI

peroridese peroxidee o
Urea - - -
Creatinine - - -
Mcthylgmanidine 500 loo -
Phenol 100 20 10
Bllirubin L] L] 015
Cholle acid 20 1 23
Taurocholate 20 2 5
p-OH-phenylacetic 300 30 -
pOHberrolcackd -~ 10 -
Paracetamol L./) 2 -
3 4dthydraxybenzole 30 2 -
Phemryl ghuctrondde - 15 -
Acctylalicylicscld 30 20 -
Ascorbic acld 100 30 10
1 Stimulation occorred.

25 uM taurocholate or glycocholate. Tie
activity was also redoced by 100 uM &scor
bic eaid Conversely 100 uA{ phenol -
creased the NADPH oxidase activity by
50%

Discussion

The susceptibility to infection of patients
with uraemia [13] or certain types of jaur-
dice [4] varres This study bas sought to &~
alyse possible metabolic defects and hence
the action of toxins that might bo relovant.
The results do mdicate how defects in len
cocyto function might arise. There is cer
tainly a defect in HMF shunt sctivity in len
cocytes from paticnts with fulminant hepatie
failure due to paracetamol posoning [1]
and mn acute urmemia and some patients
with alcoholic cirthosls [16] Coavenely
thore can be daptation b




Potymorrh Lincocyte Poaction tn Uremia and Jaondics

HMP shunt activity I increased in chronke
wraemh and m lencocytes of patients with
obstroctrve jumdice. In oced
pecrosis of the Tver in addition to the HMP
shunt defect, there is a d o
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toxication scems Hkely The blochemical ac
ton of alcobol fn creating excers of
NADPH snd NADH could be relevaat, for
excets of NADPH will suppress glucose-6-

leucine uptake (table IT) and a depression of
MPO acthvity We bave found that uncenfo-
gated billrobin lowers HMP shunt activity
whilst the bile acids increase {t. These toxins
depeess leacocyte jodination, whilst the stan-
dard ursemic toxim do not (table IV) How-
ever phenols and phenolic ackds do sccuma-
Iatc in parscetamol-induced hepetic coma,
became the glucuronidation and suiphation
mechanbms are then inactive. As ghown in
tables TV and VI, they depress kencocyis fo-
dination and the activity of MPO

‘There 1s good evidence that MPO i vital
for microblcidal activites [3, 17] Our dsta
show that MPO can be redoced In acuto
ursemia or In some cases of akcobolic cir

ic ursemin or obstrocuive jaundice. MPO i3
not the critical tactor in initiating the respir
atory borst [18] Rather this i1 doe to
NADFH oxidese whose presence i oeell
membranes reflects it vital role. However it
is 10 be poted that the NADPH oxidase that
wed in our as3ays was almost ceriainly that
derived from grarmles becamse
of the mode of preperxtion [14] Its proper
tie are the same.

In the kucocytes of patients with alcobofic
cimhosts there was @ reduction of HMP
thunt activity but not of leucine utlllation,

mmhhﬂilmbﬁn‘ﬁm(m
\ IV}, %0 supprenion by scute alcobolle k-

yirog: activity and
thereby HMP shunt ghucose oxidation [8]
It b of interest that in patients with ob-
structive jaundice and a lability to cholan-
githy both HMP shumt sctivity and utTisa
thon of *C-leocme for protein synthests can
bo Increased. Lencocytes that are activated
in this way arc found in severs hfectrons
[10] Our resolts indicate that increased
HMP aburt activity might be due 10 the ef
fects of bile acids. The kencocytes of pe-
tents with obstroctive faundicc sod thote
with chronic ursemis showed fncremed per
cxidess activity Thus it b evident that en
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phenylbutazone and sodium salicylate. As-
pirm had no in vitro action, yet studies on 6
medical students showed that after ingestion
of 600 mg aspinn there was a 20% reduc
tion of their leucocyte jodination capaaity
Presumably this reflects the action of a me
tebolite, Total leucocyte counts did not
change Ethanol caused 504/ whitatlon of

Wardle/Willixos

‘Table VL Concentrations of toxin required to cos
50% enxyme Iohibiten (concentrattons x 104 M)

fodination at the relatively low concentra
tion of 0.5 mM (25 mg/dl} and ascorbic acid
at 0 1 mM (20 mg/dI)

MPO and Esterase Actlvity (table V)

MPO activity was reduced in pamceta
mol poisoning and m acute uraemia. Half of
the patients with alcobolic cirrhosis had low
velues Petients with obstructive jaundice
and with chronre urnemiz had elevated
MPQ levels. Estcrase activity was reduced
tn alcoholic carrhosis and perhaps in acute
and chromc uracmia, whist values were
certamly clevated In the leucocytes of pa-
tients with obstructive jaundice

Effect of Toxins on MPO

Microperoxidase and NADPH Oxidase

As will be scen from table VI the stand
ard uraemic toxins did not affect MPO but
the various phenols caused inhibitfon BIl-
rubin and the bile aclds caused half man-
mal inhibition at modest concentrations. All
agents caused uncompetitive Inhibition,
meaning that the maximem capaclty of the
enzyme (the Vau) was reduced and at the
same time the concentration of substrate to
cange half maximal activation (the Michae-
MUs constant) was increased. Almost identical
reagents cansed inhibition of microperoxi-
dase,

A homogenate of normal leucocytes gave
an NADPH axidsse activity of 16 nmol/
mmj:ggnndtbhwurcduwdtofﬂ'/.by
1.5M unconjugated bilirubln #nd by

Myelo- Micro-  NADPH

percakdese peraxidase oxidasy
Urea ~ - -
Creatindne - - -
Methylgoanidine 500 100 -
Phenal 100 2 10*
Biftrubln 8 ] ols
Cholic acld n 1 5
Taurocholate 20 2 25
P-OH-phbenylacetic 300 30 -
#-OH-benzroic ackd - 10 -
Paracctamol L] 2 -
3 4-dihydroxybemroic 30 25 -

- 15 -

Acetylalleyficackd 30 20 -
Ascorbic acid 100 50 10
1 Stimulation occurred.

25 uAl taurocholate or glycocholate. The
activity was also reduced by 100 pM ascor
bic acd. Conversely 100uM phezol -
creased the NADPH oxidase actiity by
50%.

Discussion

The susceptibility to Infection of patients
with urzemia [13] or certaln types of jam
dice [4) varies. This study has sought to an
alyse possible metabolic defects and hence
the action of toxins that might be relevant.
The results do indicate how defects in Jeu-
cocyte function might arise There Is cer
tainly a defect in HMP shunt activity in lev-
cocytes from patients with fulminant hepatic
faflure due to parscetamol pofsoning [1]
and in acute uraemiz and some patients
wtih alcoholic cirrhosis [16] Conversely
there can be lic adap
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The Volume of Plasma and Erythrocytes in Individual Bones and
in the Spleen of Mice mder Physiological Conditions and with
Acute Radiation-Induced Atrophy of the Haemopoletic Tissue

I Vicha J Hold, ] Dungeland V Znofl
Lastionie of Bioptrytics of the Czechosovak Acsdemy of Schences, Bma, Crachosionakia

Key Words. Bone marrow  Distribotion Erythrocytes
Haemiron Hacmopoletic organs Plasma Radhtion Skeleton Spleen

Abgtract, Using habelled erythrocytes and human serum albumin, the volume of dren-
Iating erythrocytes aod plasma was detcrmined In the spleen and individual parts of the
skeltton of mico wnder physialogical conditions #nd 48h afer X-drradistion with a dose
of 2,87 Gy Tho results aro significant for the nterpretation of the method of fncorporation
of labeTled {ron nto haemopoletic organs.

Introduction 3ethods

The method of corporation of fsotopt- Animals, Irrodiation
aally labelled fron, frequently wsed for de Mal mice of the hbred smsta CSTBL/
mhwdw 108cSaPh wers wacd; (e @it iwed wis DOS From

snd RBC [n the variom party of the hacmo- W.{IMVM.{M
N m‘“’*"’mm"qm‘“‘d aliow sppropristc Both owkradisted aod Iradited asimaly
ped 143 + 0.5 weeks were meed, body mrwm was
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Blood Votumes ln Bowey
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Tobla I, Volume of REC (frozen astmmie) and plesma (bed snimak) bn Individeal parts of tho kaemopaletic

wyviern () of pov-ersdiated mics

Orpn

“hoke boody

RBC vorome, a1 Phane votune, 2 Boes mys
- A= ]
s+ 130 Lo
10579 & 0.420 €ST2 4 029
EIMLOIWP (101743 1785
15590 & 0816 21481 & 0641 Dsm:4N
J4M Q1T ENILE IND [ 137 LTS
17334 4+ 0536 MOTT 144 26323 & 430
1S3 & OTH ITH 0TS 13657 & 311
15430078 4.208 & 0353 1.53£047
404 k0251 7306 + 0571 6413 £ 137
1048 £ 0076 I 20017 2138 £ 044
0271 £ 08 05E9 & 0036 36k 012
1492 4 0070 4106 + 0.09 4253054
0531240019 1.665 % 0.052 3271037
OI71 & 004 16€0+0184 DME062
A3 L0140 1609 £ 0516 7149 + 097
34k oa4t 7593 £ 013 92364126
21601 £ 0066 €162+ 0191 WML 100
1.067 £ 0020 3576 +£ 030 NN +130
0024 £ 1091 12006 +3.19 128611 & 001

represents tho maximum estimats of RBC
Yolume an the bash of haem hon content n
1his organ — in blrd animals: seo below ) Ta-
bio I also reporty data for plasma voinmes
coly for those of 1ho nbmaly which wers
bled (cxoept for the valoe given in par
cntheses for tho sploen, which b for trozen
aninzals), In frozen animals, the plasma val-
Bes for the bone mamow wern signtficyntly
Jower than in the bled animals, p < 0.025
only in the spleen wms it the other way
roond, p < 0.05
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245 1 145 for tho non-iradiated animaly and
306 + 06g for irmadiated mice. The RBC of the
donors were finely rinsed fn an excess of buffer
(NaCl, KCl, NaHPO, KH,PO) 02-10ml
commercial Na,CrO, solution labelled with ¢ Cr
{contalning 7.05 Bqi-2.28 Bq¥ml, specific actly
Ity 340 Bq*~1.60 Bq /ug), previcusly diluted to a
volums of 23-3ml with physiological saline, was
slowly added to 58 ml of packed RBC, Tho sm-
pension was Incubated for 30 min at room temper
ature, washed 34 times In the above buffer and,
after 20 min centrifugation at 1,400g Injected
into the tall veins at & dote of 100 gl Blood sam-
ples were taken after 30 or 60 min (with no effect

Vicha/Hold/Dngel/Zoci!

the animals (n = 10) were Irradiated with the do-
scribed dose, the trradiated and noo-frradiated ek
mals bled after 48h, ths skeletons freed of soft
thane by D valpinxs and the Iodlvidual bones md
the spleens subjected to heem extraction wing sckd
cthylacetato {for details of this oclginal method,
scc Vdcha et al, 7] the amount of haem W
then converted into the amomnt of fron bound to
it. The coocentration of haemoglobin (hacmighob-
fn cyanido method) and hacmatocrit In the blood
from the axillary vesscls were determined

Numerical Procesting
The tofal volxme of circulating RBC ln the
body was ding to Vdcha (6] T

on the results), mi was
and blood samples of 200 ul in volume were wied
(A

volxme of clrcalating RBC in the orpen was b
culated according to the equation

for the of radloactt

was placed under Hght ether amaesthesla and im-
mersed In liquid nitrogen Immediately after
bleeding or freezing, the spleens of all animaly
wero excised and their radicactivity mesmmed,
The skeletoms of the anlmals were completely
cleaned of soft timre throngh the saprophagic ac
tvity of the {nsect Dermestes vulpinus Fbr, bred
&3 & laboratory colony- the skeletons wero divided
Into 15 bone groups (tables I, II) and their ra
diocactlvity measmmred. After drying to constant
mas (several days ar room temperature), the Indl
vidoal bones were welghed.

Determination of Platma Volumas ia Organs

Both non-irradisted and irradisted anlmals
aged 124 £ 01 weeks wero wed, body mas way
273 :+ 05g for the nonirradisted snimaly and
269 1 0.8 g for the lmadiated mica. Ths animals
recedved 100 u! solution of homan serom albu.
min, labelled with *1 or 1% (574 Bq¥ml or
268 Bq#/m1), into tho tall velns; after 15 min, the
animaly were bled and plasma samples of 100-
mpmmlumsmmndforlhnmmm
of radioactivity A further group of enimals was

by
proceniing of the organs (splecns and akeletons)
was carried out a3 described for the pievious ex
perimente
Mearnrement of Haem Iron Content In

Tho mice wed (o= 24) wero 110 + 04
weeks old, body mass was 245 £ 0.3g. Somo of

OA YW PCV 0565
AW 100

whero OA Is the radicactlvity of the organ, VW
the volume of blood withdrawn, FCV the sl
packed cell volume (in A), 0.965 the comection
factor for retained plasms, AW the activity of te
blood sample withdrawn. There was oo

for the presence of applied RBC, since 15 min of
ter the application of labelled RBC tho venoss
bhaematocrit had reverted to the control valoo (-
pamnﬂyulmltofthcd]]uﬂtmdthﬂhw
and ft can bo asumed that the total volame of
blood In tho bone cavities remains pachanged &
splto of the overall Increase in circulating blood
volume. The fotal volume of plesma in the body
was determined according to the equation.

VWy AA
PV - —————

AW, 108

whero VW, is tho volume of plasma withdrawn,
AAg the mdloactlvity applied, and AW, the I~
dioactivity of the plasma sample withdrawn, The
dedpced factor of 1.08 [3, 5] represents tho loss of

a3 the ratio between the radioactivity of the organ
and tho radlcactivity of a unit volume of with-

drawn plagms,
The resulis are expressed a3 mean -+ SEM tho
HK of Qe s d

by mesna of £ t test,



Blood Volume tn Booes 1@

Tube IL Vobwoo of REC (frozen animal) and plaema (bled wimai) In individwel parts of the hacmopoketic
frwem for mice frradiated wkh & whole-body dose of 287 Gy 43 h previowsly

Orpay RBC volume, ol Plewm wohome, &l
a=6 =t
‘Whale body (684 & 31) 1271+ %
Splerny 674+ 0352 3451202096
@651+0090 (1943 £ 1.999)
St 17654+ 1.064 5992 1317
3.156 £ 0078 4T £
Versebeae, cervical to maeral 26502 & 0663 ST E234
Verwcbres, tall 24250376 9.045 2 0839
Bbarocm 2404 + 0333 156 £ 0435
Rty 3279 &+ 0354 14191 + 0.448
Scapualss 134 0117 4511 & G138
Clavichkey 0404 0060 0647+ 0,163
Hoerd 2991+ 0051 9067 £ 0187
Radd, ctme 246+ 0028 217+ 0.160
Porefet 04764 0068 4T3 £ 0148
Pehris 213079 18497 4 1113
085 & 0320 17761 + 0402
Tibise, Bbxiss 467720144 DA £0992
Hudfeet 1360 + 0.137 3399+ 0212
Whoie thabston 12016 1201 19187 +345
= Nomber of aximah.
Rasults for bled ankamin.
Reenin for froesa animaby

- ¢ven more 0 thin those for pon-rradiat Dhcaslon

was aalculsted from the volmme of RBC, ‘The agreement between the haem tron
these figures are 6.17 + 0.39 ug Fe for the  content obtatned for RBC end for organ ex
spleen and 70.0 + 3.5 pg Fofor baoe mar  tract & very good In the case of noofrme-
Tow Sinco the same considerations spply to  dlated marrow But the valoe of RBC haem
the differcnces o3 fn the case of noofera-  from for the spleen B

052l tain fractian of transfesed labelled RBC
being trapped in this orgra [see ey Anosa,
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Fig. 1. Schematke depiction of the distribation
of RBC and plasma in the sleleton of [ntsct mice
per onit mant of indlvidoal bones (Vg tinoe)

The spleen mass of the mice used to de-
termine RBC content was 846 + 6 1mg
in the mice used to determine plasma con
tent, it was 86 6 + 3 8 mg.

The volumes of RBC and plasma in org
ans calculated per unit mass of the organ
are given in flgure 1 which shows that the
highest amount of RBC and plamma per unit
mass is concentrated in the axial akeleton of
the mouse (and cspecially in the thomac
bones) and that the content of the two com
ponents increases in the limbs in a proximal
direction.

The amount of haem iron In the spleen
of nonarradinted animals (o =~ 14) was
701 + 040 ug* in the skeleton it was 63.8
+ 2.8 ug. The concentration of haemoglo-
bin in bloed from the axillary vessels was

Vicha/Holf/Dungel/Zaofl

that 141 RBC contains 112 + 001
hacmoglobin bound Fe If on the bess of
this figure, we convert the volume of RBC
into the amomnt of haem fron we get the
value of 9.39 + 0.39 ug in the spleen ad
494 £ 23 g in the skeleton. Both these
figures differ in a highly significant mamner
(p <0 001) from values ascertained by &
rect extraction of haem iron ~ for the sizk-
cton, the figure is lower for the spleen, 1t
higher than the values measured. While the
difference In the case of the skeleton is £p-
parently the result of the presence of haem
iron In erythroblasts, the difference i the
case of the spleen can be explained oaly 53
resulting from an overestimation of the
RBC volume by the method used. It B
therefore useful to estimate the volame of
RBC in the spleen on the bars of the haem
1ron content the resulting figure s 6259 &
0.379 ul RBC, which is the upper estlimale
of RBC volume 1 the spleen (of bled ank
mals) since the haem iron contamed in €1y
throblasts 1s here neglected.

Irradiated Animals

The results for irradiated animals ars &¢
ranged as thoss for non-irradiated animsls
and are reported 1n table II The spicen
mass of mice used for the determination of
RBC content was 383 * 06mg in the
muce used for determuning the plasma vok
ume, it was 36 0 + 2.8 mg.

The post irradiation changes in the RBC
and plasma volume (expressed m percent of
non-irradiated animals) in individoal re
gions of the skeleton are highly significantly
correlated (Spearmans coefficlent of rank
correlationr = 0744 p<<0 001 p = 15)

‘The amount of haem iron In the spleen
of Irrediated animals (o =~ 10) was 2.97

16.32 + 012g/100 ml, with a b it
of 4892 + 0.25 A known iron content of
0.336%s by mass in the haemogioin, means

010 ug- In the skeleton it was 15445
8.9 ug. Highly significantly different figures
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1] Thus, while the values for RBC volume
obtmned with the bone marrow can be con
sidered relatively reliable, the value which
best corresponds to reality in the case of the
spleen is more likely to be the one calculat
ed from the content of extractgble haem
iron (the value given m brackets in table I
and IT)

As far as plasma volume m the organs is
concerned, the results obtamed for the bane
marrow in bled antmals may be considered
subject to a lower error (in the senss of a
los of plasme content) though of unknown
magnitude, thag the results obtmned in froz
en material. In the case of the spleen It is
probably preferable to take the higher val-
ues obtained with frozen material (the value
given in parentheses in tables I and II) as
being more accurate, apparently in connec
tion with the contraction of this organ on
acute blood loss. While the values for plas-
ma volume in bone marrow of bled ammals
shown In tables T and IT are subject to error
only from the possible escape of a certain
amount of plaama, all RBC and plasma val-
ues listed for the spleen in tables I and II
must bo regarded as being less rellzble due
to a number of complicating factors in re
spect of this organ (contractility phagocytic
and immume activity)

The changes In the erythrocyts and
plasmatic volums in the phaso of post-irra
diatlon atrophy of hzemopoictic tissue took
place in parallel in both components they
consisted of a slight to very marked increase
in volume (sp to more than double the
pre irradiation content) It can be sssumed
with certainty that this flow of blood into In
dividual bones Is related to the known phe-
nomenon of post-irradiation extravasation
through damaged endothells of the marrow
dauses [e.g. 2] The fall in blood volume in
the spleen after irradiation = evidently asso-

Vicha/Hold/Drngpel/Zoof

ciated with its overall loss of mess and
therefore of volume, which does not oo
with bones.

It follows from the results of the extrec
tion of haem iron that, while there 1 res-
sonable agreement between the contents of
RBC and haem iron in bones under piy
slological conditions, after uradiation the
content of haem iron nses muoch mor
sharply than that of circulating RBC. This
circumstance would suggest that a consider
sble proportion of the RBC taking part 12
post-imadiation extravasation has already
been removed from circalation mmd docs
not mix with the inpected labelled RBC. A
histologreal phenomenon correlated with the

mentioned appears to be the
clotting of blood observed both intravesc-
larly and at sites of parenchymal hacmot
rhages [2]

1254-1257 (1976).

2 BenIshay Z Yoffey J M. Ultrastructor
studies of erythroblastic bilands of mat booe
marrow Lab. Invest. 30 320-332 (1974)-

3 Fricdman, J J.. Organ plasma votume of 5
mal nnanesthetized mice. Proc, Soc. exp. Blol
Med. 88 323-325 (1955).

4 Hold, J Vichs, Y., Zoojll, V.. Differences i
the Intenwity of ¥ Fe incorporation fnto var
fous regloms of bome marrow of CS7BL/I0
mice after scuto radistion exposare. Acts hes-
mat. 52 151-160 (1974).

5 Hoang, K. Ch., Bondurant, J H.. Simultant
o0y estimation of plasma volome, red cell vol-
ume and 2 hetlred
normal and
wol JA5 441445 (1956).

6 Vicha, J DBlood volome In iobred stradn
BALBA, CBA/ and CS7PL/10 mice deter




Beta-Thromboglobutin in AMyocardlal Infarction

sations, tach patient received @ myg of KI onally
2ad then 30 my on ench sobseqment day bn order to
block thyroidal ptalse of fsotope. The (nfthl dose
of ™Lhbelled humea
Centre
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were non-umokery wherems there were equal
numbers of mnokers and non-tmokers in the
totxl group of 34 patientx.

5 patients with thrombosh finst deved-
oped an abnormal scan on the 3rd day after

jon. The 2 Ining patients devel-
oped abmormal scans on days 2 and 4 re-
spectively
The normal range for plazma BTG i
adults B 15-30U In ooly 2 patients wm
there an unequivocally raised BTQ level on
the same day = the fibrinogen scan fint be
came atmormal and in 6 of the 7 patients
there was no clear-cut rise In the BTG level
m?)‘ﬂ!dlymm'pucdlowiomdty:(u-
ble
In tho majotity of paticnts with my-
ocardial infarction, the BTG was raked ca
day 1 (tabic IT), but there was no significant
difference in level between patlents with
wteror and nferior lafarcion (p>01)
There way a trend to higher vatoes of BTG
in paticnts with a CPK greater than 500
compared to thote with a CPK less than
500 bot this was not significent (p > 0.1).
Thero was no diferencs tn tho 1st-dxy BTG
between thowo patlents who subsequently

Patiest Dxy

M
w
-
-
@
-

B
Sxyrasy
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Beta-Thromboglobulin Levels in Relation to Myocardial
Infarction - Preliminary Observations

J P Simmonds B P O Malley M R Maskill ] F O Connor and D ] Burridge
Departments of Clinical Pharmacology Haematology and Mexdical Physics, Lefcester Roya! Informary

Lelcester

Key Words. Myocardial infarction Smoking § Thromboglobulin

Deep-venous thrombosis

Abstract. 34 patients with myocardial infarction were studied with dally messurements
of p-thromboglobulin (BTG) and 1 fibnnogen scanning in order to detect deep-veno®
thrombosls (DVT) Serial levels of BTG were unhelpful in the eardy detechon of this
condition, which occurred In 7 of the patients studied. 5 of the patients with DVT bad
received prophylactic heparin and 6 of them were non-amokers. This latter observation b
In support of previous studics mgguﬁnganiucrmcdmddmccchVTnfmmYDﬁmﬁ']
infarction in non-smokers as compared to smokers.

Introdnctlon

f-Thromboglobulin (BTG) s a platelet
specific protemn released during platelet ag
gregation, Elevated plaame concentrations
of BTG have been reported in deep-venous
thromboais (DVT) [1] and, consequently it
has been suggested that their measurement
may prove a usceful screcning test for the
presencs of thrombus. Elevated plesma
BTG hes also been reported m myocardial
mfsrction [2] and DVT s a well-recognlsed
complication of the post-infarction period.

We, thercfors, studied paticnts admitted
to hosprtal with suspected myocardial n-
farction In order to determine whether daily
plasma BTG estumations bad sy conteibu-

thon to make towards tho carly detection of
venous thrombosis.

Patients and Methods

Informed consent was obtained from 34 conse-

scquently conflmed by serial ECGs and scrum
ayme kevels.

Tho patients comprised 32 men and 2 women,
ranging from 42 to 79 years of agn. Of tho 34 ps-
thents with definfte oryocardhal infarction, 17 had
anterfor and 12 had laferor lavolvement. All pa-
tients were Investigatad over 7 days, thero being &
48.hour perfod of bed rent followsd by gredml
mobllbation wntil dischargs on the 7th or 8th day
Following the inMtla} clerking snd bescline iovest-
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Thm daily estimations of serum BTG
mmﬂomdmbehd]ﬂulhtheeaﬂyde

tection of DVT after L

However an elevated serum BTG wonkd
secm to be a feature of encomplicated my-
ocardial infarction, and to some extent, re
flects infarct sire.
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Table I, Mean BTG on day of admission in all
paticnts

Number Mean BTG+ 5D

Anterlor infarcty 17 65.2 £ 579
Infetior Infarcts 12 847659
Unimown she 5 79.5+38
CPK > 300 21 782 £ 564
CPK < 500 13 440+239
Patients who developed

throaibosls 7 700 £ M5
Smokers 17 7071391
Not-smokers 17 63.9 & 56.1

>05) and also no difference between
smokers and non-smokers (p > 0.5)

Discussion

In this prelumnary study plesma BTG
esthmations were of no value in diagnomng
or predictmg venous thrombosis, occurring
In patients with myocardial infarction. This
contrasts with the findings of Ludlam et ol
{1] where unequivocally elevated BTG lev
els were found in all patlents presenting
with DVT thus prompting their suggestion
that BTG estimation might prove a useful
screenmg test for venous occlusian. Howev-
er many of their patients differed from ouns
in having clinically evident thrombosis,

Denham et ol [6] found ring values of
BTG m a small number of patients with my
ocardial infarctian, who subsequently devel
oped thrombo-embolic complications they
suggested that a high plasma BTG on ad-
musuon coupled with a negative fibrinogen
scan was highly suggestive of mural throm-
bosls, thus calling for anti-coagulation.
However In our scnes, 24 of 34 patients
with myocardil infarction bad an elevated
BTG on the 1st day along with a negative fi

Slmmonds/OMalley/AMabILO"Coancr/Burridgs

brmogen scan and nane of these developed
festations of system bollem. Coz-
scquently the 1st day elevation of BIG
may be a feature of myocardial infarction
per se.

Evidence to date concerning the vaiue o
subcutancons heparm in preveatig DVI
has been conflichng but for the most part
compatible with cffective prophylaxit Har
diey [7] did not document a prophylactic
role for subcutancous heparin bot a cnth
cism levelled at his work was his failore ©
state the timing of heparin inatillstion b2
relation to the onset of chest pain. Pariow
et al. [4] suggested heparm administrabon
within 12k of infarction was protably
necessary for effective prophylmus. Iosp
of the policy of most medical teams fn oI
husplml!hntmbcumuwmhcpaxmhcﬁ'm
immediately on edmission, In our semcs X
vanable delay often In cxcess of 12h ws
frequently In evidence, aod presumably s
could account for the occurrence of throm-
boxis in patients treated with prophylacte
subcutaneons heparin, but unfortunately
numbers were too small fo analyse further

It is interesting to note that of the 7 p
tients with thrombosis, 6 were non-smokers,
desplte there being equal numbers of smok
ery and non-smokers 1n the whole groop,
and this Is in accordance with the findings
of Emerson and Marks [8] who reported oo
increased incidence of thrombosis in not
smokers after myocardisl infarchan. The
reason for this rather surprising finding I3
tncertain and suggested explanations hsvo
inclnded a possible beneficial acute effect
on coagulation of stopping smoking. It has
also been suggested that smokers, who ab-
ruptly stop smoking on admission to & coro-
nary care unit are agitated and niove thelr
legs more frequently thus redocing the rsk
of developing venous thrombosis.
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Thus dally estimtions of semm BTG
were not found to be belpfal In the early de
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Treatment of Multiple Myeloma with Vincristine

To the Editor

The only literature data on vincristine
(VCR) monochemotherapy in multiple mye
loma are those of Alberts et al [1] who
succestfully used 1t in stabilizing melphalan

(MPH)-induced remissions. More frequent-
Iy VCR has been assocated with two or
more alkylating agents for induction thera-
py Such protocols have achicved higher re-
sponse mates as compared with similar ones
without VCR [2]

Take L Response to VCR and 10 the avsociation of VCR with PTC In 12 courses of therapy administered

to 8 pationts with multiple myeloma

Therapy Observation Time of
dingrosis

VCR 2 mg/7-15 Scw P, Gx Jun. 7%

Cas 1, Gi Jan.
Moo B, Al Oct.
Mon. E, Al Oct
Bal M Gx  Feb
Bal M, Gx  Feh
Mon. E, Al Oct.
Pis. L, Gx Jan
Feb L, Ax! Apr

days X 4-5 doses

B I P

PTC(40-60mg/M48h 10 Feb. L., Ax! Apr
x 5-8 dosca) 11 ALY 2 Jun,
+VCR(1-2mgon 12 Zox P, Ax  Mar

doy 1)

13
74
74
4
T4
74
I
74

T4
s
s

Time of
therapy

Aug.
Jul,
May
Aog
Apc
Avg.
Jun, 73
Apr
May
Dec.
Dec,
Oct.

Phase of
diseaso

CR
PR
PR
[
PR
relapse
relapso
relepeo
relapss

relapso
relapo
relapse

M-componezt,
v
BT AT 4%
13 12 -3
36 32 -12
22 15 —-X
15 15 0
15 12 3
25 16 -3
20 12 -~
8 41 *A
44 36 -—18
54 35 -1
a2 . —%
40 22 ~-4

BMPC = Bane mrrow plasma cells BT AT = before and after therapy 4% = percentage changs PR,

1 Platma cells = 6% BT and 2% AT
*  Transmed.
4 UM



Trestment of Mutiiple Mycoms with Viacristing

Stce 1975 wr have used VCR In the
treatment of multiple myeloma, At first we

chemio (PTC) or of treating relspscs of the
disexse when cytopenla and/or alkylating re
sistance discoursged the use of these druga
Subsequently we smociated VCR on the
Hest day of PTC conrses to fnduce remission
fn advanced relapsing myelomas resistant to
MPH and/or Our over
All expedence concerus 12 courses of thers-
Py admmistered to 8 patients (table I).
Their effect was cvaluated from the changes
of the Jevel of the serum M component and

BMPC, % WBC Paxles  Hb

1001 1001 v
BT AT BT AT BT AT BT AT
16 100 95 135 IO 127 159
a 27 31 @ 10 98 114
12 3652 0 20 14 135

10 86 85 40 135 146
I 10 41 76 105 185 101 121
®™ o3 41 51 73 10 110 134
16 32 47 100 180 130 IS
n 1045 38 8 11 usg
2 ¢ 10 104 25 18 73 1260
95 @ 29 9 3 U6 1o
n @ 51 & 33 13 10
%0 N 311y 107 & k6 140

mn

of other hematochemical parameters (hemo-
globin, blood urea mitrogen, calciom, albo-
min) s well a3 from the survey of skeletal
X mays and of bone marrow

tous infiltrate Our criteria are detafled che
where [3]

VCR monochcmotherapy has given sat
hisctory results. PTC-induced remissions
(cbservatiom 1-5), which are in themsetves
transient 3] were maintained (observations
1, 2 and 4) ot improved (observations 3 and
5) Of 4 relapsing patients (cbscrvations
6-9), 2 (observaticns 6 and 7) achieved

plamocytomatont
trate from 92 to 64 /1. Almost constantly
VCRmonodnnadmxpycmmﬂmn.
oy the perind 1

cal conditions. The e of lenkocyte and
platelet counts in the patients treated with
VCR owing to cytopenla deserves speclal
clinical fnterest, since i allowed the subme
qrent use of more myelotozic ageats.

The smocution of VCR to PTC (obser
vations 10-12) has potentiated the effective-
ness of this alkylating agent. The total dote
of FTC med for indacing remimton was
greatly reduced  (200-320 mgiconrse)  as
anfdlothudminhmcdhyrcm_

apy (320-800 myy/ e, Mean =
600 mgfeoumse) (3] The treatment
shortened
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myelomes with complicatg cytopenia and/ 2 Alexanfan, R, Salmon, S, E, Bomet, J Gt
or alkylatng resistance. This drug is han, B, Hamt, A, and Weick, ] Combination

-
fact well tolerated and appears to be lacking g;%:ru%ﬂlﬂph myeloms. Cacrt
cross resigtance with alkylating agents The 3 Merlinl, G Riccardl, A., Gobbi, P G. ¢ Perv-

ratwmale for assoclating VCR to PTC k ginl, S. Tragtamento del plummoclioos ca
shown by the presented prelunmnary results Peptichemio. Atti XXVI Congr Soc. I Emat,
obtamed In advanced myclomas 137%54-560 (Tipografia  Viscontes,  Pata
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Remission of Acquired Factor VIII Inhibitor Induced Bleeding

VIIl-retated antigen: 1926 (Laarel] techniqoe) snd
factor VIII Inhibitor 85 Uv/ml She wna trented

Felbe, prodais aad

blecdimg stopped raphdly asd ber factor VIII rove

to 50/ axd factor VI inkibisor fell gradually 4o
be bevely,

with blood tmfmion, homen pleama fraction
Her

ment with factor VIII inhibitor bypessng
activity (Fcibe), prednisolons snd cyclo-
phosphamide i dearlbed. Her factor VIO
lovel remained normal and factor VIIT b
hibitor mdetactable,

Cam Report

A $8swmrold frmale way admived so bespitel
@ Jarmery 1978 with sevare biecding Lo ber arme,
Lace folcit e Legw; thero was - bistory of recar

rea brakees for the aet 2 years. Family
blacdoy dlaexders was egative. bisory of

There wes po evidencs of &

seminated and ber plate-
ket counts rematsed pormal duricg and after Fol
ba bnfusiox prodabolons

Tt §y extremely dificnlt to achicve has-
mostashy In patlents with factor VIIT inhibj-

Insmapheresis have
been uied in these cases. Presron et al. [3]
have found Feiba to be effective in control-
1ling external bleeding in patients with factor
VI inhibitor bat others found no real ben-
cfit, Steroids with or without immumosap-
pressives have been nsed with some effect in
pwﬁrun‘nﬁ‘lﬁhg from collagen diorders

Guroeboptein toey
$6 et tWO-HIge (30000 VI wemay: 27% factor

bib In patients whh
low-titre lnhibitors, Nlrron e al. [2] wers
able to suppress factor VI inhibitor with
cyclopbosplamide. In this patient, rapid
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myelomas with complicatmg cytopenia and/ 2 Alexantan, R., Salmen, S. E., Bommet, | Gt
or alkylating resistance This drug is In han, E. Haut, A, and Weick, ] Coebinztcn

fact well tolerated and appesrs to be lacking ;:%z%uldplo myeloma. Caserr #
cross resistance with alkylating agents. The Melini, G., Riccardl, A., Gobbl, P G. ¢ Perv-

rationale for associatmg VCR to PTC is gnl, S. Trattamento del plasmoctom oo
shown by the presented preliminary results Peptickemia, Atd XXVI Congr Soc. It Emst,
obtamed in advanced myelomas. P1§775;54-560 (Tipognfla  Vhcoatss, Fara
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Clinical Differential Dlagnosis of Hairy-Cell Lenkaemia

T Jansen, G J den Ottolander ] te Velde and P Lopes Cardaio

J A Coben Inutitoto for wthol and Radlation P and Depa of
sad Pathology Lekden Untrersity Medieal Ceotre, Lelden
Key Werds, Booe marrow blopty D ial s Halry-cell leuknemiz

Mooocytopenia Psncytopenta  Spinomegaly

Abstract. The data on halry-cell la (HCL) =d in the
Iitcﬂmmlndh:ompmmum-m}yndmdmmwhichdhhl{nmxumd
laboratory data are important for the recognition of HCL in an carly stage_

In pancytopenic patients the typical patten of bone marrow involvement in HCL and
the low number of monacytes in the peripheral blood appear to be emential for the &ffe
reatlal disgnois. In patients with mamy meoplsstic cells tn the peripheral blood, the

presence of neutropenia and monocytopenia w3 well as tartrate-resistant acld pbosphatase
Mylnthunqindcc:m,lpptmmbeandalforuﬂydhgmmﬂrm,dxd]nia!
features and routine laboratory data aloae are sulfickent In the majority of cases to suggest
the ts HCL. The proved to be most hejpéul In this respect. Never
thelens, in all patients, and certainly jn pstienty presenting with stypical features, & bone

i a

>

marrow blopsy is indispensabic for the correct dlagnosts,

Introdectien

Hliry-ccllla:mnm(ﬂﬂ-.lrnkxmk
) was first 1 d

© ou destiet W
958, The

caes

climdeonathol cntity by
Bouroncle et of 3] In 1 drscase
accounts for 2-5% of all of Jeukme-
mia thus, b Incidence must be aboat 0.2~
05/per 108 Altbough the origin of the
pathological cell b still wmder ducmlon,
there i1 peneral sgrecment on the clinical
plcture and the tstopathological featores
(11 19 25 26, 48]

From the Fterature and our own experl-
ence it has become clear that the dhagnosis
of HCL may be crtremely difficalt It
tbou!db:mylumiveuwhnhhyc:m
(HC) are present in abundance in the pert-
pheral blood, bat even then many of these
cxscs have been wrongly dagoosed as
chronkc lymphocytc leukaemia or monocy
tic leukscmis. In alenkaermic patients the
&Mhmm“dmahw

(-3
‘mwwﬂtmﬂmmm
phoma (VHL), or aplsstic sosemia (AA).
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haemostasis was achleved after iInfuslon of
Feiba and eventual disappearance of factor
VII inhibitor and rise of factor VI level
were probably due to combined sterold and
cyclophosphamide therapy although sponta
neous remission of her condition was a pos-
sibility
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rcL 53 QoL MH M0 AA
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5 6t 2047 [ 2 ) 3855

576 381 = -] 4450 -1 1054 27
ceta your - cwtin iy owthy werls
1o months 0 yers 10 months © yeurs 0 nontky

2 < s 25 50 10 15 4575

70 < 3 50 550 ] 50 <10

50 10 50 © s0 >95 [

0 «© 40 30 © ] [

k] © 60 10 2070 1s <10

%0 [ as © 50 L 93
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%0 ™ 7 50 13 38 <3

100 100 100 ] 075 30 [

19 < 3 50 0 30 5 s

0 10 70 L] 20-65 2040 95

1 0 5 13-36 [ 1360 1333
30,40, 54 55 14,1521 53 529 47 36,4657 10,2301 52 4,43 51 20,22, 33

tory findrogs are fmportant for the early dis-
gosis of HCL, we analyzed the data on
HCL and & mumber of disord

Lnﬂrhmunmmdmmu?ﬂ-msm
attention was pakd to the ngnificance of the

wvere monocytopenia reported to bo awo-
cisted with HCL [45]

Materlaht and Methods

The frequeacy of several clraical fexturer and
bboritory deta of HCL, chrook howphory o len
kacmia (CLL), protymphocytic Mulaemla L),

Hodgiin NHL), mabgnant
st QMH), acae Ienkemia (AMol),
chronk monocylle hebsemta (ChoL),

morphology aad cytochemistry of the var
bow el types w3 sndted by eytobogical exambna.
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Table 1. Clirical and laboratory findings (n HCL and related disorders us reported In the hterature: bea the
mean valucs of a parameter in the dilercat series were rather close, & geoeral mean vahe was cakaliied:

otherwise, the range of the mean valves is given

HCL

(n=337)
[} 42
Age Mediom 52

Range 19-87

Drration of symptoms weeks

10 yeans
Hacemorrhaghe diathesls, % 30

symptocs, % 30
Splenomegaly % 80
Hepatomegaly % 35
Lymphadenapathy % 25
Ansemia (Hb < 12 g/dl) % 80
Leukopenda (< $X10°1) % 70
Leakocytosis (>10x10°7), % 15
Leoksemic! % 90
Neutropenhs (< 1.5x10°T) % %0
Thrombocytopema (<100X10°1) % 78
Medlan sarvival? months 42
References 25 44 48

HCL = Halry cell keuksemia CLL = chronic

MMM = with myeloid
! Neopleuic cells or blast cells in pertpheral blood.
1 Not corrected for sge

However not all cells with hary’ cyto-
plesmic protrusions are HC. Thus, other
entities may simulate HCL {16 27 37]

As in most other lymphoproliferative
disorders, the diagnosis HCL needs confir
mation by histological examination For this
purpose & bone marrow biopsy fs probably

aL PL NHL
(a=1094) (n=27) (n=1331)
19 2 15

64 6 30
31-90 46-77 1%

moaths weeks moaths

to years to moeths
10 30 <s
50 ] 20
50 100 3
30 70 10
80 60 80
30 o0 10
0 0 <3

> 95 > 95 5
100 100 310
10 10 <3
15 50 10
70 12 1234

2,41 36 117 24 41,49

PLap pic lewkacrla NHL

hrmpbocytic
maligrant bympbora (aon-Hodgkln hymphoma) PCL = phma:nkunmhss semy'xmdrﬂ‘
AMoL wcute monoblastic leakaemia Chfol, = chrome
AA = gplastic anscmia.

Leuk.

MH =

clusive, because both can occasionally occtt
m other disorders as well

The correct dugnosny 13 certamly nof
only a matter of theorctical interest, because
HCL requires a different therapeutic #p-
proach than the forementioned diseases. In
particular chemotherapy may provoke L-

the simplest procedure [7] Other d
findings for mstance the presence of tartra-
te resistant acid phosphatase (TRAP) in the
pathologrcal cells or of typreal rod-like in-
tracytoplasmic structures (ribosome lamella
complexes) althongh helpful ars not con

fe thr g pancytopenia, whereas with-
holding of nl] forms of therapy or splenccto-
my may lead to prolonged sunvival It s
therefore imporiant that the diagnosis HCL
be considered in an early stage.

To determune which clinical and labora



HC in the blood. Excextra, rowod so-
clow, detoact gremehs in the Cyloplesn b Hor  plasm Mip overting the mockes f Hevily
mshoe Of footped shape of the nwchown (Rheder
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tlon of peripheral blood smears from the files of
the Laboratory of Hacmatomorphology of the
Leiden University Medical Centre In addition, the
numbers of monocytes in the peripheral blood
were determined fo 10 patients with HCL, CLL,
NHL, MMM, and AA and 9 patients with 85 For
PL, PCL, and MH, too few patlents were avall
sble for analysis. Becauss patients with AMoL and
CMoL nearly always have clevated monocyte
counts, we also omitted these dhsorders from this
part of the study For cach patient, the mean
number of monocytes on five consecutive occa

Jamen/den Ottolander/te Velde/Cardoro

those of HCL, but lower than those of the
other entities (p << 005) A gencral descrip-
ticn of the clinical findings in the vanos
disorders follows.

HCL predominantly affects muddle-2ged
males Splenomegaly without Iymphadeno-

Tabls TL Some chmical and laborsory fisdiegs wi
redevance for the differential dragnoss

slons before the start of therapy was calculated >75% of cascs <10% of cxxs.
from a differential count of 200 keukocytes and
the corresponding WBC count. Mcan monocyte ~ S€VeT® MH GJ":;";‘G‘
numbers were ~ompared with Wilcoxon's test. eonstitntiosal AA,
symptoms Mol
Splenomegaly MMM HCL,PL  AA NHLSS
Anaemia AA,HCL,PL, NHL, S$
Results and Discussdon PCL, AMoL,
CMoL
The clinical features and laboratory data  Leukopeala  AA C‘-LPSIS*PCL
of HCL and the other entitles are listed in Neatro- HOL.AA GJ..IPLPCL
table I and some pertinent differences 1n NHL, S8,
the madence of these features in table 1T MMM
The monocyte counts of the patients studied  Manocy- HCL. AA AMolL, QL.
are shown in figure 1 The patients with  topema mf;ég-l"
HCL had significantly lower monocyte ;lx-'h,ss
counts than the patients with the other dis AAHCL NHL, §§
orders (p << 0 05} The monocyte counts of 1openta
AA patients were sigmuficantly higher than
10
LR
o8
o7 .
06
z 03 . ——
04 U o
03 — -
Eoz :
o1 -
0 e x
WUkseTI  anetTes m #ndome [ymphocytc

Flg. 1. Monocyte counts of patients with HCL
and resembling dsordery Dotted llnes  depote
mean values. Tho mo ocyte counts of HCL ar
significantly lower than those of the other entities

(p < 005y Wilcoxon text) the monocyte counts of
AA are gignificantly high than those of HCL,
bot lower than thase of th  other enthis (P
< 0.0%).
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tre rare. Reticulin fibres are incressed in a
typical petwork (fig.3 5). A bone marrow
blopay is highly preferable to bone marrow
since the typscal reticulin net

work b not demoustrable on bone marrow
smerrs and the loose diffuse infiltrate can
oaly be recognired in hustology

Additional important laboratory findings
i HCL are normal or only slightly elevated
st LDH levels and sometimes elevated
srom alialine phosphatese Jevel. Lyso-
2yme levels wre normal or decressed (8]
The level of y-globulin s pormal or elevat
ed, hypoprrmmaglobolinacmia s rarcly ob-
served, Only one well-documented case of
pariproteinaemin has been reported [12]

Pancytopenia

particularty

However in AA the duration of symyroms
B often shorter hxemorrhugic diathesh
moTe prominent, snd thrombocytopenta of
teo much more scvere. Monocytopenia

17

may be severe in APA (fig. 1) [22] but b
ks severc than in most cases of HCL
(fig. 1). Examination of » bufly coat prepa-
ration of perrpheral blood B very helpéul in
these situations, because In cases of HCL it
will often sbow some HC. However histo-
Joglcal examinabion of a booe mamrow biop-
sy speamen B indlspemaable. In AA it will
show ~ i sdditon to decreased hasmato-
poshs — focal or diffose infiltration of lym-
phocytes, plasma cells, macrophages, and
mast cells [50] In patients with spienome
galy coe shonld bardly ever accept the ding-
posis AA.

Patients presenting with splenomegaly as
the only abpormal clinical finding often are
2 diagnostic problem. The vamous caimses of
splenamegaly are covered by every textbook
of medicine. Agam, a thorough it}
of a budly coat spectmen for HC and & bone
marrow blopsy sthould lead to the correct d-
agnosh. In HCL the booe marrow i bovarl
ably hrvolved and the pattern of infiltration
b very typical. Partcularly in patients with
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pathy 15 usually observed at presentation
but 1n 20%, the spleen Is not palpable [19
25 44 48] An occasional patient presented
with massive lymphadenopathy [6] Omly
few patients have severe constitutronal
symptoms at presentation although many
complain of repeated recent infections m
particular of the upper and Jower alr pas-
sages. Easy bruising is sometimes observed,
but severe haemorrhagle diathesis 1s rare
Most of the patlents are pancytopenic: in
particular neutropenia (90%) and monocy
topenia (90%s) are very pronounced. Only
15% of the patienty show mild leukocytosis
at diagnosis and WBC counts of over 50 X
10%1 are rare (+ 1%s) When lenkocytosis is
present, many HC are found in a peripheral
blood film, but in levkopenic cases HC are
sometimes completely absent from the perl

pheral blood or are only found after thor

ough examunation of a buffy coat prepara

tion HC are large usually measuring 10—
18 pum. The excentric nuclel show a mark

edly variable configuration with a round,
ovoid, bean-shaped dumbbell horseshoe or
cloverieaf shape (fig. 2) The nuclear mem-
brane is distinct, the chromatin pattern deli-
cate lacy rather than clumped (as seen
mature Iymphocytes) but less to than in
blast cells. Small nucleol are sometimes
present, and occadonally are prominent
The large amounts of pale, greylsh-blue cy

toplasm have & delicately mottled appear

ance sometimes small azurophilic grapules
or small vacuoles are seen,

The fine frregular filamentous cyto-
plasnuc projections from which the HC ob-
tatned 1ts name are typical The cytochemi-
cal pattern of HC 15 shown in tsble IIT
TRAP 1s present 1n about 90%s of the cases
and between 2 and 90% of all HC. Cases
wathout TRAP should be thoroughly rein-
vestigated before they are accepted as HCL.

Jansen/den Ottolander/te VeldeCardors

On the other hand, the presence of TRAP
alone does not mean that the diagnosis HCL
13 certaln, The red cell series in HCL nxal
ly shows anisocytosts, poikilocytosls, and
macrocytosis in most of the patents we
have studied, at least some peripheral nor
moblasts were present. The neutrophil se
nes shows a moderate shift to the left up to
the myelocyte, and often toxic granules are
present. The neutrophil alkalme phosphs-
tase (NAP) index 1s mostly markedly elevat
ed [9 25) The platelets, although functrn
elly often abnormal [32] do not show mor
phological atmormalities. Bone marrow can
be aspirated 1n only half the cases of HCL.
It fragments arc obtained, they show van-
able degrees of cellulanty with = diffuse nfi-
traton of HC, which account for 20-90*
of the nucleated cells. The bonc marrow
biopsv specimen shows a typical loose mfi-
trahon with HC wtermmgled with erythrod
cells and scattered plasma cells (flg. 3)-
Marrow wmvolvement in HCL fs either par
tial or complete but never nodular Mifosss

Table INL Cytochemical patterns of the neophastic
cells of HCL and resembiing disorders

HCQL aL
Peroxidase 0 o
(or Sudan black B)
Periodc acid- 00—+ +—++
Schrft (PAS)
0-+2 0-%
csicTmee
Acd phosphatase
~ tartrate +=+++ 0-+
+ tartrate 0-++ 0
' Sometimes intranuciesrty positive.
3 Small gramiles.

positive.
tartrate = aftor proincubation with tartaric acid
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filtration of HC Methacrylate embedded Gomorl  proliferation of megalaryocytes and collagenous
poletic malgnant processes. a CLL note the com-  Iate embedded, Gomorl X 400

Fig. 3. HCL, bone¢ mamow blopsy specimen  pact Infiltration of small cells and the almost coo-
showing the fino reticulin network and & loose o  plete ubsencs of (Threx. b Myelofibrosls prominent
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severe splenomeqaly dry taps on booe mar
leukoerythroblastic

- row aspintion, and a

.

pertpheral blood film, the dlagnosis myedofi-
brosts (MMM) n often msde. In MMM,
however pancytopenia Is rare, severe mono-
ytopenia does not occur and the red cell
prctore 3 much more pathological, The pat
temn of murrow fibrotis in MMM with colls-
geoous bundies b essenthally different from
the petwork of reticufin fibres in HCL
(fig. 4b). Patlents with many HC in the peri-
pheral blood may be disgnosed as having
CLL, PL, or some other lymphoprolifer

462 of the patents present with modest
ty o with 1 "

[13] CLL is not sssociated with keukopenia.
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located round noclers with & heavily
clumped chromatin  (mosafe-like pattern,
fig. 7a) The scanty cytoplasm, forming only
a thm rim around the nuclens, hay & sharp
outline, alihoogh sometimes plkes may be
present. Often many smodge celb  are
found, The CLL cells are sometimes weakly
and unipotarly pomtive for acld phosphatese
but for TRAP the reaction s pegative. The
pattern of bone marrow infiltrathon differs
conndenably from that of HCL by i pat
tern of flrotls. When the bone marrow is
extensively Imolved, the CLL celis lie In
compact cellular fields (fig. 4a). In PL [17]
tbe neoplastic cells may k thow
TRAP activity [M] However hyperienko-
coytosis with WBC counts of 100600 X
10°1 s the rule ncutropenia and monocy
topenla are ususlly absent. The malignant
celh of PL have romnd niclel with one
prominent central nocleotus and a distinct

Furthermore, I early cases snacmis,
b P and in neutro-
penla and are qarely secn.

Unlike the siturton in HCL, the pglobulin
1ovel i decreased in most of the patients In
% of the cases a pamaprotean is present
The pathologwal cellis of CLL are smaller
(6-12 ym) than the HC, show a centrally

Fis-7 Callslar morphology of deorders that
mwnt be dmmngubshed from ACL.  CLL heswily
champed chromst, scarce cytoplsn b PCL
roasd Duchons, permoclesr kalo, exhen-
moen  Leakaanic NHL. only aoe of the wany
posubls types 1 Mlwstrated. d AM L large wndid
ferentmted ceih with abowdant cytoplasn show g

Tocsted

crtopls
with vacuoley g 53 corbrfons wackese b Malig-
next histiocywsdr teopiawic mecrophage with 1
centre macicws, O toplam skh pecadopodis] ex-
tenslons.

border (fig. 7¢) S8 b tovari-
ably accompanicd by erythrodermta sad pal

sent at the tme of diagnosis. Other types of
mafignent lymphoma (NHL), a term which
comprises 8 large group of different entities
and cell types, orully present with efther
Tocalired or penenallzed lymphadenopathy
Few patients present with pancytopenia
[28] nd only 5-10% are keukeemic at the
tume of dagnoshs. When mvolved, the booe
marrow often shows on biopsy & patchy or
Mmmmm‘mumdh
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histiocytosis) may show pseudopodial pro-
trusions, but hair ke protusions do not
occur Acid phosphatase Is strongly positive
but TRAP is absent, although macrophages
may show TRAP activity [39] Non-specific
esterase Is diffusely (cytoplasmic) positive in
all cells.

The wide attention paid to the relatively
rare disease HCL 1n recent years has led to
& new problem. Some cases are diagnosed
as HCL, merely because of the irregularity
of the cytoplasmic border of cells 1n the per
1phal blood film or because TRAP achvity
15 observed [16 27 37] It should be kept
in mund that many cells may show more or
less serrated cytoplasmic borders Cells of
mahgnant [ymphoma [37] CLL [16] mono-
cytic leuhaerua [27] megakaryoblastic
leukaemia [38] or PCL (fig 7b) and even
normal lymphocytes — in particular when
slightly damaged — may look ‘haury

Detailed examination of a well-prepared
penpheral blood film should however
make 1t easy to differentiate between pseu
do-hairy cells and true hairy cells. TRAP
activity has been observed mn cells of PL
[34] CLL [16] leuksemic malignant lym-
phoma [37] SS, and in occasonal normal
lymphocytes. To distinguish many of the
above-mentioned entittes from HCL, the
monocyte count is in our expenence quite
useful (fig. 1) Although a normal monocyte
count certanly does not excluds HCL, se
vere monocytopemua often provides the first
hmt that the patient might have HCL. The
presence of an M protein on the contrary
should make one very suspraous, because
paraprotemacma s extremely rare in HCL
[12} Final proof that HCL is the correct di
agnosis should always be obtaned from =
bone marrow blopsy specimen showmp the
pathognomonic pattern of Infiltration [7]
(fig 3-6)

Jansen/den Ottolander/te VehdeCardoto
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histiocytosis) may show pseudopodial pro-
trusions, but hair like protusions do not
occur Acid phosphatase 1s strongly positive
but TRAP is abseat, although macrophages
may show TRAP actvity [39) Non-specific
esterase 13 diffusely (cytoplasmic) positive in
all cells

The wide attention paid to the relatively
rare disease HCL in recent years has led to
a new problem, Some cases are diagnosed
as HCL, merely because of the irregularity
of the cytoplasmic border of cells 1n the per
iphal blood film, or because TRAP activity
is observed [16 27 37] It should be kept
n mind that many cells may show more or
less serrated cytoplasmic borders. Cells of
malignant lymphoma [37) CLL [16] mono-
cytic  leukaemia [27]  megakaryoblastc
leukaemia [38] or PCL (fig. 7b) and even
normal lymphocytes — mn particular when
shightly damaged — may look ‘hawry

Detailed examination of a well prepared
penpheral blood film should however
meke 1t easy to dufferentiate between pseu
do-hairy cells and true hamry cells. TRAP
activity has been observed in cells of PL
[34] CLL [16] leuksemic mahgnant lym
phoma [37] SS and in occasional normal
lymphocytes To distingush many of the
above-mentioned entites from HCL, the
morocyte count is 1n our experrence quite
useful (fig. 1) Although a normal monocyte
count certainly does not exclude HCL, se
vere monocytopenia often provides the first
himnt that the patient might have HCL. The
presence of an M protein on the contrary
should make one very suspicious, because
paraproteinsemia s extremely rare m HCL
(12] Final proof that HCT is the correct di-
sgnous shonld always be obtatned from 2
bone marrow blopsy specimen showing the
pathognomonic pattern of fnfiltration [7]

(fig. 3-6)
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Multiple Myeloma and Acute Myelomonocytic Leukemia
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Abstract, A patwent with acute myclomooocytic kukems was found to bave IgG para
protein on scrum chectrophorests Bence Jooes K proteinuria and icressed plasma cells
(30% ) on marrow caamination. The sinmuhtancous occurrence of the two dsesses was well

by o jogical and electron-mi pc findings, Boos
marrow showed m abe karyotype: hyp wne
prevalent and marker chromosomes were peesent. A possible relationship between acuts
ieukemia and multiph myelonm b discused.

The powmiblo anoclation in the samc pa- MM and ANLL in uatreated patients [§
tent of multiple mycloma (MM) with other 13 16)
ncoplastic

above all, acute leukemda (AL) is well known
(14] Numerom cases have been reported  logical, imnmmotopcal and cytopenetic evi-
in the lHerature in whom acuie noniympho-
cytic legkemn (ANLL) d md d and y aspects.
concuded the course of MM. It has been

Tuggevted that in such cases a therspy with
Trkytum;-gcnuhnd-lmmmgmncﬂm Case Report

38}

However ddlerent problerms arise when
atteropting to explaln the rare cases inwhom
the kukemic process started prior to sny R0 March 1978 0a
chemotherapy 1-3 months after MM dag ool iemse palcscm mad nait latimal plewl
nosts [9 14 15 17] and the oven more ex ek are—
ceptional cases of stmuhtancows omset of  enlarked bmph mode ot
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plaxma cells and mocoblssts in the Ever slomscs.
In the spheen, we found mo [ymphold follicles and
In the red pulp » moted summcrows plasma colh
and fow moooblss-lke bl simiar to those

thers wn will  moderat wranber of bla cells
with occamoca! plevma cefh. In the remal cortex
Usere  erw lemoos typacal of ‘shock kidsey’ In the

croun bet there were aho some other degeneratan

Speelal Stwdles

Cytogenetic Imestipations were carried
out using direct peripheral biood and boae
marrow prepanathons (1]

Numerical

and structural ites

were found in 100 metsphases. Modal
mumber rangrd from 44 to 90 chromo-
soaics, with a prevalence of cells (20 out of
25) at chromosomes 44 and 45 In the by-

roarks soch ss e cefls wih -
Iyperchromatic neckoy Syncytial  herments were
abpnt

podip the los mvolved
malnly chromosomes 14 16, 18 and 19 On
the contrary gain in chromotomes was




The following Inboratory tests were carried
out hematocrit 13%s, hemoglobin 4 g/dl red blood
cells 1,200,000/x1, white bleod cells 10,800/xl,
with 62/ neutrophils, 11/ lymphocytes, 1/ eoal-
nophils, BYs monocytes, 10/ monocytoid blasts,
platelet count 20,000/ 1, reticulocyte count 6,000/
ml ESR (Westergren/1h) = 145 mm Total serum
protein 6g/dl 62%/s albumin, 3% o -globulin, 7/
a globulln, 12% £ -globulin and 16%/ y globulin.

The eclectrophoresis showed a monoclonal
spike In the f region. Quantitative immunoglobu
Iin levels showed IgG 1,974 mp/dl IgA 35 mg/dl
and IgM 101 mg/dl The serum Immunoclee
trophorests showed an increase and a dispersion In
the IgG mange and a modest dimloution of the
IgM and JgA Urne In two tests, Bence Jones
proteinuria type K was found. Skeletal X ray ex
amination showed no osteolytic leslons. Bone mar
10w examination revealed a marked increase of
blast cells (45%/ ) with nongranular basophille cyto-
plasm and scattered nuclear chromatin with 2-3
prominent nucleoll. There was an Increase in plas-
ma cells (304 ), some of them were alko binucleate
and with morular cytoplasms. Erythroblastic and
granuloblastic serles wero hypoplastic and megn
karyocytes were absent.

1

=

Fig. 1. Bone mamrow cluster of blast cells and
plasma cells May-Grilnwald-Giemma.

Annino/Martino/Barsotty/Serra/Mannozzi/Mandell

The disgnosis of MM exochted with scote
myclomonocytle leukemis M4 sccording to the
FAB clasfication [2] was made ca the bath of
cytochemical stalns such as Perox, PAS and sos-
specific estersse, uung s substnate a-oaphtbyf bo-
tyrate (the latter before and after exposwre ©
NeF fig 1)

10 days after adminion, a Iymph-podal swel-
Ing appeared on the back of the patirot’s peck 1
& biopty thowed plasma cell inffiraton ncloding
= number of binucleate celis. The patlent was Y
en a 10day course of melphalan (10 my/darh
prednisone (1 mg/kg/day) and supportive therspy’
following the treatment, & marrow mear showtd
ld:‘.rrcduc!lmolpllnmmﬂ’(?/)lm’“h'
crease of blasts (604 ).

Soon afterwards the patlent worseoed and died
(May 5 1978) from Infection

pacudomooty)

and orpary infection caumsed by
and hemorrhage.

Autopsy showed cerebromeningeal  hemo?
rhages, bilateral bronchopneumonls, scote lost
edema, alight resctive splenitfs in the senlle spleet
and enlarged Lidneys. No osteolytic lestons, o
[} h node hyperplasia wero found. M
cilm:;lruﬂau showed neutrophlls and lympbocytet

2

——

PR

Flg. 2. Booe masrow- plasma cell reacted with

anti-TgG anthserum
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trary thowed a relative ity with
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one or more large mainly scattered mucleoll
and chromatin (fig. 3).
The blast cells were characterized by a

dnomlﬁnmdpmmlntnluudcoﬂmdﬂtﬂt
lning few llex Ot

blmu-.l.hhdnhrprnumbuo{m

nelles, among which were the Golgi appars-

by
regullﬂy(oldcdnnddmdcdlnlnpmhlﬁ

is, showmg s 1 infiltra-
ﬂouohh:l.lmnndsp\cmmdlcukcmkln—
filtration of the marrow spleen and ltver
Cytogenctic lavestigation showed numer
teal end stroctural alteration fn 100 of the
mhoses cxamined in aboat 50 of the mi-
toses m marker chromosome was peesent
whereas in 5 hypotetraplodd mitoses exam-
tned there was a second marker chromo-
some The alterations in our cme are in
coatrast with the normal findings reporied
by Parker [13] and Cleary et of [5] In cases
smiler to curs on the other band, they can-

Indented by
prolongations (flg. 4).

Diserssion

The umultancows dlagnosis of MM snd
myclomonocytic kukemia in our patlent
was made oo the batts of o doable popols-
ton of leokemic cells and mychomatow
plesna cells present at omet in the bone
mmrrow

Tbumyclunnomnxmmoflhnp]uma

by
clllhcrﬂﬂml,u:mbochbyopdcnlmd

not be d with those foumd n cuses
ol AL occurring =3 & sccond peoplasia In
the course of MM insofar as bn onr case we
can exclude the influence of therapy Cyto-
genctic findings similar 10 oars have been
obscrved in 30 of patients with ANLL {1]
md chromosomal abermations of vanoms
types can abso be formd fn MM [10]

Qur case of domltaneous onset of LA
and AL shows thet the onset of AL in the
course of MM B not always & comsequence
of previous chemotherapy end that otber

ypoths most be ad
Tb:ymthdﬂtlcukcmkdoncm};h[b:
camed or at least favored by a decreased

.m.byu,e

Y maturity
featute of neoplestic plasma cells [3 4] by
the posttive reaction to mmmmofluorescence
with iot+-Ig0 serum and iy by the pres-
ence of 1gG-k mooocional dysproteinemis
with Beneo Jones b proteinuria. The ku-
keme fation bas the mo

ction comed by mye
‘Oﬂn-ldiscacwhkhhnnsbvdewlcp-
ment with « rather Jong preclinical counrse
[4 13) On the other hand, consldering that
acute blenkermnins in the course of MM are al-

wnd cytochemical features typical of myelo-
mococytlc forms and does not react whh
anth-Ig0 sern. The diagnosis of myeloma
confirmed by the histologacal resalts of the
tymph node blopsy which showed the pres-
ence of u diffe platma cell mfltration.
The postmortem findings confirmed the

in the experiments where an intraperitones!
injection of mmeral olls can produce both 2

plasmacyioma and leuke
s i Balbvc mce [18]
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found in all groups, mainly in group C. In
13 of 25 metaphases analyzed, a marher
chromosome was present deriving from a
translocation t(,8) (gter q13) In the five
hypotetraploid metaphases examined a sec
ond marker chromosome ongmnating from
unidentified chromosomuc matenal on the
long arms of chromosome 4 was observed
A blumng phenomenon was not found.
Immunofluorescence The bone marrow
smears previously fixed 1n 20% methanol
were incubated according to Hijsman et al
[7] with fluorescein-stained human ant Ig
antisern. In the slides incubated with anti

4
e

A3

S
_ﬁ\

WeAls

S e
- i"r':{\’;(‘}

-~

Adsodkl

IgA and anti-IgM antisera there was no e+
dence of postuve plasma cclls, whik in
those incubated with antt IgG antrserum the
plasma cells were strongly positive, showmg
an intense productron of IgG (fig. 2)-
Electron microscopy The plasma ctls
were charactenzed by e moderate nuckody
toplasmic asynchrony the cytoplssm, =
fact showed clear evidence of a strong s
thetic activity with numerous RER cistersx
filled by moderately electrondense materdl
and with greatly enlarged Golgi appanies
tending to occupy a wide cytoplasmic a2
near the nucleus the nucleus, on the cot-

Fig. 4 Bous marrow sspinte
blast cell characterized by a very
large mucleolus and digitate cyto-
plasmkc projections” note abo the

Golgi complex and -type
granuler.  F4%74 Ur+Fh
X 16,300.

A
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Hemoglobin E-Thalassemla A Study of 16 Cases

B C Mehta M B Agorwe! D G Vargndan! R H JoshP and 4 B Bhargava
Dr Jamnades C. Paic! Heniology Department, K E3L Hosptal, Bombay

Key Words, Bets -halassemis Hb E-defta-beta thalessemisn Hb E-thalewensn

Absiract. 16 cases of hemoglobin E-thalassernla are reported. The Interaction of

cmia with Hb E peod

d « varying severity of E-thalmssemma. 10 cmses had 2

thalessemin intermedia type of clinical pcture while 6 bad a more severe dhorder requiring
regular tranytedons from carty chikdbood. 14 patients were prodocing Hb-A and thercfore
biad beta type tmlesscmia whereas 1 case bad no Hb-A becase of beta type thalessemln.
This 1 11 coatryst to a pruch higher frequency of beta  thalamsemia in cates reported from
South-East Asis. Family stodles In 1 patient revealed the interaction with deltabeta
{halememin, o situation which B rare, Muting of 0 Hb E-thalessemia subject with
beteroyzgous beta thalagemia resulted in an offspring with severe bomoxygous thalasseraie.

Hb E-thalevsemia 0 3 common disorder
in South-Fast Atia. A high incidence s re-
ported In Burmese [5] Thats [8, 10] and
North-Eastern Malasians [4] The majority
of cascs reported from India are from east
emn siates ke Asszm and Bengal [2] In the
majorty of cases reported, nteracting that-
ssecmia has been betn type. We report here
16 cases of E-thalassemia, interacting thal-
esaemia belng of beta type in the majordty
aod dedta-beta type In 1 case.

Material and Methads

Standard tochmqoes &5 de-
wcribed by Dacle and Lewts 3] e waed. The

Recpet of  Dr 7 Q. Pated Research Fellow

presencs of Hb-A was comsidered t Inchoate the
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Finally one could also hypothesize, even
beanng in mind the fact that MM and AL
are different chimcel entities, that there are
transrtory forms already present at onset of
the duscase, but only rarely demonstrable, as
in our case 1n whom the therapy by inter
rupting the balance between the two clones,
would facilitate the emergence of the more
aggressive leukemrc form.
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beta Unatrsecmia)
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Fiz. 3, Family tree of crm 8 (HbE-thalessemla
tavieg  cnld with Cooley ¥ ancmh).
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Cosdey'y artemus.

scvere cases with low hemoglobin, gross he
patospienomegaly  with  poor  physical
growth and marked skelctal changes [11]
wnd at the other end of the spectrum are
mild cases with moderats ancmia, spleno-
megaly and normal physical and sevml devel
opment (13 in our case 8). The majority of
cetes bave intermediate severity {10] Se
erity 8 determined by the type of interact
‘op thalessemia cases with beta  thalemse
mia being more severe then beta  thalasse
mla. Hb A was demonsirated by IVeatheral]
and Clepg [11] in 2 Todian brotbers tn the
past. In the present group, 14716 cases had
beta  disorder However dinesl severity
wis variable even in these 14 cases, 6 cases

xm

needed regular tramafmlons from early
childhood and 8 cases had hemolytic facies.
Wheress 10 cases of beta type described
by Was et al. (10] had a mild to moderste
dhorder nooc peeded regular transfusions
and only one fad hemolytic faclex.

Double beterorygosity for defta-beta

ia sod an
affecting beta chain 3 pot very common. Of
the flve families reported {9 10] Hb-S was

imvolved in three, while Hb C end Hb E
were involved in ooe family each [10] The
prosent senes fnclodes a family (of case 15)
with intersction between delta-beta thalasse
miz and Hb E. This combination in a case
described by Warl et of (10] had prodoced
2 mild disorder with an Hb level of 12.7 g/
dl and there wxs 0o Hb A [10] Whereas
our case had a severe duorder presenting
with a hemolytic facks, a spleen of 9cm,
Hb of 38gdl ead with Hb-A. Heterazy
goms delta-beta thalzssernda are not uncom-
mon in Indle and ht formed about 15*  of alf



Thcupunlrdl’.romlltonyun(muu
1172 years) 10 patients had onc or more eplsodes
of jaundice 8 had bemolytle fades Hepatosplen-
omegaly was noted jn all liver and spleen sizes
ranged from 2-12 and 3~15cm below the cosal
margin, respectively Hemoglobin range was 2.4~
92 g/dl. Reticulocyte ranged from 08 to 12.0%
Red cell onmatic fragllity at 04% buffered saline
vaned from 236 to 66.35% (mean 42.6%) Hb E
varled from 229 1o 865% while Hb F varded
from 9.0 to 36.6% Hb A was present [n all except
perbaps 1 case (No. 11 in table I) One parent and
a sibling of case 15 (table I) revealed Hb F of 11 4
and B6% respectively and decressed Hb A (11

Table L Qlinica! and bematologica! findings i 16 cases of HbE thalsssernis from 12 familics

Fumlly Crse Age Jaundice He:n:l‘yﬁc
No. No yean
1 1 20 - +
2 2 20 + +
3 18 + -
3 4 13 - -
4 5 16 + -
[ [ - -
? 3 -
5 8 22 - -
6 9 7 - ~
15+ -
7 11 23 + +
] 12 7 + +
9 13 7 + +
10 14 4+ +
11 15 2 + +
12 16 1/ + +

Mehta/Agarwal/Varandani/Joshl/Brargne

and 13%). On the basls of this, it was concisded
that the jnteracting thalessernis in case 15 wn of
deltabeta type (fig.2). Casc 8 had deferd 1
child with severo thalssternia major (Hb 3588
at the age of 3 months) bcrhmbudbcmztwg
semia beterozygote (Hb A, 48% and Hb F 245
(fig. 3).

Discusslon

Clinucal severrty of E-thalassemna 1 vt
able [11] At one end of the spectrum X

Liver Spleen Hb, Reti, HBE, HoF
on an % L3 % &

2 15 84 54 78 30
6 10 s4 48 40 280
3 8 74 45 483 210
L) 6 92 08 457 %6
1 9 84 40 598 270
3 1 69 18 M1 156
k) 11 60 08 580 ne
2 12 79 20 503 g0
7 15 44 30 276 135
3 10 a8 20 729 151
12 14 55 12.0 B6S 135
3 8 32 120 780 192
E 5 76 45 063 138
2 4 50 50 172 200
H L] 38 62 09 328
1 3 24 80 600 153

OrEgre
+
* Fig.1 Paper electrophoresis

at pH 86 From left (o right
Control, (1) case 2 (HbE 40 0%)
(2) case 14 (HLE 372%) (3) cass
9 (HbE I7.6%), and (4) case 15
(HbE 50.9%).
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Abstract. Serum ferritin concentration was msessed in male and female pregnant and
thalessacma carners and in normal subjects of both sexes. Low ferritn levels

noa-pregoant
were found in 61

of poo-pregnant and In 32% of pregoant female g-thalsssaemia

beterozygotes whereas male thalassacmia carriers had pormal lron stores. Incressed ferritin
levels were not observed in any of the subjects examined. These findings thow that {ron

deficlency b a common finding in female thal

la cartiers of

not recelving wron supplementation.

In the heterozygous form of A-thalassac
mia the bacmatological aboormality wually
seen bs bypochromia and microcytoss of the
red cells winch s sometimes ewociated with
an abuormally high red cell count Sernm
won has been as normal or slightly
higher than normal [4] MId or mod

age who ars

Ve think that It §s very Important to In-
vestigate the iron stores m female subjects
with ttalssssemia tradt. Serum fron coocen
tratlon is not always a good index of iron
stores in these patlents. The development of
m i for

anscra i & common finding in soch cases
and this iy larpely coonidered a3 resistant to
iron trextment (13] Tho, iren

g fersitn 117 has
made it possible to estimate the amaunt of
storage fron in the body amd has proved val

are ns a rule pok given in moderately anacmic
patients with heterozypous S-thalwssacmia
who are genenally thought s wron loaded.
However some p-thalzvaemin carrlers de
velop ey ere anacmia during preguancy which
I8 usually trexted with blood trams{milon.

mable i imvertigating pruents with fron de-
Gclency or iron overioad [9]

In thiy stody we bave messured the ser
um ferrtla kevels In pregnant women with
ygous p-thall and
them o the findings in other thalswsacmia

carriers and pormal subjects,
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Abstract. Serum ferritin coocentration was ssessed in male and female pregnant and
1halausaemia carricrs and In normal subjecty of both sexes. Low ferritin levels

non-pregoam
were found in 61
whereas make th

of noo-pregosnt and in 32% of pregant female p-thalauaemia
ia carmers had pormal fron stores. Incressed ferritin

levels were not observed I any of the subjects examined Thess findings abow that iron

deficiency i a common finding fn female th

ia carriers of fr

Dot recerving ron supplementation.

In the beterozygous form of p-thalessac
mh\h:hambﬁc‘ll\nmmmyus\nﬂy
seen b bypoch b st of the

age who are

We think that It i very lmportant to In
vestigate the iron stores in female mbjects

rtdccﬂ.l‘hichhmnﬂlnmnmxlltdwilh

tugher than normal [4) Mild or mod

with thal fa trait. Serum fron concen-
tratlon 1 not always a good index of iron
stores in these patients. The development of
e awsay for

smactma it & common finding in such cases
and this 1 largety covtidered as resistant to
fron trestment {13}, Thus, iron »

storage iron in the body snd has proved vt

are ms a rule not glven In moderately ansemic
Patients with heterozygous p-thalesssemia

VELOp sevETE anaeTma during pregnancy which
bt usvally trested with blood trans{osion

Table In | Patcnts with froa de
ficiency or iran overioad [9]

In this stady we have messured the ser
um ferritln kel In pregnant women with
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Material and Methods

52 pregnant women with heterozygons p-thal-
assaemin aged 18-37 yeans who were undergoing
prenatal di bs for thal; were |
in this study These women were approximately in
thelr 16th week of gestation and were not taking
any {ron therapy As control were examined 18 fo-
male and 16 male healthy thalassaemia carriers
who were parents of children with f-thalasaemla
major and 49 healthy subjects (24 males and 25
females) in reproductive age. The hab Y loves-
tigatlons comprised the followlng tests haemoglo-
bin and scrum iron were estimated using standard

Results

The mean serum ferntin Jevels and t
values of the other haematological parame-
ters in the female and male subjects tested
are shown 1n tobles T and 11 Ameop ¢
healthy controls, as expected, the serum fer
nun blood Hb and serum fron levels wert
lower in the female than m the male sub-
jects and the difference was statistically sg-
nuificant with values of p <0001 p < .00
and p < 001 respectively For the healthy

hnt For the ng for
trait Hb electropharetls on cellulose acetate using
a discontinuous buffer system [8], estimation of
HbA, by DEAE column chromatography [2] aod
of allall resistant (Hb F) by the method of Singer
et al [11] were carried out. Serum ferritin concen-
tration was measured by radicimmunoasay using
commercially available reagents (Ramco Lab Tna.
Houston, Tex)

les there was a positrve correlation b
tween serum ferntn end iron lovel
(r=074 p <<0001) but this was not ob-
served in the heslthy males (r =014 P
>0

Iri)u stores were generally low o 1
healthy women as 14/25 (56%s) had ferritin
Jevels below 20 ug/l and 825 (3270 bid

Table L Mean vakies of scrum ferritin, blood hcmoglotan and serum iroa in female healthy subjects 0

thalegysemnia earriers

Subjects exaraned Cases
Heahthy subjects 25
‘Thalaneemla carriers 18
Pregnant thaleseacmia carmiers 52

Serum ferritin Biood Hb Seram droo
K vd rg/dl
20+15 131+08 79%38
2121 11214 82143
p>09 p<0.001 p>07
3831 10313 11937
p<0001 p<0001 p<0001

Tlﬂcﬂbkunnhmdﬂmfmmbbodhmﬁoﬂn-mmhmhm&hcﬂmymm

carnens

Subpects examined Cases

23

16

Heahby subjects
Thalassacmia caumens

Serum ferntin Blood Hb Serum iron
wg ya rp/d
6844 14612 11031
63145 134%1.2 12338
p>07 p<0.01 p-03

)
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levels below 10 gg/l. Noze of the beahhy
— males had ferritin lovels lower than 20 g/l
Tho group of the female noo-pregnant
thalassaemla carriers had mean serum ferri-
tin valoes similar to those of the healthy
women. Serum lron valoes alio did not dif
fer wheress mean levels were
sgnificantly lower in the thal de car

an

Hb snd serum Iron levels that female car
ners.

Discurilen

The fron statws of subjects beteruzygous

ren. It is lnteresting that 11/18 sobjects
(61% ) had ferritin levels below 20 pg/l and
5/18 (28% ) had Icvels below 10 pg/l. Thus,
y tame p te of iron-
« deficient sobjects was observed in the group
of heatthy women and female thalesssernia
carners. In this case also & weak posltive
cotrelation was foand between serum ferri-
tin and serum iron concentraton (r = 058,
p< 005)
Pregnant thalzssaemia carrers had high-
er mean ferritin and serum iron kevels than
both the healthy women aed the noa-preg-

for p-thal ia (thal ia minor) has
been investigated in detadl In some stodies.
The stutty of lron alsorption has given vari
able resalts. Bannerman [3] bas reported
normal values utllisiog food fron and
"Fe-labelled inorpanic iron, wheress Crox
by and Conrad [5] have found creased
iron absorption using whole-body counting.
However this wes not assoclated with bn-
creased accomulation of fron snd the ao-
thors suggest that thhs might be doe to
dightly incressed fron excretion.

It has already been reported that thalss-
sacmla minor may be complcated by [ron

nant T atthough
the level of egnificance was lower for ferri-
tn and for serum ron levels. The mean
bacmoglobin  bevel way, however signifi-
cantly lower in the pregnant women com-
pared to that of the healthy women or of the
femlo thalsysacmic heterarygotes. Serom
ferritin levels were below 20 xg/l in 17/52
and below 10 xg/l in 8/52 cases. A positive

and blood Hb (r—042, p<001) or &
rum lron (r = 0.60, p<001)

y during 7
{12] Flemming and Lynch [7] state that tn
& study of 15 preguant women with thalas-
saemia minor 4 had redoced Iron stores, 3
had pormal stores and 5 had evidence of
iron overload.

The present findings based on the esti-
mation of serum femitin levels confirm that
the male thalassacmia carriers are not iroa
loaded, since thelr ferritin levels fall within
the normal range for healthy male subjects.
On the other band, the femals carriers are
often lron deficlent whh depleted jron
stores. In this stody the DOn-pregnant

ndd

heterory-
gotes it was found that there was no statistl-
al difference in the mean Jevels of serum
ferritn or serum iren whereas blood Hb was
' y fower bn the thal 2 car
riers. Male p-thalassacmia carriers had sy
nificantly Mgher mean serum fernitin, blood

y than the preg
mlmn.ThhconubaWbyh
fact that the poo-pregnant females were old-
cr(ntlnlp39)’!ln)dnndnppm
00c3 (mean age 28 years) and had & history
of more than 0oe pregancy On the other
band, the pregoant females who were -
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dergoing prenatal diagnosis for thalassaemia
were having their first pregnancy and were
tested early within the first 16 weeks. No
control group of normal healthy pregnant
women has been incloded 1n this study since
mn thelr mejority are taking &s a routine iron
prophylactically

Kelly et al (10] bave assessed the iron
stores n norma! pregnancy and have found
that ferntin concentratron falls progressively
in late pregnancy to a low level despite 1ron
supplementation. This imples that average
1ron stores in women are inadequate to mect
the demsnds of pregnancy These observa
tions and our own findings suggest that iron
defictency is a frequent finding in female
thalassacrma carriers of reproductive age
and adequate 1ron supplementation should
be given to these subjects after asscssment
of iron stores by ferriin measurements
Thus 15 especially important mn countrnes ke
Greece where iron deficiency 15 very com
mon among healthy females of reproductive
age as shown, m thus study from the ferntin
levels which are much lower than those re
ported in England [6 9]
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microscopy
[1-3] and Hght mictoscopy [4] has been
demorstrated. In the present study both
techniques have been used to investigate the
respense in patients with Hodpling snd

noo-Hodgkin s lymp with
reference 1o the surface appearmces of the
cells ¢nd the overall cellularity of the exn-
date

Materials nnd Methods

Sin wisdow were made om thy
mterior sorface of the forcarma After Choaniog

covenlp wm maad for Bybt oubcroscopy amd cir

culer one of 13wme darmcter for schnnlag chec

troa (SEM). A rd sqeere was
b Pt over the coveniip end secwred In place w
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dergoing prenatal diagnosis for thalassaemia
were having their first pregnancy and were
tested carly within the first 16 weeks No
control group of norma} healthy pregnant
women hes been included in this study since
in thelr majonity are taking ns a rouune iron
prophylactically

Kelly et al {10] have assessed the iron
stores 1n normal pregnancy and have found
that ferntin concentration falls progressively
m late pregnancy to a low level despite iron
supplementation This implies that average
iron stores i women are inadequate to meet
the demands of pregnency Theso observa
tlons and our own findings suggest that jron
deficlency s a frequent finding fn female
thalassaemia carners of reproductive age
and adequate 1ron supplementation should
bo given to thess subjects efter assessment
of won stores by ferntln measurements.
Ths 13 especially important in countries like
Greece where wron deficiency 18 very com
mon among healthy females of reprodoctive
age as shown, in this study from the ferritm
levels winch are much lower than those ro-
ported in England [6 9]
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rutrophl] polymorphs frequently thowed
oce segmented noclel and an apperent
:ko{m}ncdymukalbmuxn-pumd
ith those 1o peripberal blood smears. In
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Scanning Electron Microscopy

Macrophage morphology appeared gen-
cnally more varied in the lymphoma patients
than 1n the normal subjects. In the pormal,
the predominsnt surface feature of the me
forlty of mcrophages was the p ot

closely-packed microvilli (fig. 1) wheress In
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fixed in cold 1.9/ glotaraldehyde in freshly pre
pared phosphate buffer (pH 7.3) for approximate-
ly 6 h (osmolarity 375 mosm/kg) and then washed
twice with particle-free sterile distilled water for
at least 10 min they were dehydrated through as-
cending grades of acctone and critial-point dried
fo a Polaron E 3000 msing Liquid carbon draside.
The specimens were sputter coated for 4 min jn an
Edwards 8150 with a gold-plated cathode at
50mA ia an atmosphero of argon and at a con-
stant distance of 3 mm. The preparations were
examined in a Philips 501 electron microscope at
15kV with a viewing angle of 45 and photomi
crographs were taken to silow more detalled study
The majonty of cells could be identified as ci-
ther granulocytes or macrophages wsing criteria
aiready described [2, 3] and In some cases thelr
Hentity was confirmed by light microscopy after
the SEM stody was completed [31

For light microscopy the speclmens were pre
pared by air-drying, fixing and staining with May
Grilnwald-Giemsa. Cellularity was scored for cach
specimen (withont Its fdentity befog known) wing
n 3.point system, representing a poor {(score 1),
moderate (scote 2) or profuse (score 3) exudate,

The main stody was carried oot on 20 patients
with Hodgkin's diseasc (aged 15-70 years) and 20
pathents with pon Hodghlna lymphoma (aged
27-74 years). Light mkroscople examination was
carried out on preparntionms from 29 henlthy vol-
unteers, and SEM on 7 thelr ages ranged from 18
to 50 years. Of the cases of Hodghins disense, 3
were Jymphocyte-predominant, 5§ nodular-scleros-
i g 6 mixed-cell and 6 Jymphocyte-depleted no
patient had recerved chemotherapy or radiothers
Py st the time of examination. Of the patleniy
with noo-Hodgkin a lymphoma, 2 received chemo-
therapy and 3 mdiotherapy doring the course of

Table L Cellularity of exudate (mesn scores + SD)

SoloVDurrant/Hudson

the skin window studies. In addition, 2 patienty
had recetved rdiotherapy 2 weeks previomly
Semiquantitative studles were carried oot 0o
micrographs of macrophages from each of e
above groups at a magnification of approximately
10,000X Each macrophage was clanified on sar
face appearances Into onc of three aategories. pre
dominantly mkrovillons, predominantly ridged of
ruffied, and mixed (fig. 1-3) ‘microvilll’ were d¢
fined #s small finger like projections, ‘ridges sad
ruffles representing surface folds (5 6L The cls-
sdfication was carried out by one observer who
way umaware of the identity of the subject from
whom the preparation was obiained. Cells wero

studied from both day 1 and day 2 prepanatons, 3\

from each of the preparntions, an average of 30
cells was examined.

Results

Light Microscopy

In both groups of lymphoma patents,
the exudate appesred generally less cellaler
than in normal subjects, and statistically sig
nificant differences were shown in an analy
s1s of the sconng (table I)

The distdbution of cell types was similar
in all groups. At day 1 both neutrophil po-
Jymorphs and macrophages were usuaily
plentiful, whereas at day 2 macrophages
predomumated. Eostnophuls, lymphocytes,
basophils, multinucleated macrophages and
effete cells (manly granulocytes with pyk
potic nucler) were also encountered. The

Day Day 2 Days 1 and 2
Normal 210059 221065 2152062
Hodgkin s disexse 170+0.73 175%072 1732072
Nouo-Hodgkin's lymphoma 1.63+050* 170+057 167+053
Al tymphoma 1.67x061 1T304 170+063
Asterisks fndicate trowm the P normal vakue at 005 () and 001 { ) dveh of

probability

>
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neutrophll polymorphs frequently thowed Scanning Electron Microscopy

- more sepmented nuclel and an sppareat Macrophage morphology appeared gen-
Inck of stalned granules when compared crally more varied in the lymphomua patients
with those In perpbenal blood smeans. Tn tham in the normal subjects. In the nosmal,
1 paticnt with non-Hodgkins lymphoma, the predominant surface feature of the ma
cormophll granulocytes wero pastcnlarty jonty of mactophages was the presence of
prominest. closely-packed raicrovilll (g, 1) wheress in

Fig 1 Scxaung dlectron oucrogreph  from
day I prepsraton from  paetent wxh pos-Hodg-
kx  hophowa to how  macropbaps th T

sarfacy
The call panphery chowa  fow frlopode sad oth-
€ procosees Marker rachcates 1 o
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fixed in cold 1.5 glutaraldehyde in freshly pre
parcd phosphate buffer (pH 7.3) for approximate
ly 6h (osmolarity 375 moanvkg) and then washed
twice with particlefree sterile distilled water for
at least 10min they were dehydrated through as-
cending grades of acctone and critical-point dned
in = Polaron E 3000 using liquid carbon droxide.
The specimens were sputter coated for 4 min In an
Edwards S150 with a gold-plated cathode at
S0mA In an atmospherc of argon and at a con-
stant distanco of 30 mm. The prepamtions wers
examined in a Philips 301 electron microscope at
15kV with a viewing angle of 45 and photomi-
crographs were taken to allow more detailed study
The majority of cells could be identified as cl-
ther granvlocytes or mecrophages wmsing cniteria
already described [2, 3] and In some cases their
{dentlty was confirmed by light microscopy after
the SEM study was completed [3L

For light microscopy the specimem were pre
pared by airdrying, fixing and staining with Muay-
Gruawald-Gicoma. Cellularity was scored for each
specimen (without its Identity being Lnown) uting
2 3-point system, representing a poor (score 1),
moderate (score 2) or profuse (score 3) exudate.

The main study was carried ogt on 20 paticnts
with Hodgkin's discasc (aged 1570 yean) and 20
patients with non-Hodghins lymphoma (aged
27-74 years) Light microscopic examination was
carried out on preparations from 29 healthy vol-
unteers, and SEM on 7 their ages ranged from 18
10 30 years. Of the cuses of Hodgkin's disesse, 1
were lymphocyte-predominant, 5 nodular-scleros-
ing, 6§ mixed-cell and 6 lymphocyte-deplcwd no
patkent had received ch

Solol/Durmant/Hudwos

the skin window studies. In addition, 2 peticots
had recelved radiotherapy 2 weels previowsly
Semiquantitative studies were carried oot o
micrographs of macropbages from each of the
above groups at a magnification of approdmately
10000X Each macrophage was claulfied on s
face appearances into one of three categorics: pre-
microvillovs, icandty ridged oc
ruffled, and mized (fig. 1-3) ‘microvilll’ were de-
fined a3 small finger lke profections, ‘ridges xd
roffles representing surface folds [§ 6] The clas-
sification was carried out by onc obscrver who
was unaware of the {dentlty of the subject from
whom the preparation was obtained. Cells were

studled from both day 1 and day 2 prepanatioss; \

from cach of the preparations, an avenge of 3
cells was examined.

Results

Light Microscopy

In both groups of lymphoma patcots,
the cxudate appeared generally less cellolar
than m normal subjects, and statistrcally sig-
mificant differences were shown in an amly
s1s of the scoring (table I}

The distribution of cell types was similar
in all groups. At day 1 both neutrophil po-
lymorphs and macrophages were usually
plentiful whereas at day 2 macrophages
pmdominated Eosinophils, lymphocytes,

py at the tlme of examination. Ol’ the patents
with non Hodgkin» lymphoma, 2 received chemo-
therapy and 3 radiotherapy during the course of

Table L. Celiufarity of exodate (mesn scores = SD}

leated macrophages and
cﬂete cells (mainly granulocytes with pyk
notic nuclel) were also encountered The

Day 1 Day 2 Days 1and 2
Normal 2.10+059 221068 15062
Hodgkin s disease 170£073 1750712 1732072
Nor-Hodgkin s lymphooua 1.63 050 170057 1671053
Al ymphoma 1.67+062* 173064 1702043
Asterisks indicate from the pormal valoe at 003 () and 001 { ) kevels of

probability
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peutrophil  polymorphs frequently showed Scanning Electron Micrascopy

- more scgmented nocki and an apparent Macrophage morphology appeared gen-
lack of steined granules when compared  evally more varied in the lymphoma patients
with those In peripheral blood smears. In  than in the normal subjects. In the normal,
1 patient with ponHodgkina lymphoma, the predominant surface feature of the ma-

& were p y jority of phages was the presence of
prominent. dosﬁyflck:dnﬂmﬂﬂ;(ﬂ;l)mln
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TaMe IL Surface appearance of macrophages (% + SD)

Day1 Day2
Predoninantly microvilioss
Normal
748+152 93z 51
ﬁodt::d-d‘une 303+207 HI£20T™
on-Hodgkin 3 lymphoma 3254214 294£2127
Mxed
Normal
185118 42+ 43
:ip}l:h-dixne 356+130% 166% 987
odgkin 3 hymphoas 25+113 21.6£106%
Predominanidy ndped/ruffied
Norrmal 68+ 35 25+ 45
Hodgkin 3 Shseanc 340£159 38.52236%
Noo-Hodgkin s lympboma 450220 490+25.0°

Asteriaks indicate dilferences from corresponding rormal valos at 005 () and 001 (*) kevels of probebliry
Daggers indicats differences from correspooding day 1 valne at 0.05 (1) and 0 01 (™) kevels.

\\L\\\m m :/

l\\‘-—

T >
s

Fig.4 Glant form of macrophage from a pa- smoother reas to the periphery Nemerows Joog
tient with Hodghlns drscase at day 2. The surfsce  f{llopodia are present. Marker Indicates 10 xm
shows a large area of close-pached microviill with
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sults of the statistical anatysis are sommar

ised in table T1. Other features of the macTo-

phages incloded the presence of fllopodia

(g 1 4) or brosder projections which at
varsed

the extremes from vell like to cord-
Uke. In some of the lymphoma patients, filo-
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Dhcunion

An {mportant finding of the present -
vestigation is the redoced cellularty of the
skin window exudates in both Hodgkins
and nonHodgkins lymphomas (table I).
Although the carher literature i somcwhat
conflicting {7-9] a reduction in cellularity
bas previomly been described in treated
cxses of Hodgkin s discass [7] Tn the pres-
ent fovestigation, bowever nooc of the ps-
tients with Hodgkin s disease had received
treatment and altbough 7 ont of the 20 pa-

the method of amening cellolarity on a
three pomt scale b a relatively inaccorate
ouae, ft served to coafinm the visml impres-
£ou and would indicate that the change ks
diseaserelated. If one can equate redoced
adheslon of cells to the coversllp with e
duced mogration, the change reflects a
defective  inflammatory response  which
could be the resaht of such factors ws humo-
ral inhfbition and could be part of the mare
reoeral imp of defenco h
Whthhmﬂmdlndnhcruscdm
quency of infections in malignant lymphoma
{10 11]

A striling featore of the macrophages tn
hymphoma pateris was the more varablo
surface morphology with ndged and ruffied
forms bemg particulardy promment, and

were obsened between granulocytes in the
thiee groups, the fine ridged appearances
to those already deseribed n
noroal subjects [2] Lymphocytes were oc
casborally escountered as small round cells
showing fine surface microvili and lying in
close contact with macrophages (Gg. 5).

illows form belng less fre
m(ublell)thhmuﬁrmdmﬁndmp
o(xmﬂcrprcﬂ.nﬂnnym[g]mﬂdt_
cd/mlfled forms bad a resemblance to
blood monocytes [6, 12] from whick skin
wmdow macropliages have been shown to
derlve [13, 14] The results would therefors
seem copsistent with a failore of monocytes
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to undergo the pormal morphologlcal
changes of maturation or activatlon dunng
the inflammatory respomse. Further evi-
dence for thrs hypothesis is provided by the
obscrvation that in the normal subjects
there were mgnificantly more mucrovillous
(and less mixed) forms m the day 2 prepara
tions than at day 1 (table II)

This interpretation is supported by other
reports that in malignant disease, monocytes
may show & fallure to mature this has been
noted {1 vitro with monocytes from patients
with malignant melanoma and breast cancer
[15 16] Also neoplasms are known to 1n
terfere with other normal functions of mono-
nuclear phagocytes (4 10 11 17 18] In
the Light of these carher observations, the
proposed impairment of maturation (or ectr
vation) may reflect a general inhibition ex
erted by malignant tsue on the monono-
clear phagocytic system. This may be of
conuderable 1mportance in relation to the
tunction of macrophages in surveillance
against the development of malignant cell
lines.

Incidental Fidlogs

Lymphocytes were only occasionally encoun-
tered in skiy window preparatiom and on SEM al-
ways appeared to be attached to mecrophagey
(fig. 5) perbaps they do not galn  direct attach
ment to the coverslip Their attachment to macro-
phages may possibly reflect a functional relstion-
ahip [19] Lymphold cells are known to produce
soluble substances incloding, for example, migra-
thon inbibition fact r which in addition to immo-
biliting macyophages has been suggested o stimun-
lating their lon at sites of
20, 21]

Tnthnbmorou:knowfife.mba

previomly been dmawn to o ed
gnulumn:\mophﬂ polymorphs in skin window
prepanations. The apparent paucity of granuley
(‘mdmmmulmmmm)m

Soknl/Darrant/Hudsa

bly reflects Ioss of stamable matenal denng fhe
oty response. It may be relevant that s .
marked redoction in alkaline phosphatase sctviy
of skin window neutrophils has been Teported ¥
Janse [22] and recently conflnmed by oarseives M
unpublished work, [n which the activity of this &
Zyme in blood and skin window nemtrophils ¥a
compared in the same subjects.

The surface morphology of ghant forms of o
crophages has not proviowly been described B
skin wmdow preparations (fig 4), but it &ppea?
simflar to that of other macrophages as well ¥
that of glant forms In other sltnations [23).
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Abstract. Our expenence with a new trephine, called the LM trephine, for carrymg 02t
bone marrow biopsy is reported Thrs trephune 15 larger and stropger than most previowsly
described instruments. Two main problems in bone marrow biopsy namely compression
and difficulty in obtaining specimens from osteoblastic (or sclerotic) metastases are over
come by the special design of the LM trephine tip 310 out-patients with different tumoor
discases wers examined and no complications were observed.

Microscopic examination of the bone
marrow canstitutes an essential oncological
wnvestgation. The demonstration of tumour
cells 1n the bone marrow 1 regarded as ev1
dence of generalized malignancy with all
the prognostic and therapeutic comse
quences 1t entails The classical method of 1~
vestigation comprnises aspiration cytology of
the sternum, spinous processes of the lum
bar and thoracc vertebrae and ths iliac
crest with fine needles This technique rap-
1dly became & routine procedure in the m
vestigation of plasmocytoma, and made 1m-
portant contributions to diagnoses m oncal-
ogy and haematology Several studies have
shown that this technique may not be satrs-
factory for the diagnosis of marrow mvolve
ment m malignant lymphomas and metas-
tatic malignancies like small-cell caranoma

of the lung, prostatic cancer breast cance?
thyroid cancer and hypermnephroma. Among
the many workers contributmg to the tecr
nical and diagnostic development 71 boae
marrow biopsy Dameshek [2] Silverm&
[10] Burkhard [1] Radner (8] Landys and
Stenram [6] Helleberg-Rasmussen and Spr-
dergaard Petersen [4] Stavem [11] Miller
and Dennis [7] Jamshidi et af 5] a4
Fornasier and Vilaghy [3] deserve specsl
mentioning.

Material and Methods

Betwren 1973 and 1977 we used Gidlund's I
strament for bome marrow biopaies in 500 out-p¥-
thents with breast cancer malignant lympboms?
and otber tamouns [6, 91 In 1977 a pew type of
instrument, called the LM-trephine, was lntro-
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A New Trephlec for Coscd Boos Marrow Blopry

duced. It was developed at our department and b
smaofact red by and  vallablo from Asggdrdems
Lastrowoend verkstad, Sakigremin 3y hhuset,
Gotchorg, Sweden,

Tho mtrunent cousisls of  hrndpowered tre-
phine,  faccted mandni sl specimen eatracion
fig 1). The wirmal dlameter of Use trephlne b
4mm, the eiieran] damcter S 1 mm und the total
length 162 mun (frg 1) The up of Lhe trephiteg has
ten teeth Every other footh b bemt brwards §
whoch taciinates remorel of \be matrow spechnen.

Bropsy Technigue for Specumen from th
Fexnterior liac Crest

Notmally tac paticut Wt on 40 o S0-cm-
kgh 200! and leams forward with ks wrms oo
(able Baot the wvesigation can alm be carned out
#h the petient lying on hia stomach or sde
Under ocal sneeshoun with 3-10ml of 29/
Xylocune (Atn), 0S5t skin nchlon B wde
over the postenor | e Crest, aboat $ cm fram the

Tyt S

(. AV
[[Da r—— -
o — 1

i 1 The LM-trephus

P

T 1. Bropay Lechnlque from the poserior 1t
bac crest performed st gt aaghe (RT) or ob-
Tirae (OT) b0 e body

217

kh the faceted mandrll Lnserted bn Lac trephine.
The faccted pundrll fs then removed and the tre-

marrow Bt obisnod. The t ephing i then with-
drawn 2 3mma and rotated, mad hs tip thed o
siighily differeat angle, thm cuting the specimen
fpede the trepbins free from the boss marrow
cotside the repbine 1 e mext phase, the tre-
phine it slowly whhdrewn wih alternating rotsio-
ty motiorm. The spechmen by removed throogh the
oppolt end of (st trephune g3 recommended by
Jamihidl o1 o [5] The blopay cam be performed
M right sagles of obhqpe | ke sarface of the
body (Gg. 2.

1 wherotho bone, bending of the trephine must
be avoiked 1 mech cases the biopsy has t  be per

wright boiween 5D and 350 my (g 3)

After control of harmorissis In the puncture
chaunel, the Inchlos ts clowed with  siogle ki
witore The beopses arc taken withoo! preeedics-
tion = am cut-putiest procedare. Every patiest b
camined 10 dayy afuer the blopsy

A -r.“_im.m
8 Tl { _4
ci

”’IT" [‘Illlllll ani n
e
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Key Words. Bone marrow LM trephine biopsy Osteoblastic metastases

Abstract. Our experience with a new trephine, called the LM trephine, for carrymg o2
bone marrow blopsy is reported. This trephine 18 larger and stronger than most
descnbed ynstruments. Two main problems m bone marrow biopsy namely compressoe
and difficulty m obtaining specimens from osteoblastic (or scleronic) metastases are over
come by the special design of the IM-trephine tip 310 out-patients with different fumodt
drscases were examined and no complications were observed.

Microscopic examination of the bone
mArTow constitutes an essential oncological
invesugation. The demonstration of tumour
cells m the bone marrow is regarded as et
dence of generalized melignancy with all
the prognostc and therapeutic  conse
quences it entads. The classical method of 1n
vestigation comprises asprration cytology of
the sternum, spinous processes of the lum
bar and thoracic vertebrse and the {line
crest with fine needles. This techmque rap-
1dly became a routine procedure 1n the in-
vestigation of plasmocytoma, and made im-
portant contribuhons to diagnoses in oncol
ogy and hacmatology Several stodies have
shown that this technique may not be satis-
factory for the diagnosis of marrow mvolve-
ment m malignant lymphomas and metas
tatic malignancyes like smallcell carcinoma

of the lung, prostatic cancer breast can<ef
thyroid cancer and hypemephrome. Amoct
the many workers contributing to the teci
nical and diagoostic development of booe
marrow biopsy Dameshek [2] Silvermd
[10] Burkhard [1) Redner (8] Landss
Sterram [6] Helleberg-Rasmussen and St
dergoard Petersen [4] Stavem [11] Mifler
and Denris [7] Jamshidi ef al. [5] 23
Fornasier and Vilaghy [3) deserve specal
mentioning.

Material and Methods

Between 1973 and 1977 we myed Ghdiuads I
stmment for bono marow bropsies in 800 o@tpr
tieols with bresst cancer mahgrant 'Y“‘T’*’mﬁ
and other tumours [6, 9L I 1977 a oow 4P
Iostrument, called the LM trephine, was oo
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dnced 1t wes dev loped a1 owr deparimend aad
oantactured by and maflable from Anggirdems
Istrumsents erkslad, Sablgremds eikavet,

Leogth 162 man (fiy 1) The tp of the trephune b
en tecth E ery otber tooth b bent lomarch 3
Inch fecilrtates remosal of 1he marrow wpeamen

Biopey Technique for Specimens from the
Postenor Hlae Crest
Normally the paiwot ut om  40- to oo~

Wh wool and leans forw rd with by am oo

bl Bat the veigaton cin ho be carried ost
h the paiiend |y g ou blt stomach or tade
Undar tocsl dh 8-10ml of ™

Xylocane (Adral,  0.5<m skin wcruon b made

oner Uhe postenor Thac crest  boot 3 cm frow the

mudlcme The booe r penctorrd ay tho kvl of 1he
firn sacral  crtebr, about 7an below the top of
the Tisc cTest The lanima compacta m perforated

> — 3
a T | D |

Fig. 1 The LM-rephine

Fie. 1. Brorey techruqoe from the powenor -
bt angle (RT) or ob-

uz

kh the faccted emandell iricTted s Use trephine.
The faceied mandrll b then remored and the tre-
phime stosly sdvanced Joio the bone oartos mhh
chockwise-counterchock e matloas woill sdequate
marrow B obtalned The trcphlne 4 than whh
draw 2 3w and rotcd, and b thp tlted 1
Ahghily Gifereat angle the cwctong Lhe wpecimen
loude the trephime free from ihe bune marrow
ocotwde the Lrephime 1 the meat phase, 1be tre-

by

Jewuhidl ot «f (5] The tsopsy can be performed

a ngit wagles or obliqwe t the sarfacy of the
body (. 2)

T sberotic bome, bending of the trephine mus

be xvolded. | pch couns the blopny ha to be per

formaed wrikghi throagh 1he bone marow caviy

Jength maay vary bei sen 10 and 60mm and the

soimre The bopsles are Lakew wxhoot premedica-
Lo X1 AN OOt-petutt procedure. Every patlest by
wxacained 10 day after the blopry

Y

AN TER

8 T .

¢

gﬂr]‘mpmpmpnrpnqm, RN
12 3 & 5 @

'ahl’:;l. Specrmens of bome marrow obtalned
Li-trephioe. A = 3-tan-lows smphe of
Imbomogencons

Tow). B = £0-mm-tong smple of compact schero
i maow ta petunt with X-ray-trested pacia-
lnﬂio(h’n‘mhlhnpwahm‘m
C = (0-wm-ong smmple .
cmmv-uﬂy-omundmw
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A New Trephine for Closed Bone Marmow Biopry

2y

¥
alfut 8

.

mands on the patient and on the pemson
carrylng out the procedure. The aim of all
methods b to oblatn snificlent marrow for
hstological Investigation (fig. 4 5). In by

of tenderness at the site of the trephmation
~ for up 1o 6-12b after the procedure The

or y altered bone,
tho closed bropsy techmique may be dificolt
orim';xmlbk.Thed.rl.llu-rt\\hbbp:y:cd).
niqmm:dln;w]mhldlmommd,m
the punch techmique using Radner's or
$tavem 3 needlen can only be wsed when the
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breast cancer [9] and radiation induced f1
brosis in the bone

With the I M-trephine biopsy technique,
specimens of pood quality could be obtalned
from all patients investigated, even from
those with sclerotlc bone metastases. Com
pression and crushing of specimens could be
avoided thanks to the special design of the
toothed trephme tip The method ensures
the patient minimal trauma, and yields suffi
ciently large bone and marrow specimens in
their intact state as demonstrated 1n figures
4 and 5 Histological specumens of this type
and qualrty are not obtainable by the con
ventional needle biopsy technique

The IM-trephine 13 larger stronger and
more effective in obtaining biopsies m scle
rotic bone and bone marrow than Jamshidi s
needle
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h Cell Activity in Acute Lymphoblastic Leukacmia of Childhood

G Schillrd § Musumec! A Sciotio A Russo and S Marino
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Key Verds. h cell pethv ity Acute lymphoblastic leukaemia
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Lymphocyte subpopulations

Abstract. Lymphocyte subpopalstions were studied in 28 children with scute lympho-
Hndcleuumnu(ﬁﬂmlmpohhedhaschdBlymphocmptncmlnbw
h

+d towards pormal during remission kn most patients. All

at disg
Pﬁlﬁ“mwmmﬂvﬂdendBWkﬂulﬂHw which was

mcreased during

remsslon ln several patients, was normat In all patients off therapy

Fwﬂmmmcnudrnwﬂnublkhﬂmhcrdﬂcmﬂmdmu{{cdluﬁvhyhm

indicator of the stage of the discase.

Intreduction

The wentification of T and B celffular
surface markers on lymphoblasts s widely
wed for clasificason and prognosis of

. mlymph)bh:ml:kuh.mﬂl(Au,).

The quantitation of the ddferent subpo-
pﬂlnnmolnotmllym-pboq‘!cshnzlnlh
moumingthelmmnnennmo(pdknuln

even It the sign of these
data the comtrol of 1 i and

s final outcoms i pot clear

Patients sad Metheds

W detwmiasd fhe T B and amtibodyde-
P pesdemt criosoaic hmphocytes (K cefl) 1 per

-

cestags of total lymphocyte coam in 28 chikiren,
Thes runged o sge froe 2 30 12 yesrn and had
‘woll-cell* ALL t crfferent stages of the disene.
Pusificd lympbocytes were obtumed by frae
tamatlon of bepurmrred blood om Fleofl-Hypeque
demaity gracdent (MSL Ewobio). T hmphocyies
were idextifed by the sheep red cell rosetting

burt reverted to normal during rembision in
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Fig 1. Antlbody medlated  cytotoxiaty o
chicken red blood cells sensitized with rabbit an-
tiserum of lymphocytes from 28 lemksemic chil-
dren in ditferent niages of discase.

most patients  All patients off therapy had
normal values. B lymphocytes showed a
similar pattern m the three stages of the dis-
case which was characterized by low per
centages at diagnosis which mereased after
complete remismon until it reached normal
values after cessation of thermpy These re-
sults are 1 agreement with the data rcport
ed 1n the hiterature [4-7] and could be due
to the relative increase of circulating normal
Iymphocytes after remussfon and to the de-
presstve effects of maintenance chemothera

Py on thesc cells. Alter cessation of therapy
the lymphocytes returned to normal values.
K cell acuvity was above the normal values
of our laboratary (1035 + 4.34) in 4 of 7
children at diagnosts and m 7 of 15 children
in remisston (fig. 1) In the latter no correla

tion was found between K cell activity and
clinical factors of risk or time elapaed since
remission K cell actvity was decreased m 1
and normal in 5 patients off therapy It has
been speculated that the K cell is mvolved
in the ehmination of tumour cells [8, 9] Ac

cording to this hypothesis, Increased K celt
actrvity during remssion should be consld-
ered a response to the residual lcokacmic
cells, while normal actvty off therspy

Schilird/Musumeci/Sciotto/Rewso Marieo

should be indicative of mimmal or abseal
antligenic stimuli. On the other band, the -
normal or decremsed K cell setrity ob-
served 1n some patients during remmssia
could be due erther to reduced or absent a2
tigenic stmull or to immunodepressioa seo
ondary to therapy Even if the finst interpre
tation scems unlikely becanse of the Jack of
inverse correlation with remussion duration,
the number of cases is too Jow for defmtte
conclusions, At present we cannot distm-
gulsh between the two possibilives and coly
further prospectrve stuches will determine
whether K cell activity has a prognostc sg-
nificance If thus 15 the case, senal determr
natlons dunng remsmion will provide uscol
guidelines for the ttme of stopping therapy
and the optimal use of immunotherapy
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Thrombocytosis in Quiescent Chronic Granulocytic Leukaems
after Vincristine and 6-Mercaptopurine Therapy

E Feliu F Cervantes ] Blade and C Roman
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Key Words. Chronic granulocytic leukacmia Thrombocytosis Vinerisane

Abstract, In an attempt to retard the appearance of blastic transformation 11 patents
recently diagnosed with chronic granulocytic leukaemia were given courses of vinersi®
and 6-mercaptopurine after stabilization of the disease by busulfan In 4 of the panents
o marked thrombocytosis developed shortly after the sdministration of such courses. Wbe?
we compared the clinical and biological features at the moment of dingnosis, the patien
in whom thrombocytosis developed after vinenstine and 6-mercaptopunne courses showed
higher plateict counts and a smaller spleen size than the other ones although no
significance was reached. A possible thrombocytopoletic effect of vmcristine 15

Vineristine can be useful in the blastic
critical phase of chronic granulocytic feu
kaemia (CGL) [1 2] On the other hand
G-mercaptopurme (6-MP) iy one of the
choice agents in the chronic phase of the
disease, mainly when thrombocytopenis Is
present, as well as when blastic tramforma
tion develops [3]

Methods and Results

In an attempt to retard the sppearance
of blastic transformation we started a treat
ment protocol of patients recently diagnosed
with CGL in January 1978 2 months after
a stabilization of the disease was achleved by

busulfan, courses of vincnistine (0 6 mg/m’
Lv., day 1) and G6-MP (300 mg/m® P
days 2 and 3) were given every 3 mos!

Up to date 11 patients have been mcluded
in this protoco! In 4 of them (36.3%) 2%
can be seen in table I a marked thrombocy-
tosts (mean 1440 X 10%1) developed afte?
the admnistration of such courses

chemotherapy 10 3 of them dunng the first
haematological study (1 month after e
first coursc) and in the last patient (case 3)
progresstvely after the third course 1 p2
tlent died from sepsis in the quicscent phase
of CGL just before the second course of
vinenstine-6-MP The other 3 patients
showed persistently rased platclet counts
throughout thc subsequent courses of vio-



Thrombocytosks Foflon [ng Therarry s Chronic Grimdocytc Leaksemia

28
Table I
Paticat Age  Sex  Sploen Pladets  10*1 Ph chromowoms Platdets  10°1
No om
o1 quiocent phaw  after VCR-6-MP
before  renith
VCR &uP
1 “ M 00 - 15 2,600
4 M 1,000 ba ] 1160
» % F 3 00 - 4 1,000
4 k] F < - 2 + 130 1,000
3 17 F 1 00 + 1 s
3 % F 3 40 + 0 450
7 0 M 4 200 + 150 20
3 LUREE SO | 15 + 130 )
’ <3 M 4 1%0 + 100 140
[ 43 M 12 + 100 12
n oM 7 0 + >0 374

VYCR = Yieautine 6-MP = &-morcaptoparss
Prticats  bo developed tiroembocytosts

cristive~6-MP  The incresse in  platelet
counts was not smocisted with any sgnifi-
cant changes in the remaming bacmatolog-
cal parameters. When companmng the clink
l aod biclopical features of the patients
who developed thrombocytoss with those
of the other 7 patieats (table 1), no statht-
cal wis reached, slihough a
high platelet count and a mimmal or absent

after cemetherapy

thrembocytosts after  bncristine therapy has
been observed in several neoplastic disor
ders [6] a3 well 23 n experiments with lab~
oratory smumals (7] Besed on these obeer
vations, vincristing has been socoessfully
med In some cmses of idiopathic and sec

P y
poletic agent b & disorder In which throm-
bocytopak s penc In b not
surprislng [4] The fact that

devetoped only in patients with a high plate
let comnt at the moment of diagnoth could
support the hypothetis that vincristine mcty
by potentiation of un kncreased trend to me
phanyocytc differcatistion b these po-
tients, Moreover the only mild enlarpement
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of the spleen in these patients could partial
ly account for the thrombocytoss, if the po-
tential platelet sequestration effect of the
spleen 1s considered Although strikmg the
absence of the Ph! chromosome only in the
patients who developed thrombocytosis
does not seem to be related to the latter fea
tare

As fer sy we know the pressnt observa
tion bas not been reported to occur in CGL.
Its importance comes from the fact that vin
cristine 1s being increasmgly vsed in assoae
tion with other drugs m the chronrc phase of
CGL. Thus, the appeerance of an 1solated
thrombocytosts in quiescent CGL after vin
cristme therapy must be due to an effect of
the drug rather than to a relapse of the dis-
ease Furthermore 1f thrombocytosms s as-
sumed to be a poor prognostic factor
CGL, the question anses, if it s convenient
or not to use vincristine in the chronic
phase of the dmease
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Maultiple Myeloma io Husband and Wife

M Bruiputelli M Comis P locopino F Morabito F Nodile V Trapanl Lombardo

and A Nerl

Dhinooe & Emstologls, Ovpedall Riwnii, Reggio Calabria

hey Werda. Mutiple mycloma  Mycloma chuster Spomses

Abstract. An instance of multiple myeloma (MM) o & married couple b discassed,
since cases of MM in nzband and wife bave rarely been observed. The patients were aged
60 when the discxse was discosered, and the intennal between the diagnosis In the matey
wis 43 moaths. Genetic or emvironmental factors that could bave explained the occurrence
of myclomatosis were not fornd Lo these spouses. Therefore, on absence of & defined came
our obsenvation, like others previowmly reported in the Derature, should be comidered,

ahhough excepoonal, a chance event.

Lutroductiom

The occurmence of myeloma.
(MM) m hinband snd wife represents &
very uousoal observaton. Jt was [t re
ported by Kyle et a [5] who published foar
scts of spouses with MM the tUms lag be-
tween the Guagnosts in the mates varied
broadly manging from 1 manth to 15 years,
More recently Pletrurzka ot of [7) de
scribed @ patlent who developed MM S
years ater his wife had died of myclomato-
sis. All these patients were over 50 when
!betﬂtnavndhwmcd.ﬂombﬂcnn

MM in a married couple, who came (o our
obecrvation.

Case Reports

Hrvband. A 60-year-0kd Jolmer wae adoaitned

of MM in spouses, to our knowledge, bave
been 50 far reported fn the ltersture. We
fecl, therefore, that #t & of interest to pre-
sent in this comemunication a new instance of
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of the spleen in these patients could partial
ly account for the thrombocytosls, if the po-
tental platelet sequestration effect of the
spleen 15 considered Although stnlang, the
absence of the Ph' chromosome only in the
patients  who developed thrombocytoss
does not seem 1o bo related to the latter fea
ture

As far as we know the present observa
tion hes not been reported to oceur in CGL-
Its importance comes from the fact that vin-
cnstine 15 being Increasingly used in associa-
tion with other drugs m the chronic phase of
CGL. Thus, the appearance of an isolated
thrombocytosis in quiescent CGL after vin
cristine therapy must be due to an effect of
the drug rather than to a relapse of the dis-
case Furthermore if thrombocytosis is as-
sumed to be e poor prognostic factor mn
CGL, the question arises, If it 15 convenient
or not to use vincristine in the chromc
phase of the discase
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Mycloma b Spouses

familial myeloma have been reporicd {1 6]
But this b not the case with our patients
there s 5o consanguinity thelr family histo-
res were unremarkable for malignancles,
and finally the results of serum mestige-
tions in the relatl e were negatne for im
mumoproliferative disorders. The roke of -
dhtlons In determiaing MM has abo been
emphasired [3] However we could exclnde
exposure in both patemts. Morcover a
carefol investipation ruted oot the posibility
to ke into sccount other emvironmental
foctors, such a3 chemicals or drugs. Fimally
evidence was achieved that we were not
dealing with » comnumity cluster of MM
cases [4] they had beem marned for 20
years, and always lived in the same house
thes s & single hoose located on an ares
where we are not aware of cases of myelo-
matons recorded [n the past years

In cooclusion, all that i lacking in onr
case reports bs the identification of a possl-
ble, f ey etiological factor(s). In this wy
the occurrence of MM in these spowses, Tike
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Wife. A 60-year-old previously healthy house-
wife was complalning of weakness and low back
pain far several months, When admitted to our
department in December 1979 she was anemic
(Hb 8.0 g/d]) and a booe marrow aspuate ylelded
60% plesma cells, mostly abnormal. Serum protein

Table L Main hboratory findings of the paticnts on
therr first hospitaization

Husband Wife

Hemoglobin, g/dl 83 8.0
Leuakocytes
per pl (X 10%) 57 36
Phatelety
per Wl (x10%) 160 150
ESRinl1h 68 88
Calchum, mg/dl 99 98
Creatinine, mg/dl 46 0.82
Bence Jones
protelmaria yo yes
Serum immunogho-
bullns, mg/dl

I5G 750 410

IgA 38 5460

M 29 10
HLA typing Al BS-B17 A9 AW3031

BW21

Tuble IL The incidence of MM in Regglo Calabria
and its sarrouncing area (420,000 inhabitants) in the
last S years
Year Cases of MM
1975
1976
1977
1978
1979

£l umwoua

Total

Data have been obtained from all the bospitah of
this area.
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beta

clectrophoresis showed a alobutin splke, aad
1 lectrophorests disclosed a bomogt
IsA, k, panaprotein. Roentgenograms reveakd &
fose ostcopoross and some oxteolytic Jesiom i
the skulL The diagnosis of MM, IgA, k was mad
and & treatment with melphalan end predosose
was administrated.

The mak Inboratory data of both patients &
summarized In table L.

Family Investigations. The pabents do oot
have children. Sera from two living brothens of
the wife and one aister of the husband were e
tned one brother of the husband could not be -
vestigated. Serum protewns of all these relatves 1=
sufted normal when stodied by electropbarests 14
immunoelectrophorests.

Dhcaslon

In commenting wpon our case reports, the
question 1f MM in thi marned couple 8 10
be conmdered as mere chance or if a com-
mon ctological factor albert unknowt,
might be involved was taken into consider
aton. The interval of 44 months betwred
the clinical onset of the chscase in the bus-
band and the diagnosis i the wife could pot
be an argument sagamst the latter hypothe-
sis, smce st is recognired that the develop-
ment of an overt myeloma may take a loag
time [2, 8]

As far s the chance hypothens 13 con-
cerned, we estimated that the calculated risk
of having MM among the populstion Hving
in our province s 17/100 000/ycar (table
II) then the probability for these spouses to
have been afflicted with the same disease is
statistically very small.

On the other hand, we were unable to
explain the occurrence of MM in this mar
ned couple on the ground of a defmed
came The ctiology of mycloma is largely
unknown. Nevertheless, somoe factors have
been clatmed. thus genetic factors have
been consldered, since various Instances of



Mycloma b Spooses

{2mllu] myeloma hase been reported [1 6]
But this b not the case with our patents,
there s po coasanguinity thefr family histo-
rics wers mnremarkable for maligmamcles,
and finally the resahs of serum investigs-
thons in the relaihves were neganve foc im-
munoproliferathe disorders. The rolc of ra
iaticns Lo determining MM b also been
emphasized [3] However we could exclude
exposure in both patients, Moreover a
careful Investigation ruled cut the possibility
to tzke into sccount otber enviroamental
factors, such as chemicals or drugs. Finally
oidence wat achleved that we were not
deallng with a community chuster of MM
cases [4] they had been married for 20
yeary, and shways lived in the same homse
this s o slogle house located on an area
where we are not aware of caes of myelo-
matosh recorded tn the pad yean

In conclosion, all that ks lscking n our
exc reports b the identddication of a possl
ble, if any etwologecal factor(s). Io this way
the occurrence of MM fn these spouses, like
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Blood Group Glycosyltransferase Actlvities in Plasma from

Blood Chimera Subjects!
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Abstract, Blood group glycosyltrangfereses (A and B) in plasma are mainly derved from
other tissues, not from bono marrow where the blood group substances arc syD
Therefore, it is posiible to determine the onginal blood type of host subject and grafted
cells by examining the enzyme actvity in plasma from a clumera subject. Subject WD had
75-85% of O type cells and 15-25% of A, type cells A, enryme activity of the subject’s
plaama was the same as control A, plasms, suggesting that subject WD 15 genctically 4:0
or 4,4, and O red cells are produced by OO bone marrow cells acquired in utero Al
other subject EA has about 85 /s of B type and 15% of A B type red cells. B enzyme
activity of the subject’s plasma #s normal but A enzyme activity 13 only 20% of normml
level. Subject EA nrust be genetically BO or BB and A gene Is restricted to bone mamow

cells acquired

Human blood chimerlsm may originate
from vascular anastomosis between dirygot
ic twins in utero or artificially by transplan
tation of bone marrow cells of different
blood types [1] Blood chmmera mibjects
have been occaswonally found withoot twin
siblings. This may be a result of one of the
twins bemg adsorbed fn ufero or aborted
durmg 1ts development. The blood group A
substance in red cells js produced from
commonHmbsmnccbythcncdonolN
¢ This stody was supported by Public Health
Servico Grant HL 20301

acetylgalactosammyltransferase (A enzymo)-
and the B substance by the actvity of galacto-
tosyltransferase (B enzyme) in bone mamow
[2, 3] The A enzyme Is found in the plasma
of blood group A subjects, B enzyme 1
those who have blood group B and nesther
enzyme in blood group O individuals. Most
of the circulatory plmama enzyme activity B
pot derived from the bome mamow end
only legs than ooe fifth of plasma enzyme is
estimated to originate from the bone mar

row [4 5] Therefore, it is possible to deter

mine blood types of host subjects and graft



Plen Glycon lawlerase Activities ia Chlowna

ed cells by examining plasara A and B cn-
~ Tyme activities of blood chimera subjecty
We cxamined the plama eazyme acthi-
es of 2 chimern subjects, Le. A snd O
chimera end AB and B chimera. The
blood groap A and B enrymes were aayed
by incubating O red blood cefls with the nu-
cleotide supar (UDP-N-acetylgalactosamine
for A enryme xnd UDP-galectose for B en-
7yme) and ploma The newly produced
blood group sabstance (A or B) oa O red
cell sarface was semiquantiamely musayed
o Wmg amt-A or smi-B agglutinin whh serfal
dilutions as pres fowsly desenbed [6, 7]
Subject WD bad 75-85  of O type cells
wd15-5 ol A, type cells, Le. O and A
chimera. The sobject has no twin wibling.
A, enryme activity of the subjects plasma
%13 the ;ame a3 contrd A plnma. No B
ezyme activity was detected Lo the sub-
Kcis plasma, s wn cxpected from his
Blood type. O red biood cells obtained from
the subnect s blood were fully coaveried to
A, type after incobabon with partally pur-
fied A enzyme and UDP Nescctylpe-
lsctosamine, a3 previomly described (6]
Therelore, the subject s O red cells were the
same my the comman O red cells. These re
salts suppest that the subyect WD b geoeti-
ally 4,0 or 4,4 apd O red cells aro
\, Prodoced by OO bone marrow cela ac
guired i1 stero from the disapp sub-

ot

gene bs restricted to bone marrow cells ac
quired in wrero from the subfect s twin alb-
ling with genotype 4,8
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trol A, plamma. These resalts saggest that
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Abstract. Blood group glycosyltransterases (A and B) In plasma are mainly denved from
other tissues, not from bone marrow where the blood group substances are synth
Therefore 1t Is possible to determine the onginal blood type of host subject and grafted
cells by examming the enzyme actvity i plasme from a chimera subject. Subject WD hed
75-85% of O type cells and 15-25% of A, type cells. A, enzyme acuvity of the subject’
plasma was the same as control A, plasme, suggesting that subject WD Is genetically A0
or A;A4, and O red cells are produced by OO bone marrow cells acqured in utero A
other subject EA has about 85% of B type and 15% of A,B type red cells. B enzyme
activity of the subject s plasma is normal, bt A enzyme actity bs only 20% of norml
level Subject EA must bo genetically BO or BB and A gene Is restncted to bone maro®

cells acqurred.

Homan blood chimensm may origmate
from vascular anastomosls between dizygot
1¢ twins in wtero or artificially by transplan
tation of bone marrow cells of different
blood types [1] Blood chimera subjects
have been occasionally found without twin
siblmgs. This may be a result of one of the
twins being adsorbed w1 utero or aborted
durng its development. The blood group A
substance in red cells 15 produced from
common H substance by the actlon of N

This stody wws supported by Public Health
Service Grant HL 20301

acetylgalactosaminyltransferaso (A enzyme}
and the B substance by the activity of galacto-
tosyltransferase (B enzyme) in bone marrow
[2 3] The A enzyme bs found m the plasma
of blood group A subpcts, B enzyme 18
those who have blood group B and neither
enzyme in blood group O individuals. Most
of the circnlatory plasma enzyme activity i
not derived from the bone marrow and
only less than one flith of plasma enzyme Is
estmated to originate from the bone mar

row [4 5] Therefore it is possible to deter

mine blood types of host subjects and graft

A
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Abstract, An unusual case with thrombocytopenia and bone marrow necrosis as the only

1f ion of di:

inated carcinomatosis Is reported. The diagnosls was first established

by repeated bone marrow bropsy which revealed marked necrosis without cvidence of
malignancy The patients general condition deteriorated rapldly despite therspy with
sterolds. Autopsy revealed disseminated metestatic adenocarcnoma, but the primary site of
the tumor was not identified It 18 suggested that malignancy should always be excluded in
patients who have bone marrow necrosis without an obvious cause

Introduction

Bone marrow necrosis is most {requently
associated with bactenal infections [1]
Among other assocated disorders, sickle
cell anemua is the most common (2] Ept
thelial and hematologic neoplasias have also
been described in association with bone
marrow necrosss [3-5] The present report
describes a patlent with a thrombotic
thrombocytopenic  purpura like  syndrome
caused by diffuse bone marrow necrosis.
Widespread metastatic adenocarcinoma was
found only at autopsy To the best of our
knowledge, this represents the first case of
metastatic disease whose only manifestation
during life was bone marrow necrosis.

Case Report

A 57 year-old Arab female was hospitalized i
another hospital because of headache, fever gen-
eralired wealnets and coffer ground” bematemse-
ﬂs of 2 weeks dumation. Intestinal obstruction wm
bowever re-
Vuludno:bdmninu(udx £ except for a benign
guatric ulcer 1 week later sho was tramsferred to
tho Hematology Department of the Hadasah Unk-
venilty Hospital becanse of deterionation In ber
geoerul condiion, mental confosien and high fe-
ver Physical examination revealed a pale slghtly
] undiced but sever ly NI patlent. AMutiiple gener
alized ecchymoses were found and exammation of
the ocnlar fundi showed bilateral papilicdema, fla-
me-sthaped hemorrhages, soft exodates and venour
engorgement. There wus no Iymphadenopathy or
hepatosplenomesaly
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Abstract. An unusual case with thrombocytopeais and bone marrow pecrosis as the onlf
mamfestation of disseminated carcinomatosts Is reported The diagnosis was first established
by repeated bone marrow blopsy which revealed marked necrosis without evidence d
malignancy The patients general condition deteniorated rapidly desplte therapy with
steroids Autopsy revealed disserunated metestatic adenocarcinoma, but the primary site of
the tumor was not identified. It is suggested that mahgnancy should always be excluded in
patients who have bone marrow necrosis withont an obvious cause.

Introdncfion

Bone marrow necrosis Is most frequently
esociated with bacterial infections [1]
Among other associated disorders, sickle
cell anemia 15 the most common [2] Epi
thelial and hematologic neoplasias have also
been described in association with bone
marrow necrosls {3-5] The present report
descnibes a patdent with a thrombotic
thrombocytopemc  purpura-like  syndrome
caused by diffuse bone marrow pecrous,

Case Report

A 57 year-old Arsb femalo was bospitalized 2
anather hospital because of headache, fover §5
eralized weskness and coffec ground hemsieme
six of 2 weeky danation. Intestina] cbetruction was

ol 1 1 however To-
vealed 1o abdominal findings except for a benign
gastric ulcer 1 week later she was transferred to
the oS of th b Unk
versity Howplial because of deterforation In ber
genemal condition, mental confusion and high fe-
ver Physical cxamination revealed a pale slightly
jausdiced but severcly NN patlent, Moldple geoer

di.

Widespread 1c CLIOMA Wiy
found only at autopsy To the best of our
knowledge, this represents the firgt case of
metastatic discase whose only manifestation

alized ecchymoses were found and examination of
the ocular fund! showed bilateral papilledems, fla-
me-shaped hemorrhages, soft exudates and venous
engorgement. There was no lymphadenopathy of

during life was bone marrow il
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tendency liver blepsy and expl

lapa-
-totoury conld oot be performed and the oaty
hiuclogrc material avedlable was obtained
by closed booe marraw biopsles, However
all three consecutive blopales revealed booe
marrow necrosis without the pretence of tu-
mort cells, and the diagnosts of & disseminat
ed malgnant process was oaly establithed
«t antopsy To the best of our knowledge
ths s the first case reported to have bome
marrow oecrosis a3 the ouly munHestation
of disseminated carcinomatosis sad it bs ree
. ommended that & carcful scarch for mallg
vancy be performed [o every case with &
ummlar clinical presentation.
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Flg. 2. Bone blopsy performed at autopsy showing mefastatic edenocarcinoma Involving the boot

marrow HE. X 40,

Discussion

Bone mamow necrosls was first de
scribed in sickle cell anemia (2] and since
then has been recorded with other condi-
tions. Brown [1] studied 70 patients with
bone marrow necrosis and showed that this
finding was assoclated with bactenal Infec
tlon in two thirds of these cases The most
common 1nfections encountered were ty
phoid fever and gram-negative and positive
septicemua  Only one thurd of these patients
had bone marrow necrosis with an underly
ing disease and if cases of sickle cell anemiz
are excluded the remaning cases were asso-
clated with neoplastic disorders. Of the ma
lignant disorders described 10 were acute
Iymphoblastic Jeukemua {1 3] 6 acute mye-
loblastic lenkemia [4] 4 malignant Iympho-
mas [4-5] end 1n 10 cases bone marrow
necrosis was found with & vanety of carci

nomas, meluding adenocarcmoma of e
stomach, mucinous cystadenocarcinoma of
ovary ansplasuc carcinoma of the Jung and
squamous cell carcinoma of the esophugs
{1 4] In 3 of the cases the pnmary site of
the malignancy was not idenufied

The patient described fn this report bad
& poorly differentiated metastatic adenocar
cmoma of unknown origin and the primary
site was not found despite a carcful search
at autopsy However in contrast to other
cases described in the litcrature in whom
bone marrow necrosis appeared secondary
to ean underlyng discase documented whik
the patient was alive the malignmcy In the
patient reported was not diagnosed dunng
her lifetime The only clinical manifests
tions were related to a bieeding tendency re
sulung from thrombocytopenia and &
‘thrombotic thrombocytoperuc purpura like
syndrome Because of the severe bleeding -
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tendency Ther blopsy and cxp lapa

\—mmmyoouldno(bepa‘formcdmdv.beqn}y
histologic material avallable was obtained
by cloted bone marrow bropcs. However
all three consecutive blopsles revealed booe

ut sntopsy To the best of our knowledpe
thrs f the first case reported to have bone
marrow pecroshs as the only manifestation
of disserninated carcinomatosis and it is ree
ommended that a carefal search for malig-
nancy be performed n every cxte with &
wrmlar clinkcal presentation.
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Abstract. A patient with 1diopathic nhibitor to factor VIIT 1s reported. Treatment with
cyclophosphamide and factor VIII (grven simultaneously) produced a good clinical response

with dusappearance of the inhibitor

Introduction

Inhibitors of factor VHI are well known
m patients with haemophilia A who have
recedved replacement therapy Rarely they

chymoth on the right forearm. The haemoglobia
was 94pdl, platelet count 430X 1041, ol
white cell connt 71 X 101, The blecding time
was normal but the clotting time waa profoaged
One-stage thrombin time was normal Parth!

bopl. time was profonged. Full throm-
boplast don test indicated factor VIII de-

have been described 1n post-partum femal
[9] in patients with collagen vascular dis-
case, asthma, neoplasms, certain skin dis-
cases, and drug allergy [3 9] Rarer still,
they may occur m normal patients with no
underlying disease [9] We report such a
case and discuss the problem of treatment
of this rars disorder

Case Report

A 48yearold Chipese man was admitted In
November 1977 He was well tlll 4 months before
dmisslon when he oped painless h i
followed by spontancoas ephodes of bleedlng Into
his right anile, right calf right thigh and left an-
tle. Physical examination on admistion wms nor
mal except for pallor a swollen left aoklc and ec

fickency Platelet aggregation and adheslon testt
were normal. The patient s plasma inactivated the
factor VIII present in pormai plasma, hene re-
veal ng the presence of a circulating fnhibitor 0
factor VITI Subsequently the patient s factoe VI
level was quantitated by the method of Blges [1]
and the [nhibitor level determuaed by the RIS
and Biggs [1] method

Various tests to detect any smociated collagen-
vascular disesso and occult mal goancies were
done. The serum complements were normal LE
cells, anthnuclear factor and rheumatold factor
were absent. The chest X ray ban m mesl, bar
fum enema, intravenous bone marrow
cxamipation, serum protein electrophoresh and
Iumimoelectrophoresis were all normal The cliok
cal course of the patient was stormy The se-
quence of events and the treatment given 1s lustrat
ed In figure 1

I itlally the patlent was given blood tranmfo-
son and fresh frozen plasma together with high-
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Flg. 1. Progrem and trestmsent of patust.

dosc predancione (60 mgiiay) Dopus this the
freqoent eptsodes of 1e-

at Epproxmeraiely monthly

factor VTN vaned from 1740 t 800 U becsuse of
ATty m obtumng sa adcquat  sapply After
thess four further bolo doses the patent sopped

Iy every 2 mooths over amother 8 mooths The
predisolone (30 mp/day ot dacharge) wes talled
ofl over 10 mooths,

AL ho patscat’s tast viit be bes rermaleed free
from biccchng for ovef  year and the coagulation
iy whowed that the mbubitor had completety
Esppeared.

Discumloa

The treatment of patients with Mdlopathic
o1 spontaneous inhibitors b a vexing prob-
e In the trestment of scuto bleedng ept
s0d¢s in theso patients, factor VIII infusion
cxn be clfective in those with Inhfbitors in &
Jow titre but 1s unlikely to be effective in pa-
tents with inhibitors in & high titre [2, 3]
To complicate matters, anazmnesis may oc

ly occur after factor VIIT expomure
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[9] In panents with igh titre nhibrtory
non respansive to factor VIII therapy
treatment with activated prothrombin com
plex can be successful [7] but the mecha
nusm of action of this product is uncertain
and fears have been expressed concerning
thrombogenic complications [2] Exchange
transfostons have so far proven to be of im
ited effectivencss [5]

Another approach is to attack the pro-
duction of the intubitor 1tself Corticosteroid
therapy alone is usually not effective [1 5]
Definlte therapeutic benefit has occurred 1n
some cetes usmg G-mercaptopunne, aza
thioprine, or cyclophosphamide combmed
with preduisolone [4 8 9] However fall
ures have also been reported [3 9]

Dormandy et al showed that factor VIIL
antibody production in the Patas monkey

Ting/Wang/Por/Nurniboda

markedly With further doses of the comb
nation followed later by cyclophosphamd
gven alone the inhibitor eventually disap

peared completely
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and clinicl havstively cover re
cent knowledge on fsctor VLI  blosynthesh
(Bloom) the genotype mslgnment and genetic
counselling In the haemophilias including von Wi
lebrand's disemse (Graham), management of hae
mophilis snd Christmas discase (Biggs), present
views on von Willebrand's discase (Nilsson and
Holmberg) and the clinleal repercunssions of fibri-
nogen abnormalities (Beck) Tho problem of anth
bodies againyt blood coagulation factors ks updat
ed briefly bat in a masterly way (Shapiro} Desplte
the introductory remiark of the guest editor (Riz
za) that ‘test tube, waterbath, and stopwatch are
po longer the only means to rely upon in the diag
nostlc laboratory the chapter devoted to clinlcal
1aboratory invesiigation meant as a general intro-
duction to laboratory dlagnosls (Lowe and
Forbes) does not deal with precislon, accuracy
and clintcal relevance of the presently available
and bl logical and b ical
test procedures. Discislon of antithrombin I1T de-
ficlency bas been omitted probably became ity
main implications lle in thrombosis rather than in
hacmostasis,

In concimlon, the guest cditor and authors
must be complimented on thh volume of the
‘Clinies cootatning information as recent as early
1978. The ‘Clinks can be recommended without
reserve pot only to teachers In the field of hacma
tology and thelr students, but also to all scientists
who re looking for a comprehemlve introdoction
1o the laboratory and clinlcal problems amoctated
with congenital coagulation dhordern
E. A. Loeliger
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mdnnummn.mmudmmmﬂ
Oflbﬂfumhiltm!qmq;lpcr(undtycnrdlﬁ\d,
neutre] ground to identify and focus on the
that would solve hiy/her problems the best. Come:
queatly this book can help to avokd a wroog lnves
ment in expentive equipment.

The major strength of this book, however s
‘hhln'.h:Mchap(mou-ppchﬂoﬂ.l.umh'
pn:xdwvun.hhdaﬂymownbmv
propertics can be erired throagh
performed on thousands of cells, In contrast fo b
carlier ‘dogiecell techniques

Almlnyoihcrt:nboohdﬂlhuwh.hucbrﬂqm’-
thhomnd;lnb:nandmnboobhdflndruﬂ!b‘
comulwd.bmdﬂ:wmldbelmm&mdlﬂﬂﬂ'
cﬂomm'ymdc:ﬂwrﬁn'mlmlwonbeofﬂ\nﬂm"
impoctance to the cell tologht, s the clectron
mlcroscope Is foe the cytologist. Secondly by bearnioé
dnwrdplul:dlppﬂawltydﬂcwcytm‘
mwnyofuunhlu-ndmdmyunmcmlﬁaly
groerated Becawse of the sull carly stage of flo%
Criometry the munber of alrcady Interested reader
rmight be limited. On tho other hand, this book coatains
wmmmuudu;muhumt-mmaﬂmw
o0 Ht w1l be quite profitablc to all readers interested B
cell biokogy cell coanting and cell sorting.

Prof Dr Ahin de Weck, Bert
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The first communication of the existence
of 1 (diffuse) hyp

lndlnctm.lndderlypukuu.'.bclpp:u
ance of and even mul.

h.tﬂnani.lln(]mch:r‘sdbcmlnnpon
ed by Goldfarb et al. [4] tn 1950 In & group
of patienits under the age of 30 yeare. 13
years luter the fint report of a patient with
Gaucher s disease and mooockenal gammo-

pathy was pubfished [8] fol]o-wadbymolh—
er report [17] Later on, the cocuistence of
mmhiple mycloma and Cauchers drcase
way described [2, 13] Prast et al [15] de-
scnbed 16 patents with Gaochers disesse
of whom 6 had diffuse hypergammaglo-
bulinemia and four moooclonal proteins, afl
of them of the IgG type with K light chains
with a coocentration of the monocional pro-
tew of between 500 and 3,600 my/dL. Ex
cept for 1 pabent, none had decreased con-
centrations of the potycional protein.

dusease above the age of 50 [15] whik they
are not prevalent In sphenectomired pa-
Lenty, u fact thet may be sssociaied with the
participation of the spleen In the production
of these protetns.
Prmnu[l:]muamdth-lpnimu

tiple myeloma [19].

Desplic the small number of cases re-
ported concerning the coexistence of mult-
pie mycloma and Gaurcher s dhcase, an nv-
sociaton exists between multiple oryeloma
and diseases cained by other distorted lipld
metabolism {1 14 18] Possibly these lip-
ids may bo the antigen which indoces the
immunoglobulin synthests. In effect, the re
peated intraperitoneal infection of fat in
BALB/¢c mice broaght about incrested pro-
doction of und cventually
the sppeanunce of overt multiple myeloma
[® 14)

In Gaucher s dhease, there are at least
three substances which may powibly serve
ulntigun. m Glnmccmbmﬂdc, a lipld

tywttm.(z) Gluuoccrthvddn:. which |
patients with Gancher's duseass has a de
cressed activty I spitc of lts relatively high
leveh [10] Morcover I petleots with
Gancher's dlsesse this enzyme differs quan-
titatively [7] a3 well &3 siroctumally [10)
from the enzyme present in healthy subjects.
(3) Acid phosphatase, which ‘Teals into the
senm following destruction of the Gancher
cells. Therefore, its concentrations is rels
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pathologlsts and cilnkians exhawstively cover re
cent knowledge on fxctor VIII  biosynthess
{Bloom), the genoiype assignment and genetlc
counselling in the haemophilias jncluding von Wil
Iebrand’s disexse (Grakam), management of hae
mophilis and Christmas dheasc (Biggs) present
views on von Willcbrand’s dbease (Nilsron and
Holmberg) and the clinical repercussions of fibri-
nogen abnormalities (Beck) The problem of anti-
bodies against blood coagulation factors is updat
ed bricfly but in a masterly way (Shapiro) Deplte
the Introductory remark of the guest editor (Riz-
a} that ‘test tube, waterbath, and stopwatch are
no longer the only meams to rely upon in the ding-
nostic laboratory the chapter devoted to clinteal
laboratory jnvestigation meant a3 a general latro-
duction to laboratory dhagnosis (Lowe and
Fo bes) does not deal with precison, accurscy
and clinical relevanco of the preseutly avallable
and ind ble 1 and biochemical
test p d D of antith bin 1 de
flciency has been omitted probably because Ity
main implications lic in thrombosis rather thaa in
haemostasis.

In coaclmion, the guest editor and author
must be complimented om this volume of the
‘Clinics contsining Information as recent as early
1978, The ‘Clinks can be recommended without
reserve not oaly to teachers In the ficld of haema
tology mud their students, but sho to all sclentists
who are looking for a comprehensive introdection
to the laboratory and clinical problems associated
with congenital coagulation drorders.
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Becxuse tho book covers & Hmfted range of %
phk(icntedrcchn}quu.mdwumdhﬁﬂﬂudﬁdd
ofnppﬂadons.ﬂnadlmhwﬂ.hpwmcccnh-
proved the book by the addition of a smY
chapter Through this chapter the interested reader
hlﬂcm]oaﬁzctheryptdmﬂmmnv‘d
Miodamdtyp:ollpplhﬂomlhihsh&'ﬂﬂ
spechal interest. Thus, the potential fow cytometrs
of the future bas & unique opportugity on refathvdr
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quently this book can help to avoid & wrong fved
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carfier ‘Hngle-cell technlques
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importance to the cell biologitt as the clectrod
microscopo 1 for the cytologist. Secondly by learning
the principles and applicability of flow cytometry &
mv“yoflhlnklnjlndaﬂdiryunmmiﬂaﬂy
gencrated. Because of the still early stage of flow
cytometry the umber of alrrady interoted readers
might be ltmited On the other kand, this book contaln
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Prof Dr Alain de Week, Bere
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tively high in patients with Gauchers dis-
case, thus serving as a diagnostic tool as
well

In 1963 Joffe et al [6] found that n
contrast to galactocerebroside, glucocere
broside 15 not antigenically functional Later
on, Hanash and Rucknage! [5] could not
demonstrate absorption of the monociopal
protein on glucocerebroside The above
mentioned data support the assumption that
none of these substances can serve as anti
gens.

The 1dentfication of the antigen stimu
latng the production of the monoclonal
component mn patients with Gaucher’s dis
case 1s important in lght of the expen-
mental therapy of mtravenous mfusion of
the enzyme and 1is entrapment in the reticy
loendothelial system [3] in these patients.
The presence of monoclonal proteln direct
ed egainst this enzyme may interfero with
the possible beacfits of this enzyme.

The appearznce of monoclonal gammo-
pathy in patlents with Geucher’s disease
raises the question of its benign or mallg-
nant character mostly because osteolytic le
sions and even pathological fractures may
appear in patients with Gaucher's disesse
per se, with or without multiple myeloma.
This problem becomes more accentuated by
the recent report about pseudo-Gaucher
celis in muitiple mycloma [16] Thus, the
diagnosis of multiple myeloma In patients
with Gaucher’s disease must be based upon
the combination of several criterla, mainly
the appearance of monoclonal gammopathy
and decreased levels of polyclonal immu
noglobuling [11 12] the presence of osteo-
Iytic lesions charactenistic of mycloma, the
presence of more than 15¢%¢ plasma cells in
the bone marrow most of them being im-
mature cells, the ultrastructura! characteri-
zation of these plasma cells by clectron m!

Shoenfeld/Berliner/Prakbev/Bester

croscopy and the presence of laboratory
and clinical parameters typical of myefoma
and not of Gaucher s discase such a1 hypet
calcemia  hyperuricemia or kidney damage
{22
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eaye thus serving as a diagnostic tool as
well,

In 1963 Joffe et a1 [6] found that in
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Fever uad Chloramphenicol in Lewkemnie Panents

or penddiilims. Therefore, there s Hitle justl-
fication for the use of chloramphenicol,
alone or in binatlon, in the of

p25 1

amphenicol inhibition of tbe DNA synthe
sh. This makes chloramphenicol a potential

febrike leulemic patwents. As far as the re
ported cases are concemed, however the
beneficial effect on pyrevia may bave been
related to the smtimicrotial activity of chlor
amphenicol. This drog b sctive apainst
pathopens which are not semitive in {tro or
whid\.dmicnlly mynotrﬂ;nndmlhe
¥ icin-cepha
lotion (rickettslal infections, invashve sak
moncliosis, snacrotnc infections) Combloed
with gentamicin, chloramphenicol has been
wed ocoastonally with good ressits m pe-
tents with severe infections not
to pemicifling or ecphalosporins [2]
Chloramphenicol has been known for
many years to reversibly suppress bemo-
poress and narely to cmme imeversible
splastic anemis. Reversible bone marrow
suppression is a pharmacological effect wnd
results from inhbibon of mitochondrial
protein synthesis. The mechanbm of chlor
amphenwcol Indoced booe marrow  aplasia
Is not yet fully understood In vitro, chior
amphemcol inhibits the DNA synthesis of
murrow celly, &3 can be messured from the
focorporation of radioactive thymidine. Al
thongh concentrations above 100 ;g ml are
needed to mgnificantly inhibit DNA symthe
18 in the marrow of pormal sublects, this ef
fect could bo achicved with
concentritons of the drug in the marrow of
patienty recovering from aplastic anemia
BBcdaulh:molxzrwﬁms,hhmhgm
that henicoldnd

Mmmbcrﬂn:dmnpfmm-
tent but pndetected  marrow

[3]

Also, marrows from patients with aboor
mal hemopoiesh, fn particalar lenkemic
marrowl, ate more smeeptible to the chlor

tilewlemic agent. The observatioms re-
ported in this isoe of Acta Haematologica
arc |n sccordance with those by Schwarz
and Firkin [4] and sggest that chioram-
phenicol may reduce the leukemie cells In
vivo An interesting point b that the reduc
tion of the blast cefh conld be achicred with
a dally dosc of 25 In the patients reported
by Kldn and co-workers. These fiodings
must be interpreted cautiously however
since the decremse (n blast cells coumt was
modmhlo(}pujm&ln:ddlwon,m,

of wsed i
the in vitro studies were higher than those
which would be achicved with dadly doses of
2 g Of course, thess Interesting but anecdo-
tal observations do pot prove the clinkcal of
ficacy of chloramphenico! and do not sup-
poit the cooclesion that it ‘may bave s
greater role in the routine multidrog treat
ment of patients with kukemia Its cytotox
ic action remalns & Lfe-threatening side ef
fect of chloramphenicol and, at present,
thero 13 no justification for the we of this
drug, aloos or in combination, In the treat
ment of leukemia

Referemces

1 EORTC. Three maibiotc replmems i the
lreatmment of bafections in febrile

peme patients with csacer 1 infect, Dh. 137
14 (1978,

’Mf""i Baryes, M, Body G P

ous Med 7 Amst. 1 687 (1976).
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Fever and Chloramphemcol in Leukemic Patients

Fever in leukemic patieats is often due
to infection, especially when they are granu
lopenic. Since sepsts may become over
whelming and rapidly fatal m this situation,
empincal antibotic therapy has to be start
ed without delay in the absence of obvious
nonmfectious causes for the fever Inttial
therapy should caver the most likely patho-
gens, Le., gram negative rods (in particular
Escherichia coli Pseudomonas aeruginosa
and Klebslells sp) and Staphyloccus au
reus Thoe combinatton of an aminoglyko-
side together with a2 Pseudomonas-active
peaicillin has been shown to offer an ade
quate coverage of theso pathogens, to be ef
ficacious even m granulopenic patents and
to lack relevant toxcty [1] Other patho-
gens like protazos, fungr mycobacteria and
viruses may be encountered 1n leukermic pa
tients, but they are less common and less
apt to canse overwhelnung sepsis. In addi
tion they often require the use of toxic
drugs. Thus, the imtial empirc treatment
will usaally not cover these pathogens.

In about 304 of the patients, fever will
persst in spite of the entlbiotic treatment.
In some of these patents, the infections
cause of the fever can be documented, and
freatment has to be adusted according to
the Bsolated organism and/or granulocyte

transfusions have to be conwudered. In most
patients who fail to respond to the antibot
163, however no wfection can be docament
ed microbiologically or climcally The mag-
agement of fever of undetermined odgm B
extremly difficult in leukemic patients. The
differential  diagnosis includes  bactensl
infections resistant to antibionics, infectons
due to pathogens other than bacteria and te-
mor fever In particulsr invauve fungal dis-
easc has to be considered 1n thus situation. If
the patient appears stable and nontoxnc
most authorities recommend to discontinge
the antibiotics after 5—7 days treatment and
to scarch agam for mfectron. In severely
neutropenic patients, however empinc am
photencin has to be considered.

In this issue of Acta Haemarologicd
Klein and co-workers report 6 cases of fever
of undetermined origm m Icokemic patrents
which responded well to chloramphenicol.
Because of a parallel decrease o the pen-
pheral blast cell count under chlorampbeni-
col, the authors suggest that the temperature
fall was due to the cytotoxic action of this
drug. Chloramphenscol is primanly an an
tmicrobial agent. It acts bactenostatically
and i3 devold of acthvity agamst P gerugl
nosg In addition, this drug may antagonire
the bactencidal activity of aminoglycosides
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Flg. 1. The elfect of CAP on the myuthesizing
sctivity of ALL, CLL uad control call.
- o cfls 1n the pariphersl Blood de-

The
cal data erv show  in table L Khe wus treated with
Y . b and

fevir decreased ond the patient felt better (fig- 1)

Cere o
An 14-yoar-old male wie diagooscd xs suffer
hg!m-mlymobobluk bewpemta. Treated
fth vincristne and prednwose the
tered remmalon 4 months baer be was resdmitied

20 prday was admimintered for 6 day sod Cha fe-
ver decrtaed.

Cuss §

A STyearold male mffersd from acet fym-
phoblastic lewkernin pnd was treated wich viscrh-
ting and predeisooe. 1 year later he way raadmbe

Tuble L Hematobogiesl data before and afr tressment whh CAP

Pavrert Dxagnosts Befors CAP tretment Afcr CAP mrextrnont
Hb WBC Sews b WBC blasny
el 101 % 'l 10°1 %
1 AML L 5] 77 ” 90 1 5
2 AML i) 23 17 22 16
2 AML [T} 40 10 [x 2y 1
M ALL 7% 74 4 %0 19 -
3 ALL 76 190 - 0 4%
s AML 105 195
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Benefical Effect of Chloramphenicol on Pyrexia
in Patients with Acute Leukemia

B Klein H Bessler U H Lewinshi A M Cohenond M Dfaldensh

Department of Medicine ‘B and Hematology Clinic, Aasharon Hospital, Petah Tiqva, and
Tel Aviv Unlversity Medical School, Tel Aviy Isrxel

Key Words. Acute leukemia Chloramphenicol Pyrexla

Abstract. 6 patients with acute leukena are described. All of them suffered from high
temperature and malaise and showed negative urine and blood cultures. High doses of
gentamicin, cephalothin and carbemallin falled to lower the fever The temperature be
came normal after ation of chloramphenicol (CAP) 2.0 g/dzy In 3 out of 6
patients the penpheral blood blast cell count decreased following CAP admunistration.
Incubation of acute lymphoblastic leukerma cells with CAP in vitro showed a marked
decrease in the DNA synthesinng actvity of the lenkemic cells The role of CAP a3 an

Armim

additional tool in the treatment of acute Jeukemia 1s discussed

Chloramphenicol (CAP) 1 a bacteno-
stetic antiblotic effective In a vanety of
infections [6] Its side effects involve mainly
the hematopoletic system (7 8] Yunis [8]
described bone marrow depression durmg
treatment with CAP Safd! et al [4] report
ed a greater degrre of suppression m pa
tients with disturbed hematopoiesis.

We had the opportunity to obscerve a
beneficin! effect of CAP in 6 patients with
acute leukemua in whom the antlbiotic was
the oply agent able to affect the fever and
malaise, and even to cause, in some of the
patents, a decrease w the number of imma
ture cells in the penpheral blood.

Established Investigator of the Chlef Sclentist’s
Burean, Minbstry of Health, Istacl.

To attest further the influence of CAP
on leukemic cells, we examined the cffect of
this drug on the DNA synthesuring acnty
of normal and Ieukemic cells,

Case Reports

Care

A 55-year-old mule with acute myelodd keuke
mis was sdmitted 1/, years after the dlagnosh,
because of fever chills and malake. The white
blood cell count was 77 X 10°1 with §2% blasts.
Repeated blood cultures were negathve. Treatment
with gentamkin 240 mgAlay cephalothin 12 g/day
and carbendclllin 30 g day was fimtituted, but
high fever perdsted. Folloving cur past expe-
rience, CAP 2g/day was sdmindstered and subse-
quently the fever decreased (fig 1) The percent

1
-
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Fig 2. The effert of CAY om the temperstuss of 3 patwnks woth acnl Hwleoma

In 3 out of the 6 patients In the present
work, 8 decreass n the percentage of blast
elh o the peripheral blood was observed
aher trestment with CAP It is concevable

decrexse of the intracellalar protein synthe-
s cxpremed by the reduction of the fever
cawsed by the neoplmtic procews. Tho im-

\prmminl:mh(mlndwhitublood
cell count was achicved with coaventional
dases of the antibiotic.

Protein syntbests. Yunis [8] has shown that
CAP mhibrts DNA syntbails in normal
bone marrow cefls. This effect b mote pro-
nomnced fn leukemic cells (8] Schwarz and
Frrkin {5] reported on a patent with chroo-
dc myelocytic beukemia m blastic cisls treat
od with high doses of CAP up to 12 g/day
A~ A marked redoction i the white blood celly

and blasts was observed. When the keukem-
¢ bone marrow cuttures of the patlent were
ncubated with CAP a marked reduction in
DNA synthesis way noted. Our observation
is in sccordance with those of Schwar owd
Frki (5], except that the results were
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ted because of fever Blood and urine cultores
were ncgative, The white blood cell count was
190 X 1041, He was treated with gentamicin
240 mg/dny cephalothin 12 g/day and carbenicil-
lin 30g/day for 6 days, but the fever persisted.
On the 7th day CAP was administered and after 3
days the fever decremsed to normal. There were
no blasts In the peripheral blood during the febrile
eprsode.

Case 6

A 51 year-old male, with acute myelodd leuke
mla, was treated with daunomycin and cytosi-
ne-arabinoside. 3 months later he was admlited
because of penistent fever Blood and urine cuk-
tures were negative Tho hematological data are
shown In table I Gentamicin 240 mg/day cephal
othin 12 ¢/day and carbenicillin 30 g/day were
glven for 6 days, but the fever remained high
CAP 20g/day was administered, and on the 8th
day the fever decreased (fig 1) Thers wers no
blasty In the peripheral blood during the febrile
episode.

Materials and Methods

Cell Preparation. Lymphocytes were scparated
from the peripberal blood of healthy volunteers, 1
patlent with acute lymphoblsstic leakemia (ALL)
{cmsc 4), and § patients with chronic lymphatic
leukemia (CLL), usdng Fleoll-Hypaque denxity
gndient. The lymphocyte-rich layer was sapimted,
diluted twice {n phosphate-buffered mline (PBS)
and sedimented at 200 ¢ for 10 mun. Th  wuperna-
tant was discsrded and the red),
in PBS Thhs procedure was repeated twice and

ded in

Klein/Benler/Lewinski/Cohen/Diakdert

in duplicate, Blank values for nomspecific frndings

of mdioactiye material at 0 C were subtracted.
CAP (Able, Ramat On, laracf) was dinolred

In RPMI 1640 and was added to the Iympbocyl

i at the wing concemtrath 5,
100 and 200 ; g/m!
Resnlty

Peripheral blood lymphocytes from the
ALL patent showed a 378% incresmse in
DNA synthests (fig. 2) compared to nomal
or CLL lymphocytes. A marked decresse i
DNA synthesis was found after mcubation
of ALL lymphocytes with CAP This cffect
was shown to be dose-dependent with max-
mal inhibitron  after ncubation with
200 ;ig/ml. Incubation of normal and CLL
Iymphocytes with CAP at the same concen-
tration had no effect on DNA synthesss.

Discussion

The cause of the high fever in the de
scribed lenkemic patients remained wnclear
There were no chinical findings suggesuve of
supenmposed infecton  Repeated  blood
and arine cultures were negative Moreover
the high temperature failed to respond to in
tensive antiblotic therapy Therefore, the
leuk process remained the only possibl

the final lymph pellet was
RPMI 1640 (Gibeo).
Incubation Procedures. 1ml of cell smspension
tal 25 x 1% hymphacy was bated
for 60 min without and with different concentra-
tions of CAP At the end of the incobation period,
$4Ct  (methyl  HMtbymiline (50 CVmmol,
Amersham England) were added f r an sddiion-
al 120min. The incubation was carried out at
37°Cinw fied Ining 5%
CO,. The resction was stopped by adduion of
9ml cold 0.9 sodlum chloride sotution. Further
procedures were tdentical to those described pre
viomly [1 2] All examinations were carried out

explanation for the contmued pyrexia

The peripheral blood cells of the patients
with ALY, which were mainly blasts,
showed & greater synthesizing activity in
companson to normal cells After incuba-
tion with CAP a marked reduction in the
synthesis of DNA was observed in the ma-
lignant cells, while the normal cells re
mained unaffected. The synthesrmmg actinty
of the CLL cells was low in comparison to
pormal cells,
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Topographical Localization of Intracellul

Tmmunoglobulins in

Halry Cells by Immunoclectron Microscopy

Marsimo F Martelll Brunangelo Falinl Arntonio Tabilio and Franco Aversa
Department of CHalcal Medicine, Peregia University Medical School, General Hospinal,

Moutetuce, Fervgia, luly

Key Wortds. Halry cells +

Intracytoplasmic Lmmunogiobalims

Abstract. Utrastructural

wod of :

lminp:ﬂphtrdbloodmmnudarmmhumlpmem'hhhurymﬂlmhmhlm

studscd by the direct

imately 20-30% of halry cells

nlincdponﬂvcfofrhnwmdx-ﬂghidnhamdthhmhﬂngmﬁnﬂudlomruln
rough endoplasmic reticulum prof les. These ulirastructural findings can be consbdered
an sdiional argument for the B cell origin of bairy cell.

Although bairy cefl leukaemia (HCL) s
a weil-recognired climcopathologic entity
much controversy exists concerming the Iym-
phocytic {3] or moaocytic [19] orign of the
hairy cefl (HC). However most recent stud-
fes suggest that HC are denved from a srb-
st of B lympbocytes with unusnal proper
ties soch as phagocytic sctinty {6, 21]

¢

Materials and Mefhods

howt and wnmber of
meoplmtic  crils (00.0000Y) with
kair-hite projections the diagnouis of

presence of [gG-K lobalin inside
the rough (RER) of
HCbyan

immunoclectrombcroacoplc proce-

daore. There ultrmstructural findings are evi-

dtnceﬂ:mHCh\admapﬁtymlymbu-

tze immunoglobufin and mipport the hy-

pctb:mthnHG.mtybebduﬂyLbere-
» sultofa 1

were wacd for Kiextifieation of 7 g, kod  deter
et

sndles wers oo
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phagocytized by the ncoplasic celis. The
latier phenomenon has ako been reported
to occur m Reed-Sternberp cells [14] and In
a few cases of mryclomonocytic leukemia
with anoclated paraproteinemia 2, 11]
However the reappearence o anf-m-
ob surface after
Lr)pﬂnlnuon [5] and the presence of lm-
mumoglobolin in the tulfure medlom {7 10
18] demonstrated in recent in vitro studics,
mgeest & B cell ongin for HC. Moreover In
at keast - cases of HCL. mith associsted para-
proteinemia [4 8] the type of surface and
cytoplaumic lmmmoglobulin was jdentical
to the serutn M component.
In the present stody an immunoperoxi-
dase techniqus was employed to provide la-

nm:dhthtpcrhmdaxtpumof'llhinau
endocytosis

tion on the ul
of intracellular immunoglobutin in HC. Cur
resatts show that the positivity la the RER
cisternae is spotly and (rregular and this
suggests the presence of & small quantity of
I¢G-K immunoglobulin A similar immu-
pattern hm abo

The pondbility that In our case the RER
staning was related 1o endogenous pero
dase activity was roled oot by the following
findings. (a) endogenous peroxidase activity
was absent oa the HC surface but present in
both the RER and the perinuciear space
[17] (b) HC peroxrdase was inhiblted by
the routine fixathon method used [17) (c)
the pellets incubated with peroxidase-la-
beled pormal mbbit Ig Fab {megments, free

peroxidase, or DAB/H,O, shosed no post

Discwmlon
The of a im-
mmogiobulm on the surface [1] and/or 10 tive reactioa.

the cytoplase (20] of HC cannot be consid-
ered =3 cooclustve cvidence of their B

The HC phagocytie capacity (9] would
scem to indicate that the Intracytoplasmic

be 1 I or-

gia. However the locallmtion of electron-
dense depouits fn the RER, the cellolar site
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ded oot with cific rabblt Tbod! balins by J d normal rabbit Im-
against y A and 1 chalns (Cappel Laboratornics) bullns (Fab fi ) (b} incobation i

reduced to monovalent Fab fragments sccording
to the method of Porrer [15] The Fab fragments
were then coupled to h dish 1d,

HRP alone (1 mg/ml), and (c) detection of endo-
genous peroxidase in DAB mediom withoat prof
with peroxidase-labeled antbodian

(HRP) by the method of Nakene and Kawaol [13]
and separated from onconjugated Fab and enzryme
by chromatography on Scphadex G-100 Normal
rabbit monovalent Fab fragments (Nordlc Diag
poutic Laboratones) conjugated with HRP were
used for control experiments.

Samples of 107 cells were washed three times
in Hanks balanced malt solutlon at room tempera-
ture, The cell pellets were then fixed by resuspen-
sdon in 125/ glutaraldehyde in PBS (pH 74
015 A) for 30 min and twicc washed in the samo
buffer [16]. An excess (30 1) of HRP-labeled Fab
fragments (1 mg/mi) was added to the pellets, and
the samples were left for 1h at 0 C. After three
washes in PBS the cells were jucubated with df
aminobenzidine (DAB) In 0.1 M Tris-HCl pH 76
for 30 min followed by DAB Tris»-HCl confaining
001/ H O, for another 20 mm. They were post
fixed with 1% osmium tetroxide for 30mio,
washed, dehydrated in alcohols and embedded in
Epor. Ultrathin sections were cut oa a Relchert
ohtramkrotome and examined without counter
stain with a Phillips clectron microscope.

The following controls were used (a) substitu-
ton of conjugated Fab of mbbit antihuman im

Results

95y, of HC exhibrted extremely brght
surface fluorescence with a polyvaleot an
ti immunoglobulin antserum and, when m-
munoglobulin class-specific fluorescent &0
tsera were used 90% of HC were stained
by both anti-y and anti-K antibodies. No
reactivity was found with antisera to IgA
IgM, IgD and 2 light chaln. The resynthess
of surface IgG A was evident in the majof
ity of HC after trypsmization and culture.

In immunoelectron microscopy varyiod
numbers of HC (about 20-30%s) stamed
positively for y-heavy and R hght chans.
No reactvity was found with anti 2 antibody
fragments. The localization of the clectron-
dense reaction product was restricted 10
only some RER profiles no positivity xS

Flg. 1n, b. Halry cells jocubated with rabbit  Black reaction product present In RER strandy

Fab-perovidme  conjupate  antihuman ycbata

Bar = 1

. No counterstaln. ~ 25,000,
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phagocytized by the ncoplastic celle, The
latier phepomenon has abso been reported
to occur in Reed-Stemnberg cells [14] and In
a few cases of mytlomonooyle Yenkemin
with essociated paraproteinemia (2, 11]
However the reappearence of antHm-
Jobulin  sorface atter
u’)p!mmﬂon [5] and the presence of im-
munogiobulm In the culture medium [7 10
18] demoasirated i recent fn vitro stodies,
suggest a B eell orighn for HC. Morcover in
at least 2 cases of HCL with associated para-
proteinemia [4 8] the type of surface and

In the present stody sn imnronoperoxi-
dnalcchnjmxmcmployadlopzmldch—

mm\mmmurmm\mun
endocytosis

all eells which sained positively for Internal
munmogloballn (fig. 2)-

In control experiments in ‘hjd: HC
were d with ather p
befed pormal mabbit Fab fnpncms, free
peroxidase, or DAB/H,0,, 0o reaction
product was found cither in the cytoplasm
- or on the surface of the leukemic cellt

Discawmien

The ol ! im-

on the
of intracellular in HC. Our
resalts show that the positivity in the RER
cisternae it spotty god rregular and this
suggests the presence of a xmall quantity of
I30-4 immuooglobulin. A similar fmmu-
nocleciron microscopic patiern has also
been obsenied m the cytoplasm of normal
lymphocytes (12]

Tho pasaltabty that in our case, the RER
stainiog was related 1o endogenous peroxd-
dasc activity was roked oot by the followlng
findings: (a) endogenous peroxidase activity
w13 abwent on the HC surface but present m
both the RER and the perimuciear space
[17}) (b) HC peroxkdasc was lnhiblted by
the routine fixation metbod uwsed [17] ()
the pellety focubated with perosidase-la-
beicd normal rabbit Tg Fab fragments, frea

menoglobufin oa the surface (1] #od or in
the cytopiasm [20] of HC cannot be comid-
ered a3 conchnbve evidence of their B

ostgm, becsmse tho fI

or DABH,0 showed Do poci-
tivermkm.

The HC phagocytic eapacity [9] would
seem 1o indicatn thlbelnu‘cywp{nnﬂc

Labeled anubodics can bad to membrane Fo
» and 10 ] 156 y

in or-
sh. However thcloenﬂnﬂmofdcctmn—

dente depotits o the RER, the cellular site
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of protemn synthesis, and their complete ab-
sence 1 lysosomes scem to exclude this pos-
sibility In addition, the presence of the
same IgG-A Immunoglobulin in the cyto-
plasm and on the surface of HC suggests
that it is being produced by these cells
themselves,
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Abstract. The erythroporetm activity and the erythropoiens inhibiung factor(s) (EIF)

were studied In the serum of 10 children and adolescents suffening from terminal renal in-
sufficency The influence of haemodialysis on these factors was examined as well As 2
test model for the estmation of erythropoictin actinity and EIF we used hype
polycythaemic mice. No erythropoxetin actvity was detectable in the serum of children
and adol A 40%winhibitory effect on erythropolesls existed in 8 out of 10 uracmic
sera prior to dialysis After haemodialyns the inhibiron is elimnated in 4 of the 9 sent
examined, and reduced to half in the 5 remaining sera. The findings suggest that the m-
hibitory effect is possibly caused by one or several EIF of the middle molecule group

The erythropolesis 13 influenced by stim-  to sea level [41 45] and in the plasma and

ulatory and inhibitory factors. The most im
portant activator of erythropolesis 13 ery
thropoietin (ESF) This hormone is 2 glyco-
protein with a molecular weight of about
41000 which acts on the differentiatron of
the erythroid stem cells [23 24 44 48]
The main site of ESF production is the kid-
ney [14 19]

So far there is only little and contradic
tory Information available on the inhibitory
factors of erythroporesls Inhubitory factors
were found in the serum of pol;
animals after transfusion [15 27 31 51] w
highlanders that were mpidly moved down

unne of nmewborn chidren [8 28 36]
These factors probably act at the level of
the erythropoletin responsive cells [32, 48]
cither as antagonsst to ESF or as a chalore
I5 29 46]

In patients with chronic renal insuffi-
ciency the erythropolesis fs disturbed consid-
crably A hyporegeneratory ansemia devel
ops with an mcrersing restniction of kidaey
function. There exists a close relationship
between the degree of kidney Insufficiency
and the degree of anacmia [19 38 49] Re-
duction of ESF production fs certainly one
of the causes of renal anaemia This sirua
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tion b stressed by the tact that in the major
ity of the paticnts after renal transplants-
ton, ESF can be foumd in the urine again,
erythropolests incresses, tod the gnscmia
fmproves [13 40) Van Dyke e al, [52] &id

remal imsoffictency while s reticulocytosls
occumred in bealthy persons after an ESF
dosiy that wis three times lower Esrers et
. [12] showed that the ESF dosis pecessary
for a reticnlocytoels in ursemic patients
depends on the degres of uracmia. Thess re-
suity tndicate that the sentitivity of the bono
marrow to ESF is diminished in uracmia.
Thnh:hibhmydl::(o(nru:nicm
wey secn i & number of
hv\:nipﬂmﬁ [ 11 16-18, 34 41, 42,
50) A reduced profiferative activity of eryth-
roblasts in coltures was fornd by Bruaner
«t al [6) and Markson and Rernis [37]
Markson and Renre [17] showed a reduc
tion of *H-thymidine 2-desaxyriboskle incor
poration in thsue cultores. Otbers {17 25
42, 50] found an mnhibition of harm syn-
thesty In tiwus coltures sfier an xddition of
ursemic serom.
The causes keading 0 the inbiNtion of
arythropokeshs by urmemic serom are pot yet
:hn}yhnorn.llmyponlb*yhcdmtothn

products
lni!c(o(\hnuythmpdedslnh{bhin. iac
tors (EIF) as & comsequence of redoced ex-
crotion [34 42]

Using the bicasay system of the palycy
thacmic mowe, which b tpecific fo7 the de
terminabon of ESF [14 22] Fisher o o,
[16] found an fnhftdtory effect o § oot of 6
ursenic seTa afer ol ESF Es-
ser7 ¢t . (12] was unable to confirm this
inhibltory effect in an sualogous blological
ey syriem in the serum of 26 nraemic pa-

~ ticnts. Apart from thess fow statements

57

there are no knvestipations of the EIF In the
serum of reoal fnsufficlent children and the

in serum of children and adolescents who
are in a chronic bsemodialyss progmmme.

Materisls and Methods

We examined the sermm of 10 children and ad-
olescenty safferiag from terminal resal fesuffi
clency m the chromic harmodalyss programme.
The children wers alymd 3 X 3 or 3 X 4W

Table I Py tho general climical and aaamaes
tc data The xversge ags of the pathents was 141
yean (317 yean), the  verags pamber of diaty
mefchild wis 117 G—444) Al petison bnd  di

CORCEDIrA-

concextrats each) durhug

P-ﬂmllm_m-mbamm.a‘mm
mcetved 13

"ﬂﬂ!ﬂw-mv-bd-m-nnaummm

o with 080 L om the 2o iy On
day post-trimsfecon the mice bad mean
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Table L Disgnostio and haematologic valnes of children and adolesernts with terminal renal fosaffickescy

Patlent Age, Renal discase Haemoglobin- Hacms- Reticulo- Numberof  Creatioine Urax
yoars concentratlon, toctht  cytes tansfusions m% mg%
% vol% % durlng tho
preceding
9 moaths
1Gr 17  coakslomerulo- 5.5 15 2 2 185 1
nephrits
R.Be. 9  chronic glomerulo- 5.8 18 12 [ 70 I
nephritls
ARo. M chroak: glamerulo- 6.0 19 24 3 128 n
nephritls
G Gu 15 chronk glomerulo- 7.3 2 20 0 100 7'
nephritfs
K.Ko. 16  chronk pyelo- 64 20 18 1 105 73
nephriths
UE 16 chroaic pyelo- LX] 24 34 0 130 67
nephritis
UEe 13 chronk pyelo- 52 16 20 4 1o 100
nephritis
AWL 17 nephrophthish 48 12 20 5 99 81
DRL 10  nephrophthishs 35 16 10 ] 130 1D
FMa 14 nephrophthists 50 17 16 4 [T 98
6011 177+£33200261 46539 11432 914
+257

hacmatocrit level of 62 val'/e. Mice with a Hk be-
low 55 vol / were not ured,

Erythropaletin Estimation. Mice wers infected
0S5l terum 1p esch on the 4th and Sth day
post-transfosion. On the b day OS5 pCl ¢ Fe
were Injected L.y The blood aamples wers used for
the determination of Hk waluey, retlculocyte
counts, and 0.5 ml of blood far the MFe measure-
ment. A grotp of mice with injectfony of 0.9/
NaCl solution served as coatrol.

KIF Errimation. Polycythacmic mice were lo-
jected 05ml of ureamic sevum lp esch, and
025IU ESF sc cach on tho 4th and 5th day
post-ttamafusion. The ESF which had been puri-
fied from the urine of patients with aplastic anas-
mia [14] wes calibrated agalnst Internstional
Standard B (Dividon of Blological Standards, Na.
tiona! Institute for Medical Rescarch, Dollls HO!
Lmdun),mfortbcESFaﬁmnaumemiam

poration into the red blood cells were determined:
The resulty in thoso mice which bad recchred
injections of test material plm ESF were coo
pared with those of mice winch hsd recetved injes
tions of NaCl wlnton pios ESF The dfference
indicates the degres to which erythropoledis was
inhibled [14 35]

Remulty

Table T shows the ESF level of the
uraemlc serum samples expressed fn ®Fo
Incorporation rate in red hlood cells of poly
cythaemic mice. The rate of #Fe mcorport
tion was 026 = 012%.

Table IIT shows the rates of #Fe mncor

and r yto counts in blood

also bled on the 8th dxy post tion and tho
HE, reticalocytes and the rate of the Fo lncor

ofpo]ycythncmxcmlce,whichwwem}ect
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Tabis IL Erythropoletin sctivity bn ursemdc serom

of childram and adokescentt, expremed ot the "Fo bn

corporation (+ SE) jmto the red blood cells ba byper

transfoacd polycythmemic mice

Patient s "Fewptals
in the RBC

Satme Ql4+003

LG 023+ 018

DRL X+ 028

K Ko 027+ 019

AW 0284 0.10

F Ma. Qiz+010

U Er Q35+ 020

A Ro oo :0m

o4t+012

026+ Q.12

ed ESF snd the serum of 10 children and
-dulucmnwhhmninalmnnnmmdmcy
before andior  after

1%

20 rclated to the reticulocyter. This sug-
gests that a clear redocton of Inhibhiory ef
fect of uraemic serum could be obtsined by
haemodialysls (fig. 2) There B a close cor
relation (r = 0.92) lxtwcn the rae of

wFe P the "
M:l

= T 7 7 B

] T

!.,

%

b e ek
=

tmmlmmnmplcso(nmmlpm
‘While no inhibitory effect conld be scen
in the 2 normal serum samples we found am
mhibxtory effect tn 8 oot of 10 wracmic =
rmn samples taken tmmediately before hae
modialysts. The inhibition of ®Fe incorpo-
ration was on the average 40%/s, the reticulo-
Cyte count 454 (fg. 1). There b a partico-
larly high mhibitory effect m pathent K
Ko who had been binephrectomised with
67 of Fe tocorporation and 95 inhitd-
ton of reticulocyter No inhibitory effect
was foand n patkents R. Bo. snd D RL In
addition, table 11 shows the inftuencs of

showed an inhibitory effect while no differ
ence to the control gromp could bo formd in

4 scre. The averags fnhibitory effect was  corporstion totn
and

TIP  related 10 the WFe

—
e
Fiz. 2. Infloence of the hacmodutysts
ttect




Tabie ITI. Effects of serum of uraembc and nocmal patients oa the eryth

makoe, expressed a3 the 3%Fe uptake into tho RBC and reticnlocytes

% 3'Fc uptake
X = SD %Inhiti- p
thon

04104 (5) - -
781 £25(10) - -
15617 (5) - _
BR4L26(5) - -
Q14 £004 (& ~ -
IME1T () - -
19811 (4) 67 <00l
02101 (&) - -
S5 () - -
30075 M <001
432+24(5) 1% s
03504 (6 - -
786L15(5) - -
S515£17(9) 27 <001
565£17() 28 <002
036402(5 - -
28 £39(5) - -
168 +41 (5 82 < 0.005
102 +£31(4) 60 <001
206 £31 (4 17 ns
04800 (5) - -
849£20(5) - -
5M4+20(5 35 <008
430210 (4) 44 <005
041£054) - _
662+15(6) - -
423+10(4) 38 < Q.05
344 £16(5) 18 ns
4R £17(5) 39 <005
69 L18(5) O -
24308 (5 & <001
34 £240) 4 <001

oletin actlvity in p

Rethculocytes, %ee

% [nhibi-
thon

X = SD

02 £01(%) -
1263 £31(10) -

136 £30() -
120 £33(9 -

40 £14(H -
170 £42(D -
10 £04 (595

075£02(4) -
183 £36(6) -
92 29 (5) 30
134 £26(9 27

03304 () -
159 £31 () -
66 £05(5 58
103 £15() 35

04 (5 -
+50(8) -
+36(6) 35
+31(5) 25
14 (8 -

04
186
113
132
210

03 £06(8 -
102 +£29(6) -
68 £24 (53
68 £22(6 33

4 “w -
9.0 £28(9) -
35 £23(H 3
84 +£25(5 10
6.6 28 (5 27
150 £30(5) ©
54 £20(5 40
80 27 (6 12

<o

<00t

<oo0l
<aa

<005
ns
<003
< 00!
ns

Tho values are expressed a3 mean + SE. Tho parentheses fndicato the number of mics in cach astay

Material Doihs
ESF  scrum

IE ml

Normal serxm
Saline - -
Saline + ESF 0.5 -
Normal seruml 0.5 1.0
Normalserum2 05 10

Uroemic serxm
Baline - -
Saline + ESF ot -
Pat K.Kos.b.h. 08 10
Saline - -
Saline + ESF o -
PatF Mac.bh 08 1.0
Pat.R.Be.b.h [+%.] 10
Saline - -
Saline + FSF os -
Pat.U Eck.b.h 08 10
Pat U Eckp.h. 038 10
Saline - -
Saline + ESF 08 -
Pat.LGr b.h o8 10
Pat.LGr p.h as 10
Pat.D R.b.h [+1] 10
Saline - -
Saline + ESF as -
Pat G Qubb 03 10
Pat. G Gup.h. 035 1.0
Salino - -
Salinc + ESF 03 -
Pat A Rubh 05 10
Pat A Ruph 03 10
Pst. A WLbh 0S5 10
Pat.A.Wiph 05 10
Pat.U Er b.h 03 10
PatUErph 05 10

b h. = before baemodiatyxis.

p.h. = post baemodlatysls.



Ou the Iahibhory Effect of the Serem of Ursemic Children on Erythropolests

commt No relationship can, however be
proved between the tims when the discmse
oceured, the frequency of dialyds, the se-
rum creatinine snd BUN lbevels, tmnafosion

gl md
haematocrit on the one hand, and the nhi-
bitory effect on the otber hand.

Discatslon

No ESF could be found fn the serum of

. say reaal nsufficient patients. Thess resalts
sgree with those obtained by & great mumber
of authars [3 18, 19 43 49] Tbe lowered
count reflects the lyporegeners
von of the msemin The tramsfesion fre-
quency varded considerably atthough no er
ythropoictin ectivity could be found in sc
sum of the chikiren. Thiy sitoation seems to

fect of the uraemtic serum in 8 oot of 10 pa-
tients taken befors hacmodialysis egrees
with the results obtained in sdols by Fisher
et al. [16]. They found = inhibitory effect
of 65¢/ on the average of the uraemic serom
taken from 5 out of 6 adutt patiente Errers
et ol. [12] found no nhibitory effect In the
_ serum of 26 petients with terminal renal in-
safficikncy The relathvely high ESF dosh
pplied to the mice makes recognisation of
the inhibitory eftect difficult end may bo e
garded o3 o ponsible canse of fts abaence,
No relationship could be proved between
seTum creatining and urea N level and the
degres of snsemta on 0oe hend and the -
Efbhtion of the crythropoiests ou the otber
tand. Other anthors also reported that there
B 0o close relatiomblp between ereatmine
and BUN respectively and the degree of
the amacmix fn patients with dislysis [10,

21

30 33 47] In contrast to gur patients they
found an improvemnent of snsemia in the d-
alysis treatment, {n spite of onchanged se-
rum data. 7 allner et o, [50] observed an fn-
hibition of haem synthests in vitro with
wragmic serum, There was no nbibitlon of

of the Inhibltory effect. This decrrase of in-
hibetion suggests that the inhfbitory effect bs
camsed by (a) dislymble substance(s) and
Jesds to the question whether the inhibitory

was also observed. Moriywma et ol [42] bo-
Inted an inkibitor of heem synthesds from
uracmic serum with & molecular weight of
about 2,00-3,000. This hibitor was simi-
lar to thet foand in polycythaemic and nor
mal rabbit serum. The anthors suppested
2t the abeencs of the exeretion of wrine

serum [42].

not cxceed 6 or 12h respectively suggest
that the mhibitkn scts oo the estlier sta-
¢ium of tho erythron.

The view that the inhibltor(s) betong(s)
to the so-called ‘middle molecules* which
are sccumnlated n wreemia [1 2,7 9 20
25 26, 39], s supported by a mumber of
fininga. For imstance, an fmprovement of
mmﬁnbymruﬂmollhnwmktydmyw
tizne was scen. In the cxsa of patients with
« heematoerit of 20 vol/ which had infthl-
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ly been dialysed 2 X 6 hiweek there was an
increase of Hk to 30 vol*/s after 3 months
when the dralyss time had been extended to
2 X 9h/week. Since the dialysance of mid-
dle molecules is largely independent of
blood flow and only depends on dialysis
time, dialyser membrane and dialyser sur
face the anaemia may have been improved
by the increzsed dialysance of the middle
molecules.

In conclusion, we state that an inhibitory
cffect on erythropoiesis could be found in 8
out of 10 uraemic sern of children who un-
derwent treatment In a chronic haemodi
alyns programme. This inhibitory effect was
observed only in § out of 9 patients after
baemodialysis In these patients the inhibi-
tion was dimmished by about 50%s than be-
fore dialyms. The inhibrtion may be possi-
ble, the result of the accumulation of an
erythropoiesis Inhibitor that is part of the
middle molecules. If this view could be con
firmed by further Investigations it might
lead to the improvement of renal anacmia
by changes in the dialysis techmque and the
use of new dmalysers.
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Absiract. Bone marrow biopties of 15 patienty with chronic renal faflure (CRF) were
compared with those of & coutrol growp matched for sge and sex. Using a point-counting
method for assemmg cellulerity there was po significant difference fn marrow cellularity
between the CRF patients and the coutrol gromp There was & tignificant difference in the
myeloid-erythroid ratlo (p < 005) between the control group and the CRF patients, the
mmm.mmAmmmmmmmmwd
troa stoces. Of 8 CRF patients who had not been ghven hrtravenons iron, onal fron or bicod
transtusion, 2 bad greater iron stores than the coutral groap.

Introdwcion point-counting method for this assessment In

Amemis b » conmon feature of chronic

renal faflure (CRF) A major factor n this
annernia s the fnability of the booe warow
to prodoce enough red cells, yet bone mar
row celtularity m CRF hes oot becn sde-
quately stodied. Previews reports have been
contradictory- Eschboch et o [1] found
30° of thelr senes of marrows 1 be hypo-
cellolar wheress Caflan and Limarzi (2] de-
duced that 80 of therr patients had hyper

usually arsessed by the subjectrre opinion of
experienced obscrvers with the ald of a
grading system. This method i not accor
ste, Betley and Williams [5] have shown
mmmmwwm

been sabect o grow error [3] Recently wo
have an eccurate,  objective

undh-unmu:sofho;nmmw
from CRF patients with those of & control
Froup.
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Abstract. Bane marrow biopsics of 15 petienty with chroake renal faflure (CRF) were
compared with thoso of & contro} group maiched for ags and scx. Using a point-counting
method for sssessing celtularity there was no significant difference in marrow celhularity
between the CRF patients and the control group. There was & significant difference in the
myeloid-erythrold ratio (p < 0.05) between the coatrol group and the CRF patients, the
Intter group having a krwer ratio. A point-counting method was used for the asessment of
iron stores. Of 8 CRF patients who had not beea given intravenons iron, onal fron or blood

transtuadan, 2 had greater fron stores then the control group,

Introdnetion

Ansemis &5 & common featore of chronic
renal faitore (CRF). A major factor in this
armernia s the inability of the bope mamow
to produce enough red celh, yet boos mar
row ceflalarity in CRF has not been ade
quately stndicd. Previous reports have been
contradictory- Eschbach et ol [1] foond
30° of thelr sees of murrows to be hypo-
cellnlar whereas Collen and Limard [2] de-
duced that 80% of their patients had hyper
celluler marrows. Soms of this discrepancy
miy be doe to the difficalty in

point-counting method for this asscament In

usmlly assessed by the subjective opinion of
experienced observens with the aid of o
grading system. Thhs method ks not accor
ste. Beniley and Williams (5) have shown
thuwlm[umohﬂmnmdwmn
P y there was b

to memuring {ron stores i the mamow
This

marrow cellolarity which, in the past, has
bccumb}camnuumu-r[li]}lmﬂyw
developed am  sccurate, objective

tiga P the
and fron stores of bone marrow
from CRF patients with those of a coatrol
group.
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Materlal and Methods

Bone Marrow Cellulerity

Bone marrow was aspirated from the sternum
wming a Salah needle. Marrow ccliularity was as-
scsved by pointcounting [4) Sections of the mar
row blopyy were stalned with Mayer's haemalum
and cosin and mounted in synthetic resin. A grid
was superimposed on the marrow preparation so
that the marrow was divided Into cqual quadrants.
A graticule (10 X 10mm) with 121 intersection
points was fitted In a 63 focusting eyeplece. With
@ X 40 objective and counting an equal number
of flelds from cach quadrant or all of the marrow
specimen, a minimum total of 600 polots was
conated. If the blopsy contained Imufficient mate
rial for 600 polnts to be counted, the specimen
was rejected.

Myelold-Eryihroid Ratlo

A minimum of 500 nucleated cells are counted
in a cellolar area of the marrow wmear worklng
back from a fragment of marrow {6)

Iron Storex

Sections of the marrow biopsy were stained by
Perl's Prussian bloe reaction and mounted in syn-
thetic resin, The pointcounting method was
adapted for counting iron stores. A gratkule (10
X 10 mm) with 441 Intersection points was used,
the four corner intersections belng ignored as with
point-counting bone marrow cellularity The area
of marrow uwed for arsetsing cellularity was
counted for fron stores and the result expresed as
{ron-positive points per 1,000 marrow polnts.

‘The reproducibility of the method was tested
by counts on four marrow prepanatioms with a
range in fron stores (one from eech group in table
) on six separate occaslons. Co-cifickents of varia-
tion for each groop were = 0, 0, 25 19% In each
case when the marrow was recounted, it remmained
fn the same group.

12 specimens there was fosafficient material for
the polnt-counting amesment The reoadning 15
patients, 9 male (xged 15-30) and 6 female ( ged
Mmﬂ)‘hﬁm}'{m-vﬁﬂo!um
chronke pelonephntls (3), chronkc focal glamero-
Jonephritha (2), diabetic nephropathy (2). polyeys

Ho-Yen/Saleem/Flemlng Stewart/Goodall

tic Lidney discase (2), nephrotic syodrome @
chronfc glomerulonephrity (1) hypertention oo
pumcdbydin:mlnuedinmrmhrcmmm
DIC) (1), systembc lupos erythematcsay (1), s
geslc nephropathy (1) Nons of the patienty bad
evidence of current Infection and afl tad 3 socmal
white cell count, 10 had been haemodihsed fo0
periods between 2 and 71 month, 2 paticots bact
t:mw:t:c'ndperlod:o!dmll!"*ﬁ''ﬂ‘"'hﬂ:‘“unl
tramsplant. 4 of the 15 had been given intraveoos
tron therapy 2 oral fron and 1 a blood msstF
sion. The patients’ mean haemogtobin wis 820/
(range = 5.5-11 4 g/dI).

Control Groxp o of 15
This groop consist
were matched for scx and age ('hhlnsyﬂ“)
with the CRF patients. Blopsies oa thexe
were made to exclude lesions of the m":h
malnly suspected neoplmiz Ne member of
mmlpmpmnmﬂxﬂcmdnllhldlm
phologically pormal peripberal blood fizm 104 &
piration marrow blopey A”h‘d“"rmlwm
functicn. The patlents’ mean hacmoglobin
14 1 g/dl (range ~ 12.1-16.1g/dD).

Resalis

Bone Marrow Morphology

All of the patlents and controls showed
normoblastic and  nocst!
morphology of the white cells and thelf

precursors-

Bone Marrow Cellularity

In the control group the degrec of mar
row cellularity was random and bore no re-
latlopship to the indication for the marro®™
examination. Thess marrows were consld
ered to be normal. The results from the two
groups werc anslysed by the Students
pnl.redttcst'ﬂlﬂtwunodpiﬂcmtdlﬂcr
ence between the marrow cellularity of the
patents with CRF and the coatrol group
(g 1) The celiularty of the CRF cases
did ot have any relationshup to the degree
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of snsemm, length of dlalysh o whether or
not mtravenous jron had been given.

Myeloid Erythroid Ratio

In the CRF patrents, the mean mryelold-
erythroid ratioc wes 301 6 patienns
showed relative excess of erythrodd cells (-

(rmpLS—&.ll)AnﬂpudLbernumby
Students paired t test showed that there
wat & significant difference in the mycloid-
erythroid mio (p<0.05) between the
CRF patients and the control group.

Iron Stores

2 of the 8 patients who had pot been giv
cn intravencm fron, orml irom or blood
tamfution  bad  incressed  froa  storer

%7

> 8/1000 marrow points) compared with
the contrad group (table I). There appeared
to be no rclationship between iron stores
and marrow cellularity Iron stores in the
pormal controls ranged between 0 and
771000 marrow polots, with the majority
between 1 ad 7/1,000 masrow potnts.

Discraslon

Booc marrow marpbology has been
fonnd to be independent of the underlying
diseaso cwusing CRF (7] The discrepencles
in previous reports on bone marrow cellu-
larity arc not ensy to explain. Eschbach e
oL [1] were primarily interested in ferrokd-
netle stodics end marrow celfularity was a
migor {nvestigation, thus thers 1s no infor
mation on ther methodology Detafled
methodology 2nd resatts have been found i
only age previons study [2]

marrow in CRF firstly they dedoeed that
80% of thelr patlents hed hypercellolar
marrows, and secondly using the myelold-
erythroid ratio, they coocluded that 20%/
of their patients had some erythrodd hypo-
plxsia. Thelr first observation b at varkncs
with our results which thow that there b no
dgnificant differenco between the marrow
celfolaritles of tho patients with CRF and a
coatrol group matched for age and sex. As
bone marrow celtularity vares with sge and
scx and there is & wide range in normal fodi-
viduals [8] Callen and Limarzd (2] might
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been shown by Morley and Blake [3] to be
inaccurate and not reproducible

The second observation of Callen and
Limarzi [2] was that 9 of thelr 44 patients
(20%s) had a myeloid-erythroid ratio of 4 1
which was believed to represent erythroid
hypoplasia. However their rato is within
the normal range of 2.5-15 1 given by Da
cle and Lewls [6] Further If it Is sssumed

Tiiol.lmnnnrulnmrm'bbpdcs

Ho-Yen/Saleem/Fleming Siewart Goodall

that there is no myelold hypoplass, 30 of
Callen and Limards patients (68') have &
myeloid-cryhtroid ratio of ander 251 amd
30 show erythrold hyperplama. We hae
found & significantly lower myeloid-erytt-
roid mtlo 1n CRF patients as compared
with the controls.

One factor which has so far not been
taken into consideration in the mterpeets-

Undertylng duease causing CRF At time of blopsy Number of ron points
per 1,000 marrow points
months of iroa therupy 0 1-7 s
mainterance
dlalysis
1 Dhbetes -~ - +
2 Diabetes - - +
3 Sysemic hapes erythematonn - - +
Total (bon-dlalysed patients) 1 1 1
4 anﬂn(onll;hnenhuphﬂh 2 - +
5 Chronke 2 - +
6 Hypertension 4+ DIC 3 - +
7 Nephrotic syndroms 4 - +
8 Curook pyelonephriths 6 - +
Tota! (dalysed patients) 2 2 !
Total (patients not given tron) 3 3 2
9 Polycystic kidoeys - transtusion +
7 wnhts 6/12 carfier
10 Clooic pyclooephrith oral fron 4/12 + .
Tota! (non—dlafysed patients) 1 a
11 Polycysic kidneys 4 oral fron +
12 Nepimotic syndrome 18 8/12 after Lv tron +
13 Chronke glomeraloneplmits 26 16/12 after Ly hon +
14 Chronie focal glomernlonephrith 43 23/12 atrer Ly iron +
15 Drug (snalgerc) Induced 7 14/12 atter Ly fron +
nephropathy
Total (dhalysed patients) 1 1 3
Total (patients given troa) 2 1 <
1 14 0

Normals (15)
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tian of bone marrow celinlarity and it rela

thonship 1o myeloid-erythroid ratlo s the rel-
ative size of individual cells. Myelold pre-

bave a greater eflect on marrow

In CRF excess hon stores are usually

found in the marrow [9 10] bowever our
group of patients shows & wide range of iron

9

sccond seemm to be the case m CRF How-
ever the slightly higher proportion of eryth-
roblasts In 6 of our cases (lower myelotd-
erythrold ratio) must be taken a3 indics
tive of fncreased respomse. Unemic bone
marrow appears 10 have erythroblasts cape-
ble of pormal erythropoletic but
that responso b incomplets duo to low eryth-
ropoletic levels [15] Thbe sitration may be
complicated by the presence of toxic meta
boﬂtu[l]md.muum‘mmmu
etytirop hropoesis [16]

and was probably pot incommpatiblc with
normal storage iron levels, Thm, a large
rngs of fron stores in DOTmal marrow may
refleet phmilalogical differences in the ban-
dling of fron in the normal populstion, Thh
would ko apply to CRF patients and may

cace of apparently adequate stainable fron
in the merrow s that much of this tron i
oot svailable: this is particularly Okely
provioos parenteral fron therapy [14]

may represent an fnabllity of tho marrow to
respond to the snaemia, insuificlent stimu-
lation of the muTow or both of these. The

W are gratetul 10 Dr A. S Todd for review-
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Eey Words. Ascorbic ackd |
 ovedoad Leucocytes Platelets

Tron Defi Y snaemia

Absiract, The statns of iscorbic ackd was studied at the leveds of platelet and lencocyte
32 cases of iron deficdency anscrmis, 33 cates of thalesaemia and 18 nocmal subjects.
was found that in {ron deficlency anacmia, platelet ascorbic and was sgnificantly higher
mmmlrﬂmhdinﬁn;ﬁ’mcmmdﬂmedomlbuplylhuﬁm‘ﬁh

x. In

with iron overload, mscorbic ackd statns of
nﬂmmdeﬁmldybmthmnonmllndhﬂn;m

level

! ascorbic ackd was not 11 good e index of wscorbic acid status o the platelet lovel.

Severe jron overload resulting from pro-
aged dictary intake or primary diorder of
on metabolism or multiple blood tramdu.
ons, hey been shown to sscorbic
ad defickency at the twoe level ($7 11
3 14].Thisﬁnd.ln|nhcdthnqumim

acld content of platelets and lencocytes were
estimated becanso they are considered s
the maost sensitive Indices of ascothic acid
stans of an individual [1 12]

ot xnd Mirtaody

‘hether 1ron defich ihlo for

Iovatiptons wers carrhed oot bn  total of 3
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Ky Werds. Ascorblcackd |

Iron overjoad Leucocytes Platelets

Iron Defi

Absteact, The statns of sscorbic acld was smdicd at the leveh of platelet and lencocyte

in 32 cases of tron defidency anscmla, 35 cases of thalsssaemis end 18 normal subjects.
It was found that in fron defickency anacmia, platelet sscorbic acid wes tignificantly higher
than pormal values indicating tissuo excess and came down sharply after treatment with

won. In

phr:!a:mdcﬂnhﬂylmﬂ:rlhmnmml

with iron overoad, ascorbic acld status of

Al 1 Tovel

o(m-ddmmtnmdmlndaoluuxhklﬂdtmnmcpmrjcﬂwd_

Severe iron overload resulting from pro-
longed dictary tntake or primary disorder of
iron metabolsm or mrltipls blood transfo-
slont, bas been shown to ascorhic
scid deficiency at the tssoo level [5=7 11
13 14] Tim finding raised the question
whether tron defich poasible for

acld content of platelets and leucocytes were
estimated becanse they are considered as
the most sensitive indices of sscorblc acid
statos of #n individual [1, 12]

and Methods

Iovestigations wers cartied oot In total of 25
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mated before and after trestment. Clinleal dingno-
sls of thalastacmia was confirmed by paper elec

h of h lobin and estimation of fetal
k. in by dard alkali d tech-
nique.

Hacmatological examinations were done by
standard techniques. SI and TIBC were measured
by the moditied method of Peters et a! (9], ICSH
(31, and Ramsay [10] respectively Estimation of
acorbic scld in platelets and leucocytes was done
by the method of Denson and Bowers [2] a3 modi-
fied by Attwood et al [1]

Scparation of platelets from leucocytes was
performed = follows: Venous blood collected In

illconised tube Jn the of EDTA was
mixed thotoughly with half the volume of 6%
dextran and allowed 1o settlc at 37 C for 1k Af
ter the sedimentation of the crythrocytes, the up-
per layer (s mixture of plasma-dextran-leucocytes
and platelets) was withdrawn with a siliconised pi
pefte, from this the upper two-third layer {rich In
platclets) was scparated from the lower one-third
Tayer (rich In lcococytes) Leucocyte and platclet
counts were done from a portion of esch of the
two layers, The leucocyte feh fraction was freed
from the remalning erythrocytes by washing with
distilled water Cell pellets of platelets and levco-
cytes were formed from the two fractions by cen-
trifugation at 3000rpm for 30min. The pelkets
were finally disropted fo the presence of 6/ to-
chloroacetic acid by repeated freezing and thawing
until complete disintegration of the cells took
place.

Resalts

Biochcmical evidences of iron deficlency
1n 32 subjects with IDA are recorded m ta
ble I The platelet and levcacyte level of as-
corbic acd In different groups of subjects
have been compared 1n table IT Data repre
senting the different parameters In lron defl
clency ensemia before mnd after therapy
have been shown in table ITT

In HbE-thsl and  g-thal
mia, the mesn valnes of platelet ascorbuc
acld were remarkably low being 337 and
237 pg/10W cells, respectively and thew

Chatterfea/Maitra/Banerjee/Bam

Toble L Laboratory findings ta 32 anes ol bm
deficlency anaemba

Range Mean + SE
Haemoglobin, g/dl 29119 139104
Haematoctk, mi/dl 10-41 245214
Serum froa, mg/l 02-05 035008
TIBC, mg/l 315-445 3674049
Tranderrin
saturation, % 57-138 97903

difference with the normal mean was stai
tricolly significant (table 17) In iron o
clency onaemia the mean walue (1023 49
10 cells) of platelet ascorbic acld was gt
ficantly higher than the normal meo
(49.3 ug/101 cells) and the dufferenco ¥
statistically significant, The mean value o
lencocyuc ascorbic acid n eather of the
groups was not significantly different frogt
the normal mean. So far as the normal s
thalasssemia cases are concerned, presett
findings are 1n close & t with those of
other workers [5-7 11 13 14] Presem
findings with respect to jron deficiency &
aema agree well with the leacocytic level of
ascorbic acd recorded by Jocobs et al. [4]
In the normal group of subjects anly 3 of 18
hed o platelet ascorbate level between 70
and 80 ug whereas the rest had valoes be
low 60 ug but, In iron deficiency ansemis,
the platelet level of ascorblc acxd was belo¥
60 pig In 8 cases and it lay between 60 and
80 pg in 7 cases, between 80 and 100 # B8
4 and between 100 and 270 ug In 13 cases-
Thus, In jron deflciency anaemia ascorbc
acid content of platelets is markedly elevat
cd in the majority of cases. The lencocytic
level of ascorbic acid did not show any sig-
nificant difference from the normal valoe.
After the jmtiation of iron therapy wih
ferrous sulphate, 10 of the 32 patients were
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Asxcortic Acid n Iron Defickncy Amemia

followed up. Tho period of follow-ap study
-~ varied from 4 to 22 wecks. Table 111 reveals
that 6 of the 10 cascs were severely ansemic

m

saturation. Following iron therapy the Hb
level {ocreased and there was a marked de
cfine In the platelet sscorbic acad level In all
the cases. There was 2 slight deciine in the
keneocyte ascorbie acld level Tt was noticed

“Talsle TL Minen valoces of piatobet sad keococyte meorbic ackd in GfSerent groups of mbjects

Subjects Namberof  Plrseiet mcocbic acd
canen 13/107 exlls
raage 2 SE
Nz 18 - 80 93+ 33
Irom deficiescy snace 32 25-770 123118
1=33
P00l HS
FILE thalamarumia 2 10- 77 D7E 37
1=218
p<OOLHS
£ Thalemacade 7 9- 41 07 53
t=3n
P<000r HS

HS = Highty sgadficrss NS = ot significant.

Lencocyts wcorbic add
2e/10° exl
g et SE
1-25 10782 L6
5-23 140 119
t=174
P<OINS
2-24 73 £10
4-19 71 %21

Tuble [TL Data showing the deorent parameters ta 10 cass of irom defickacy sasemia bedors ead sfter

rontmct
No  Hh g Traaterin
sataration, %
befors alwe bakors

1 29 un 5y

2 la m7 62

3 435 1018 [ X3

4 L2 102 114

3 o 1ne 2

L] 70 1223 0

7 33 120 11

1 n 129 100

’ L7 13 17

10 18 1259 64

144 p <001 bighly igraficant

Plselet ascorbic st

/107 cells
betare

m

gausang3= E

*dd, x/10° el
bedore aher
26 1
n ]
14 10
1 15
16 10
n 20
14 7
2 1
6 5
n 7
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dunng the study that though there was a
gradual decline in the ascorbate level
throughout the whole peniod of treatment,
the decrease in the platelet level of ascorbic
ead was most promunent between the 4th
and Sth week of iron therapy Thereafter
the decline was slow As shown in table IIT
mamtenance of high normal values In 4
cases (1 2, 4 5) even after the initial de-
chne might in all probability be due to the
tncomplete repletion of tissue iron store.
Table I further shows that the post treat

ment fevels of leucocyte ascorbic acid were
not significantly Jower than the initial ones.
Though the first 2 cases with an extremely
high level of platelet ascorbic acld were se-
verely , 10 cor the
ascorbate level and degree of ansemia or
transferrin saturation could be found m oth

er cases. The post-treatment values of plate-
let ascorbic acid were compared with the
pre treatment ones and the difference be-
tween them was found to be statistically sig

nificant.

The present findings further indicate that
the platelet level of ascorbic aad is a better
index of ascertaimng the ascorbic acid sta
tus of an individual than leucocyte level

Tation b

Discussion

Tissue deficiency of ascorbic sad
thalassgemia as poticed here is comparable
with similar conditions of iron overdoad
[5-7 11 13 14] As an explanation of tis-
sue defiaency of ascortic add n fron over
load it has been suggested that iron stores,
which are in the ferric form and represent a
mastve oxidative potential, can lead to 1r
reversible oxidation of the available ascor
bic acid (14] Hence tissue excess of ascor
bic acld m iron deficiency anacmia with de

Chatterjea/Majtra/Baoerjee/Ban

pleted iron stores is presumable, Present ob-
servatons support this view partcalady
with respect to the platelet fevel of ascortic
ecid. Elevated leucocytic ascorbic add &t
won deficiency anaemis, as reported by Jo-
cobs er al [4] were, 1n all probabillty dx
to the p of platelets in the leucocyte
fraction studied by them becauso they &
not separate the leucocytes from tho plste-
lets and calculated the results {rom the
ber of leucocytes only as done by Denson
and Bowers [2] Depletion of tissuc sscort
acxd followlng iron therapy might be dus 0
increased catabohc rate as soggested by /-
cobs et al [4] or due to its involvement B
the reduction of ferric 1on of ferdtm [%
12] The exact pathway of its action 1
mains 1o be explored. Prescat findmgs 94
to conclude that 1n 1ron deficiency ansemit
ductotheshonagcoiﬂmcimn,uwﬂ*
acd remalns unutilised and its elevation of
tissue Jevel occurs, Following lron therapy
along with the repletron of tissue 1ron store
ascorbic acid Is utillsed in the transter o
iron from the storage compartment to the
metabolic compartments and cansequenty
its thasue level declines
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Red Blood Cell Membrane and Serum Sialic Acid in
Relation to Erythrocyte Sedimentation Rate
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Abstract. Sialic acid was determined 1 red blood cell (RBC) membrane and in serv®
and correlated to erythrocyte sedimentation rate (ESR) For this purpose blood sampies
wero obtained from 57 patients regardless of thelr pathological condition, and divided b0
groups according to the ESR. 15 blood samples obtmuned from healthy mdividuals whost
ESR was lower than 20 mm/h served as controls, Sialic acid was released from RBC me
branes obtained by hemolysts, and from serum glycoproteins precipitated with ethanol b7
treatment with 01 N HCl at 80 C for 1 h. The results showed the salic acid contents of
both membranes and serum to be higher In most of the groups with elevated ESR, as col-
pared to the control group although no quantitative correlation was moticed. Statistical
cvaluation showed highly significant differences between the group of pathological smpits
a3 4 whole and the control group in the salic acid content of both RBC membrancs d
sera

leanx, the size of which is a cntical factor
{9 12,13]
V=29t ~d)Gat o

The measurement of the erythrocyte se
dimentstion rate (ESR) is one of the oldest
investigations 1n clinical medicine. As per
formed n the clinical laboratory the sedl

mentation is a complex phenomenon in-
volving a multitude of factors pertaining to
both red blood cells (RBC) and plasma [3
9] The Stokes s law (equation 1) which ap-
plies to the rats of all of a single sphere,
can be used in tins ease only with approxi-
matlon on accomnt of the shape, deformabil
ity and the high number of RBC and their

capacity to aggregate m the form of rou

V = velocity of fall r = radius of particie
d, = demity of the particle d, = density of
the medium G = gravitational constant;
n = viscomty of the medium.

The capacity of the RBC to aggregate
depends on the composition of the plasms
and on the fact that the cells in suspension
normally have a negative charge resulting
from the negatively charged sialic acid .



Slalic Ackd and Erythrocyto Sedimentation Rats

groups oa the surfacs of their membrane (7]
which cames them to repel each other with
a force represenied n equation 2. 1t follows
bat the net charge contriboted by salic scid
can indirectly infloence the ESR by regnlat-
ing the stz of the aggregates (r equation 1)

F=~Q Q *1 @

F = repelling force Q  Q, = net charges,
¢ = dielectric coeffictent of the medinm, 1 =
distance.

The present work was degdgned to exam-
inc whetber there exists & relatiorship be
tween the sialic scdd content of RBC mem-
brazes and ESR.

On the other hand, a3 the dBelectric
coctfickent of the plasma incresses, the
repaksion force between adjacent RBC de-
crexses and It becomes exder for them to

and form roul The
coefficient depends on the concentration and
charge of pluma proteins. Moxt of the
pathological states characterized by elcvated
ESR are sssociated with high levels of certain

wers divided Inio grosps scconding to the ESR, a1
seus In figure 1. The snticosgulints waed wers so-
diom chrate 38 (1 4 parts blood) for the ESR
determination by the Westergren method [17], po-

katsd whth ethanol wes carried o
Nicher (] and expresed per 100m! The stetisl.
Ioation of the

The resalts of eafic acld determinations
n RBC membranes and senmm as o function
of ESR are presested i figore 1. It can be
scen that the content of slafic sckd In the
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Abstract. Sualic acid was determined in red blood cell (RBC) membrane xud i ©57
end comelated 1o erythrocyte sedimentation rate (ESR) For this puspose apptvi
were obtained from S7 patients regardless of their pathologieal condition, and & et
groups according to the ESR. 15 blood samples obtained from healthy individnal$
ESR was lower than 20 mm/h served 23 controls. Slalic acid was released from RBCP

brages obtained by hemolysr, and from serum glycoproteins preapitated with
UeatmcmwithOlNHClnt&D°Cfor1h.’l'hermuusbowedthcﬂﬂlfc‘ddmw:;‘
both membranes lndserumwbchjgherhjmoqofmmp,umdnmtedm”

pared to the control group

SETR.

The measurement of the ”
dimentstion rate (ESR) 11 one of the oldest
investigations in clinical medicine As per
formed in the clinical laboratory the gedy
mentation is a complex phenomenon in-
volving a multitude of factors pertaining to
both red biood cells (RBC) and plasmos 3
9] The Stokes s law (equation 1), which ap-
plies to the rate of fall of a single sphere,
can be used fn thus case only with approxd
mation on account of the shape, deformabil
ity and the high number of RBC and their
capacity to aggregate in the form of rou-

although no quantitative correlation was noticed. S
evalustion showed highly slgmificant differences between the group of pathological 5B
as 2 whole and the control group i the sialic acid content of both RBC memb

o

leanx, thedz:ofwhichﬂlc‘maltm d
9 12,13]

V=29 (d —d)Gat v

V = velocity of fal] r—rnd]mOfP‘mdz
di ~ density of the particle d, = denslfy
the medium G = gravitaonal

A *= vicotity of the medjum.

The capsaity of the RBC to sgge8*
derdxuuthemmpmmono{tth!"m'
end on the fact that the cells in

bave a negative

from  the negatively charged siahc 198 :
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groups o the surface of their membrane [7]
which camses them to repel each other with
& foree represented in equation 2. It follows
that the net charge contributed by shalic acdd
can indirectly infleence the ESR by regulat
ing the size of the aggregates (r equation 1)

F=Q Q 1 o
F = repelling force, Q,, Q, = net charges,
= drelectric coefficient of the medivm, | =
drstance.

The present work was designed 1o exam-

, tme whetber there exists a relstionship be-

tween the sialic acld content of RBC mem-
brenes and ESR.

On the other hand, as the delectrdc
cocfficlent of the plaama incresses, the
repulsion force between adfacent RBC de-
creases and bt becomes emsder for them to
aggregate and form roalesux, The dielectric
coefficlent depends on the concentration and
chargs of plasma proteins. Most of the
pathological states characterized by elevated
ESR are sxsoclated with high levels of certain
plasm giycoproteins, named scuts phuse
proteins, the carbohydraie mnits of which
termingte in siafic sckd [5]. In the present
work we exumined the relationship between
mmﬂmg}ymwmdndjﬂcadd,

k224

ware divided kito growps scrordiog to the ESR, &3
scen fn figare L The maed were so-
diom cikrate 33%% (1 4 parts blood) for the ESR
determination by the Westsrgrm metbod {171 po-
tdum  ethylenediaminctctraacetate 25 mp2 ml
tiood for RBC coonting with  Conlter 8 counter
ond ackd chrate daxtrose bafler for the prepars-

oxt sccording to Schamer et ol (101 briefly as fol-
kows:  sopemion of abogt 10 RBC in plysko-
Togical safine was Wyered oto Millipors callolose

[ll-nduvr—cdpumml.mnum-

considering that, apart from th

~ moldukvdo(ncum;insepmdm,
it could be directly respomible for the di-
electric properties of the plasma, dus to the
chargs contributed by it to the glycoproteiny
tn solution.

20 mmeah, and from 15 healthy blood beak dosors
* whoms ESR was lower than 20 mm/b. The paticats

between growps
bnh-lmd:uﬁlm_
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Abstract. Sialic aad was determined in red blood cell (RBC) membrane and In serut
and correlated to erythrocyte sedimentation rate (ESR) For this purpose blood sampis
were obtained from 57 patients, regardless of their pathological condition, and divided i
groups according to the ESR. 15 blood samples obtaned from healthy indviduals whos*
ESR was lower than 20 mm/h served as controls. Smiic acld was released from RBC menr
branes obtalned by hemolysls, and from serum glycoprotemns precipitated with ethandl %
treatment with 0 1 N HCQl at 80 C for 1 h. The ru'ulﬂlhm’tdthednﬂcmcmmd
both membranes and serum to be higher in most of the groups with elevated ESR, as com
pared to the control group although no quantitative correlation was notced. Statisc
evaluation showed highly significant differences between the group of pathologreal sampies
as a whole and the control group in the sialic acd content of both RBC membranes azd
sera,

The measurement of the erythrocyte se
dimentation rate (ESR) Is one of the oldest
investigations in clinical medicme. As per
formed in the clinical laboratory the sedi
mentation is a complex phenomenon in
volving a multitude of {actors pertaming to
both red blood cells (RBC) and plasma [3
9] The Stokes s law (equation 1) which ap-
plies to the rate of fall of & single sphere,
can be used in this case only with approxi
mation on account of the shape deformabil
ityandtbf:hlghnumbcrolRBCmdmd:
mwwaggmgucintheformofm

leaux, the size of which 1 2 critcal factaf
[9 12,13]
V=29 @ -dyGut )

V = velocity of fall r = radius of particle,
d, = density of the particle d, = density of
the medium G = gravitational constant
n = viscoity of the medhum.

The capacity of the RBC to aggregate
depends on ths composition of the plasmz
and on the fact that the cells in suspension
normally have a pegative charge resulting
from the negatively charged sialic acd
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rocytes [11] Iuppeun,thudu:e,thndu
of blood

t:hnhvubtcnrcwﬂcdmbchuﬂ’tdh
s

g
i

coatent ts known to differ {5)

many
Charactertred by high ESR [2, 5§ 14 19]
and can also be dednerd from our findingy
of clevated concrntrations of shalic scld, In
thh connection, the tmportimce of this rest-
duhnbccumppormdbythnomnﬂun
of serum with

]

szh
Ff%e

hm:huncnlolpnhn}o‘y
Ever which is heid respoasible for the blo-
syntbeals of plasms glycoproteing, In the

mxmdinunhctdwﬁmdm

Eoup of patients incloded
lhh'ﬂ‘khnmhuﬂhmhmcmﬁdenﬂnu_
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any group and the control except for the
group with ESR of 81-100 mmv/h (table I).
Slalic acd In scrum was higher In
groups with ESR above 20 mm/h as com-
pared to that with normal ESR, the differ
ences being highly significant beginning
40 ¢ from the group with ESR above 60 mmh
x © (table ) Compilation of all the indindml
results after dividing the 72 sammples exam-

20 2 ined into two groups, those with higher than

o ¥
o d

above the bars represent standard erons (S
Sialic acid was determined after hydrolytic relesse

70
60
£y

Fig. 1. Sialic acid content of RBC membranes  from RBC membranes or from sermm glycopro-
and serom in relation to ESR. The vertical lnes  teins in 1IN HCIat 80°Cfor 1h

Table L Slalic acid in RBC membranes and In serum, in relation o ESR

ESR
mm/h

<20

20— 60
61— 80
81-100
101120
121-150

Nomberof  Slalic ackd
samplcy

15

9
10
17
10
11

N$ = Noesignificant.

REBC, pg/10° cella Serum, mg/100 ml

range mean+SE P range mean:SE P
62— 99 8.63+023 30-37 337110

59-120 8124066 NS 32-42 360120 NS
43-140 938+082 NS 23-70  48R:4D9

78-194 1L40+0.84 <0005 39-~62 51.6+201 <0.001
66—-157 1040+055 NS 3279 4771400 <0.005
3-8 1100177 NS 35-T71 4681398 <0008

Tabta T Shaltc acid in RBC membranes and bn serom in petients with dlevated ESR

ESR
mm/h

Number of
mmplcy

a6

Shafic scid

RBC, pg/10” cells Serum, mg/100 ml

mean+SE p meant$E ]
£63£023 33T0x112

1028044 <0.005 4710£1.50 <0001



and serum In the pathological group (tabie
108

the plasme This has been convincingly
d tn expert .

branes shiic add In conditions axsociated

these conditions, the liver cells are stimmlat
ed by &3 yrt unknown mechanisms to pro-
doce incremsed ymounts of soveral acuts
phase proteins 1o which protective roles have
been attribated [5] From oar results [t
could be tentatively proposed that the hemo-
poletic system is also stirmlated in the en-
rickment of the RBC membranes with shillc
acid, and, possibly glycoproteins the tmpor
tance of which in the mentioned conditions
remains to be vestigated,

Tho results obtained im serum indicate
that the concentrations of slalic acid can-
not be correlated to the ESR. This, in our
opinion, s not smprising staco fibrnogen,
which has been reported to play a role n
ESR [4], hus not been studied I this work
and the variom conditions with elevated
ESR sre amociated with varous types of
wiycoproteins [6, 14] in which the shatic acld
content is known to differ [S]. In addition,

the ol meny other factors =

pimms viscosity tho number size and de-
formability of erythrocytes a1 well a3 fhe
pomible involvement of pathalogy of the
Trver which I held responsdble or the blo-
myutbesh of plasma glycoproteing, fn the

resalted In the lack of aggregation of eryth-

group of penents included in
lhhwn‘(hsmbohk:nhmcwnddeﬂum_
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Abstract. Serum from 44 volmteers and 21 patients with acute hepatits and 18 with
cirthosh were tested for the total and unsaturated folate binding capscity (TFBC-UFBC).
A high level of TFBC was noted in acute bepatitis {p < 0.001) and In cirrhosts (p < 0.05),
wherens only fn the lant case a reduced UFBC was present (p < 0.05). When serum from
patients with acute hepatithy waa cloted on Scphadex G-200 after incubation with radio-
actire folic acld (500 pg), two mam peaks were observed, ono in the exclusion peak of
protein and the second i the pesition of the only binder found in pormal serum (MW
43,000). A third small peak wag abo present in the poshion corresponding 1o 8 MW of
20,000 These {mdings documented the relexse of bindens from hepatic cell when & may-
ive necross of liver occurs.

The presence of {olate binders imide the In a previous elution sody of normal
cell have been well establshed in animal  scrom oaly one folate-binding proten was
and human liver [Corrocher ot al, 1974 detected. However onc may postulate that
1978 Zamierowsld and Wepner 1974 i the presence of extemive call pecrosks,
Marikanen et «f 1975] Some of these  such as in acuie hepatitis, the binders pres-
bmdens are free m the cytoplasm but others  ent inside the ceil will be relested into the
are linked to the mitochondma wnd oockd  blood stream. This study presents evidence
(Zorderowsks amd Wagner 1977] Nocmal  that in this condiilon move than ope folate
sctum has a messunable capacity 1o bind  binder appears in serum.

a 1979] It bay therefore been postulated Material and AMotheds
Abat liver may be one source of serum-bind-
ing protein together with keukocytes. Serum was obtalned from 44 mormel

vohwo-
teety (24 male and 20 femala), aped from 18 to
58 yeary, 21 patients with acuy hepaitiss (all Aws-
traffa antrgem powirve) a0d 18 pabents with bepat
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Folats Bisders In Hepathtly

Flz.2. The clation paitcrn of scrum from pa-
et with acote hcpatins BD = Bieo dextras,
A = afbowin; FA = fole sad.

mmn peaks In both the cases oot other
small pesk was constantly present in the
poutin  comrespooding 10w MW of
20,000-24,000. The first peak eluted closed
with the position of the void volume, while
the sccond peak was found later than afbu
min in a posinon corresponding to a MW of
43,000 Only this binder was present in por
mal o cirrhotic sermm wheress oo pesks
were noted when tho radioactive folic acld
was ciuted In the absenco of serum. m this
case all the radioactivity accammulated In the
posttion of freo folic acid (fig. 2).

Discassien

Difterent binding proteins for folic acd
are present in  er cell cither free fn the cy
toplasm or structured [ the mitochondria
or nulel [Comrocher et al, 1974 Zami-
cronsky snd Wogner 1977} $ince TFBC B
ratsed in Bver dmeases, it has been sugpest
ed that liver may bo a source of folate bind
et [Cotwan and Herbert 1976 Corrocher
eral 1979]

25

The lndmgs presented here support this
bypothesic. However a4 in normal serom,
ouly onc bmder may be detected, whereas
in scute bepatitis we have different binders,
1t means that oaly m the presence of a mas-
sive cell necroshs some of the bmdens (nor
mally stroctored) may be released into the
circalation and detected with our method.
The TFBC was lngher than poanal n cir
rhosis and cven bigher in acute bepatiths (p
<005 and p <0001 respectively). The
saturation of serum was 784 / In drrhosh
and 85¢ in acute hepatiths sgamst 844/ i
pormal. These findings are relatvely wex-
pected in fact the serom in scute hepatith
was moro saturated than serum n cirrhosls
in spite of & higher TFBC (276 v, 231 pg/
mI). This finding may be partlally explmned
with the presence in scrum of patients with
acme hepatitis of dEfferem binders as docu-
mented In figure 2. if these binders had a
different afflnfty for radicactive follc acld,
the tota] snd mmaturated binding capecity
of this serum might not be compared with
that found in normal or clrrhosts, being the
net result of diftercat affinities kn scute hep-
atith. A further indirect evidence for this
hypothesis bs represented by the fact that in
cirrhosh, TFBC was not statstically differ
ent from that in scute bepatiths in epito of a
Large necrosis of liver documented in these
patients by the high kevel of GOT the meth-
od for messuring TFBC and UFBC in acute
bepatiths might not be ritsble b the pres-
ence of different binder.

The characteristic pattern of fointe-bind
ing proters fomd in acute hepattis differed
from that noted fn pormml and drrhotic se-
rum [Colmart and Herberr 1976 Corrocher
et al. 1579] and represents e+ idence that In
the presence of cell necrosts the tntracellular
binders may be reicased into the crrculation
similar biaders were observed b the cyto-
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le drrhosts. The serum was sepanated from clotted
blood withun 2h acd stored at ~?0 C for not
more than 15 dayr. Al the procedures were per
formed uing duposable gloves and mask to pre
vent virus {nfection.

Determination of Total and Unsaturated Fola
te Binding Capacity This was performed by the
method recently described but slightly modified
[Corrocher et al, 1979] The method & based on
the displacement at low pH (0.0285 Af of cltric
acld, monopotasmum phosphate barbtlal and bor
fc acid) of endogenous folate which is then re
moved with albumincoated charcoal (ACC) The
bmder l then resdy to bind exogenous-labelled
folate. The modification iIntroduced hero coa-
cerped the prepamation of the ‘zero control tober
since nonmal serum contains about 3.0g/dl of
bumin (le. 120mg@M4ml of serum), an equal
amount of human albumin was added to the ‘zero
tube. This fact minimizes the possible interference
of serum albumin (pompecific binder for folic
acid} in the quantification of binding capacity

Chromatography 5l of serum from two dif
ferent patients with acute hepatith (R.C, A.C)
were treated with the acidic solutlon (Vo/Vo) used
for TFBC determunation and then absorbed with
3m! of ACC to remove endogenois folate. When
albumin letely the ch 1 ACC
will remove only free folate the proportion be-
tween seyum and ACC used in the experiment wus
chosen since 3 ml of ACC rernoved 95% 10 ng of
labelled folate mdded to 5 ml pbosphate-buffersd
wline plus acldic solutfon [n thés condition, a3
traces of freo folat remmdned {n the sopemnatant,
the posybility that ACC removed the binder b
pegligible The pH was restored to 7.5 with so-
dium hydrate befors mdding exogenous radioactbre
folic acid (500 pg) After 30min of  cubation at
37°C, the free radloactlvity was removed with
ACC by centrifogaton (10min at 3,000 rpm).
5 m] of mdloactive supernatant was  luted from a
Sephadex G 200 columa (2 <60 cm) equillbrated
with phosphate-buffered saline (pH 7 4) and cali-
brated with Bleu dextran (BD), albumin (A) and
free folic acld (FA). The recovery of radioactive
folate from the cluale was measured by Iotegrat
Ing tho arca of radicactive peals H was 96-98Y
when compared with the radioactivity of 500 pg of
labelled folate cluated in phospbato-buffercd saiine
In absenco of serum (binder) 100 2-ml fractloms
«rete collected and the radicactivity of 10ml of

Corrocher/Bambara/Pachor/Stnzial P

each fraction was mestured fn 10mi of Instagel
(Packard) and counted nung a liquid scintifiation
counter (Packard). The wafmes, cormected for
quenching with an external standard method, %er
plotted against the fraction number

Results

Figure 1 shows the findings of TFBC
and UFBC obtamed in our patieats. Mem
normal TFBC was 160 + 62 pg/ml (range
89-282 pg/ml) Mean pormal UFBC #
25 pg/ml (range 3.5-56 pg/ml) The saturs-
tion of normal serum was 84%. All patlents
with acute hepatiuis were in the scute phase
of disease serum glutamic oxaloacetic trans-
ammase (GOT) ranged from 1700 to
3,200U/ In these patients TFBC vamed
from 198 to 509 pg/ml mean walue
276191 pg/ml (p < 0001) The mefn
UFBC was 42+28 pg/ml (not sigmificant)
In curhosis the mean TFBC w&
231£117pgml (p < 005) and UFBC
500431 6pg/ml (p <005) (Og 1) The
transaminase GOT ranged from 24 10
197 U 1n this group of paticnts.

Chromatographic study of hepatic s¢
rum showed a radioactlvity profile with two

[ ]
gmalj

Fig.1 Mean level (+ SD) of TFBC (stip-
pled) and UFBC (open) [ normmfs (N) and In pa-
tients with liver cirrboals (LC) and acust  hepathhs
(AH)
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Assoclated Red Cell Enzyme Deficlencles and Their Significance
in a Case of Congenital Enzymopenic Methemoglobinemia
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the binerma in this case. The lack of symptoms in spite of a high methemo-
globm (HI) level (35% ) nppeans to bo due to the restriction of Hi to 1 xnall percentags of
red cells.

Intredwction "hh mﬂhcmﬂo&ncmh. Mmy o( Lhu
Methemoglobmenma can be defined a3 & ponndsmdthu\panchuu(ﬂpcdany

cimical candition in which more than 1/ of
hemogiobm (Hb) in clrculation s oxidkzed
10 methemaglobin (HI) (1] The defect can
cither be hereditary or sequired I origin.

nicotinsmide

Deficicncy

adenine dlnncleotide obin reduc
tase (NADH-MR) {1] and strocturad abeor
mafities of the globin chats like HbMs [2]
are of hercditary 3
oemia, Defickencies of reduced nicotinamide
adenine ot p h
globm reductase (NADPH-MR) [3] mscor
bic cid [1] and reduced glntathlone (GSH)
[4] which play a minor rok In reduction of
Hi én vivo arc not known w0 be emociated

- roooN

anlline derivatives, nhrites or nitrates), and
their breakdown prodocts, if present In the
cireulation in suffickent amounts, can cause
obinemla in otherwise bealthy tn-
drviduats [$-7] The high orygen affintty of
Hi and the consequent thsoe hypoxis i re-
sponsible for mest ol ths symptoms and
signs of methemoglobinemia [1]
We present & exso of congenital methem-
cgiobinemia due 1o NADH-MR
{n an Todian Mostim. The rarity of this con-
ditlon and the relatively bess morbidity In
this case, in spite of two other amociated
red cell enzyme deficiencies, have prompied
s to report it
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plasm of liver cell [Zamierowski and Wag-
ner 1977]
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Congenits] Exrymopenke Methemogiobimania

20-30%/ reduction n GR activity hes been
. noted fn the red cells in many cmses of
NADH-MR dcficlency [24] The cxact
canse for thn association is not known. In
some cases this could be duc to = dictary de
flciency of riboflavin (1 23 25) Similarly
u dictary defickency of sclenium is known to
reduce the GSH Px activity [26] A geoetl

cally determined reduction In GSH Px ac
&vhyhnnhobemrepomdr:amuyinv.hu
Jews and the Mediterrancan  popalations
[26] In absenco of family studics it s not
possible to determine which of these factors
8 responsible for the low GR and GSH Px
sciivities in our cxse.

That deficiencles of GR and GSH Px are
oot functionally significant in thks case b
apparent from tbe T Yevel (35%/ ), which 1
consmtent with the classical bomarygoos
state for NADH-MR deficiency [1 23]
Ono would have expected a much higher Hi
level it thess enzyme defickenches bad con-
tributed to the methemoglobanemia. Ab-
sence of a significant shift in the oxygen dis-
socution corve (dooe carlier) further sop-
ports this view Tnsuability of red cell GSH
i the outcome of the same oxdative strem
which causes Hl formation. This ks becamse
protection of Hb and GSH sgamst oxtdation
are mterdependent phenomena [27] The
low GSH stability in thh case is, therefore,
not uncxpected. In a recent paper Bewsler
[26] questioned the role of GR and GSHPx
defickencics in the genesis of nonspherocytic
bemotytle ancmia and labelled these enzymeo
deficiencics a8 ‘noodiseases  The same ap-
pean troo for thelr role m methemoglob-
nemia a3 wel)

The relative lack of symptoms In cur
case even i face of & high Hi level b con-
shtent with what has alremdy been described
i hereditary methemoglobinemia doe 1o
NADH-MR deficiency [1]. At suggested by

Keltt et al [28] in 1966 the restriction of
Hi to a very xmall population of red cells
(fig. 1), which presumably are older in age
(prcudomasalchim’), could explain  thh
phenomenon. Tt {s posible that the majority
of red celly, which are younger and contain
very little HL, function normally The rc
serve reducing activity in theso cells already
referred to, s reported to be competent
cnough to compensate for NADH-MR defl
clency [28]

In absence of data on the Hi and
NADH-MR levels in the patient s relatives,
it b not posiblc to be certain about the
mods of Inheritence of this defect in this ps-
tent. The clinical features and laboratory
findings, bowever favor e homozygous
sate History of consanguintty in the pa
thnts parents further strengthens tuch a
possibility since this defect has been found
to be prevalent in inbred populations [24]
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Case Report

A H, a 32 yearold Muoslim male from Ca
cufta of easy fatigubility and §
al headache of long d fed by sla-

te-gray discoloration of the 1ps and naily, He was
operated opon In 1977 for duodenal ukcer 1 of his
3 siblings, his elder brother has similar com-
plaints. The other 2 are shsters, and not moch in-
formation could be obtalned about them. The pa-
tlent s parents are fimt couslns, None of his rela
tives could be investigated.

The patient was well bullt and nourghed. He
had dusky cyanosls and mild clubbing of fingers
which could not be explained became all other
syderms were found 1o bo normal on examination.
There was no necurvlogic deficit. Investigations
were carried out using standard techniques [8] on-
less otherwise indicated, In June, 1979 hh Hb was
1505 ¢/dl (normal valoes (N) = 13-18) packed
cell volume = 044 /1 (N ~ 0.40-0.54) mean
corpuscalar Hb concentration = M2g/dl (N
= 31-35) reticulocytes = 08 (N<2) os
motic fragility (in 0.4%/ sodium chloride) = 52.7%/
(N = 50-90) Hi=3503 (N<I) Hby= 058/
(N<2){9] HbA =30% (N=07-30)[10] Hb

i U‘F’*’ ha -2l

N S0 ¢
O fOfo SN

D A OO %(,'

1
el )] (
P ST o
N oS

- OO A 2
2 B0
Fip. L. In the pathent's red

cells after elution of methemoglobln (HD) by 0.2 Af
cltric acid. The smear bas been counterstatned
with Mayer s hemalum and 03¢ cosin. Th wmall
number of ghost cells represent the Hicoataining
cells in viva. Aho potc some intermedlately

stalned cells. X 400

Das Gupta/Vaidya/Bapat/Pavri/Baxl/Advan

electrophoresls on paper in phosphate buffer &
PH 7 {11] did pot show HbM band. Floorescest
spot test for NADH MR deficlency was postt
[12] Elution test for Hl shomed It to be resticied
to & very small percentage of red cells (fig. 1) (131
Peripheral smear did not show any morphologic
abnormallty No Heinz bodies conld bo demow
strated cither by methyl violet or beilliant cren!
blue staining. Oxygpen dimociation curve (dooc
1977) fs reported to have shown no significant shift
to left,

His GSH level was 51 mg¥ RBC (N = 46-101)
[14) GSH stablilry = 4564 (N = 7)-100) [15%
GSH perovidase (GSH Px) = 175U/ Hb (N =
33-655) [16] glut thione redwctase (GR) = 416U%
Hb (N =~ 6583 [17] NADH MR =15U (N=
64-126) [18)] NADPH MR = 211U (N =219
[19] Catalase = 7.0U (N = 3.0-6.7) [20] giocest
6-phowphate dehydrogenass = 2.6 U/m! RBC/mis
(N =2856) [’1] and 23-dip! -
17.3 pAM/g Hb (N = 109-19.2) [22]

Dhcussion

The normal level of Hi In blood (< 1%9)
reflects the subtle balance between two op-
posing forces /n w10 namely those respont
sible for its formation and thosc governing
its reduction to Hb Approximately 95 /o of
the latter activity is medited through
NADH MR which uses NADH as a coe-
zyme (23] Rest of this activity resides m
NADPH MR, ascorbic acld and GSH, 23
already meationed. GR, by virtue of its role
in maintaining an optimal GSH level can
also affect this belance Deficlency of GR
would lead to reduced GSH level with con-
scquent decrease in Hi-reduaing activity
Sumilarly a deficiency of GSH Px, would
theoretically favor excess Hl formatlon
through the unopposed action of H,O on
Hb molecules.

Intcresungly our patient is deficient not
only in NADH-MR, but also shows reduced
actlvities of both GR end GSH Px. A

-
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Congenital Entymopenic Methemoglobloemia

20-30% reduction In GR activity has been
noted {n the red ccls m many cases of
NADH MR defidency [24] The exnct
camse for this amoclation s not known. In
some cases this could be doe to a dietary de
fickency of rboflavin {1 23 25] Slmlardy
o dictary deficency of sclenjum s known to
rednce the GSH Px activity [26] A geneth
cally determined redoction in GSH Px ac
thvity has abo been reported recently in the
Jews and the Mediterranean populations
126] In abeence of family studies it b8 not
possible 1o determine which of these fectors
is responsible for the low GR and GSH Px
actlvities in our case

That defickencies of OR end GSH Px are
oot functiomally slgnificant in this case, bs
apparent from the Hi level (354 ), which is
conustent with the clamical homorygoos
sats for NADH MR deficiency (1 23]
Ono wouild have expected a much higher HI
level it these enzyme defickencics had con-
tbated to the methemoglobinemia. Ab-
sence of a significant shift in the oxygen dis-
socation curve (dooe carber) further sop-
ports thr view Iostability of red cell GSH
b the outcome of the same oxidative stress
which camses Hi formation. This b because
protection of Hb and GSH sgainyt oxidaton
are interdependent phepomens [27]  Tho
low GSH stability in this case i, therefore,
oot mexpected. Jn u recent paper Bewtler
[26] questioned the role of GR and GSHPx

defxciencies as ‘noodisesses The same sp-
pears troc for thelr role n methemogiobl-
nemia s well

The relative lack of symptorms h our
casc cven in fece of a high Hi level fs con
sistent with what has already been

=7

Kdrt et of {28] In 1566 the restriction of
Hl to a very small populaion of red cclls
(fig. 1), which presumably arc older in age

") could explain this
phenamenon It iy possible that the majority
of red cells, which are younger and contain
very httle Hi, function normalfy The re
scrve redocing sctivity in these cells already
referred 1o s reported to be competent
cnough to compensate for NADB-MR defl
ciency [28]

In absence of data on the HI and
NADH MR levels in the patient s relattves,
it Is not possible to be certadn about the
mode of inheritence of this defect In this pa-
tient. The clinical features and laboratory
findings, however favor s homozygous
state. History of comsanguinity in the pa-
thents parents further strengthens soch &
posalbility since this defect has been foand

to be prevalent (n inbred populations [24)
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Case Report

A.H a 32ycarold Mutllm male from Cal-
culta complained of casy fatigability and occasbon-
a! headache of long duration accompanied by sls-
te-gray dicoloration of the lips and nall. He was
operated upon In 1977 for duodenal uleer 1 of his
3 siblings, his clder brother has similar com
plaints. The other 2 arc sisters, and not much in-
formation could be obtained about them The pa-
tient s parents are first conias. None of his rela
tives could be fnvestigated.

The patient was well built and nourished. He
had dusky cyanovs and mild clubbing of fingen
which could not be explained because all other
systerms were found to be normal on examination
There was no logic deflcit. Igatl,
were carried out using standard techniques [8] un-
less otherwhse Indicated, In June, 1979 his Hb was
1505 g/dl (normal values (N) = 13-18) packed
cell volume = 044 1/1 (N = 040-054F mean
corpuscular Hb coacentration = H2g/dl (N
= 31-35) rcticulocytes = 08% (N<2) os
maotie frogility (in 04 / sodium chloride) = 52.7%
(N = 50-90) Hi=~3503% (N<1) Hb= 0589
{(N<2)[9] Hb Ay =3 0% (N = 07-30) [10]. Hb
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Fig.1 Pseudomotalchm in the patients red
cells after elution of methemoglobl (HI) by 02 4
citrde acid. The smear has been counterstained
with Mayer's bemalum and 0.5/ coaln. The small
namber of ghost cells represent the Hi-contalning
celly in vivo Aho note some intermediately

statped celix. X 400,

Das Gupta/Vaidya/Bapat/PaviiBaxi/Adhaa

electrophoresis on paper In phosphate bafler 2
PH 7 {11] did oot show HbM band. Floorece
spot test for NADH MR deficlensy was postm
[12] Elation test for HI showed it to be restricted
to & very small percentage of red cells tfig. 1) 18
Peripheral smear did not show any
abnormallty No Helnz bodies coald be demos-
strated either by methyl violet or brilliem erenl
blue stalning. Oxygen dhsochation curve {dooc &
1977) is reported to have shown no significant shift
to left

His GSH level wos 51 mg¥/ RBC (N = 45-180)
[14] GSH stabiliiy = 43 6% (N = 71-101) 15
GSH perotidare (GSH Px) = 17.5 U/g Hb N~
33-65.5) [16) ghutathione reductase (GR) = 41603
Hb (N = 65-83) [17] NADH MR =150 M~
64-126) [18] NADPH MR =2.11U (N =239
[19] Catalase = 70U (N = 3.0-6.7) [20] glucoe
6-phosphate dehydrogensse = 2.6 U/ml RBEC/nis
(N =28356) [21] aod 23-diphospboglycente =
1734 M/g Hb (N = 105-19.2) [22]

Dhscassion

The normal level of Hi 1 blood (< 1)
reflects the subtle balance between two 9P~
posing forces in vivo namely those respom
sible for its formation and those governing
its reduction to Hb Approximately 95% of
the latter mctvity 18 meduated through
NADH MR which uses NADH as a coen
zyme [23] Rest of this activity resides in
NADPH MR, ascorbic acid and GSH, s
already mentioned. GR, by wirtue of its ok
i maintaining an optimal GSH level can
also affect this balance Deficiency of GR
would lead to reduced GSH level with con-
sequent decrease m HI reducing activity
Similarly a deficiency of GSH Px, would
theoretically favor excess Hl formation
through the unopposed action of HO, oo
Hb molecules.

Interestingly our patient is deficlent not
only in NADH MR, but also shows reduced
activities of both GR and GSH Px. A
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20-30%/ reduction In GR activity bas been
noted In the red cells in many cases of
NADH-MR defickncy [24] The exact
camse for this emociation b not known. In
some cases this could be duc 10 a dictary de
fciency of ribofisvin [1 23 25) Stmilardy
2 dietary defichency of selenium is known to
redoce the GSH Px sctivity (26] A peoett-
cally determined redoetion in GSH Px a¢
trity has also been reported recently in the
Jews and the Mediterranean populatiom
[26) In absence of family studies it » not
ponsible to determine which of these factors
i respomsible for the low GR and GSH Px
actrvities in our case.

That deficlencies of GR and GSH Px are
not functionally ugnificent in this case, s
apparent from the Hi level (35 /), which is
consistent with the classical
fate for NADH-MR deficency [1 23]
One would have expected a much higher HI

tence of a significant shift in the oxygen dis-
soclanon cune (dono carbier) further sop-
porty this view Imstability of red ceil GSH
5 the outcome of the same oxidative strems
winch cyuses Hy formation. This is becawse
protection of Hb and GSH against oxidation
are interdependent phepomena [27) The
waSHnabﬂ.xtylnthhmek.vhe:dom

In a recent paper Beadler
[26]qnmhncdﬂmm\eo(GRdeSHPx

Pean true for thelr role m methemoglobi-
nenia as well.

The relative lack of symptoms in our
cxe cven in face of a high Hi level b con-
ahtent with what bas wiready been described
in hereditary methemoglobinemia due o
NADH MR deficiency {I] As soggested by

7

Kelt et of [28] in 1966 the restriction of
Hi to a very wmall population of red cells
(fig. 1), which prexumably are older n age
(‘pseudomasaictsm’), could explain  this
phenomenoa. It is possible that the majority
ol red celly, which are younger and contain
very little Hi, function normally The re-
serve reducing activity In these cells alresdy
referred to ks reported to be competent
enongh to compensate for NADH-MR defi-
clency [28]

In abtence of data on the Hi and
NADH-MR levels in the patlent s relatives,
it & not ponfble to be certain about the
mods of inberftence of this defect in this pa-
tient. The clinkeal fextures and laboratory
findings, bowever favor & hbomozygous
state. History of consanguinity in the pa-
tient s parents further strengthens such 2
possibility since this defect has been found
1o be prevalent in nbred populations [24]
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Effect of Intravenous Adrenalin Infusion and Corticosteroid
Treatment in Patients with von Willebrand s Disease

Sinast Ozsoylu Kadir Tufcw, Isin Cotelll Hikmet Kavoloflu Medihe Urkmez and
Turkiz Gidrsel

Hacritepe Untrertity Faculty of Medicine, Department of Peclatrics, Hematology Scethan,
Aslars, Terkey

Key Words. von Willebrand's Dease  Adrenalin - Corticosteroid

Abstract. Intravenous adrenalin infusion (5 wg/kg, at most 160 xg in 10 min) normalized
partial thromboplastin time (PTT) and ristocetin indoced platelet aggregation (RIPA) in 4
of the 14 patients with von Willebrand's discase (VWD) in a short period of time. Although
mean factor VIII (F VII) procoagulant activity was almost doubled § min following -
foslon, this was mainly observed in pahents with relatively high beseline (> 2%} AHF
actlvity Mmeuwmmwmmm@/ foliewing 10 deys of
2mp/kgday at most 60 mg/day). PTT became normal
m 6 of the 11 plucnu,bulRlPAnofm:]b:dunlylnLTh:impmtmcmolRIPAd]d
not correspond to blecding time in every patent. These results may suggest that if the
baseline AHF activity is relatively high (5 9.5* ), corticosterold could be tried before
schedulo sorgical intervention in patlents with VWD

on Willebrand's disease (VWD) s not & their effect was evaluxted in patients with
__Ture bereditary bleeding ditorder and it o VWD

61 with hemophilia B and 35 with Vwp  Dlsterisliamd Methods

22 paticots with VWD who (or whose parent)
The diagnotis was verified by the prolonged | icd this evaloation were the wobjecrs of this

amdy The wpes of the patients nged from 3 Jo
coagulant actrvity and decreased platelet ad- 30 years, 11 were male and 11 female. Blecdhag
heslveness. mu(?‘l‘r)nfeﬁ;:anhtdbyhmch::h;rrlv
Sunce tho effect of corticosterold and ad ~ ® M [4). oo¢ prothrom pac
renaline on factor VI (FVITT) procosge- tal thromboplasun tnes (PTT), thromboplest
laat mctivity tn hemophilis A patients and
¥ blood donors had been shown by s (2, 3] kobu-ﬂ-l.[ﬂ.ﬂhr—lb-uhm-nd
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Adctralin end Cortieouterold Effect tn voo Willebrand's Diewse

begin with (able T) Altbough mean E-VIIf

Yy wetivity was almost doubled at S min, this
1 observed only in those § patients with
Rltfrely bogh baseline wctivity (-2 )
Mewm F VIT procosgulant activity of this
00D was 731 + 357 winch increwsed
©1399 & 1203 (9144 cevation) but
€ vz not found statistically sigruficant (p
>0.05). Improvement of the tests was ob-
rved in the latter group except in ooe I
‘om only bieeding tume became normal
(bl 7). The durstion of E-VIIT procoags-
<+t sctivity elevation was very short sinee tt
"8 0ot present in samples obtined at
Smin,

Followlng corticosterold treatment for
‘Dmmmﬂrymwmm
100 tn all cases, the mean bassline actrvity
11 prticnty ws 7.63 / which increased to
16117 (1117 cievation, p<0.01) PTTs
tormalized in 6 of 11 patients. With one ex
ttption, basciine AHF sctivity of theso 6

Tadle I Predolcos effect an F VI proco-

Seuln activity bn petents wih YWD

Beors  Afme  iscrement Normbred param-
* % e

i W07 10 PTT

1295 2722 1107 PTT RIPA, BT
=~ ey 123 832  PTT RIPA BUstayrd
s a2 74 T

s s i3 FIT

1 26 160

e o M7 PTT

b 16 24

3 36 ®7

s 14 s

123 3 140

X140 e

1na

1

cases was relatively high (3> 9.5% ). RIPA
berame normal n two but bleeding time
was pormalired {n one only (table 1T}

Discurston

Tt haa been shown by Jagrom [10] and
confimmed by Egeberg [11) and Gardikas et
oL (12] Ut intravenow sdrenalme infoston
intrestes plasma AHF activity cousiders-
by Ekvation of AHF sctivity hss aho
been thown during pregrancy {13 14] fob
Jowing physical exerchse [11 15) cortl
sterold (2] and p ph
ography [16] Very recently it wat shown
uy that more than J100% clevation of AHF
activity occurs in patients with marked iron
defickency memia [17]

The e¢levation of F-VII[ procoagolant
sctrvity in patients with hemophiia and
VWD bas abso been seported following the
adminlstration of corticosterodd [2] adren
afin [1] 1-deamino-8-arginine

ouly in patients with VVD by subcutaneous
b By fn
we have vi 111

Y

thown ts eftect on AHF levels in patients
with bemophilia A st the same dose wed In
present study Though oot significan, the
clevation of AHF activity wis abso shown i



McVMillan et al. (8], respectively Ristocetinein
duced platelet aggregation (RIPA) was studied as
described by Packman end Mustard [9) After
blood was obtalned, 5 ;g/hg adrenaline (at most
160¢8) In 10ml 5% glocose was given intrave
nomsly in 10min and cosgulation stodies, men-
tioned above, were repeated at 5 and 60 min from
completion of infoston In 14 patients.

Following baselinc cosgulation studles, corti-
costerodd (deltacortri]l 2 mg/lg/day at most 60 mg/
day) was given onally for 10 days doration in
11 patients and the coagulaton studles were re-
pested 3 patlents, a brother and sister and anoth-
er girl were given both adrenaline and corticoste
roid at different times.

Results

PT of all patients was found not to differ
from that of the controls but the nonacti
vated PTT was prolonged and the TGT in
dicated decreased F VIII procoagulant ac

Onsoyln/TogewCatell/Kavciofta Urkmez/Gdrel

tivity 1n all patlents. With two exceptron
BT was prolonged In all patients. A sister of
a boy with normal bleeding trme had all the
cnteria of VWD wncluding abnormal RIPA.
The boys RIPA was 4%, which was it
most low normal. Since his sister had the
disense, he too was ncloded m the VWD
group Becauso of abnormal RIPA, 2 gl
with normal bleeding time was diagnossd &
a VWD patient. F VIII procoagulant s
ity ranged between 0.5 and 10 8% and s
deficiency was very marked (< 2V0) @ 13
of the patients.

No significant changes were observed @
PT followmg adrenalme infusion or cortc>”
sterold treatment. PTT and RIPA becx®
normal following adrenalipe infusion ats
and/or 60 mmn m 4 of the patients. BT b
came normal m one mproved m snother #
5 and/or 60 min and was normal in one ¥

Table L. Adrenaline effect on F-VIIT procosgulant activity in patients with YWD

Belore, % After S min, % After 60 min, %
08y 08s 095
0.56 099 0.89
1.08 119 097
1. 186 125
05 03 035
06 08s os
22 4 174
2 146 12
(1%, 085 a7s
9.5 159 11.5
07 Q074 a7

108 1337 12
504 107 561
9 26 7

X =31 566 325

+781 +41

SD+374

Remarks

PTT and RIPA normalized at § and 60 min and shortes!
at 5 min

BT nocmafized at 5 and 60 min

PTT and RIPA npormaltred at 5 and 60 min respec
tively BT was normal to begin with

RIPA Improved cooskderably at 5 min and PTT nof
snatzed at 60 min BT jmproved

PTT and RIPA atmost normal st § min



Adrenafia end Conicostsrald Effect kn von Willchread™ Discaac

woctited wih moscolar exsrcisa and sdremallos
patmion. Scaad. | clm. Lab Iavex. I3

ectivity jm the plaama Acts haerost
€ 216219 (19¢8).

3 Sroem, M. 5, Dismood, L K. Fleration of
fackc VI (sntihemophilc  facton)
POonancy b mormal persons and in petcst
whh oo Wilkebramd's dracase. New Engl. 1
Med 265 1,51-1252 (19631,

14 Prewn, A E. The plasms concenimtion of

] (5500 Vil in the mormal popolation L Moth
1 ad bables ot birth Br ] Heomat 10
110-114 (1964).

Bermatt,

oy und following exerco aod POFUTROCDEE
Pemiogrephy § Leb. cha hed 0. 756-281

(.
16 Maxncet, P M. Ruggei, Z M Orguatell,

93

g Nenous of factor VIII kevels
man Br ) Haemat 20. 195207 U971}

clamac md voa Wiicorands -
coe (VWD) Thromb Humostams X
657-662 (19T

Recelrad. 17 1960
Aceeptet: 1 ly 4, 1960
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Deparunent of
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AHF activity mcreased to more than 10%,
with correction of RIPA but bleeding time
was cffected only in 2 of them 5 and
60 min after adrenaline nfusion the bleed
fng time of another patlent became normal
without considerable AHF level and RIPA
changes. In general, no parallelsm was
shown between the normalization of RIPA
and bleeding time following adrenaline mfu
sion. The adrenaline effect on the AHF lev
el was of a very short duration, Therefore,
its effect should be explained by the secre
tion of AHF from storage organs.

PTT became normal in 6 of the 11 pa
tients following corticosterold treatment 1n
5 of those patents, the AHF activity
creased to over 25% of normal However
RIPA normalized in only 2 of them and
bleeding time In only one Although RIPA
normalized in 2 patents whose AHF activ
ity was more than 25%s, it was not improved
in all of the patients whose AHF actvity
rose above this level. Spontaneous normalis
ation of BT in some occasions has been re-
ported In patients with VWD Therefore, we
do not think that occasional improvement
of BT should be related to the treatment. By
chance the baseline AHF activites wers
higher 1n the corticosteroid-treated paticnts
than in the adrenaline-infused group There
fore thelr response to theso drugs should
not be compared.

In conclusion, this study showed that the
elevation of AHF ectvity due to adrenaline
administraton or following corticosteroid
treatment did not Improve RIPA or bleed
ing time in all the patients, but were, in gen
e, effective 1n those patients whose AHF
activity was relatively high to begin with
(mild VWD) Although jmprovement of
RIPA and bleeding tme are related to each
other they do not correlate on every occa
sion m ths study But our results suggest

Onsoylw/ Tufew/ CBtelll/Kaveloflw/Urkmez/Gurnsel

that corticosteroid treatment could be unsed
in those patients with mild VWD m whom
baseline AHF actwity is over 10%, before
scheduled Interventions. Adrenaline admn-
istration could also be tried m mild VWD
patients in controlling mild bleedings
around nonwvital organs.
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Sea-Blue Histlocytes n Idiopathic Thrombocytopenic Purpura
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Abstract. Sea-blue lusbiocyles are descnibed in the bone marrow of a 15-year-old mat
patient suffenng from idiopathic thrombocytopenic purpura. Cytochemcally the storef
matcrial 1n these cells appeared 1o be glycophospholipid. Lipid analysis of blood leucocyte
and nuclented cells of bone marrow showed o significant increase in the phospholipids
triglycerides and cholesterol as compared to age-matched controls. Serum lipld analyst

showed a mild increase of phospholipids as compared to age matched controls.

Introduction

The syndrome of sea-blue histiocytosis
[5 6] has been reported to exist in two
forms, a pnmary varlety winch is probably
a homozygous state for an as yet undefined
enzyme deficiency secondly an  acquired
variety which i{s probably a heterozygous
state, and is precipitated by some stress

Material and Methods

K. S, & 15yearold male, admitted t0 the bos
pital for scvere eplgaxs and purpura, was
noted a3 having ITP on the basls of the typia!
clinical and hacmatofogical findings. The platelct
count at admission was 12% 1041, In addition, the
bone marrow smears showed occasbonal histio-
cytes which were 30-60 wm (n dlameter with an
eccentric w:lcull.ndnnly discernible nucleolos:
Cytop! coarse  granules which

which inclodes both 1 ical and
non haematological dhiorders. Sea-blue hm-
tlocytes appeared to have been described 1n
bone marrows and/or spleens of only 4 pa
tients with idiopathic thrombocytopenic
purpura (ITP) [1 4] but none from the In-
dian subcontinent. We here descnibe sea
blue histiocytes in the bone marrow of a
15-year-old male patient with ITP who & of

Indo-Aryan ongin

sained sea blue to arur blue with Lemhmand
saln, The granulas were penodic  cld-Schiff
(PAS)podilve, both before and after dlastss
treatment. Sudan B-posttive and negative for fron
win. These ceils did pot show any eiofloores
cenice. The serum lipid profile asaayed in the actic
stage showed  normal pattern xeept f r mild
clevation of phospholipida (patient 2948 mg/dl
control 190 + 20 mg/dl). The phowphbolipid frac-
tons were pot significantly different from age
matched normal controls. The pathents orint-



Sea-Blos Histlocytes n ITP

Trdie L Lipid acalyshs of seococytes and mockesed boos marow cells

Leucocytes
egimi packed celly
Pt coatrol {3)
mean ango
Phomphotipid kb2 344 212
Trighycendes WA 6057 216
Choleserol e m 14

howed traces of acd ucopolymcchances by
paper chromasography Liver fonction tosts were
oraal

The patent had 10 bo pat oo predosoions

195

Boos marow

mes cely

patien contrel (%)

mean range

335 s ot o3 1231
13.636 13w 1503 1108 Y19
R, 16487 0517 008 0511

rather than cermd. The cells were morpho-
lopcally ad histochemically different from
thaso of foamy histocytes deteribed in
spleens from ceses with [TP and we have
ot observed sca-blue histiocytes ln any
boae marrow of a serkes of moro than 50
cases of ITP stodied by us during the Lest 10
years, It b probable that the presence of
sea-bloe is related to zn addition-
al pathogenetic factor(s) operating in our
present case.

The relation between sea-bloe hstiocyto-
sis and abnormalities of Ipid metabothm b
mcicar Normal, subnormal or elevated
concentrabons of total Lipd, cholesterol and
Phosphofiphis have been reported [5) Tt m
r Ty beld that the gotes vaually
do not show any abnorrmal Hpid metabolism
[S 6] The serum Epid profite of our petient
during the acute phase of the discase did
thow incressed Jevels of phospholipid a3

thoned  noral sphragoon tn ead et resko

Disczsrion

The sea-blue bl o

to normal age-matched comtrots.
Hcmmr the ratio of sphingomyetin to keck-
thin was normal. Atwormalitles of Tipid
content of liver spleen and bone marrow
bomogpenates fn the form of increased con-
centration of total Ipuds, phospholiplds end

th:h:nemrmo(lhccmcmdcrdhcm—
»on to contal gl %

with the reversal of sphingo-
mrtﬂnlndladttﬂnnﬁo.hnubemrrpoﬂ
ed in the primary form and occasionally in
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Abstract, Sca blue hustocytes are described in the bone marrow of & 15 year-okd male
patient suffering from idiopathic thrombocytopenic purpura. Cytochemically the storeg®
material in these cells appesred to bo glycophospholipld Lipid analyss of blood leucoeytes
and nucleated cells of bone marrow showed & significant increase in the phospholipuds

triglycendes ond cholesterol as compared to age matched controls, Serum 1

pid analyss

showed a mild increase of phospholipids as compared to age-matched controls.

Introduction

The syndrome of sca-blue histiocytosis
[5 6] has been reported to exist in two
forms, a primary variety which is probably
a homozygous state for an as yet undefined
enzyme deficiency secondly an  acquired’
varicty which is probably a heterozygous
state, and 1 precipitated by some stress

Material and Methods

K.S a 1%year-old male, admitted to the bos-
pltal for severe epluans and purpars, was diag-
mosed as having ITP on the basis of the typical

linical and hacmatological findings. The plate
count at admission was 12X 1041 In mddlﬂo:h:’:

cytes which were 30-60 m in diameter with 81”7
eccentric nucleus and easily discernlfble nucleolos.

which includes both haematological and
non-haematological disorders. Sea-blue his-
nocytes appeared to have been deseribed in
bone marrows and/or spleens of only 4 pa
tients with 1diopathic thrombocytopenic
purpara (TTP) [1 4] but none from the In-
dian subcontinent. We here describe sea-
blucrdsﬂocytmmthcboncmamwo(n
15 year-old male patient with ITP who is of

Indo-Aryan ongn

Cytop ined coarse granoks
stained sca blus to azur blue with Lebhman?
saln, The gran lev were periodic ackdSclfl
(PAS)-positive, both beforo and after diastase
treatment. Sudan B—pon‘uemdnep(helorum
staln. These cell &id pot show any auctofloored
mmmmllpidprome-aycdhﬂm-cmt
stag showed a normal pattern xcep!l’aflmﬂd
elevatlon of phosphbolipids (patient 2918 mp/dl
control 190 £ 20mp/d)  The phospholipld frac
tiom were not significantly different from age
matched pormal cootroh. The patients urinc-s
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Abstract. In » stody of 16 patients with aplistic ansemta, an attempt has been made to
relate data to h and clinical course There was a
positive relationship of cellularity on trephine blopsy with plasma iron clearmnce and cryth-
rocyte iron turnover but not with red cell utilisation, Bone marrow sspirate provided
less reflable information on crythropoletic function than did trephine hiopsy There was
good correlation between all the fer wmd reticolocyto count, bat not
between reticulocyte comnt and marrow celiularity even by trephine. Patients whose ferro-
Linetic studses indicats a lexs severe erythroid depression (Le., plnima clesnnce T << 200
min and red el mtilisation > 35/ ) are mare ikely to survive without transplantation thn
those with moro abnormal ferrokinetic resutts but such stodies alone are of only limited
valoe tn clinkeal maragement of the individual patlent.

Introductien and platelets indicates the prognoshs. How-

ever othens ha ¢ comsidered the retacmlo-

In aplastic anaemia the need to select  cyte count to be kew reliable, espectally in

patients for treatment by bone marrow trans-  pancats with lafection [4 7] Boae marrow
plantation makes it importaat to have refi-  cellnlarity in blopsy speamens does not cor
able criteria for prediction of prognosis relate with prognosis [3 13] and the oc

mdnid‘n]a:u.‘!b:trhdonhmmboqlo-
penua,
huhccn\ncdmdhﬁn;uhhpmicm‘hhn
poot proguosh [9] who are Lkely to dic
w thin 4 months of thelr firt clinic vhit
The data of Lofrmann ct al. [8] wnd Hell-
regel ¢t al. 3] have supgested that the redd
 culocyle coumt rather than the neutrophils

has been d d be
tacen ferrokinetie dats obtamed with ®Fe
mdboncm:m-eennhﬂty[z,lo 12) bnt
b the bypoplssic moge, the data pre
‘m“db]’\ﬂmnll[w]nho-cdlhtcb:
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the acquired form of the disease [5 6] The
homogenate of nucleated cells from the
bone marrow of our patient also showed in
creased concentrations of the major lipld
fractions including phospholipids The leu
cocyte hpid analysis of our patent revenled
mcrensed concentrations of phospholipids,
tnglycerides and cholesterol as compared to
the normal age and sex matched controls,
The relevance of ipid abnormalities to the
appearance of sea-blue hustiocytes remains
as yet unclear
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Ferrokbwetic Stoxtien In Aplestio Amvemin

Erpthrodd celtalarity

1 Not mors than two erythroblasts seen ja the
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1 Scaered arexs of erythrobises

3 Acttws erythropolesis fa the presmcs of prm-
i kypocellalarity
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Ty of plasm from chearuace (PQ) and mrximen
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Remiy

Table I gives the data for the anafysiy re
Iating reticalocyte count, trephine celtalarity
and ferrokinetic data. Tables II end IO
show the data relating ferrokinetic messure
ments to the subjective ssemment of wspi-
rate celiolarity Table IV shows the rank cor
relation coeffickents with thelr amsociated t

that PC relates positivety to RCU and PIT
to reticulocyts count, and aka, though less
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relationship was not close, and overlapping
ferrohnetic results were found in groups of
patients with signficantly different course and
prognosis. More recently Najean and Peck
ing [11] have shown that #Fe utilisation is a
useful prognostic indicator for survival after
the 3rd month

Because of these apparent discrepancies,
the present study has been carmied out to
reassess the relationship of ferrokinetic
measurements to the reticulocyte count and
bone marrow cellulanty and to the clinical
seventy in aplastic anaemia.

Patients and Methods

16 patkents with aplastic anacmia were stodicd
They had been referred to the Hammersmith Hos
pital and were thus presclected in that the referral
pattern s blmied to patients with severe disease.
Separate analyres were made on the patients for
whom complete data were available and for a
group of the patients for whom the data were in-
complete, cither becuine trephine blopsy was not
available, nlthoogh all had marrow sspirates, or
because fron ntliation was not stodled for an ad-
equate period of time.

McCarthy/Osier/Lenh

Smears of sspirated marrow and trephine bop-
1les were obtained and processed by standard pro-
cedures. The cellularity of trephine blogsy sectioss
wa msessed In 11 patients by microscopy wid
mcyfpkcevhhmlmmvhkh.nwdmol
an area 2 X 4mm? at X 40 Foor sch aen
were counted In each sectlon. Becanse of varlable
cellularity In different arcas of the trephine sxm-
ple, an axseszment was firt made under low pod
er of the overall distribution of cellatar are, 183
In the subsequent count the cellalar srea were i
cluded fn the same proportion as exbsted in B
sample, The observer who performed the cout
was unaware of the results of reticulocyte coust
and ferrokinetics at that time.

Bone marrow cellolarity was abo amenet
subjectively on the smears of marrow sspinte B
all caser. Attempts were made to disingush be
tween erythrokd and poa-crythrold (cmeninlh

Cellularity was graded ¥

Y
follows.

Total cellwlarity

I Fragments with only fat cells and reticoloz
cells
2 Generally hypocelilar with oos or more cet
lular arcas present 1f only one cellular area, somd
actlvity also present througbout the sample

3 Approachmg porma! cellularity with mam
active arcas

A scparate grading of erythropofetic acting
was also made

Table L Ferrokinetic data refated to reticulocyte counts and marrow cellularity

Case PCTy RCU
min % x10°1
N.B 309 ] ]
M.S. 247 a3 9
M.T 236 6 16
MB 145 43 65
zP 360 12 13
AC 34 14 10
NK 71 29 21
RH 194 52 53
M1 138 62 109
PC 98 2 104
sY 108 74 60

Trephine PIT ETT
ceils/32 mm? pmol/l/day pmol/l/dey
256 195 0
108 326 009
M8 26.7 16
39 394 169
348 179 215
- 213 298
312 258 75
- 258 134
124 3o 211
588 580 302
780 e 507
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Resulty

Table I gives the data for the snafysis re-
Tating reticulocyte connt, trephine celtularity
and ferrokinetic dats. Tables I snd T
show the dats relating ferrokinetlc measure
ments to the subjective assessment of mpi-
e ceftulurity Table [V thows the rank cor
relation coeffickents with their astocisted t
widd p values for the variables stodied.

The statistical amalyss (able IV) shows
that PC relates poutively o RCU and PIT
1o reticulocyte count, and abm, thoogh less
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relationshlp was not close and overlapping
ferrokmetic results were found in groups of
patients with significantly different course and
prognosis More recently Najean and Peck
ing [11] have shown that ™Fe utilisation is a
useful prognostic indicator for survival after
the 3rd month

Because of these apparent discrepancies,
the present study has been carried out to
reassess the relationship of ferrokinetic
measurements to the reticulocyte count and
bone marrow cellulanty and to the clinical
seventy in aplastic anaemia

Patlents and Methods

16 patients with aplastic ansemla were studsed
They bad been referred to the Hammersmith Hos-
pltal and were thus preselected in that the referral
pattern s biased to patients with severe disemss
Scparate analyses were made on the patlents for
whom complete data were avallable and for a
group of tho patients for whom the data were In
complete, either because trephine blopsy was pot
available, although all had marrow aspirates, or
because fron utillsation was not studied for an ad-
eqyuate period of time.

Tabls L Ferrok data related to
Cro PCTy, RCU
L] % x10°1

NB 309 4] B
M.S 247 03 9
MT 236 6 16
M.B 145 43 65
P 360 12 13
AQG 344 14 10
NK mn 29 21
RH 194 52 353
M.J 158 62 109
PC 98 52 104
sY 108 74 60

McCarthy/OseriLesk

Smears of aspirted marrow and trephune blop-
sits were obtained and processed by standard pro-
cedures. The cellularity of trephine blopsy sectios
was pssessed fn 11 patients by microscopy max
an eyeplece wath an fnsert which allowed view of
an sres 2 X 4mm? at X 40. Four sach aren
were counted in cach section. Becamse of varbbic
cellolarity In different areas of the trephme -
ple, an amessment was first made under low pos
er of the overall distribution of celtular aress, 254
in the subsequent count the cellnlar areas were =
cluded In the same proportion a3 exbsted In e
wample. The observer who performed the comd
was unaware of the results of retivlocyte cooS
and ferrokinetics at that time.

Bone marrow cellularity was abso anened
subjectively on the smears of marrow aspinates B
all cases. Attempts were mado to distingnish b
tween erythrold snd non-erythrold (ewentially
myelold) compoacnts. Cellularity was graded =

follows:

Toral cellularity

1 Fragments with oaly fat cells and reticulun
cells
2 Generally hypocellalar with one or mote ce
Iuotar areas present if only one cellalar wrea, somt
activity also present throughont the sample

3 Approaching normal cellulanty with maiy
active arcas

A wparate grading of erythropoletlc activily
was abso made

counts and marrow cellularity

Trephine PIT EIT .
cefa/32 mm? pmol/V/day pmol/L/day
256 195 0

108 326 Q09
348 267 16

a2 394 169

348 179 215

- 213 298

312 258 75

- 258 134

124 340 11

588 380 302

T80 635 507
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[4 7] or sgnificant dyserythroposests [3)
Morcover

P 2 in cmses where there &5 premature relesse
— pl - and profong fon time n circula-
- tion [6] Ferrokinetic studies provide a
an 45 ‘bals for iy erythrop
:CC\TJ"'}M st 161 ke fmction and should thus provide & more
T 248 "a“*.mﬂhod for determlning '{iﬁmc?t
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e3te counts may be cqualty mhleading expe

Y Jally when there 8 concomint fafection

cordingly this study was carrled out prima
rlly to wssess whether ferrokinetic data relst
ed to marrow ceflularity and akso to cbserve
any correlation with prognosis,

When the cellularity was estessed In sec
tons of trephine biopsy from the iflac crest
or posterior fliae spine the degree of cellp-
tarky was found 10 relate posttvely 10 1he
chearance nate of #Fe and 10 EIT bt not
10 RCU This discrepancy is probably doe
%o the occumrence of inclfecthe erythro-



Table IV Rank correlstion coefficients

RCU Reticuocytes
PC R=0D72 R =~ 0.81
t=31 t=412
n=1]1 n=11
0005<p<001 00005<p<0001
RCU R = 088
t=1355
n= 11
P<0000S
Reticulocytes
Celhularity
(trephine)
PIT

significantly to quantitaton of marrow ccl
lulanity wiulst PIT does not correlate with
cellularity RCU 1s correlated with the other
ferrokinetic data and vwath reticulocyte
count, but it is not shown (o correlate with
marrow cellularity It should also be seen
(table I III) that the qualitative assesament
of total and erythroid celjularity from aspi
rates correlated only crudely and as a general
trend with the ferrokinetic data.

In table V the clinucal sevenity of the dis-
ease, as judged by the cniteria of Carnifta et
al [1] for the purpose of patient selection
for bone marmrow transplantation, m cor
related with RCU treatment and clinical
outcome It is Important to note that In
some patients ferrokimetic studles were per

McCarthy/Oucter/Lews

Cellularity PIT EIT
R =060 R=093 R =~ 038
t=192 t=78 t=215
n=9% ne=11 n=11
0025<p<0.05 p<0000S 0025<p<00S
R =056 R = 065 R =093
t=18 t=258 t=76
ne=g n=1] n=11
0.05<p 001<p<0025 p<0.0005
R = 0396 R=072 R=075
t=114 t =306 =345
n=9 ne=11 n=11
00S<p 0.005<p<001  0.0005<p<0.001
R =033 R =061
t=16 =348
o= L84
005<p 0.005<p<001
R =060
t=226
n=11
0025<p<0.05

formed during the course of the disesse
rather than at presentatlon.

Table VI correlates the vanons param<
ters studied with the clinical outcomes. This
shows the level of discrimination by meam
of which it is posmible to identify those pa-
tients with less severe disease who are Iikely
to survive sithout need for transplantation

Discossion

There is still much uncertminty as to
what haematological tests provide the most
reliable information on which to base pre-
diction for prognosls in aplastic anzemia. It
13 well established that assessment of booe
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Table IV Rank correlation cocfficients

RCU Reticulocytes
PC R=072 R = 0381
t=31 t=412
n=1] n=11
0005<p<001 00005<p<000]
RCU R = 088
t=355
nell
p<0 0008
Reticulocytes
Cellularity
(trephine)
PIT

significantly to quanttation of marrow cel
fularity whilst PIT does not correlate with
cellulanty RCU 1s correlated wath the other
ferrokinetic data and with reticulocyte
count, but 1t 13 not shown to correlate with
marrow cellulanty It should also be seen
(table II III) that the qualitative assessment
of total and erythroid cellularity from aspi
rates correlated only crudely and as a general
trend with the ferrolunetic data.

In table V the climecal severity of the dis
easc as judged by the criteria of Camitta et
al. [1] for the purpose of patient selection
for bone marrow transplantation 1s cor
related with RCU treatment and clinical
outcome It 18 important to note that in
some pauents ferrolinetic studies were per

McCarthy/Oscler/Lewis

Ceflularity PIT EIT
R=060 R =093 R =038
t=192 t=78 t=215
ne=9 a=1] a=11
0025<p<005 p<0000S 0.025<p<005
R =056 R = 045 R =093
t=18 t=238 t=76
n=9 n=11 =1l
005<p 001<p<0025 p<0.0005
R = 0.3% R=072 R=1075
ten 114 1= 306 t= 345
n=9 n=11 ne=11
00s5<p 0.005<p<001  0.0003<p<0.001
R =053 R = 061
t=16 t= 3458
n=9 n=9
Dos<p 0.005<p<001
R = 060
te=226
ne 11
0.025<p<005

formed dunng the course of the disease
rather than at presentation.

Table VI correlates the various parame
ters studied with the chinscal outcomes. This
shows the level of discrimmation by means
of which 1t 1s possible to identify those pa
tients with less severe disease who are Iikely
to survive without need for transplantation.

Discussion

There s stll much uncertainty as to
what hacmatological tests provide the most
rellable information on whrch to base pre-
diction for prognosis in aplastic anacmia. It
Is well established that assessment of bone
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poiesis in aplastic anacmia. Subjective as-
sessment of total non-erythroid and eryth
roid cellulanty of aspirated bone marrow
graded into three groups (1-3) also correlat
ed In very general terms with ferrokmetic
tests of overall erythroid function but less
convincingly end it may be concluded that
aspirates do not provide a means for reha
ble assessment of marrow cellulanty and/or
erythropoietic function in aplastic anaemia.
The reticulocyte count correlated with both
PC and RCU but not with trephine cellu
lerity Najean et al. [10] i a large senes,
were able to demonstrate that there was
some correlation of cellulanty with reticulo-
cyte count and RCU but 1t was not close
and there were conslderable discrepancies.

In the present study a correlaton was
found between reticulocyte count and both
PIT and EIT indicating that overall mea
surement of iron tumover reflects the peri-
pheral manifestation of erythroid activity
The PIT (as opposed to EIT) could not be
shown to correlate with marrow cellulanty
This may be becane its calculation is mark
edly nfluenced by the serum iron level
which is affected by diumnal variables other
than marrow cellulanty Thrs does not,
however explam why PIT should differ
from EIT in this respect.

There are two inherent problems m at
ternpting to correlate ferrokinetic data with
prognosis. First, there may be variation in
the expression of hypoplasia in the different
cell lines, and secondly the severity of the
diseasc commonly fluctuates during its
course Nevertheless, as shown 1n tables V
and VI there was a broad correlation be
tween RCU clinical severity and outcome of
the disease. The lowest RCUs were found in
those patients classified as severe by the
morphological criteria used by Camitta et

McCarthy/OscerLenhs

al [1] However the importance of the varis-
bility of hypoplasia between cell hnes is well —
demonstrated by pauent MB who died o
infection secondary to severe neutropen,
despite a relatively high RCU This case -
lustrates that ferrokinetic data do pot a-
ways provide reliable prognostic information
for an individual patient. Our concluson 8
that ferrokinetic studies provide wseful base-
line quantitative data, but alone they do pot
contribute significantly more than standerd
haematological investigations to immedite
clinical management, It 1s possible, howes
er that sequential ferrokinetic studres in se-
lected patients might contribute to our u
derstanding of the fluctuant course which 5
a feature of some cases,
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polesis 1n aplastic anaemia. Subjective as
seasment of total non-erythroid and eryth
roid cellularity of aspirated bone marrow
graded 1nto three groups (1-3) also correlat
ed in very general terms with ferrokinetic
tests of overall erythroid function but less
convincingly and 1t may be concluded that
aspirates do not provide a means for relia
ble assessment of marrow cellulanty and/or
erythropoietic function in aplastic ansemia
The reticulocyte count correlated with both
PC and RCU but not with trephine cellu
larity Najean et al [10] in a large senes,
were able to demonstrate that there was
some correlation of cellularity with reticulo-
cyte count and RCU but It was not close
and there were considerablo discrepancies.

In the present study a corrclation was
found between reticulocyte cornt and both
PIT and EIT indicating that overall mea
surement of iron tumover reflects the peri
pheral manifestation of erythroid activity
The PIT (as opposed to EIT) could not be
shown to correlate with marrow cellularity
This may be because its calculation is mark
edly influenced by the serum iron level
which Is affected by diumnal vanables other
than marrow cellularity This does not,
however explain why PIT should ditfer
from EIT in this respect.

There are two inherent problems in at
tempting to correlate ferrokinetic data with
prognosis First, there may bo vadation in
the expression of hypoplasia In the different
cell lines, and secondly the seventy of the
disease commonly fluctnates during its
course Neveribeless, as shown in tables V
and VI there was a broad correlation be
tween RCU climeal severity and outcome of
the dusease. The lowest RCUs were found in
thote paticnts classificd a3 severe by the
morphological cnterla used by Camitta et

McCarthy/Omer/Lenis

al [1) However the mmportance of the varie
bility of hypoplasia between cell Tines 1s well
demonstrated by patent MB who died of
Infectlon secondary to severe neutropenis,
despite a relauvely high RCU This cxst -
lustrates that ferrokinetic data do not al
ways provide reliable prognostic information
for an individual patient. Our concluson s
that ferrokinetic studies provide useful base-
line quantitative data, but alone they do b
contnibute significantly more than standard

h slogical nvestigations to immedirte
clinfcal management. It 1s possible, bowey  «
er that sequential ferrokineuc studwes m 5
lected patients might contnbute to our uo-
derstandmg of the fluctuant course winch 8

a feature of some cases.
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toporphytia (gme). The cells wers cxpored to
100 watt tongsten light soarce, from e distance of
MNem

photphate-bet
fered mlme aod then mopeoded in Schotman's
adiam [12]

Drtermination of Globin Syntheris and Amino

Actd Upake

Packed cally, 002 ml, were suaponded o 02 m!
aflam

trichloroscetc acid (TCA) and the precipiiats was
counted (3.

For the mptuks experimants 0o psched
ctlhmwcndtdmﬂlmlo(uﬂnnmh—
ing OMIpCi of "Hem{y)emuno-butyric
(GABA -p.c-a.luc./ma,;\m-hm)m
celis wers incobsted for 15 mun st 37 *C, thereafter
they were wavhed foar thes sccordmy to Yewsg
et al (13]. The washed cells wers hysed by 05
triton X 100 (Sigra), (he proteies wwre preciphat
ed by 16 TCA and sedonentcd The sipernatant

10mn 1000 hws was detrnised o ampla
hacd wiih dinlled water

Exposure [ Celly 1o Phatoactiveted
Protepoephrra

Retlcalocytes e bacubaicd b Scholmass
toedioms contalnierg wp t 60 mAf of disodmm pro-

Prep 1 Cals for T Electron
Microseopy (TEM) end Scenaing Electron
Microscopy (SEM)

Far TEM reticolocytes were
fixed In cold 1Y ghetaraidchyde 1 phosphats
baffer pH 74, and posflzed In cmntinm tetraaide.
The cells were debydrated fa graded akoboh and
cnbedded In Epon 812 Thin sections wwro cut
with sn LKB ukrstoms I snd examined with

dipa, then dekydratad whh graded aleshols and
Freons and criical pokst dried cang COp After
costtag with goid, the cclls wers cxamined by
TEOL 33 pearming electrom mkcroscope.

Remlts

Figure 1 deplets the dose-dependent in-
hitation of photoactivated  protoporphyrin
on the g capability of retl-
culocytes. 50% inhibition of globin synthesls
wis determined In cells exposed to 12 am
protoporphyrin and fimminated for 30 min.
Under these experimental conditions, bemo-
tyshs of the celh did not exceed 10% mor
phology of the cells cxamined by SEM and
TEM sbowed undamaged features and the
uptake of *H-GABA wat reduced by only
25%. At these low coocentrations, up to
15 pAf of sctivated protoporphyrin, hibi-
thon of protein syntheshs ws not a result of
the lytic effect, nor of a merely redoced
amino acid optale. On the other hand, high
doses of protoporplyrin, 1560 xdf In
doced a complete inhibition of globin syn-
theshs, almost totally redoced amino-actd
uptake and caused 2 65 hemoglobn leak

age.
Figure 2a showy the surface morphology
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Cross-Linking of Hemoglobin and Inhibition of Globin Synthesis
in Reticulocytes Induced by Photoactivated Protoporphyrin

Z Malik and H Breitbart
Department of Life Sclences, Bar Tlan University Ramat-Gan, Isracl

Key Words. Globm synthesis Hemoglobin cross-linking
Photoactivated protoporphyrin  Reticulocytes

Abstract, The photoactivated protoporphynn effect on reticulocyte globin synthesmog
capability cross linking of intracellular hemoglobin and the cell ultrastructural alterations
was studied. Low doses up to 15 M of protoporphyrin markedly nhibited the globin
synthesls and decreased amino acld uptake while no Iytic effect or ultrastructural deforms-
tions were d mictoscopy and transmisuion electron microscopy
On the other hand, at high doscs of protoporphyrm up to 60 ;Af the globin synthesis ws
totally stopped, and the Intracellular hemoglobin leaked out. The photodynamic effect in-
duced cross-linking of hemoglobm into condensed spheres which captured numerous poly
ribosomes. The end product of protoporphyrin actrity was a closed ghost with a righd
membrane containing only cross-linked hemoglobin spheres closely related to the mem-

~tad

brage.

Introdoction

Erythropoictic proloporphyna is a fam
lial disease characterired by & rise in the red
blood cell protoporphyrin  concentration
and hyperseasitivity of the skin to sualight.
Photohemolyxls of red blood cells obtained
from the porpbync patients 1s readily n-
duced by Irraciating the cells with visible
light under aerobic conditions [1] This pho-
todynamuc process was deseribed to be a re
sult of the formation of singlet oxygen [2]
and hydroxyl radical [3] The activated
molecules mmduce peroxidative degradation
of polyunsaturated membrane liprds [2] eg

gregation of membrane particles [5] mhib-
tion of membrane-bound enzymes [6] dete-
noration of achve tramsport mnd catke
leakage [7] cross-linking of membranal
proteins and ulumately causing collod 03
motic lysis [8] Protoporphyrm has been
shown to induce an inhibinon of proteln
synthesis and to be a potent cytotoxic sgent
to human granulocytes, lymphocytes and
platelets [9] Photoactivated protoporphyrin
was shown to be spedfically cytotoxic to
various leakemic cells [10] Faurthermore,
hemtdn and protoporphyrin m the dark had &
similar effect on leukemic cells [11]

The object of the present study was to ~
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toporplytia (Sigun). The cells were axpoted to &
100 watt tougstea light source, froe  distasce of
Ve

the porphyrin-treated cells.
Materials and Mefhods

Rencuiocy tes

Revcwlocytoss was Indoced by opection of
panyhydryzine into young white Fabbin Levely
of up 10 8*/ retcwlocyte-ennched hlood were ob-
talned 3 day after the first injection. The reticn-

+ locytcs were washicd thiee time n phosphatc-bef
fered salme and then sopsoded 1n Schoimen
medrum (12}

Determinetion of Globia Syrtheris ovd Amino

Acud Uptake

Packed cefs, 02 mol, wer mmgrended m 02 m)
mediem

37°C, then the colb wero precipdsted in ot 109/
tnchloroscetic acid (TCA) and the precipliste was
coooted [9]

For (he optaks mpermaenty 002ml peckad
cefls wers mapended in 02 ml of medearm coutslo-
e 005 4C1 of H ey eminobotme -:u
{OABA spec act 184 ClVmmol,

Prep 1 Cells for Ty
Micrercopy (TEM) and Scescning Electron

sirpe, then debydrated with graded akeohols end
F som sed crtscal pobst dned ming CO, After
coatiag with gold, the callt wers cxamiced by
TEOL 35 scanniny eheciron microecope.

Remls

Figore 1 depicty the dose-dependent fu-
Hibitlon of photoactivated protoporphyrin
o-ntbu;!obm-symhnlﬂngnpab{ﬁtyo{mﬂ-

Jtes. S04 inhib
mdnrmﬂmdhcdhnpcledmﬂ.p.(

cdhlmmhrdlalinhuﬂ“ﬂm
they were wathed four tises sccordmg to Yowng
® ol [13). The washed celh were lysed by 05

bomwocd after ormidfogeton st 1,200 e for
10min 100 Iyes e determmed W ampln
hwed  ob dostfled  ater

Expomre f Cells o Photoucnivaied
Prosoporphene

Retcmlocytes  ere mcsbwied o Schalmes
7 wedon cootsicleg wp to 60 K3 of dhodmem pro-

for 30 min,
Undenh:we::pcrhnmulcmdhhm,bcmo-
Iyus of the cells did pot exceed 10% mor
phology of the cells examined by SEM and
TEM showed rodamaged features and the
uptake of *"H-OABA was redoced by only
25% At these low concentratons, up to
15 xAf of activated protoporphyrin, inhibi-
tion of protein symhesis was not a result of
the hytic cffect, nor of a merely reduced
amine sod uptale. On the other hand, high
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Flg. L. The effect of photoactivated protopor
phyria on globin synthesls, JH-GABA uptalc and
hemolyshs of reticulocytes. Procedures in detail
wre described in Methods

Fig. 2, Induction of rethcolocyte deformatlon
photoactivated protoporphyrin SEM inatk

Mallk/Breitbart

of control reticulocytes lluminated for
60min In media without porphyrin. The'
cells are typleal of an undamaged reteulo-
Cyte preparation By exposure to 60 ubf
protoporphynn and 60 min of illumination,
the reticulocytes developed a spongefike
shape (fig. 2b) The cytoplaamic projections
were interconnected and ended in blebs.
TEM examination of control retculo-
cytes revealed the typical components of 2
reticulocyte The cells were hemogloblmzed,
and contamned many polyribosomes and e
sidual mitochondna (fig. 3a) By exposure
of these cells to the photoactivated proto-
porphyrin dark masses of condensed hemo-
globin appeared In the cytoplasm (fig. 3b)

N

b

Jeul 2,300. b Dx loa of
dyn 'C“Cﬂ.x]},m

a Control
a

Flg. 3. Uhtrastructural featurey of intracellnlar

by the photody

resldual amounts of soluble hemoglobin. X 5300
d The {obin spheres contaln 2P~

events indoced by ph iy
TEM ecxamination. a Control reticulocyte: polyrl

tured polyribosomes. X 65000, o At the cell

bosome (pr) and mi dria (m) arc indi

X 23,800 b Protoporphyrin-treated cells, con
demed manes of hemoglobin (ch) and soluble ho-
moglobin (sh), which leaked outslds the cells, re
Indicated. X 10,000 ¢ The affected retkcnlocyte
retained mitocbondria (m), polyribosomes (pr) and

pro} h bio spheres cxist and contrh
bute 1o the bleb thape teen by SEM. X 13600 f
A typleal ghost — the endproduct of the photo
dynamic effect — containing hemoglobin spbert
surrounded by a rigid membrane. X 13,509, ~
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Fig. 1, The cffect of photoactivated protopor
phytin on globin synthesks, YH-GABA tpiake and
hemalysls of reticulocytes. Proceduret in detall
are described in “Methods

L) x o ©

Fig. 2. Induction of reticulocyte deformation by
photoactivated protoporphyrin SEM il

Malk/Brefthart

of control reticulocytes illuminated for
60 min in media without porphynn The'
cells are typieal of an undamaged reticulo-
cyte preparetion. By exposure to 60 pAf
protoporphynn and 60 min of illummaton,
the reticulocytes developed a spongelike
shape (fig. 2b) The cytoplasmic projections
were mterconnected and ended in blebs.
TEM exammnation of control reticolo-
cytes revealed the typreal components of a
reticulocyte. The cells were hemoglobinized,
and contamed many polyribosomes and e
sidual mutochondria (fig. 3a) By exposure
of these cells to the photoactivated proto-
porphyrin dark masses of condensed hemo-
globin appeared m the cytoplasm (fig. 3b)

b

b D tion of

& Control reticul A 2,300,
fc effect. X 13,200

= retd te by the ph

Flg. 3 Ultragructond features of intracellaler
eventy induced by photosctivated protoporphyrin.
TEM cxamination & Control retkulocyt  polyr

residoal amoants of sofuble hemoglobln. X 9,500
d The condensed bemoglobin spheras contakn cap-
nn'vdpolyﬂ'bmomﬁ. X 65000 o Ar the cell
spheres exist and comirh

bosoas (pr) and mitochondris (m) ars jodk

X 23,800. b Protopotphyrintreated celly, coo-
densed masses of hemogl bin (ch) and solubl he-
moglobin (sb), which leaked ontside the cells, sre
Indicated. X 10,000 ¢ The affected reticulocyte
retalned mitochondria (m) polyribosomes (pr) and

bmcloﬂwbleb;h.pcucnbySEM. x 13,600 1
A typleal ghoxt — the end-prodnct of the pholo-
dynamic cffect — contalning hemoglobin spbetd
surrotinded by & rigid membrane. X 13,509
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Fig. 1. The effect of photoactivated protopor
phyrin on globin synthesis, YH-GABA uptake and
hemolysis of retlculocytes Procedures {n detall
wre deseribed fn Methods

Malik/Brestbart

of control retrculocytes ifluminated for
60min in media without porphyrm. The\
cells are typical of an undamaged reticuio-
cyte preparation. By exposure to 60 kM
protoporphyrin and 60 min of illummatan,
the reticulocytes developed a spongefike
shape (fig. 2b) The cytoplasmic projections
were mterconnected and ended m blebs.
TEM examination of control retivmlo-
cytes revealed the typical components of 2
reculocyte. The cells were hemoglobinired,
and contained many polyribosomes and e
sldual mutochondria (fig 3a) By exposurc,
of these cells to the photoactivated proto-
porphytin, dark masses of condensed hemo-
globin appeared tn the cytoplasm (fig. 3b}

Flg. 2. Induction of reticulocyte deformation by

residual amounts of soluble hemoglobin. X 5300
d The condensed hemnoglobin spheres coataln cap-
tored polyribosomes X 65,000, o At tho cell
fecth spheres exist and cootrr

pr yrin SEM
Fig. 3 1 features of
cvents induced by pbotoactivated protoporphyrin.
TEM lon. & Coutrol yte polyrl-
bosome (pr) and driz (m) are indl

X 23,800 b Protoporphyrin-treated cells, con
densed matses of hemoglobin (ch) and soluble he
(moglobin (th), which leaked oatside the cells, are
tndicated. X 10,000, ¢ The affected reticulocyte
retalned mitochondria (m), polyribosomes (pr) and

but to the bleb shape seen by SEM X 13,600, f
A typiaal ghost — the end-product of the photo-
dynam! effect — contalning hemoglobin pheres
surrounded by a rigid membrane, X 13,500,



Effect of P on

weytoma cells, and myelocyte leukemia
r cells [10] Theso ceil lmes were affected ln
- tracellularly or at the surface by the pho-
toactivated protoporphyrin.

The vadous effecs of propbyrins oa
normal and leukemie cells i of theoretical
and practical importance. The present study
demonstrates specific effects of protopor
phyrin, which can be applied for more com-
plicated processes.
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Theresfter most of the soluble hemoglobin
leaked outside the cells, while polyribo-
somes and mitochondria were Intracellularly
retained (fig. 3c) It is concelvable that the
condensed hemoglobin spheres are 2 pro-
duct of the cross-linking of hemoglobin n-
duced by the photodynamic effect. Occa

slonally it was detected that the hemoglobin
spheres contained e large number of polyri

bosomes captured through the hemoglobin
cross-linking process (fig. 3d) The interme

diate product was a deformed cell contamn

ing only residual amounts of soluble hemo-
globin while condensed hemoglobin parii

cles were randomly dustributed on the cell
projections (fig. 3¢) The end-product of the
photodynamuc effect was a closed ghost wath
a rigid membrane, contalning only the
cross linked hemoglobin spheres bound to
the membrane (fig, 3f) The end-proudct
was free of ribosomes, wherems nitochondria
were detected in numerous cells.

Dhscussion

The present study demonstrates distinct
biochemical and morphological events m re
ticulocytes exposed to photoactivated proto-
porphynn The results show an inhibitory
cffect on globin synthems induced by
5-15 uM of protoporphyrin, which was
shown to be Independent of the lytc effect.
The reduced mate of GABA uptake may
contribute to the magnitude of the inhibi
tion although it was probably not the main
reason for it. The inhibition of globin syn
thesis at such low concentrations of proto-
porphyrin may result {rom a direct mterfer
ence effect to the recychng of the imtiation
ptoteins, controlled by hemin [14] Other
possible explanations for the mhibitory ef

MaBk/Breftburt

fect are the damaged membrane releases m
inhibitor which interferes with the transls-
tlon mechanism [15] reduced levels of po-
tassium in the cells (7] or direct conforms-
tional damage to the palyribosomes.

Hemoglobin Jeakage which charactenz
es the lytic phenomena, was shown to be
stimulated by the high levels of protopor
phyrn 15-60 uAMf The leaky membnne b
possibly a direct result of cross-nkmg of
membranal protelns [7 8] The possibly ex
isting holes in the membrane retained the r-
bosomes and mitochondnia, while hemoglo-
bm diffused outnide the cell

The observation of the appearance of
condensed hemoglobin spheres, which pos-
sbly stems from ntescellolar hemoglobin
cross-linking, 18 a pew ultrastructural find-
ing. It was described that membranal prote
s were cross linked by the photoactivated
protoporphyrin, while no other intracellular
proteins were assumed fo be corss-lmhed
[5-8] The parucular bemoglobin globuks
were closcly related to the membrane,
which may explain the spomge-hke shape
seen by the SEM The blebs at the ead of
the cytoplasmic projections are shaped by
the hemoglobin-condensed globules.

The photodynamic effect of porphyrins
was successfully applied for cancer therspy
fn bumans [16] Hematoporphynn wes
shown to accumulate m varous tumors
and exposure of the tomor area to visible
light induced & selective destructon of the
malignant tssue [16] No side effects were
reported. Recently we have shown a schec
tive destruction of chronlc lymphocytic leu-
kemia lymphocytes by hemin and protopor
phyrin in the dark [11] In addition, we
have shown distinct sites for protoporphyrin
accumulaton by Frend erythroleukemia
cells, Burkitt lymphoma lymphocytes, mas- ~



PNH-Lils RBCs Prodoced by 2 MPO

ettigate whetber ths molecule, similarly

\rmoﬂrrmlphvdrylmmmundx.hukalbl:
to modify the RBC membrane, nducing
PNH features.

Materialy and Methody

Normel emowt Hood aaticoagulsted wih he
parn, wae coflected from hakthy voldaiecrs, the
RBC (O Rh+) were washed three thnes In 09%
cold NaCl 10 remove the plasna sad the bufly
cost, and mecd for the experiments bmmediately

4 (Tor each experimcut RBCa from dferent dooors

vy med)

PNH RPC were cbtdieed from  PNH pa
tiemt, o whach the dlagaoss wis confirmed by the
postrvity of Ham 2ad sogar st uad the redoc

ton of AChE actinty
PNHBL RBCs were by lacohetiog
sormal RBCs with AET 01430 pH 85 for

Omin at 57 C folioning the method descnbed
Wy Strokes ¢t aL [S] These cells deplay ed postres
Hem and wegar tests and  redhaction (o ACHE s
vy

The acdifsed serson (Ham) test e the nepar
tor ere performed e sopgested by Decke md

bamn, Grest Bntam), and diloed t
comrenon of 25 X 10°M 2 MPG wm swpphed
by Segma.

Precedary 1vol of packed RBC wms uncubmd-
e xt 37 C with 4vol of dEfferem solotiom of
23PG, for vamable hmes (15 30, 43 and
0 mxn) The 2 MPGO wa weed &t (he concentrahons
of 0150, 0303 and 0450 Af axnd  the pH of 7.5
€, 85 and 9 After the mcubsion tane, the RBCs
cre washed thres w0 foar bmes with cold mBec

L1t

Remlts

Normal RBCx alter incubation with
2-MPQ solution, pH 8.5 for 30 mn, dis
played a positivity of Ham and sugar tess.
The posithity of both tests Increased direct
{y wlth the concentration of the substances
(fig 1) and the increase of pH (fig. 2) The
lower lysts in Ham and sugsr tests of the

] som
DH-'\

1

7¢]
™ o0 LX)
Cormerwrasan, 4

Flx 1. Hacmolres fn Ham's west and the wga
e sher 30 minxta lecobation of ool
RBC with 2 MPO pH 43, at different comcen-
tabogs The effect of AET Q14331 I reporsed
tn comparieon,

a2 65482388

L%

B§ ssr

i

Fig. 2. Hacmoiysh in Ham  test aed the sogar
teet after 30 minatr bacubetion of oormal
RRC with -MPO 043011 ot dufferent pH.

3858638

Lysa %
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In vatro Preduction of PNH-Like Red Blood Cells by

2-Mercaptopropionylglycine!

G C Falez.a R Corrocher O Olnieri F Capra E Trevisol A Pennacchioni and

G De Sandre

Istituto di Patologla Media Il (Dir.. Prof G De Sandre) Unlvensita di Padova, Veroos, ltaly

Key Words. Choline transport  Erythrocyte acetylcholinesternse
2 Mercaptopropionylglyane Paroxysmal nocturnal haemoglobinung

Abstract. 2 Mercaptopropionylglycine (2 MPG) transformed normal red blood cells
(RBCs) into paroxysmal nocturnal haemoglobinuria (PNH)-lthe RBCs in witro depending
on the concentration pH and time of incubation. The wcorporation of radicactive chohae
in the presence of acetylcholine was reduced, ay in RBCs treated with amimoethylisothiouro-
nium salt (AET) In contrast, the uptake in the presence of choline differed when the RBCs
were 1ncubated with the two componnds, beng reduced in AET treated RBCs and m
creased in 2 MPG-treated ones. As true PNH RBCs incorporated to a higher extent the
radioactivity 1n the presence of both acetyleholne and choline 2 MPG-treated RBGH
scemed to resemble the PNH RBCs better than the AET treated ones Present results sug-
gest the possibility of modifying selectively the actvity of acetylcholinestersse and the
transport of choline through the cell membrane

Many sulphydryl compounds have been
demonstrated to transform {n vitro normal
humsn red blood cells (RBCs) into paroxys-
mal nocturnal hacmoglobinuna(PNH) like
RBCs [3 5] The PNH-lke RBC: share
with trus PNH RBCs the in vitro sensibil-
ty to complement lysis, as exhibited by the
positivity of Ham (acid Iyms) and sugar
tests, and the reduction of the acetylcholl
nesterase (AChE) actmity

We have recently demonstrated that, 1n
contrast to true PNH RBCs, the PNHike

Sopported by CNR grant T8 02078 04

RBCs obtamed by treatment with amino-
cthylisothrouronom salt (AET) drsplayed m
impaired in vitro ability to take up choline
from the incubation medium 1n the presence
of both choline or acetylcholne [1 4]

2 Mercaptoproplonylglycme (2-MPG) B
& sulphydryl compound manly used m e
treatment of somo hepatic discases as a sul
phydryl group donor It has also been re-
ported to be of some beneficlal effect In py-
ruvate kinase (PK) deficiency ansemis, pos-
sibly through a modification of the redox
state of the thiol group in red blood cells
{7] The aim of the present study is to in- ~



PNH-LLe RBCs Produced by 2 MPG

Both 2-MPG- and AET-treated RBCs
showed a different behaviour than PNH
RECs, in which the uptake of the radioac
thvity In the presence of acctylcholme was
greatly enhanced (fig. 5k

Jn contrast, when the incobstion was
carried ot in the presence of labelled cho-
line, the uptake of radsoactive substance by
2 MPG RBCs wm gremly exatted, »s in
PNH RBCs, whereas the uptake by AET
RBCs remained depremsed (fig. 6).

Discanion

Our results show that 2 MPG s mamy
other sulphydryl compounds, ks able to
tmmsform i witro pormal RBCs o
PNH-hke RBCy, depending on the concen-
tration, pH snd Ume of incubation. (Differ
ences In / lyshs under identical conditions
between figures 1 and 2 or 3 respectrvely
can be attributed to the use of RBCs from
different donors )

PNH-ixe RBCs share with troe PNH
RBCs the redncton of AChE activity and
the susceptibibity to complement lyshs &
demonstrated by the positivity of Ham end
sogar tests. Nothing 1 known abost the

of the b
peither in PNH RBCs nor in PNH like
RBCs, however the simularity between the
two kmds of cells 1 only based on the pres-
ence of the above-mentooed labonatonst-
cal markers.

In a previows report [4] we have stressed
that the uptake of radiosctivity by RBCs in
the presence of ecetylcholine fmplied the
cheavage of the molecule by the enzyme
ACHE, the membrane being fmpermeable to
scctylcholme but not to cholme. M

3

Table L. Drflereacer betwecn PNH and PNH-&k
RBC

Typed BB AGE  Uhuke  the presceof

srtyicholss  cholos
APO-treated | 1 1
AET-trestrd l 1 1

contrast to AET-treated RBCx, which
1howed n impeired ability to take op
cholie in the presence of both choline and

ability to take up radioecthity In the pres-
ence of both sobstances.

The experiments performed with 2-MPG
show an Intermediate behavlour the uptake
of radioactlvity belng redoced n tho pres-
ence of scetylcholine and focreased n the
preseoce of choline. This implicates that dif
ferent types of PNH-Hke RBCs can be pro-
doced i vitro using different sulphydeyl
compoands and that no one of them = real
1y the same a3 PNH RBCs (table T}

Moreover it results clearly that the low
Jovel of AChE sctivity is not a [imiting fac
tor in the uptake of chofine in the presence
of acetykcholine, the residnal sctivity being
‘:;fy‘“ﬁ'dm‘fw'hﬂtpﬂmnlotmeml-

Since the increased uptake of chollne
was alio poted In reticulocytes [1], it was
tuggested that the rabied Incorporation of
chofine n PNH RBCs wat attribotable ta
the presence of a younger red cefl popals-
ton In this situstion. The findings obtained
bere suggest that the uptake of cholms may
be | bya

7 we have recently demonstrated [1] that, in

of
the RBEC membrane Independent of the age
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sample incubated at pH 9 was probably at
tnbutable to the remarkable spontancous
lysis observed dunng incubation with
2 MPG suggesting that many sensitive cells
were destroyed.

The effect on RBCs of the time of wncu
batlon with 2 MPG 0.3 M 13 expressed in
figure 3 The prolongation of incubation
caused an increase in the positivity of both
Ham and sugnr tests.

The AChE actlvity was partially inhibit
ed by the treatment with 2 MPG (0 450 A1
pH 8 5 for 30 mm) as shown 1n figure 4

[

. Er
&£
» e

* 0

g‘o — e ﬁ[ E—l
" 0 45 80
M mtes

Flg. 3. Haemolysis in Ham s test and the sogar
text after incubation for different times of pormal
RBCs with 2 MPG 0300 Af pH 85

] sawre
B 2-mP0, 048 &

HR AeT 0143 M

B e

Fig. 4 AChE activity i normal RBCs (Incu-
bated with saline) and [n RBCs with either

2 MPG (0450 M pH 85) or AET (0 1434f pH
85

When incubated with labelled acetylcho-
line (6 10 *M) 2 MPG-treated (03002
for 30 min) RBCs displayed an impaired
ability to take up the radioactivity but to 8
lesser extent than AET-treated (0143 for
30 min) RBCs.

porma”
10 2480
a8
a8 AT
o
okJ a2
0

L ¢ & o oo
Mrutes

Fig. 5. Uptake of choline, In the presence of
labelled scetylchollne, by different types of RBOY
(normal, PNH-treated, 2 MPGHreated and AET
treated) C/C, refers to the ratto betmeen e
concentration of radiooctivity lmlde and ootside
the cell

Pt
240
20 Choine
18
16
1%
12
10 Normat
as /
as AET
as
i3 o //
v N 0 P W 0
Horustes

Fig. 6, Uptake of choline, i the presence of
tabelled cholive, by diffetent types of RBCy (et _
end ax in fig. 5)



PFNH-Like RBC3 Prodoced by 2-MPG

Both 2-MPG- and AET-treated RBCs
showed a different behaviour than PNH
RBCs, in which the uptale of the radioac
tivity In the presence of acetylchoflne was
greatly enbanced (fig. 5)-

In cootrast, when the incubation was
carried out In the presence of Jabelled cho-
line, the uptake of radioactive substance by
2 MPG RBC: wms greatly cxalted, as in
PNH RBCs, whereas the uptake by AET
RBC remained depressed (8. 6).

Discunlon

Our results show that 2 MPG as many
other sulphydryl compounds, s able to
transform I vito normal RBCs into
PNH-llke RBCs, depending on the concen-
tration, pH and tmme of incubstlon. (Differ
ences in /Iy onder identical conditions
between figures 1 and 2 or 3 respectively
can be sttributed to the mse of RBCs from
different dooors.)

PNH like RBCs share with true PNH
RBCs the redoction of AChE activity and
the smcepubility to complement lysis as
demonstruted by the positiity of Ham and
sugar tests. Nothing b imown about the
b of the
neither in PNH RBCs nor in PNH-Fke
RBCs bowever the slmilarlty between the
two Kinds of celhs is oaly based on the pres-
ence of the above-mentioned labomtorist-
cal markers.

In a previous report [4] we have stresaed
that the uptake of radiosctivity by RBCs in

s

Tuble L DefTerences hetween PNH sad PNH-ke

RBC
&ﬂlhﬂkmd

mcetyicholers

Type of RECY  ACKE

cholne

i 1 1
MPQtreased | I 1

contrest to  AET-treated RBCx, which
thowed an Impeired ability to take up
chollne In the presence of both chollne and
acctylcholine, true PNH RBCs showed an

presence of cholme. This implicates that dif
ferent types of PNH-Hke RBCs can be pro-
duced in vitro using different sulphydryl
compotnds and that 0o one of them is real
ly the same ss PNH RBCs (table T).

Moreover 1t results clearly that the low
kovel of ACHE activity 1 oot a Lumting fac
tor in the uptake of cholne In the presence
of acetylcholine, the residual activity belag
largely sufficient for tho sphiting of the mol-
ecule

Stnce the increased uptake of cholme
was alo noted in reticulocytes [1] ft was
suggested that the rabsed incorporation of
cholme in PNH RBCs was attributable to
the presence of & younger red cell populs-
ton In thts sitmation. The fladmgs obtatned
bere suggest that the uptake of choline may
be in bya

w»¢ have recently demonstrated (1] that, i

of
LhnRBCnr:mbtmglndepmdcmo{l.hem
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of the cells, s0 that we cannot exclude &
simular  selective  modifieation in  PNH
RBCs.
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Key Words. Erythrocyte p

Wholo blood potasstum concentration

Abstract. The comrelation between wholke blood potastum concentration (Kf) and
hematoerit (Hi) was wvestigated in subjects with a broed range of Ht. Tho relatroeship
mfmdmbenprucnr:dbylmv:,mdinlormmd:dwdbyﬂmmmipnhﬂm

of the formnla the foverse

concentration (Kc)

Introdmetion

Poimsiom i the most representative in-
tracellular cation, and it is well established
that its whole blood concentration (Kt) b
related 1o the red cell coumt (1] In our pre
vious works [2, 3] an fovense lnear rels-
tonshlp  between potassium

(Kc) mnd (Ht) was
found, when the data of both bealthy and
spemic patients were considered simultane
omly This Enear correlstion is independent
of plasma potessium level (Kp) hemoglobin
concentration snd reticulocyle count. This
relationship 1 represented by equation 1 [2]

L m
where a = 116.64 £ 270 and b=~3971

T t716

between Ht and erythrocyte potrssiom

In view of tho standard equation
Kt = KeHt + Kp (1-HD,

Kc can also be expressed [1] as.

Kt Xp{l-Ho
Ht

By combluing cquatiors 1 and 2 a3 fol-
lows:

¥e = (2]

th-x' Kp (1-HY
Ht

it s possibe to dexive, by algebraic manipu
lation, an equation to cxpress Kt in terms of
Ht and Kpr

Kt = Kp + (- KpH:-biht o

Became the clinical range of values of
Kp h small compared to ke, the variations
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of the cells so that we cannot exclude o
simlar  selective modification in  PNH
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Fig2. Comeision between predicied  and
mesmred Ki vabct i grocp 2.

Analysis of the Predictive power

(Group 2)

In group 2 we found a close correlation
(x = 097) betweea the 15 tctusl valees of
Kt and those predicted from equation 5
Thos correlabon Is shown i figure 2. The
intercept of the regrenslon lino fs not dignifi-
cantly different from zeto and the slope
trom 1 indicating that the predicted valog
can be sobstituted for the messnred valne.
The measured valoes in group 2 for Ht, Kp
and Ki, and the valoes of Kt dertved from
equation § are shown in table IL

Consistency of the Regrexsion

Paremeters

Although the parameters o, 8 #ud y have
been derived directly from data, it s ¥ be
expected, by comparig equations 3 aad 4
that the valoes of these parameters be re-
spectively case to Kp, (a-Kp) and b
where the valees for a and b In equation 1
were compuied independently in equation 2.
As shown bn table [IT the valoe of a Les
within 1 SD o Kp, and forthermore, £ and
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in Kp do not significantly affect the magm
tude of Kt calculated using equation 3
therefore we would expect that ignonng the
dependence of equation 3 on Kp would not
alter 1ts predictive power This means that
for the purpose of kt evaluation Kp can be
assumed to be an unknown constant value,
without adding a significant error

As a matter of fact a deviation of the ac
tual value of hp from a constant value will
affect i opposite ways the first two terms of
equation 3 (e one will be Increased while
the other will be reduced) thus providing a
partial compensation in the propagation of
errors On this basis, Kt can be expressed as
a quadratic function of Ht alone for this
purpose we assume that

Kt = a + AHt - yHt *

In this study e B and y have been esti-
mated directlv by least square quadatic re
gression from the measured values of kt
and Ht, and not derived from a2 and b
(equation 1) or from the measured values of
Kp

Patlents and Methods

44 subjects (group 1) with  broad mage of Ht
were caamined. The norms] subjects werr orem-
bers of the bosp tal staff The anemic patents
were suffering from chronle debllitating discssey,
thelr ancmia being normochromike. The Ht was
obtained In by the standard hod
of Wiamrobe [4] Kt and Kp were determloed by
atomic absorption spectrophotometry [5]. The ac
tual cocfficients of varation of these parameters
were 0.5% for Ht, 1.5/ for Kp and 2.04 for kt.
The constants o, J and y in formula D were de
rived wsing the values of kt and Ht In theso pa
Hents (groap 1). The valuey of hp were used oaly
to test the consistency of a, # and y In terms of
kp(t-Kp)lndbnlncqu:ﬂoﬂZ!lnudden

tested the predictive power of eqoation 4 & kx
ond group of 15 subjects (group 2) was sckaied
with a similar mnge of Ht In these subjects the
Kt was meaurred and each valoe was comparcd
with the corresponding value obtained from eque-
tion 4 wsing the fndividusl Ht and the valves of
a, f and y derived from group 1

Results

Analysts of the Correlatlon between Kt

and Ht (Group 1)}

The correlation between Kt and Ht fn s
group 1 was found to be represented by the
curve depicted in figure 1 This correlation
is expressed by equation 5

Kt = 373 + 112.63 He -~ 59.27 Ht* &)

computed by second-order polynomial &p-
proximation using the least square method,
analyshs of vanance has shown an F valoe
of 378 38 with 41 vs. 2 d.f The measurrd
values of Ht, Kt and Kp are reported in t2
bleX
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Fig. 1. Relationship between Kt and Hi In
group L
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Analysis of the Predictive power

(Group 2)

In groap 2 we found & close correlation
(r = 097) between the 15 sctual valoes of

intercept of the regression fine b not signifi-
cmtly different from rero and the slope
from 1 dicating that the predicted value
can be subttituted for the messared valoe.
The messured vatues in group 2 for Ht, Kp
and Kt, and ihe values of Kt derived from
equation 5 are thown in table IT

Congistency of the Regression

Pareometers

Although the parameters a, 4 and 7 have
betn derived directly from data, jt s to bo
expected, by comparing equatons 3 and 4
that the values of these paramctiers fie re-
spectively close o Kp (-—Rp)-ndb.
where the vatues for  and b in equation 1
were in equathon 2.
Ax shown in table 1II the vatue of a Ues
within 1 SD of Kp, and furthermore, 4 and
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Table IL Measizred valoes of Ht, Kp and K¢, and
pmd.ktcdv-lluc:o(mlnmupz

No.  Ht Kp Xt Kt
expressed  mEg/l actual predicted
asfraction value value
of 1 mEa mEgfl

! o 34 17 1737
2 0.16 345 18 2.3
3 017 48 2 2116
4 02 42 1 3141
s 030 18 32 s
6 03 35 35 3295
7 042 415 40 4058
L] 042 s 41 40.58
9 042 38 43 4058

10 043 18 s 4120

1" 044 43 38 4181

12 045 365 40 4241

13 o4r 478 41 4416

14 035 41 4“4 4778

15 X5 44 59 53123

Tmble T Cormparison between coefficients derive
«ed from a, b and Kp and estimated by least squarg
soalysis

Cocfiicient derlved Cotficient by kesat
froma,b Kp square armalysis
Rp = 38531046 «= 373

2 Kp= 11279+ 274 A=11263

b - 59T7Tx716 y= 5527

7 lie within 1 SD of (aKp) and b, respec
tvely

Discussion

It has previously been shown [2, 3] that
an mverse linear relationship between Kc
and Ht exists, » decrease in Ht being par
tially compensated by elevation of the eryth-
rocyte K concentration, This suggests that

Burzigoli/Gonella/Bencivelli/Bartolinl/Beti

the relationship between Kt and Ht 15 oot
hinear In thrs study it has been shown, by™
exploring a wide range of Ht values, that
this relationship can be expressed as a sec
ond-order polynomual curve whose coelli-
clents can be estimated. It can be concluded
that, using this equation, the Kt can be ac
curately calcnlated directly from the p2
tlent s Ht value.
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Chronlc Myeloproliferative Disorders
A Quantitative Assessment of Platelet Ultrastructure
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Ahﬂr-ﬂ.lnplﬂenuwilhchmk y
in vitro platelet aggn g tl

(MPD) amd d

of platelet ul showed

denmw‘elamuhmdmdlmono[mnopmnmﬂmhrtym
Atter 10 days of aspirin therapy some atmormafities were significuntly reduced, The Im-

Phications of this finding are discussed.

Introdoctien

Morphalogical abnormafites of the mye-
Toprofiferative  blood plstelet have been
known for more than half a cenwry {1]
Smce then, electron ucroscopy has re-
vealed a wide range of de

reflects the platelet storage pool deficit of
ADP and SHT [6] bt the nature of the di
lated OCS has remained obscure. Since the
OCS s the pathwiy for the release of
grenules, and since it is cilated in
mentally activated platelets [7] this mor

fects. Mmor reported ahoormalities woclude
hypertrophy of the demse tubular systems,
persd } nd

lcance s doabtfal [2] A mumber of studies
have reported sdditional, more widespread
stroctural  defects, the most coowstent of
which are s decremso in the mumber of
granules snd excessive dilation of the
camalicular systemt (OCS) {3-5] The fim

supports the recent
proposal that MPD platelets have soqured
a storege pool defect doo to intravascolar
platciet ectivation [8) Thh challengey the
propeml that MPD pistelet atmormaltties
are directly attributable to dysplestic,

met of thess morphological plateiet aboor
malities, and heve wsed thir to messure the
effect of wspirln therapy on platelet mor
phology Aspirin hes been shown not to al-
fer platelet morphology via a direct effect
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Table I Measured values of Ht, Kp and Kt, and
predicted values of Kt In group 2

No. Ht Kp Kt Kt
expressed  mEq/l wctuzl predicted
asfraction valwe valoe
of 1 mEgq mEq/l

1 013 34 17 1737
2 016 345 18 2.3
3 017 48 i) 2116
4 029 42 32 3141
1 030 as 2 kALl
6 031 35 as 3295
7 042 475 40 4058
g 042 1 41 40.58
9 042 s 43 4058

10 043 33 19 4120

n 044 43 38 4181

12 a4’ 368 40 4.4

13 0.48 475 41 4416

14 035 41 44 4775

15 069 44 59 5323

Table L. Comparison betw con cocfficients deriv-
ed from & b and Kp and cstimated by Jeast square
amalysis

Coceffickent dertved Coefficient by least
froma, b, Kp square amalyils
Rp = 335:046 a= 173
=Kp=11279+274 A=112.63

b = T£716 y= 517

y lie withun 1 SD of (a~Kp) and b respec
tively

Dhscussion

It has previously been shown [2, 3] that
an inverse lincar relationship between Ke
and Ht exsts, a decrease in Ht being par
tially compensated by elevation of the eryth-
rocyte K concentraton. This suggests that

Burzigoli/Gonella/Bencrvell/Bartolinl Betn

the relationship between Kt and Hi is 0ot
linear In this study 1t has been shown, by™
exploring & wide range of Ht values, that
this relationship can be expressed as 8 s¢¢
ond-order polynomml curve whose coelfi-
clents can be estimated It cam be concloded
that, using this equation, the ht can be &¢
curtely calculated directly from the p-
tient s Ht value.
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Chronlc Mysloproliferstire Platelcs

trhtory of splenx infarctiom, saperficial ven-

, ons thrombosls or Mac artery thrombosiy
None were on anticoagnlant therapy tat all
5 casey showed a marked reducton in 1
and 2 wave adrenaline-induced platelet ag-
grepation.

Flatelet o Granules

Figare 2 shows that platclet gramalation
varied from 0 to 40 of the crost-sectional
trea, both In patients and normal controls.
The maost frequent (modal) valoe for normal
Platelets was 15-20%,. In coatrast, the ps-
fients platelets show an excess of pootly
trannlated colls with & modal valoe of

b

0-$/.. When assemed by chi-squared, the
patierts and normal plstclets showed highly
il n ®
<0.001).

Platelet OCS

Figure 3 shows variable OCS dilation In
both patients and normal coatrols. The
wodal valpe for controls o 10-15/ and for
o patients 15-20%s, and tho entirs distri
butions arc abo statistcally different (p
<0.001)

Aspirin Effect

Flgure 4 shows that after esparin, there
was a dectense In poorly granulated cells.
However the sppearances bave oot re-
tomed to the pormal spectrum shown in fig-
ure 2, and the modal granulaton valuo of
050/ was the same before and after aspirin,
Despite this, grenulation s shgnificantly im-
proved ovenll (p < 0.001) Figure 5 shows
that in sddition, the excess fo cells with

:l.ll

nhhnnﬂﬂﬂﬂ

P 3. The  of platslety with OCS ocrepyiog
04% of tbkr wial sren. Normal mbjects and

Fle 4 The % pletcics whh granates ocempy-
g 040 of their aren. The shiaded and katched
m“"'m"'"lmfﬂflmwm
£od after mapirin, ropectivety

Grasaixtion bt
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on the megakaryocytes [11] whereas it does
prevent in vivo MPD platelet storage pool
release [17]

Methods

Patlents and Controls

The dingnoshs of myeloproliferative discase has
been previously discussed [12) 4 of the S patients
were on myelosnppressive chemotherapy but none
were permitted aspirin or aimilar drugs for 10
days prior to thelr Initial assessment. Followlng
this, they were given 1,200 mg aspirin dafly for 10
days and then reassemed. The normal controls
were healthy laboratory personnel.

Electron Microscopy (E/M)

Cltrated platelet-rich plasma was fixed whh
01% glutaraldehyde prior to the production of
platelet buttons by centrifugation at 1,500 ¢ This
technlque prodices minlmal slteration in platelet
morphology [13] The platelet buttons were then
fixed further with 33/ glutaraldehyde. They were
then macroscopically secticaed Into 6 mandom
blocks, which were then mandomly mounted for
mlcroscopic sectloning and processed for E/M as
described elsewhere [13] The E/M grids were
seanned randomly in battlement fashton and pbo-
tographed at X 33000 final magnification in a
Phillips E/M

Ultrastructural Assessment
L

wero on transpar
grids (fig. 1), and the crosv-sectional arca of each
ultrastnctural component was compated from the
number of points overlylng each sirtcture [14].
About 100 platclcts were analysed in each subject
(range 99-113 cells) Since the mean total cross-
sectiomal area of each cell was abont 72 grid points
(range 10~437), between 6,000 and 7,000 total grid
polots werp counted in ench patient. Table 1 shows
that the variation inherent to the method depends
on the cell size and the proportion of the cell oc
cupled by the structure under consideration. These
varistions prodoce distrfbutions for individual pe-
Hents which do not vary significantly (chi-squared
test p > 0.9)

Platelet Aggregation
These methods have been previouly described

2.

Fiz.1 E/M of a platelet overald wub (e
traosparent counting grid X 33,000

TableL Granuksand OCS(n platclets wero each
measured 10 times the varhation in the coumsttng f-
codure fs small and depends on the cel ster, aod the
size of the ultrastructural component

Cell size Mean =1 8D

Procedure !

63 sranubes 28916
63 ocs 282+39

Procedure 2

120 granules 342%08

120 ocs BO .5
Statistics

Differcnces between the dustributioes of gra-
ules and OCS were snsemed using the chi-squared
test,

Resolts

Patients
None had current thrombotic or baemor
rhagic complications but 3 cases had a past ~



Chronke Myeloprollferstres Platelets

History of splemc Infarcton, superfichl ven
o thrombashs or fhisc artery thromboshs,
Noue were on anticoagnlant therwpy but all
$ asas shomed » marked sedection in 1
od 2 wave adremline-induced platclet ag-
Frpahon.

Plaelet o Gramides
Figure 2 shows that platciet granulation
varied from 0 to 404 of the cross-sectional
arta, both [n pavents and oormal controls.
The most frequent (modal) vatue for normal
o Plttclets was 15-20%,. In contrast, the pa-
deuts plaekets show an excess of pootly
frmolated cells with a modal value of

FPlatelet OCS

Flgury 3 shows varlable OCS dilation n
both patients and noomal coatrols. The
modal vatue for controls 5 10-15% and for
the patients 15-20vs, and the entire dotr-
buhoos arc abo sutisically different (p
<0.001).
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Aspirin Effect

ure 2, snd the modal gragulation valoe of
0-5% was the same before and after aspiri.
Desplte this, graoulation s signiffcantly im-
proved overall (p <0 001) Figurs S ahows
that in sdditlon, the excess fo cells with
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Fig.5 The * platclets with OCS occupylng
0-45%/s of their area. The shaded and hatched col-
umns indicate mean values for 3 patients before
and after aspirin therapy respectively No signifi-
cant change is prescnt (p > 035) but cells with
very prominent (4045/) OCS reduced after
aspirin.

prominent (40—45%) OCS was elimunated
by aspirin, though the overall distribution of
OCS 13 statistically unchanged (p < 0.5
>01)

Dhscussion

The subjective analyss of platelet ultras-
tructure is difficult, due to the variaton m
the appearance of norma! as well as abnor
mal cells. The quantitative method used 1
this present study of MPD confirms, how
ever the previous subjective impresstons of
a granule depletion and OCS dilation

Definite improvements in morphology
occurred after aspirin  therapy but the
changes were not impressive enough to re-
solve the conflicting views on the pathoge
nesis of the MPD platelet defect. Aspirin
would be expected to protect MPD platelets
from Intravascular storage pool release
since the drug relieves symptoms of platelet
embolzation  reduces clrculating  platelet
aggregates and mhubits the ntravascular re-

Boughton/Jerrome/Rychetnil

Iease of platelet g-thromboglobulm [15-17]
Asplrin does not reduoce the hypersennitivity
of MPD platelets caused by the failure of ~
PgD, Inhibiteon [18 19] Furthermore,
does not prolong platelet survival 1 states
of increased platelet consumption, and its
antithrombotic effect may be lost when the
drug 15 used in high doses, due to the suml
taneous whibiuon of platelet Thromboxsne
A, and vessel wall Pgl, {20 21] High dos
aspinn may therefore have been an unfor
tunate selection on our part, and further
clanfication of this problem may requre
low dose aspirin regumens, or the selecton
of different antiplatelet function drugs.
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Fie.5. The / platelets with OCS occupylng
045 of their area. The thaded and hatched col-
umns Indicate mean valoes for 3 patients before
and after aspirin therapy respectively No slgnifi-
cant change I3 present (p > 0.5), but cells with
very prominent (40457) OCS redoced after
wsplrin.

promunent (40-45%) OCS was climinated
by aspinn, though the overall distribution of
OCS is statistically unchanged (p < 0.5
>01)

Discnssion

The subjective annlysis of platelet ultras-
tructure 1 difficult due to the variation m
the appearance of normal as well as abnor
mal cells. The quantitative method used in
this present study of MPD confirms, how
ever the previous subjective impressions of
a granule depletion and OCS dilation.

Definite improverents fn  morphology
occurred  after aspirin therapy but the
changes were not impressive enough to re
solve the conflichng views on the pathoge
nesis of the MPD platelet defect. Aspirin
would be expected to protect MPD platelets
from intravascular storage pool release,
since the drug relieves symptoms of platelet
embolzation reduces crculating  platelet
aggregates and Inhibits the intravascular re

Boughton/Jerrome/Rychetail

Iease of platelet g-thromboglobulm [15-17]
Aspirin does not reduce the hypensensitraty
of MPD platelets caused by the failure of
PgD, mhibition [18 19] Furthermore, 1t
does not prolong platelet survival m states
of d platelet c ption, and its
antithrombotic effect may be Jost when the
drug is used in high doses, due to the siowh-
taneous inhibttion of platelet Thromboxane
A, and vessel wall Pgl, [20 21] High dost
aspinn may therefore have been an unfor
tunate selection on our part, and frtber
clanfication of this problem may require
low dose espinn regimens, or the sefection
of different antiplatelet function drugs.
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Incressed Nomber of Prewdodromsticks and Largs Platelets

mamt of the standard May-Griowakd-Giemm
method. Platelet size way cvaloated by the wse of
MXTOROPe.

2] All otber appesdages ot mecting the above

were =
[2, 18], Phaxma aad plateiet Bthromboglobulln ss-
71 wars cartied owt walag the kit spplied by
Amertam Laboratories, Loodon Serotonks *H
wpisle and relsese wat carried ot by mesm of
prenowsly reported moddxcatson [8) of the meth-
od proposcd by Devid e Hervon (1] The propo-
wim iy an $ycarold male and wes teat 1o us for
loatlon of  mid The pe-
Ueat had bern known [0 have  mild thrombocy-

b all ks Ma. The mother and the 2 sistery of the

Tabte L Maxx featires of brakocyics In the propostt

Test

Proposa
W'Bccun(pupn 6,600
nornal

Mo-xy--ﬂ*rwhﬂcm wormex]
AN ae, i *ormal
PMN segmentation

Amacth  farmuie (%)

1 lobe 3

2 iobay 17

3 lobes a
4lobes x

3 tobes .
PMN graainiions o
AN mchesions o
Alkahno phosphatase vyl noroal
Perouxisss stin worrmd
Chiorscrtats emerase wain norsml
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O Mecwd
O $tud o, remnl
[0 o Dot studed, norrat

(] o O Decrses, rorrat

Fip. 1. Paouly pedigree. Both (st and son

peopositts wer  aho lnvestigated. The family pe-
digres b repocted b figore | No coosngeinity
53 present im the famly

Resuits

Rewults are summarized In tables T and
1L WBC count was normal in both propost-

4,100

T ]

rrage



Acta hacmat. 64 324-330 (1980)

Increased Number of Pseudodrumsticks in Neutrophils and Large
Platelets. A ‘New’ Congemtal Leukocyte and Platelet

Morphological Abnormality!

A Girolaml F Fabris A Casonato and M L. Randi
University of Padua Medical School, Institute of ‘Semcioticn Medica Padoa, Iaaly

Key Words. Large platelet Leukocyie platelet abnormality Nuoclear appendages

Polymorphonuclear Psendodrumsticks

Abstract. Z members of a fanuly a child and his father showed a combined morpho-
logical abnormality of lenkocytes and platelets. The abnormality consisted of the presence
of pscudodrumsticks in the neutrophils and of lerge platelets One or more than ot
pacudodrumstick was present In about 40%s of neutrophils Leukocyte count, differeathl
count and enzymatic stains were normal Large platelets constituted about 25%e of the
platelet population. 1 patient also had mild thrombocytopenia which appeared fo b
nnrelated to the basic defect since it appeared after a parotitis infection Platelet functicd
was normal but for a moderate prolongation of the bleeding time in the patient who bl
mild thrombocytopema. No chromosomal abnormality was present in the propositl. The
condition scems different from other Ieukocyte and platelet abnormalities so far described:

Several congenital or acquired morpho-
logical changes of leukocytes have been de
scribed [3] Associated anomalies of granu
locytes and platelets are extremely rare. The
only anomaly so far known is the May Hegg-
lin anomaly [10 13 15] which conmsts of
the presence of mant platelets and Ddhle in
clusion bodies in the leukocytes The pur
posc of the present study 13 to describe what
appears to be a ‘new combined abnormality

This study was supported by grants from the
MPI Rome (grant 1952, 197%), from the CNR,
Rome (grant T802123.04) and from the Venstian
Regloa, Venice.

of polymorphonuclear neutrophils and pi-
telets.

Material and Methods

Material and methods have been reported i
detall slsewhers [4, 6, 7) Only pertinent data »ill
be supplied here. Histochemical stalning for lev-
Locyte alkaline phosphatase, estermse and perox-
dase was carried out sccording to standard proce-
durer. Chromosomal analyshs was carried out fof
uw by the Cytogenetles Service of the Pedlatrc
Department of Padua University Ameth's forme-
Ia evalustion and drumsticks or pseudodrumsticks
counts were carried out on smears stalped by T
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Increased Number of Pseudodrumsticks in Neutrophils and Large
Platelets A ‘New’ Congenital Leukocyte and Platelet

Morphological Abnormality?

A Girolami F Fabris A Casonato and M L. Randi
Univenlty of Padus Medical School, Institute of ‘Semelotics Medica Padma, Italy

Key Words. Large platelet  Leukocyte platelet abnormality Nuclear appendages

Polymorphonuclear Pseudodrumsticks

Abstract. 2 members of a family a chuld and his father showed a combmed morpho-
logical abnormahty of leukocytes and platelets. The abnormality consisted of the presence
of pscudodrumsticks in the neutrophils and of large platelets. One or more than oot
pscudodrumstick was present In about 404 of neutrophils Leulocyte count, differential
count and enzymanc stans were normal Large platelets constituted about 25%s of the
platelet population 1 patlent also had mild thrombocytopema which appeared to be
unrelated to the basic defect since 1t appeared after a parotitls Infection. Platelet funcbon
was normal but for a moderate prolongation of the bleeding time in the patient who had
mild thrombocytopenta. No chromosomal abnormahty was present wn the propos:ti. The
condition seems different from other leukocyte and platelet abnormalities so far described:

Several congenital or aequired morpho-
logical changes of leukocytes have been de
scribed [3] Assomated anomalies of granu-
locytes and platelets are extremely rare The
only anomaly so far known is the May Hegg-
lin anomaly [10 13 15] which conemsts of
the presence of giant platelets and Ddhle in-
clusion bodies In the leukocytes The pur
pose of the present study is to dexcribe what
appears to be a ‘new combmed abnormality

This study was sopported by grants from the

MPL, Rome (grant 1952, 1979) from the CNR,
Rowe (grant 78.02123.04) and from the Venctian

Region, Venice.

of polymorphonuclear nentrophils and plt-
telets.

Material and Methods

Maserlal and methods have been repocted [
detall elsewhere [4, 6, 71. Only pertinent data will
be supplied bere. Histochemical staining for ks~
kocyte alkaline phosphatase, cxternse and perox-
date was carrhed out according to standard proce-
dures. Chromosomal analyss was carried out for
us by the Cytogenctics Servico of the Pedhtric
Department of Padua University Arneths formo-
la cvaloation and drummsticks or
counts were carried oot on smears stained by



Locressed Nomber of Fetododraomsiichs and Large Platelets

1) Al other appeadages mot meeting the sbove

e -

2, 15] Plxons and platelet B-thrombogloballn as-
o were cuthd oot meing the kit sappled by
Anerihem Laboratones, Losdon Serotonin H
wptake sad relemss wes carrhed oot by owams of
prevoedly reported modification [€) of the meth
od proposed by Dunid end Heriow (11 The propo-
e a0 $yrarold male end wa st W w for
enbaton of  amld thrombocytopesia. The po-
tont bad beem Loown 1o bave  mild thrombocy
topeaia for the past 3 ysant The keulocytopenta
™ firt noted after mups At that tras  boso

The second panenl wev 40-yoarold male,
{ather of the propostes He has been asympiomat
x ofl hin Lfe. The motscr and the 2 sisters of the

Tobla L Muln festren of euskocytrs m the proposid
Proposkos

6,600
wortm]

Temt
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3 Afteree
O S, rorr
1 o (D Mot stucked, rerwmt
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Fig. 1. Pagsly pedigree. Both father sad woo
were affected ATl other mombers of the famlly in-
estigated are wormal. The parsnts of the propos-
s wers Dot comsagulaeous.

propositts were sho [nvestgated. The fanlly pe-
digree b reported m figure L No coomagulaity
8 present n the family

Resalts

Resulty gre tummarired in tables I and
1. WBC count was porrmal in both proposk
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tl. Size and shape of polymorphonuciears
appeared normal However on close examl
nation an increased number of nuclear ap-
pendages or pscudodrumsticks were noted
in the PMN (neutrophuls and cosinophils)
Lymphocytes and monocytes were normal
1n appearance The frequency of the presence
of one or more than one drumstick 1n the
PMN is reported 1n table 11 About 4044 of
the propositi s granulocytes showed at least
one pseudodrumstick (fig. 2) The Ameths
formula wss normal in both the proposiL
The frequency of pseudodrumsticks was
higher m PMN with 24 nuclear segments

Glrolami{/Fabris/Casomato/Randi

(fig.3) The number of ‘truc drumsticks
found in the mother and m the 2 sisters of
the propositus were within normal fimrts
(table III) Plasmatic clotting tests were all
within normal limits. Platelet counts were
shightly decreased m the propositus and pet
fectly normal in the father Platelet mor
phology studles showed the presence of both
normal and targe platelets (fig. 4) The large
platelets with a diameter greater than 3 um
appeared to represent about 25% of the to-
tal (fig 5) Bleeding ume was modenately
prolonged m the proposltus who had the
mild thrombocytopemia but was normal 1

Table TL Coagulation study in the propositl
Test Case 1 Cuell Normal vahoer
Platelet number X 10%/u! 3 238 150-350
Bleeding time, min 7 3 <S5
Platelet aggregation (ristocetin) % 60 746 724127
Platelet adhesivencss, % 442 - 704132
Servtonin *H uptake, 5% 75 74 80t6
Relense, % 414 406 42+10
Plasma B-thromboglotralin, ng/ml a“ as ;g-;;
PRP B-thromboglobuBin, ng/10% platelets 66 892 -
Clot retraction complete complete

after 10k after 6k within 10 h

Purtlal thromplastin time, 3 kLB 352 30—-42
Prothrombin cormmption, s 32 38 >0
Prothroenbin time, s 14 14 13-15
Factons I, V VI, VIIL, IX, X, XJ XII, XIIU narmal mormal 60-160%

Table IIL Di of & and pcudo In the 2 proposit] and In other famuly members
Patlent Number of PMN with Troe drumaticks, % Number of PMN with
prcoudodrumsticks, % moce than ono
pewdodrumsticks

Propositns 42 [ 20
Father 41 0 16
Maother o5 3 o
Shter 1 25 1]
2 0

Stster 2
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Fig-2. Exaxplo of PMN with pecododrosc-
nh:.mwpumrdm-uu-wwdm.m
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Fig. 4. Exsmple of berge platelets in the pro-
positmy (apper row) and [ the faiber (ower row).
It oy be poted that mormalsirzed plateiets are
s scen togwber with larps platelcs

the fatber P bl

ower row to the father Ooe of t
Sicka #1¢ seen m each PMN. The mochesr appen-
dages wre rather thick and thort. No ‘trec drom-
ik m evident

— e

poormtags of presdodrowniichs
w poted B PMN wih 2, 3 or 4 seclsar lobes, The
wwnber of colls wkh pecadodrumtcks entered
(rrtical ban) roprescats the everags valmes ob-
nerved b the 2 proposid.

plste-
Jet aggregation to nRocetin, pimelet adhe
siveness and serotorin 'H uptake and re
lemse (coflagen 2 wg/ml) were nornal

Discussion

The main features presented by the two
proposil were” presence of nuckear appen-
dages which appeur to be pecudodrumaticks
1n the PMN snd the presence of both por
mal and large platclets. About half of the
PMN showed ooc or more than ooc pscu-
dodromstick. The largest number of psen-
dodrumsticks was present in the neutrophils
with 2 or 3 mockear segments. The PMN
with only 1 or 5 puclear scgments had Jers
mendodrumstichs. The low percentage of
preudodrumsticks found in nentrophils with
3 nuckear segments s interesting in view of
the fact that ‘troe drmaticks have been re
ported to become mor: frequent with the in-
crezse of the nockear segmentation in por
mal L b end b the hyp
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e P (o) Fig 5. Distributlon of plae

0 &——4 Propowtus Jet sizes 1o the proposttos, b the

©0=—0 Normal control father (other affected patemt), i

X—x Patrent with
Hogain ‘weoman”

5

-}

Number of platelets ¥
©

3

/

015 15 1 3
Puteet cameter pm

378 45 525

tion anomaly [3 12] No troe drumstick
was evident in the neutrophils of the propo-
sitl. All pseudodrumsticks were in fact rath
er thick and lacked the typical mspect of the
pseudodrumstick [2]

Coarse nuclear appendages or pscudo-
drumsticks may occasionally be seen in nor
mal subjects but never in such an clevated
number [3] That this i 10 is well demon
strated by the fact that unaffected members
of the family showed only about 1%, of
coarse nuclear appendages. The presence of
incrested nuclear appendages has also been
tentatively awmsociated with carcinoma [9]
Our patieats have no clinical or laboratory
evidence for neoplastic dhease Finally an
increased number of nuclear clubs and tags
m neutrophils was described In patlents giv
en androgen therapy [14] This does not ap-
ply to our patients, who pever received such
medicattons. As far as platelets are con
cerned, it is interesting to mote that only
about 25% of platelets are large the rest
were practically normal n size. However
this is still significnnt since only an occa-
sional large platelet is seen in normal sub-
jects [S] The sze of the large platelet was
similar to that observed 1 May Hegglin

the motber and in an uarelted
normal subject. About 28 ol
the propositl's platelets are large,
greater than 3um and 0p @
6-7 pm. For comparkson tbe plt-
telet size distribution cune of 3
patient with May Hegglln anoor
aly fs atso whown. The sire of the
large platelets seen fn the prope-
sitl Is similar to the size of the
platclets scen in the May Heggln
anomaly

675 75

g

anomaly occasionslly reaching 6 and 7 um
in diemeter In a normal subect platelets of
that slze arc never seen. One of the propost-
ti also had a mild thrombocytopenia-
Whether this §s sigmficant or represents an
associated anomaly remains to be clanfied.
Since morphological changes ol
leukocytes and platelets were present In the
father who showed a normal platelet count,
we tend to consider the mld thrombocyto-
penia found i the propositus as unrelated
to the basic defect. In agreement with this
interpretation 5 the apparently acquired na-
ture of the thrombocytopenua in the propo-
situs, which appeared after an acute paroti-
ts. The presence of large platelets did not
seem to significantly affect platelet function.
Prothrombin  consumption, serotonin  re
lease ristocetin induced platelet aggregation
and plasma p-thromboglobolin were nor
mal. Platelet g-thromboglobulm was shightly
clevated and thus is fn agreement with the
presence of large platelets. Similar findings
have in fact becn seen m the May-Hegghin
anomaly [18] The presence of large plate
lcts mppears to be unrelated to platelet nom
ber aince they were preseat In a similar pat
tern both In the propositus who had a muld -

Aantical
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Tahle IV Differvasial diagoosts berween May-Hepgin momaly ead the presest defect

Festare May-Hegyha maomaly Preser defoct

Hereditary pattern stvecina] domioast stogooasl domixat
PN norwel ol

Ameth fonewh norwad mormeal

THN wpeciel fortare Ddhis bodcs

Plriclet murnher mid 40 moderits thrombocytoponla ormal (of wudd

Piaiet size sinat coronl of glazt (sbowt 25%)

thrombocytopenta and in hs father who hed
a perfectly normal comt Whether theso
large platedets represent a separate populs-
ton or & modifrcation of the main pormal

© the fumily descnbed by Seman (17]

Howerer In that case no larpe platelets

%eTT present and therefore a different defect

& probabily involved. It bs interesting 1o note

that in the patients described by Seman, the
go of with pseodod

D [13-15) wisomy [11 14 16] but this
docs not apply to our patients sinco they
both had a normm! chromosome pattern.
The relatson existmg among these entitles
Tomains to be clarifiecd The spomaly sl
appean different from the other known as-
sociated defect involving keukocytes and
platelets, namely May-Hegglin anomaly
The maln ddfferences between the two con-
ditioms are summmanzed In table IV

In cooclesion it seems very hkely that

a

-

-
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Hyperglobulinemic Parpura in the Course of Multiple Myeloma

Meir Shallt Shiomo Bar-Sela, Avigdor Leviatan and Yaakov Naparstek
Department of Medicine A and Departmasat of Patkology Hadasah Untrersity Howpital,
Jerulem,

Tarme]

Koy Words, Hyperglobufinemic purpura Multiple myeloma

Abstract, Secondary

purpura of WaldenstrSm i charscierired by
d mainly with

disesses. Tts

with

multiple mycloma b very rare. We describe a patient who developed charactertste letions
of hyperglobulinemic purpura tn the course of IgA mycloma. Skin blopsy revealed deposl-

tion of IgA in the blood vessels.

The of benign hypergh

years pnor to sdmimion, while the palent was

pemic purpura (HGP) of 5m b
characterized by purpure on the lomer ex
tremitics, hyperglobulinemia, mild bypo-
chromic anentla snd elevated erythmocyte so-
dimentation rate [1] Two types have been
described. a primary form without an under
Iying disorder and a secondary form in esxo-
ciation with smtoimmune discases and renal
tubular acidosis (2-5]

The oecmrrence of HGP in the course of
multiple myeloma (MM) b very rare and, to
the best of oar knowledge, only 2 cases
have been reported [6, 7] An additional
crse by described bereln.

Case Repert

A 63-yearold male was admined w0 the de
partment of Medctse A for recomeat purpers, 2

IgA
type lambes, wes found. Bore lesions wers not
detented and  bone marTow ssplnade was mot -
sgnostic for maltiple myckome. Total seram prote-

matin revesled pior the Liver wa palpable 2 cm

beiow costal margin and marked porea was sers

over the shina xod calfs (Tfg. 1) Significant lsboes-
srythrocyte

Muya.muvﬂ,!.o 670 mgAdl,
A Y maidl and IgA 2980myAd. Urinabyris,
Iver 1md reval feaction erecket, calciam, phospho-
rm xad oric and Levals wore afl pormal, Tews for
CTyoglobalin, LE cells, axtioecenr and
Ltex globufln flistion wete nogatree A boos mar
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Fig. 2. Dlopsy of skin leslon showing mild perl
vascular Infltrate. HE. Original magnification »
125

row axpirate showed heavy infiltratlon with mye
loma cells. No lytlc letlons were detected by
X-ray and radlonuclide suarveys of the boocs. CIr
/mhun; immunecomplexes (Clq method) were
: detected. Biopsy of = porpunc leuon showed

Shallt/Bar Sela/Leviaun Napantad

Fh.LLoﬁtrcnmnhx!d\
patient showing typlcal purparic
lesions,

atrophy of the epidermis and a mild foflammatory
infltratlon of the upper dermbs (fig. 2). Immomo-
flnorescence dusclosed positive staining for IgA I
the wall of the blood vexsels of the upper dermb
(fig. 3)

Dhcusshon

Secondary HGP has been described in
assoaaton with  polyclonal gammopathy
manly in patients with autoimmune disor
ders [2, 3] To the best of our knowledge
only 2 cascx have been reported m associa-
tion with MM confirmed by the presence of
paraprotemn and playma cell infiltration of
the bone marrow [6 7] In one of these the
paraprotein was not identified, while in the
other it was IgG type kappa 2 additional
patients had the classical symptoms of HGP
without paraproteinemia, preceding the de-
velopment of MM [8 9]

The patient described by us developed
HGP several months after the incidental de
tection of paraprotem in the blood. Purpura
appeared only after a substantial increase 1n
the concentration of IgA took place IgA
was also the protein detected in the vascular -



frperplobulmenc Parpars i Myelooms

sence of amylokd deposhts in the blood ves-
sl precludes the positality that smy of
thete was operative in the patbogenesis of
the purpure.

The cxact of HGP o sill
bot chear  Kunkef ct al [10] described the
Pmcnneo(‘imermcdnummnnemmpkx
& in their patients. It was further soggested
that thege fmmune complexes were com-
posed of 1gG and anti-IgG and that they
‘mﬂrhtu.mlrko(thcryndrun[ll 12]
\\'hnhuumcomplanc-usebbodwml
Injary by mechamical obstroction or by an
nochated vasculiths b not clear

Our paticnt manifested slgnificant vascu-
Lar deponition of IgA alone. There B 0o in-
dication of the mechanbim that
caused the capillary damage in this cme.
The presence of parpura in MM e waally
refated to thrombocytopenla or cnyoglobal’
nemfs. Ou case suggests that the pomsi-

T bty of HOP dhould be explored w3 el

Imwsano{lnorescent
sunimg with aat-imesn IgA
floorescencs In blood
venct walls of the npper dermis.
Original mugnification X 500

2Kyk, R A Glach, G ]
Veughan, | H. Bougm
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0 11313 49711
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Fig.1 Lower cutremites of o
patlent showing typleal purporke

}'blmoptyollklnlulmsbowbumlldpcd-
vascular Infiltrate HE. Original magnification »
125

row mspirate showed heavy inflitration with mye-
loma cells No lytic lesions were detected by
X ray and madionuclide surveys of the booes. Cir
colating immune-complexes (Clg method) wers
not detected. Biopsy of e purpunc lemon showed

Jeslops

atrophy of the epidermis and & mild tnflammatory
infiltrution of the upper dermis (fig.2) Immuono-
fluorescence disclosed positive stalning for IgA fn
the walls of (he blood vessels of the upper dermis
3

Dhscusslon

Secondary HGP has been described in
sssociation with polyclonal gammopathy
mainly in patients with autormmune disor
ders [2, 3] To the best of our knowledge
only 2 cases have been reported in associz-
tion with MM confirmed by the presence of
paraprotein and plasma cell infiltration of
the bone marrow [6 7] In one of these, the
paraprotein was not jdentified, while in the
other jt was JgG type kappa. 2 additional
pauents hed the clagmical symptoms of HGP
without paraprotelnemus, preceding the de-
velopment of MM [8 9]

The patient desenbed by us developed
HGP several months after the incidental de
tection of pamprotein in the blood Purpura
appeared only after a substantial increase in
the concentration of IgA took place IgA
wzs also the protein detected in the vascular -



lestoos. Thus, a camse-effect relationstdp be
tneen the paraproteinermia and these kemons
ks very likely The absence of eryoglobulm,
the normal thrombocyte count and the ab-
sence of amyloid deposits m the blood ves-
sels preclodes the pomibility that any of
these was operative in the pathogenesis of

the purpura.
The exact patbogenesis of HGP b sl
bot clear Kumkel et al. [10] described the

presence of ‘intermediate immune complex
e in thelr patients. It was further suggested
that theso immume complexes were com-
posed of 1gG and ant-Ig0 and thmt they
were the hallmark of the syndrom [11 12]
Whether these complexes came blood vessel
Injury by mechanical obstruction or by
amocmted vasculits b not clear

Our panent manifested sgnlficant vasco-
lar deposition of IgA alooe. There & o In-
ducation of the pathogenetic mechansm that
caused the caplllary damage in this case.
The presence of purpura 1o MM b osmlly
related to thrombocytopenta or cryoglobull-
nemia. Our ctse supgests that the posed-
bifity of HGP should be explored a3 well
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Lithivm in Haematology A Case of Acute Intoxication

A Efira Y van Locthem M Ectorsand J Unger
Sairt Plerrs Hompital, University of Brosehy, Belgiem

Ky Words, Aplastic anemia Lithtam, adverse effects

Abstract, A 74-year-old woman was treated by Hthiom carbonate 3 X 300 mg per day
for drug-induced aplestic anemia. After 8 days, she suddenly developped severe topair
ment of cosciomness with myodionias and bypertoala which persisted doriog 10 days
despite lithtum withdrawal and sohum chioride infmlon. SOght disorders of water aad
ciectrotyte metabollsm, mild rensl fafture and the patkent s age could have contribated to

the development of lntoxication. Short-term Inthium mxy be Hft '3
and should thus be prescribed y in dcal a3 fn other

‘When Hibium was wsed in the o oy Fehy's d
of gout, &3 a sedative or ma a0 acute lenkemia, [ P induced
sant, severs side-cllects were reported [1] by cancer therapy snd in the treatment of

Nevertheless, when Hihfum chioride was aplestic anemia [7] Since no cxse of severe
prescnibed in the 504 a3 a substituie for so- toxicity had been reported Steln et al. [8]
Sum sal, the drug wes described by the  comsidered Lthtum to bave Hmited toxicity
marmfactarers & perfectly safe. Sobee-  only Rothstein et ol mentioned that, be-
quently  severe lithdum pobsoning, some
times leading to death, occurred [2, 3]
When Hthitum was recommended for seda-  agent [9]

thon of psychotic excitement, ity toxicity was We report the first cass of severe Intoxi-
recognired bat minimized {4] #nd in 1950 cation induced by Gthirm used i bematol

From 1949 to 1975 more than 100 cases of
thiwm intoxication were reported [6], at.  RePectofa Cue
trists follow strict therapentio
T Since 1975 o A Thyesroid woman was adukied b March

1979 for cataneoms parpana ead pallor. Hemmogo-
V' utlized n the treatment of granulocytopenic  bin wae 7.1 g, the whiw cefl cowot, LAOY 1,
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with 10% neutrophlls the platelet count was 803/
4. The bone marrow mspirate and needle blopsy
of the Jlisc crest revealed hypoplasia affecting all
cell lines, and no megalaryocytes. Oxphenylbuta
zone way suspected to be respomible for the pan-
cytopenin. The patient received packed red cclls
and platelets. Mesterolone during 3 weeks was on
soccennful  Antfblotics were ordered for a unnary
infection and were responsible for a shght dlar
thea. Lithrum carbonste 300 mg, 3 times a day
was started oa April 6 Plaima sodium level was
126 mEq7, urea 11mp/dl creatmine 0.62 mg/dl.
On Aprl 9 the lthium level in serum was
012mEg/1 On April 14 the patient was confused
and stuporous with fixed gaze hypertonia, and
myocionlas on tactile stimulation. Urea was
40mg/dl  creatinine, 14mp/dl and  sodium
126 mEq/l. Cerebroapinal fluid was normal The
Ithium level in cercbrospinal fluid was 0.7 mEq/1
on April 14 Plasma Uthium Ievel was 2.6 mEq/l.
Lithium was withdewn and sodlum chloride in-
{fused. On April 16, the lithtum level was 1.3 mEg/
and on April 17 0.8 mEg/l Slow progresive
improvement was observed and total recupera-
tion obtalned on April 24 Total blood count has
been completely normal since April 12,

The role of lithlam in blood recovery s un-
clear In this case, soce slight monocytosls was
wlready present 2 days before lithiom admints-
teathon.

Comment

Severo central nervous system  toxicity
occurred m an old woman with drog-in
duced pancytopenia after 8 days of lithium
treatment and persisted donng 10 days de
spite lithim withdrawal and sodlum chlo-
nde mfusion

The encephalopathy presented by our
patient could reasonably be attributed to

Efira/van Lactbem/Ectory/Unger

the lithium levels in blood and cerebrospm
al fluid In blood, the Uthum level was
moderately above the upper limit of the
therapeutic range (1.5 mEq/) and the eere-
brospnal flnid value of 0 7 mEq/l was cox
parable to the levels reported in other cases
of hithium intoxication with drowsiness and
coma [6] There was no argument for ¥
infectious etiology and the slight metabolic
abnormalities could not account for the ob-
served symptoms.

This case thus dmws attentson to the m-
herent dangers of lthium therapy €
when a rather low dose 15 admunistered. In
deed the typical oral dose used to reach a
serum hthium level of 1.2-15mEqg1 1
1,200-3 600 mg daily [3] Hyponatrems,
renal failure, dehydration, may all have
contributed to the rapid occurrence of lith-
jum iatoxicatlon In our case, the oceur
rence of severe symptoms despite moderately
clevated hthrum levels may have been, at
least 1 part, related to the patient s age. Ao
increased senmtivity to lithum with age was
suggested by Van der Velde [10] who de
scribed acute toxic reactions to lithiom in 3
elderly patients with serum lithium levels of
less than 2 mEq/l. Whatever the results of
further studies about lilnum m the ireat
ment of hematological disorders, physicians
must be aware of the serious and sometimes
life-threatenmg effects of thus drug. Benefits
must be balanced agamst potential risks.
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with 10 ¢ neutrophils the platelet count was 80/
L The bone marrow aspirate and needle blopsy
of the ilac crest revealed hypoplasia affectlng alj
cell Uncy, and no megalaryocyter. Oxphenylbuta
zone wa3 unspected to be responsible for the pan.
cytopenin. The pathent received packed red celly
and platelets. Mesterolone during 3 weeks was un
succensful. Antibiotics were ordered for a urinary
infection and were responsible for a slight diar
rhes. Lithium carbonate 300mg, 3 times a day
was started on April & Plasms sodium Tevel way
126 mEQ1 urea 11mg/dl, creatinine 062 mg/dl,
On Aprll 9 the Nithium level In serum way
012 mEqg/L On April 14 the patient was confused
and stoporous with fixed garze, hypertonls, and
myocloniss on tactile stimulation. Ures way
40mg/dl  creatinine 14mgidl and  sodlom
126 mEq/L. Cerebrospinal flufd was normal The
lithlum level in cerebrospinal fiuid was 0.7 mEg/t
on Apfil 14 Plasma lithtum level was 2.6 mEg/
Lithium was withdrawn and sodlam chloride in.
fused. On April 16, the lithium level was 1.3 mEq/
and on Aprl 17 08mEg1 Slow progressive
Improvement was observed and total recupera-
tion obtaloed on April 24 Totsl blood coant has
been completely normal since April 12

Thbe rule of lithitun In blood recovery 1s un
clexr In this cuse, since alight monocytoas was
already present 2 days before lithtum adminis-
tration.

Comment

Severe central nervous system toxicity
occurred in an old woman with drug-n
duced pancytopenia after 8 days of lithium
treatment and persisted dunng 10 days de-
spite lithjum withdrawal and sodium chlo-
ride infusion

The encephalopathy presented by our
patent could reasonably be attnbuted to

Efira/vap Lacthem/Ectors/Usger

the lithrum levels in blood and cercbrosp-
al fluid. In blood, the ULthium level was
moderately above the upper limit of the
therapeutic range (1.5 mEq/T) and the cere
brospinel fluid value of 0 7 mEq/l was com-
parzable to the levels reported m other cases
of hthium jntoxication with drowsmess and
coma [6] There was no argument for
mfectious etiology and the slight metabolic
abnormalities could not account for the ob-
served symptoms,

This case thus draws attention to the 12~
herent dangers of lithjum therapy even
when a rather low dose is admimstered. In-
deed, the typical oral dose used 1o reach 3
serum Lthijum leve! of 1.2-1.5mEq1 1
1,200-3 600 mg daily [3] Hyponatrem,
renal failure, dehydration, may all have
contributed to the rapid occurrence of Lith-
um intoxication. In our case, the occur
rence of severe symptoms despite moderately
clevated lithium levels may have been, at
least 1n part, related to the patient s age. A2
increased sensitvity to hithtum with age was
suggested by Van der Velde [10] who de-
scribed acute toxic reactions to Hthiwm in 3
ciderly patients with serum }thium levels of
less than 2 mEq/l. Whatever the results of
further studies about lithium in the treat
ment of hematological disorders, physicans
must be aware of the serous and sometunes
Iife-threatening cffects of thiy drug. Benefits
must be balanced against potential fsks.

References

ithiom The g d neur ir
ntability protracted imparment of con
sciousness and absence of focal neurological
signs have been described in vanous reports
{2, 3 10] as characteristic of Lthum toxici-
ty The diagnosis was further soggested by

1Cl d, 5. A A case of poisoaing by Lith-
fum. J Am. med. Am. 60 722 (1913},

2 Hanloo, L. W Romalne, AL, Jr,, Gllroy F I,
Dietrich, J E_ Lithium chiorkde a3  substitot
for sodium chloride In the dict. Obscrvatiom
on hts toxkity J Am. med. An. 139 688692

(1949).



.~
1

Antl-Factor IX Cirenlating Anticoagulent
b~

”\

LN

acher X %

0 | Y £

»

13 L »n =
Inccbaton e, ww

L Cantigt
0 16

bt 14

Facter 5 %

Fie.L Inectryston of facsor 1X by the mbibl
tor 02m! of bwmen srom diloted 110 @ 0%
aanple

(i saliac) sad the facior IX activiy {1 snemd
atvates of ACTDO Wer deseTmined At epotrol
aormal schorbed s wae wied bsesd of the
fatubtior comtahiing screms

Fey

pot reveal wsy sheormalitis fn the small arteries

Factor DX sctrvity of pormal pooked plasaa
wa kowered after short kocsbation with adsorbed
patieat’s scrwm and plemea st 37 and 4 *C. Mark

ahibitlon

] ocowred ot § min after iy and
acobation (fig. 1 ) The factor IX {nectivation cx-
pacity desppeared st 136 dilotion (flg. 1b). N
tralorstion tests revealsd that the nhibior was of
llest\nm F‘dmhmdwm

anh‘umrdbymubumxhﬂmm
slobalin corymeption temt 7 of cowsemytion)
after the mncubstion of mormal phitricts whh pe-
lhemt  3crom

Lilecs of Corticesterwid Thetupy on the
Iakidiiwr Acth ity Thrembor toprme end
Conrse
Afur 45 G of tremtowd wRD predabose
(I mgTgday) sad €0 deys of 20mg every orber
diy v observed  gracual dacresse in the astl-
coangulaat activity (Mg 1) and  cise of tha plake-

Erolaicn of the biological abaormakties os-
der cortenid dherepy



Acta hacmat, 64 338-340 (1980)

Anti-Factor IX Circulating Anticoagulant and Immune
Thrombocytopema in a Case of Takayasu’s Arteritis

A Torres J F Lucla A Oliveros C Varquezand M Torres
Services of Hematology Neurology and Cardiclogy Social Sccurity Hospltal, Zaragora, Spaln

Key Words, Anti-factor IX Immune thrombocytopenia Takayasu s arteritis

Abstract. A 38-year-old male with proven Takayasus artentls presented, in a routine
Investigation, with thrombocytopenia, prolonged whole blood clotting time and activated
partial thromboplastin time, Further studies demonstrated low levels of factor IX caused
by a crculating antcoagulant, Immunological studies revealed an IgG (with kappa chaws
predominance) nature of this. Cortlcold therpy decreased but did not suppress the anti-
coagulant ectivity Since similar coagulation abnormalities have been described in collagen
discases this observation is 1n support of this etlology to be comsidered In Taknyasu s

arteriths,

Takayasu s syndrome (TS) is an obliter
ative arterles of unknown origin manly In-
volving the aorta (arch and abdominal por
tion) and its branches [1-3] Acquired 1n
hibitors against factor VIII or IX are rather
infrequent findings in non-hemophillacs and
have mainly been described in patlents with
collagen dseases [5]

We report here the rare association of
Takayasu s syndrome with circulating anti
coagulant anti IX and immume thrombocy

tapenia.

Caso Report

A 15y 1d male was

A

d to

cal findings, ECG pulmonary scan and cardisc
cath allowed » diagnosis of primary
pulmonary hypertension with cor pulmonale to be
eatablished,

15 days after admision the pathent started to
complaln of weaknen, fatigue, norexla, frontal
headache and depression Ower the next 4-5 days
he slowly developed a right homonymots hemi-
anopsia parcuthesias [n the right arm that pro-
gressed 1o hemiplegia, mixed aphasia (maloly mo-
tor), and pain in the Ieft side of the neck radiating
to the bead and face. EEG showed & focus of ab-
normal sctivity in the left temporal and parietal
fobes, The left curotld artery was felt as belng rig-
td and poopulustile. Arteriography of the right
carotid showed marked shumting of blood through
the anterior feating artery A
the left carotid did not fill at all. The origin of the
left vertebral artery was slightly narrowed and the
t arteries were very dilated. A mescle

our hotpital became of shortoen of breath Clink

biopey taken from the right gastrocnembows did
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Abstract. A 38-year-old male with proven Takayasus arteritls presented, m a routio
ivestigation, with thrombocytopenua, prolonged whole blood clotting tme and activate
partial thromboplnstin ume, Funher studies demonstrated low levels of factor IX camse

by a circulating anticoag log:

ical studies 1

Jed an JgG (with kappa cham

predomunance) nature of this. Conlcoid therapy decreased but did not suppress the anty
coagulant activity Since similar coagulation abnormalities have been described m collage:
diseases, this observation is 1 support of this etiology to be considered In Takayasu

artentis

Takayasu s syndrome (TS) 15 an obhter
atlve artenes of unknown origln mamly in
volving the aorta (arch and abdominal por
tion) and its branches [1-3] Acqured in
hibrtors against factor VIIT or IX are rather
nfrequent findings in non hemophiliacs and
have mamly been described fa patients with
collagen diseases [5]

We report here the rare association of
Takayssu s syndrome with arculating antl
coagulant antt IX and immune thrombocy
topenia.

Case Report

A 38.year-old caucaslan male way admitted to
ou:hotpltdbwlmeollhmdbra\h.dl 3

cal findings, ECO polmoaary scan amd cardis
catheterization allowed a disgnosis of priman
pulmonary hypertension with cor pulmonale to b
established.

15 dayy after admision the patlent started 1c
complaln of weaknem, f t gue, anorexis, frootal
hesdache and depremion Over the next 4-5 dsn
he slowly developed a right hocronymous hemk
anopsla, paresthesisy in the right arm that pro-
gremed to hemiplegia, mixed phasia (nminly mo-
tor) and pain m the left shde of the neck radsating
to the head and face. EEG showed & focus of ab-
normal activity in the left temporal and parictal
lober. Tho left carotid artery was felt as belng rg-
id and nonpulmtile. Arteriography af the right
carotid showed marked shunting of blood through
the anterfor communicating artery Aortography”
the left carotid did pot (1 at all. The origin  f the
left vertebral artery was slightly parrowed and the
bronchial arterles wers very dlated. A muscle
blopsy taken from the right gastrocnemlows did
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Microcytosis of Unknown Origin
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= spart from the small volume — mmﬂmmmwmm

w8 00 evkience for a hereditary defect. It o

& variant of the pormal.

coostant mmcrocytosls which could sot be
related to any of the known causes. It b

that the condith

may

coomt. As shown ia table I, the other ux rootine
tos eamned oot between March 1978 and May
1979 yickded sorma! erythrocyte valver. 1 De-
crmber 1977 determbaaton of ibe mms prrame-
ters by maneal methods ybeided the follow lag val-
oL RBC count (Neobaoer chamber) 59 X 10%

coacluded that this conditon may
a variant of the normal

Case Report
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MCY 8 ® 7N

MCH, pg 20 17
MCHC, 127 o



let count. Similarly notable clinleal improvement
occuired. The logical and the cards

nary picture pearly disappeared leaving only slight
motor aphasia, minimal brachial pabsy and resi
dual left nasal quadrantanopsla after 10 montbs,

N helesy, both the antl fon and the
thrombocytopenia did not totally disappear per
shsting at abnormal levels 45 months aficr duagno-
ss.

Discussion

In extensive reviews [2, 3} no coagula
tlon disorders have been reported in Taka-
yasu s artertis

The presence of an anti IX inhibitor n
nonhemophilic patients is very rare Shapiro
and Hultin [S] could collect in 1975 only 7
cases described 1n the world literature, ner-
ther of which had previously received factor
IX. In our case as in the one described by
Sanchez Medal et al, [4] and contrary to the
other reported cases there was absoluotely no
bleeding tendency

The laboratory data and clinical course
of our case confirm earlier findings. No
clear answer to the question of etology of
the inhibitor or the influence of corticoste
roids can be glven
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Microcytosis of Unknown Origin

Klaws Nejtel and Peter Zahler

Ceotral Hemasodogy Laboraory Imseisphal, mnd Blochemical Institzte of the University
Bern, Switrartand

Ky Words. Blochemical nalysts

Absiract. Wo report a case of comtant microcytosks

which could not be related to

d and showed

ay of the wsml, known cames.. The

~ apart from the moall volume — no differenco compared with normal erythrocytes. There

w1 no evidence for & bereditary defect. It fs
 vagiant of the pormal.

cuded that the

wmay

count As shown w tablo L the other six rovise
trotr carried oxt between March 1978 sad May
1979 yiclded porral

related 1o any of the known cames. It b :tixcm ch:;m‘i_vxlo'/
d -
octuded that this may WS, MCV T20M, MCH 248py, MeHC
# variant of the normal. 34 1% The reticatocyte count wis mever mercsed
@S-1 ). Wiite cefll and platelet comats were
Case Report

The 22 yrur-old petsxt waa seen for the fing

agemty were oegative and the kiiory gave ao ladk-
cxtiow for  tome apeot. Liver blopey wat mot per
formed. Scrom tramanunesn and akalme pher-
rhatisc decrrmed slouly and retmmed to mormal
“\atwcs afier 9 mowths.

Table L. Hemogiobla, hematocra, RBC cont and
eythrocyic Iodaces ranges between March 1978 gnd
May Iry
Hsb, g o 183
He, 414 504
RBC  10%a 9 107
MOV o 7
MCH pg D0 17
MCHC, % 27 me



Iet count. Similarly potable clinical Improvement
occurred. The peurological and the card opulmo-
oary pkture nearly disappeared leaving only slight
motor aphasia, minimal brachial palsy and res
dual Ieft nasal quadrentanopia after 10 months.

Nevertheless, both the anticoagulation and the
thrombocytopenia did not totally dhappear per
slating at aboormal levels 45 monthy after dlagno-
sh.

Discussion

In extensive reviews [2, 3] no coagula
tion disorders have been reported in Taka
yasu s artertis,

The presence of an ant-IX mhibitor in
nonhemophilic patients is very rare Shapiro
and Hultin {5] could collect in 1975 only 7
cases described 1n the world literature, nel
ther of which had previously recetved factor
IX. In our case as in the one described by
Sancher Medal et al. [4] and contrary to the
other reported cases there was absolutely no
bleeding tendency

The laboratory data and clmcal course
of our case confirm earller findings. No
clear answer to the question of etiology of
the inhibitor or the influence of corticoste-
roids can be mven.
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Microcytocs of Unimown Origha

The oamotic fragility of the paticots’ erythro-

n

spherocytosts. Besyman [8] has recently re
viewed 35 cases with an MCV of less than
7011 but with elevated RBC couats, 26 of
these had thalassemia minor and 4 had po-
lycythemia vera. The remaining 5 had sec
oodury polyglobulia with coincident fron de-
ficrency after loog-term blood Joss, suggest

trial whh 3 X tablets of 37 mp
iron, mctinat during 2 mantbs Indoced  hitde o=

Hhow #o divergrace wormal red cell mem-
~

Coomment

The pensbsted -

diorder
Particularly the follow

excluded in the reported case. It might be of
Interest that the formuls of England and
Fraser discruminating between iron deficen-
cy snd thalawernla yiclded valoes between
93 and -23.0 Le. values cleardy below
those found by Cunningham [9] In 59 iron-
deficicrt patients. Any correlation with the
come of the hepatitis b rather unlikely No
svidence for a beredltary defect was appar

lysh, erythrocyte fitration and O binding
stodies are compatible with pormal erythro-
cyter. This opinion s confirmed by the de~
cressed oxmotic fragility which refiects a
higher surface/volume ratio of otherwbse un-~
altered cells.

We conclude that the reported ‘microcy
tosts of unknown ongin mnt be considered
a5 an unuvm) vanant of the normal,
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Table IL Phospholipid amalysis of erythrocyte membranes

Lipold extraction (4) myg lipoid/mg proteln (5)
Chalesterol (5), % of total lipoid
Total phoxphorus (7), % of total lipold

Phosphatkic distribution pattern, % of total phosphorus

Lysophosphatidyicholin
Sphingomyelin
Phosphatidylcholin
Phosphatldybserin
Phosphatkdylethanotamin

normal as well. Besldes constant microcytoals of
the red cells, the morphological aspect of the
blood amear was entirely normal. No spherocytes
were present. The mean red cell diameter mea
suted with an eye piece micrometer was 63 +
04 m (cormal range: 72 + 05 m).

During the acute phease of the hepatltls, a sn-
gle valuc of serum iron was slightly decressed
(47 pg/dl) whereas the four emsmng resalts were
within normal Lmits (61-132; g/dl) Tho lron-
binding capacity was always normal The bone
marrow aspiration contalned relatively lttle but
bhomogeneomly staimable lron pigment. No abnor
mal sideroblasts were found. Hemopotesis was un-
remarlable, the myeloid to erythroid ratio bang
31

Hemoglobin clectrophorens showed a normal
pattern (HbF = 034/, HbA = 2.5 /s, no abnot
mal 4 bl ) stability
in the {sopropanol test was normal The in vitro
globin chain synthesls sticty gave pormal results
with an a#f ratlo of 0.96 1.00 All of the following
erythrocyte enrymes were found to be pormal

1 &nhosoh dn

6-phornhogl

b y
comato dehydrogenase, glutathbone reductase, hexo-
unm‘ b D eral
Linase, phosphoglyceromutase, pyruvate kinase.
Blood from the parents of the patient also
gave s normal hemoglobi  electrophoreals. The
fatherhood was proven by HLA-determimation.
Blood smeany, peripberal cell counts and erythro-
cyte indices of the parents and siblings (1 sister
and 1 brother) were all normal There were no

spherocytes visble.

Patlent Blooddooor  Literatore
1035 090

2.5 32

254 320

138 138 1.62+057
2539 2592 25751220
an 0.7 3056 £ 289
1471 14 60 1296 +309
26.78 2730 2718 £301

[ i
i et -
i f ﬁj \
o B
L] [rRp——
b ¢
) Lo
t . -
|
b - - — — -
a b c d e f
Fig.1 Polyacrylamide-gel electrophorrsis of

the patient s red celf membranes (a—) n compar-
»00 with Dormal red celts (d-f). Patient. a = 30 ug
proteim, b« 45 wg proteins; ¢ = 123 ug glyco-
proteios. Normal subject d »= 30 ug proteins =
45 rx proteins; { = 120 wg glycoproteiot.



Microcytosts of Uskeows Origia

The oamctic fraglity of the pathents erythro-
€71 wey decrensed accordueg 10 the microcytome
(A bemmolysh im Q3%/ NaCl) The cwsotic
fragilky of the parcaty’ erythrocytes wis normal

(1193 amoly ba-

hot]

spherocytosis. Bersman [8] has recently re-
viewed 35 cascx with an MCV of less than
7011 but with clevated RBC counts. 26 of
these had thalamemias minor and 4 had po-
lycytbemia vera. The remaining 5 had scc
ondary polyglobufia with colncident lron de
ficlency after long-term blood Joss, suggest
ing a higher frequency of thls combination
than

Geocyte 23-diphosphogiycerme
mogicba) and ATP (500 umol/y
wery within the normal range.

The caypen dmocistion corec wes morrsal
It p30 = 248 mm Hg

The fBcerabillty of the eryfhrocytes with Gk

chency blrstic  snemis, thal
wd bemogiobinopathics, beavy metal
Y poisoning, coryme deficiency

Soch a bl s also
cxctuded in the reported case. It might be of
interest that the formula of Englend and
Fraser discriminating between iron defichen
¢y and thalessemia yielded values between
~53 and -230 Le values below
those tound by Cunningham [9] in 59 iroo-
deficient patients. Any comrelation with the
couTse of the hepatitls is mther wnfikely No
evidence for a hereditary defect was appar
ent on examining the pareaty sand siblings.
The resahs of blochemical membrane ana-
lysh, erythrocyte fitration snd O binding

for \be globla chamn »niheds stody De af
Ssdubli, Bera, oy mcusoring the erytheocyte fliter
bilay
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