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Detection of Cytocherr cal and Morphological Anomalies In
Preleul emia

F Sopwizi, G KoNwALINEA, G MICHLMAYR, K. AmsrrDenrs
and H. BRAy STEmvER

Dpartment of Medictne, Univerty of Inmbruck, Tambesck

Key Wonls Prelsmkemma  Sadcroblatk nemaa  Atwic oy logenoas keulemta
Crt Y uslects

Amﬂmmlmmmmmmmmmmm
amony the b eefls 1n prebewdemia
mmmﬂmwmmmwm-ﬂa
tng from  preleakemic doorder have bera stuched. The dmgmoshe valoe of the ¢y
Dchemical szamimation omng  pastl of 10 dfferent tests o emphesred. In pro-
spactive gwdy m 17 ont of 15 petresty, prefevdoms kad bren correctly diagwosed.
In 4 pabents bewkemia developed within 2-4 moatin from the daghous
Jenkesan’), in 13 panents bepkerun or snosldermy brukemua developed between 4
and 25 montts after the dmgnoms (trow prekeukemia’). The cytocharncal profila of
the hemopoicte cells of the Latter have been compared with those of 14 patients
waffering from apizstic anemia. I prelcwlomia the blasts &d pot exceed ¥/ of the
unclented bone mmrrow cells The cladce! valor of the dupeosa ‘prodeskemic’ i
dracwsed 53 wall a3 the prognous end the posebl  herapeutac

Thepmﬂm—dn;ntmmbncdonmlm
MIna roa of cases, the of acute
{ (AML):: ded by duordens of the hemop

l:bummnmw without clear-cut evidence of the impending leukemic ac
curmuiabon of blasts.

(2) The ab \ of the paietlc cells It a ch
tic finding in leukemia [9 36] and comrespondingly a wide range of cyto-
h;iallnomlhhubccndetcm:dinj:mknm bympboloﬁc.L
ultrastroctural chemrcal, and cy
[2,4-8,10,15 19 26, 29-31 34 42,46 48]

Recorved February 23, 1977 screpted. M y 18, 1977
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The alm of our prospective study was to investipate whether the rou-
tine examination of blood and/or bone marrow smears by a panel of cyto-
chemical techniques can support the conjectural diagnosis of ‘prelcuke
ma

Materlals and Methods

From 1968 to 1976 we examlined blood and bone marrow smears of 63 patieats
suffering from partial or complex bone marrow faflure nxing the routine ¢ytochem
feal techniques listed below Now we revised these cases, In 40 of which the duagno-
sl of ‘probable prelculemia had been made on the basks of preliminary clinkal in
formations and of the pecullar cytochemical and morphologh lies of the
blood and bone marrow celle. In further 2. cases, the -buarrml cytochemnical and
morphological patterns were absent or falnt and therefore no tls of ‘probabl
preleukemia hed been made.

A further case, Incloded fnto the ‘mon-preleulemia group, needs more ettensive
presentation (Case F) A 32 year-old woman was stedied because of severe complex
bope marrow faflure, The bone marrow uplme yieldcd scarce hemopoletic bone
marrow The cytochembcal and cytological disclosed much of the fea
tures regarded us significant criteria for ‘prekulemis  However this diagnoshs was
pot made because wo had been impressed by the presence {n the bone martow of
comspicuous Jarge macrophages — ‘histiocytes — showing strong phagocytoss of
bone marrow cells and erythrocyter, The abtence of hepatosplenomegaly and the
rather benign course argoed against the diagnoss of a ‘hhtiocytlc medul.lnry reticu.
losls [20, 391, and we concluded for an etlologically ‘hemn -
myelosls However 8 months later typical AML developed. This case was not in-
cluded into the ‘probable prefeukemia group, although objecibvely marked matura
tion defects were present st the time of the first examination, The caxe will be de
acribed fn detall chewhere (38]

15 patients of the preleulemia group and 8 of the ‘mon-prefeulemia group
conld not be followed edequately or are still allve withoat modification of the orig
tnal dlagnashs (flg. 1)

In additlon to these cases, we cheched a1 patients admitted with AML (o our
clinfe for a previous examisation of their bone marrow function. It rewalted thyy
nane of these patlents had been examined st the medical department duning (be §
years preceding the manifestation of AML.

Smeans of two further patients have been submitted from the Firt Departnrent
of Medicine, University of Munkch, and the Department of Pediatrict, Univeruty ¢
Tonsbruck.t In both chses, we commectly made the diagnosis of ‘preleukemia Th |
tency periods were more than 4 moathy The cytochemical and cytological nom
alies were exsentially the same as in the cases luted In table I and a3 disctveed be

1 We wre indebted to PD Dr H Hunx University of Munich, Departm o of
Hematology and to Doz. Dr R. hunx, Department of Pediatrics, Univensity of | ny.
bruck,




Presrnecy Morphologel Clanwcat Fral ey
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dagnosln
< 4 worire
ACS A L O e §
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Pratabie’
frempiniS lb“-:'fﬂ- O K iprhad
0
Partit
x / adeq
Yore marow 0 hiatalel
foire n
o) Dol e ASEQUAN ot WCT T
\ s

s 40
Fiy ! Catas stodued for the present anvatpation (May 1968 to My 1976
(X) = Hemophagocytic myeloss® see case report taase F),

low Howerer thowe patents bavo not besa incladed mio tabl ¥ and ot the ather
cvaloations of cor ewn pathenis.

Nona of the caies mctoded i (he ‘probable prelenleus growp thowed accme-
lation of blam or of smother nrnfotma leakemic coll popilation [n the bone marrow
wad 3o or atypeal could be drtected im the peripheral
Mmmwm&mmmhbﬂmmr/ of

pretcukemia group semmarized I table 1 #nd thowe of the ‘splssc emcems prowp
Fomed In table IL
The followwrs saummng procedures kave beca weed: May-Graawald-Giemsa, per

black B [ 41} esteram (23] 1 test for oeoiral protease
activity (32} scd pbosshatase [1] alkalme phosphatase [13], socinm fInockde-seml-
thee and -reslstamt acetaie esterases [35] e-asphibol-scciats exterase

been curried ot fier sppropnate pretreatmeat of (he Entart. The xocka bave been
cormirrptarsad dither with #od Mryer' homalom or with the Feslgen resction

Rewlty

(1) The cytochemical defects of the primary granules of the peutro-
phils inclode (a) quantitative differences of pecuBlar erxyme activities
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Fig. 2. Naphthol AS-p~chloroacetate esternse activity In the PMN neutrophils of
porma! subjects (2) decreased actinty may occur in severe bacterial infections (b}
in prelenkemia the PMN pcutrophils may show moderately or markedly decreased
enzyme actlvity arranged in coarse gronules or in clusters (c, d). Orig. magnif
X 1,200,

(peroxidase and neutral protease) among the polymerphonuclear neutro-
phils (PMN N) of the same patients very weakly stained or unstained
PMN N have becn termed parancutrophils [36] (b) coarse granules or
clustered cytochemical reaction products, which are due to the altered ¢y

toplasmuc dustribution of constituents and precursors of the pnmary gran

ules [36]

The best evidences for these anomalies have been obtained using the
tests for neutral protease activity employmg the substrate naphthol
AS-p-chloroacetate (fig 2) Closely corresponding results are usuaily
obtained following the staining for peroxidase or with sudan black B Lo-
calization of peroxidase activity was even better using the latter staiming
procedure than employing 3 amino-9-ethyl-carbazole as the substrate for
peroxidase activity

(2) A further remarkable anomaly was the occurrence in some cases of
unexpectedly low indices of the leukocyte alkahne phosphatase (LAP) ac
nvity [7 18 34]

(3) Glycogen ~ as shown using the PAS reaction - appears evenly di
tributed m the normal PMN N A granular distribution can occasionalhy
be observed 1n leukemts, 1n chronic infections and in preleukenua (fig. 3)

(4) In monocytes the atypical traits possibly duc to the preleukem
pertarbation of the maturation include the presence of fine or coarse gran
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Table 1] Scxrm priary snd secondary bematologic diarden show ing cysocherica! and
<ytological maxtmration

evdence for distorbed

Falnt anomabes Imermediate aomaba Marked ancombes
Chronk: {nflamemtory Vira] bafections Lackemrin

drcrses Treatoent with Prelegkemia

(bacterm] mfectiont, oceaslorally FNH

drordert, oy Mytiold metaplrra
soxme vrral mrfections) drugs Coagental drsocders of the
Polycy thema vera myelopoloy

Malteorpiicn

clar deponts of glycogen as well a3 jow and inegolarly distributed na-
Wmmmhmmuhcmmmbhu
| of the uslly similar actvives of
umspodﬁcenm-nd-ddphmphmunbemmm
(5) Increased nmmbers of weakly or strongly stained gideroblasts s one
of the mot 1 reported in prek 718,233
34 46 48] The degree of the tideroblastotls may vary withm & wide
range Prescoce of grannlar PAS-positive materlals in immature erythro-
bissts and procrythroblasts fs a further common findfng {7 34] (fig. 4).
Mature erythroblasts occanonally show a ditfuse stalmng (22] Marked 1o
perfrockear

also be present in prekeukemis.

Nooc of the cited atypleal traits per se directly imphes prefeukemis
Shnﬂulnmnt“n,lllhou;hmmﬂykndhﬂnﬂmdnﬂﬂn;,mbeob-
served in defini ditions such a3 those Fisted fn table
111 Based on the preliminary ciinical dingnash of ‘partal or ‘complex
booe marrow lnsuffickency we concluded that in 40 pavnents the ob-
scrved sbnormal cytochemical patterns of the hemopoictic oclls argued
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Fig. 2. Naphtbol AS-D-chloroacetate esterase activity in the PAMN peutrophils of
normal subjects (a) decteased activity may occur in severe bacterial fnfections (b)
in preleukemis the PAIN neutrophils may show moderately or markedly decreased
enzyme actlvity arranged In coarie granules of in closters (¢, d). Orig magnif
X 1,200,

(peroxidase and neutral protease) among the polymorphonuclear neutro-
phils (PMN N) of the same patients very weakly stained or unstamned
PMN N have been termed ‘parancutrophils [36] (b) coarse granules or
clustered cytochemical reaction products, which are due to the altered cy
toplasmnic distribution of constituents and precursors of the pnmary gran
ules [36]

The best evidences for these anomalies have been obtained using the
tests for neutral protease activity employmg the substrate naphthol
AS-p-chloroacetate (flg. 2) Closely corresponding results are usually
obtaned following the stninmg for peroxidase or with sudan black B Lo-
calization of peroxidase activity was even better uning the latter staiming
procedure than employing 3-amuno-9-ethyl-carbazoie as the substrate for
peroxidase activity

(2) A further remarkable anomaly was the occurrence in some cases of
unexpectedly low mdices of the leuhocyte alkaline phosphatase (LAP) ac
tivity [7 18 34]

(3) Glycogen — as shown using the PAS reaction — appears evenly drs
tributed in the normal PMN N A granular distnbution can occasionally
be observed in leukemsa, 1n chronic infections and 1 preleukemia ((ig 3)

(4) In monocyles the atyplcal traits, possibly duc to the preleukemic
perturbation of the maturation, include the presence of fine or coarse gran
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Table IV Comparison of the ¢y tochemical findings observed in the blood a5d boee marrow
crl e profeokenm and fn aplastic anemia (= ‘noo-preleckemia’)

Rewqlts Prejeakerms Aplestic anermom.
Index of the LAP

High 10 k

Nocmal 1 1

Low 3 L]
Atypiasl promary gremles JRLL] Q14
Atypacal PAS poslthaty

Gramjocytes s 014

Erythroblagts 15 o4

Bem calhy 415 o4
Suderoblastoms w1s o14
Pathologxe erythroblastae kydrolass ns o4
Atypscal monocytey &1 a4

for the presence of a prek it (p ")
Omohhtlsmcqmu.ly(oﬂmedpntnu(ﬂa 1), 4 times keukemia de
wlopedvﬂhlndmomh:(ﬁmmmtltuk:mh’) In 13 cases, actte beuke-
ma (AL} or sub (SMMTI ) or
bukmx(SL)mmncﬂcd4mmofemomh:mﬂLhodhmh(‘pnlm-
kemia’). No evident differences of the cytochemical anomalxes occurmed
among the cases meluded m the mmnent lenkema and the ‘prelevke
mia groapr.

We compared the cytochemical patterns of the hemopoeetic cells | 15
cases of prelenkertia with those of 14 cases of eplastic apemis. The dif
ferences among the two groups are shown in table IV In cach case of
‘prel one or more itylng criterla occurred 1 varymg combi-
matlors (table V) Thunpccuﬂarknun:lmnhxnlmdlbenmﬂnc
phosphatase sctivity was almost atways high of the patents later died
without the manifestation of leukemia.

False Posittve Diagnosis of Prelexkemia

We would Hio to emphasize aguin that the dugnosis ‘probable prales-
Yemia was based on prelimmary clinical fnformations, such a3 ‘ancrua
‘thrombopenia of ‘neutropenia  ‘bone marrow insuffcency and on the
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Flg 3 PAS stain « Normal PMN nettrophil 5 PMN neutrophil showing
coarse granular dhtribution of PAS-positive materlale. ¢ PMN neutrophils with
coarss grantules of PAS-positive materials in myeloblastic leulemis. Orig. magnif
X 1,200.
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Fig 4 Abnormal cytochemical proffies o erythroblasts obscrved f preleuie
miw a Grannlar PAS positivity [n carly erythroblests. 4 Paranuclear spot of strong
acid phosphatase sctivity Orig. magnif. > 1,200,
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Tabie 1V Coeparhoa of tbe observed In tho bhood nd boue marrow,
<l prefentsis and I apiastic anemis (™ ‘noo-prefakemia’)

Resslts Prolnkemia  Aphste eacie
Index of the LAP

Hrgh 10 13

Norum! 2 1

Low 3 0
Atyprcal pricmary groies /15 Qu4
Atypecal PAS poutn ity

Granalocyss s ol

Erythroblests 3ns o 14

Siem crls ans o4
Sideroblastons 615 o4
Pathokoge: erythroblaste: bydrokeses ns 4
Atypica) manocywn 18 w4

for the presence of m preleulemic (Cprobab )
Out af the 25 adequately followed patients (flg. 1), 4 times leakemia de
veloped within 4 monthn (‘mminent leokemia’) In 13 cases, acute benke

mia (AL) or sub {SMML) oc ddert
lcuk:mla(SL)mmﬂmnd4ormnmomhsuwdwdugnom(‘p&h
kemin’) No evident diff of the cy

amony the cases mcluded i the imminent keukemis lndlhcwrlcukz
mis groups.

We compared the cytochemucal patterns of the hemoporetic cells in 15
cases of ‘preleukemia wnth those of 14 cases of aplastic anemia. Tho &f
fercnces among the two groups are thown in table IV In each case of
‘prefeukemia one or more entrfying criteria occurred tn varymg combs-
mations (table V) Thete pecnlinr fcatures were absent and the alkeline
phosphatase activity was aimost always ugh of the patients later died
without the mamifestation of kenkemsa.

Faite Positne Diagrons of Preleukerrda

We would ke to emphasize agmn that the diagnoas ‘probable prelen-
Lemla was based on preliminary clmcal informations, soch #s ‘anemia
thrombopenia or ‘peutropenia  ‘booe marrow imuffickency sud on the
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Table } Occurrence of the variow cytochemical anomualies among the patkents being in

a prekeukemic stage
PMN Erythro- PMN Erythro-
pcutro-  blasts neutro- bhasts
phik phik
; !
2 2
%o é g § 3 E
§
NI
% .5 i & E -g %
§ 13 ] g g £
% e £ £ 3823 F 4
SK n e e n e
SN + t e .
TJ + o ¢ . .
QE + L] L] + .
uJ + *
RS t o 3
AJ + . e 3 .
WK n e e o ¢ * o o
NF + . . . ¢ .
BR + L] . ¢ .
PH t e . e o * ¢ .
wi + . . o ¢ . .
MW + o 1 . 3

n=Normal t=increated § = decreased

cytologrenl and cytochemical findings Among the 25 adequately followed
cases of ‘probable preleuhemia 1n 8 the dingnosis was erroneus. The fi
nal and/or autoptic diagnosis of these patients include tuberculosis (2
cases) treatment with diphenylhydantomn (1 case) paroxysmal nocturnal
hemoglobinuna (1 case) alcoholism and moderate lrver damage (1 casc)
chronlc aggressive hepanitis (1 case) Hodgkin s disease (2 cases)

Erroncously Negative Diagnosis of Preleukemia

Besides one exceptional case which we described 1n detall in Materials
apd Methods  no false negative disagnoss occurred in our materals. In o
turther casc the exact diagnosis was delayed the 64-year-old patient (ta



Crto aod b A Bes o “Pr 1

bic T case UT) was thought 10 saffer from aplaste enemia for more than
1 year The abrupt decrease of the consistently high LAP scores to sub-
pormal leveh ded m to suspect o preleukemic syndrome despite the ab-
seuce of any further cytologal or clinical changes. During the followmg
months a few further cytochemical anomalies of the PMN-N in the pen-
phenal lood became manifest. Troe lenkemia developed 8 months after
the first diggnosis of ‘preleukemia

Discusdon

Cytocherdenily D ble A alies In Preleakemia’

Sevenal authors reported on the occurrence of aboormal cytochemical
patieros in blood end booe marrow cells of patients in which years or sev
eral months later AL developed [7 10 17 18 29-31 34 46] Duorders
of the RNA metabohsm are the most Likely causes of these cytochemcal
mmis,v!ﬂd:mnmcdlodndmmb:dmmﬂmmxthydﬁw

affected cell cones. Striking ot of the RNA I, bave been
dcmcu:dlnAL[lZ_l&M] Althouth such detalled tnvestigations have
not been ok trable that {ally the
lum:hcmmybe-aivempmdwd.ngthermltycymlodcmmﬂon
Evidence cxsts that m p k the cellolar profife I aho dis-
mrbed[ll]Therrpom:d les m pred can be ac
cording to the followiny groups:

(2) enxyme equp of app ty matare cells, these in-
dude d d cytochemicalty bie activines of peroxid

alkaline p h in PMN-N decrease of noaspecif

ic esterase and acid phosphatase in mpaired pro-
duction in erythroblasts

®) of various doe 10 & hetlc sctiv

hyol'.ho prdzukcmil ctﬂ;.l.e—.lmnde'pmmlnddemblm the accu-
harl fn erythrobl and In some other hardly

dudﬂlbhblmmy-hobdmumdnmﬁndclcﬁsordcn,

(c) unusaal Incresses of cytoplasmuc enzyme activiticy, such as alkafine
pbosphatase in PMN N and scid phosphatase and nonspecific esterase in
erythroblasts,

() defective cytoplasmic organization ths may be shown m some
PMN-N thowing course granular disiribution of PAS-ponthve matcrlals
and atypcal dustribution of enzymes peculiar for the primary grandes
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(¢) quanttative cytochemistry revealed considerable anomalies of the
DNA content in megakaryocytes [29)]

Can the Suspect Diagnosis of Preleukenia be Supported by the

Crtochemical Examination of Blood and Bone Marrow Cells?

It 18 worth emphasining that the cytochemical examination of bone
marrow smears generally greatly improves the dingnostic value of bone
marrow aspirations This refers both to the now widely accepted cyto-
chermical classification of the acute leukemias as well as to the cytochem:
cal evaluatron of the bone marrow cells 1n pnmary and secondary disor
ders of the myelopolems. The cytochemical tests are usually distinetly
more sensitive 1n detection of maturation defects than the conventional
cytological exanunation. The evidentiation of single enzyme activities or
of accumulated organic or anorganic materials allows the more subtile ev
alution of the abnormal cell features. The detection of abnormal cyto-
chemical profiles and the degree of the detected nnomalies may argue for
the presence of a preleukemuc syndrome which may be suggested by the
climical course and by the morphologic findings.

Based on the cytological and cytochenucal findings and on a few pre
liminary climcal data we concluded for the diagnosis of preleukemia in
40 cases. Out of the 25 adequately followed cases AML, SMML or SL
developed 1n 17 in 8 cases the observed maturation defects could not be
attnbuted to lenkermia

False Positive Diagnosis of Preleukemia

Cytochermically detectable anomalies 1n the PMN N may be congenital
[27 36 45] or may occur in some bacteral and viral infections. Further
maturation defects of the myelord cells can be caused by several drugs.
However with a few exceptions - for instance, those due to diphenylhy
danton, which is thought to mterfere with the folic acid metabolism ~
these anomalies are usually not as marked and they usually are not as
suggestive for preleukemia Following the treatment with cytotoxc drugs
excessive anomalics of the hematopoiesis have been observed, which n
some cases were even more striking than those observed 1n preleukemig
Further pnmary and secondary hematologic disorders which may by 3 .
ciated with maturation defects have been listed in table T

The anomalies observed in tuberculosis and in Hodgkin & discasc are
difficult to explun Both hepatic dysfunction and the viral mnfection may
concur in producing the bone marrow depression frequently seep n
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chronic aggressive hepatitis. The toxk effect of akcobol on the hemato-
poiesis may be mediated by the bepatc dysfunction, altbough a direet
toxk: effect has been drscussed [37] Srnrﬁcsoonccrmdv.'hh'.h:(mqm
cy the type and the degree of the Hes in

and Hodgkin s disease are m progress The myeloid ddectslnplmxy!mll
mﬂmﬂh:mﬁoﬂnuﬂl(PNH)mdmm)ﬂmdmp{mmmbaﬂy
Intimately related to thoss in I I P n
thzﬁnﬂnmthdmcuwcﬂnmmmno{m)doﬁbfmhhwdl
known.

False Negati ¢ Diagnosls
\chponcdnnnrommlnrhom,daph:mcpmmofpmmhm
Jies, we bad been imp by the strong phagocyto-
tis of bone marrow cells and therefore had made the diagnosis of bemo-
phagocytic myelosts [20] However AL developed in this patient after 8
manths. In a further papent, the diagnosks agnogeme aplastic anemia had
been changed to preleukemia 8 moaths before manifestation of leuke~
mi;lflecﬁnep:dmaﬂrncasc—lhichobje:dwdyzbov:dm—m;lu
tures ia s described above — it can be coocluded
Mnuhbanc!luwdhpmxhldbtcnbucdmﬂncymdxmhlcx
aminations, It emerges from onr results that, if sppropriate examinations
are performed, actually o all cases of AML cytochemcal and cytological
ancmabes could be detected rcveral months before the mantfestation of

ton of mytlold lations 13 p by a pro-
mmmmnoudxmdﬂolmynlmdcrﬂdmu

Diagrioxls of Prelewkeria
This dlagnoms shonld be besed on the followmy citeria (1) presence
of single ar combined driorders of the myrlosd cell Imes, (2) carefal an-
amnestic and clincal eval and excimdon of the myelopoletic dlsor
ders discorscd in the previoms chapies (table 1) {3) absence of g rede
ant accumnlaton of blests (kess than 3/ of the nudested bone marrow
celh)orofm.bamommorphncocnpopuhmm (4) presence of marked
and cytologic bes in several myelosd cell Ines (table
V)Tbemcdcukn’cywdﬂﬂcﬂmdcﬂobslulmmm&ﬂoﬂmylﬂq'
to distingahh between preleukemun end related atypical mysloproliter
stive clscases and pot levkemis-atsoclated booe marrow disorders (table
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PRELELKEMA
‘E:‘::r
t
i h
H/ 4 I—_—
uowTe 8 b 8 A = P

ll—.
.
e
¢ 4
" LY ened
e
sONTHE 3 © ° P » »
Fig 3 Surv'lnl In p'relculemh and in wplastic ancmia. W = AML, @ =~
dering my Lemia O = acote monocytic leukemia O = SMAML,
V- Hestation of in A - ic aplastic apemia, A = drug

associated aplastic anemia .} = lymphoma-associated aplastic anemia

IIT) if only single cytochemical tests are employed, the disgnostic useful
ness 1s rather poor [18] (5) nevertheless, n a few cases t may be impos-
sible to distinguish between preleukemia and mumicking disorders. Inw-
tial monthly controls and simultaneous treatment of associated disorders
may further clanfy the myelopoictic defect. The diagnosis ‘preleuhemin

cannot exclude that in other arcas of hematopoiesis not studied rudimen

tary accumulation of a leukemuc cell clone already occurred

Clinical V alue of the Diagnosis Preleukemnia

Accordmg to the published data [4 18 19] and to our own experi-
ence the duration of the preleukemic stages may largely vary and may
extend even to several years However as leukemis has become manifest,
the course s usually rapldly fatal and irduced remissions occur very ex
ceptionally

Only a few out of the cases of agnogenic or secondery bone marrow
tnsufficlency had a favorable course (table II fig. 5) By contrast, most
other cases of aplastic ancmia showed a brief survival If the first 10 cases
of aplastic anemia in figure 5 arc taken as a group, the mean survval is
considerably shorter (4 7 months) than in preleukemia (11 8 months)
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Stnkd reenk has been di d much more frequently in
mmﬂnnlnwomcn[w] In our materials — if anly the cases of true pre
lenkenils aye regarded - the reianon fs 12 men to 1 woman, or — If the
cascs of ‘Tmminent lukemiz are sdded ~ 14 3 At the present state of
knowledge on the etiology and the pathogencsis as well as on the treat
ment of kenkemia, the vatue of the duagnosts of preleukemia 1s still 2 mat
ter of debace i our opinfon, prejeukemia should not be treated with cy-
totoxic drugs, or 1f the case, should be treated very carcfully Instead, im-
mupotherapy scems 10 us 10 be an approach which deserves duscmsyion. A
!mhuposu‘blctrnmrmmymminmtbcmmphnhﬂmolbonemu
row C lled trals on i cases are
ncdedlcrmwvrln;thaeprobiemVeryvﬂmb{edleppom
mxy bo given by cytogenetic cxammations and especially by agar cultiva-
tion of bone marrow cells [16 24 25 40 43] Liguid cultures also yield
ed promising resalts {5 6]
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Morphological Differences in Homan Peripheral
Blood Lymphocytes
A Froers-Etching swd Sceaoing Electron \krascepy Siy

JADE RExAt PrQUERAS

Departamento de Crinlogla Molecular y Cultn  de Teyidos,
Tostitmo do Im estiganoos Citolsgices, Valencis

Key Honds Lymphocytes Freezeoi humg  Scanming elaciron mcroscopy
Plasma membrane

Absirect. A morphologxal sndy mng freezt ctchmg and scaamng ekctron m-

CTOoscopy was catraed out on [ymphocytcs from hoeman perpberal blood
Freezc-ctcheag electron muroscopy of lympbocytes fractured 1 the beved of the
membrane thow the presence of tv  groopy of ceils actordmg to ther surfscs
with  mnooth surface snd fympbocytes whh & villows

with wmooth srface showing wopods mere alxo obeerted.

Introducuon

Some workers using scannmg electron macroscopy (SEM) have report
ed that B lymphocytes have villom surfaces and that T Iymphocytes are
largely amooth [6, 7 17-14) More recently studies with SEM clumed
that willoms surfaces are found 10 both lymphocyte populatenms [1 2]
This ducrepancy bas been attnbuted to artefacts denved from tho method
of cell collection 13 well as to the different prepanative techmquet msed in
SEM [1 2] No physcal fluatlon methods bave been used to clanfy this
problem. It seemed, therefore, proper and 1n order 1o contribate to a bet
ter understanding of the surfsce morphology of buman peripheral blood
lymphocytes (PBL) to use freero-ciching, a techmique specially smted to

Receired March 29 1977 accepted Jome 26 1977
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study cell membrancs. The results obtained in theso studies, performed
with PBL, are summanzed in the present report and compared with SEM
observation of the same cells,

Methods

Lymphocyies

40 m] of peripheral blood were drawn from a healthy young donor and lympho-
cyles were isolated from the hepannized blood by plasma filtretten on nylon col
umie. Differential counts showed 954 lymphocytes and 5* monocytes. Three tam-
ples of blood from the same donor were studied by freeze-ctching and SEM

Cell Collection
For freczectching the lymphocyte suspensions were centrifuged at 200 for
10 min, and the cell pellet way Jed in 0 121 cncody Cl buffer pH 74

with 300 glycerine. After 30 min at room temperature, the sspensions were centri-
fuged at 200 ¢ for 15 min and partions of the cell pellet mounted on gold discy.

For SEM the lymphoeyte suspension was immed ately allowed to settle in
Leighton tubes contalning monolayers of BHRK celly grown over glass shds [8] Af
ter 60min at 37 C (o allow adhedon of lymphocytes to BHh cell surfaces) the
slides were removed and fixed for SEM

Cell Fixation and Observation

After immersion of the gold discs, first in Freon 22 (~ 155 O for 5sec and then
in )iquid nitrogen (- 1963 C), convenliomal freezeetching was carded out udng n
Balzera IA 360 M apparatoy. The etching time period was 1 min at - 100 °C. Reqlk-
cas wers observed in a Philipt EA 300 electron mictoscope at 40 LY

For SEM the slides were fixed with 2%/ g) yde in 0.1y H cl
buffer pH 74 rinied in the same buffer postfixed with 1/ osmigm tetrovydo in
veronal acetate buffer pH 74 Sucrose was added to the last solutions to obtain the
same oxmolartly as the other solutioms used earlier (410 mowm). Dehydration was
carmed out o a graded series of ethanol followed by an acetone wash and critcal
point drying udng CO  The slides were coated with carbon and gold in g vacuum
unit and observed at an angle of 45 in a Jeol 50 A SEM at 5LV

Results and Discussion

Freeze-ctching electron microscopy of PBL fractured at the level of
{he membrane clearly shows according to their morphology the presence
of cells with a villous surface (fig 1a) and of cells with & smooth surfgec
(fig. 1c 2a) Faces of cell membrane showing mtramembranous particles
(IMP) were studied 1 order to determne the density of these particles no
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differences between the two groups of cells were found (mable I). Lympho-
cytes with surface {estures identeal to those desaribed above wee abo
observed by SEM (Gg. 15, d) Morcover the results show that 70 of ho-
man PBL had a smooth sorfece whereas 20*  were villoos (tabk I). Some
cells with smooth surfaces showlng uropods were abo observed (fig. 2b).
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study cell membranes The results obtained in these studies performed
with PBL, are summarized in the present report and compared with SEM
observation of the same cells

Methods

Lymphocyies

40 ml of peripheral blood were drawn from a healthy young donor and lympbo-
cytes were {solated from the hepannized blood by plasma filtration on mylon col
umns. Differentlal counts showed 95 /» lymphocytes ond § /s ytes. Three am
ples of blood from the same donor were studied by freeze-ctching and SEM

Cell Collection

For freeze-etching the lymphocyte suspensions were centrifuged at 200¢ for
10 min, and the cell pellet was resuspended In 0.1 cacodylate-C1 buffer pH 74
with 30*  glycerine. After 30 min at room (emperature the suspensions were centr-
fuged at 200 g for 15 min and portions of the cell pellet mounted on gold discy.

For SEM the lymphocyte suspension was immediately allowed to settle in
Leighton tubes containing monolayers of BHR cells grown over slass slides [81 AL

ter 60min at 37 C (to allow adheslon of lymphocytes 10 BHR. cell surfaces) the
Alides were removed and flxed for SEAM

Cell Fixatlon and Observation

After immersion of the gold discs, firt in Freon 22 (- 155
in liquid nitrogen (- 1963 C), conventional frcue-ach(iu moaf::sd‘:ur:z::c:
Balzers BA 360 M apparntus. The etching time period was 1 min at - 100 C. Repli-
cas were observed in a Philips BEM 300 electron micToscope at 40 LV

For SEM the stides were fived with 2v/ g hyde In 0.1 a
boffer pH 74 rinsed in the same bufler postCxed with 1/ osmiom ltlr:r;‘;c in
veronal acetate buffer pH 74 Sucrowe was added to the lagt solutions 1o obtaln the
wame osmolartly as the other solutions used earlier (410 mosm). Dehvdration was
carrled out in a graded scrics of ctbanol followed by an acetone wa b and erjtcal
polnt dryfng using CO  The alides were coated with carbon and gotg " o vacuu
it and obscrved at an angle of 45 in a Jeol 50 A SEM at 251V m

Results and Discussion

Freeze-etching clectron microscopy of PBL [racturcd at the |oye of
the membrane clearly shows, according to their morphology the P
of cells with a villous surfoce (fig. 1a) and of cclls with & smooth, surface
(fig- 1c 2a) Faces of cell membrane showing intramembranoys Pparticles
(IMP) were studied 1n order to determine the density of these Particles o
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Table I Morphoiogical characteristics of humen peraphera] blood lymphocytrs #s seen by
SEM and fresse-eiching (ean + SD)

Claracweristics Smootheells  Villows crils

SEAM

Pereent of oty L n

Call sbre, pom L18£03%  S0T+047

Mocronit six, um 020+ 0.02

Micromill length, am 059 4012
of mieronll: per exposed susface uz 12

Freere-ccking

IMP dumeter A 129 +845 HI D)

IMP density  IMP pen MO £324 195 £3AT

IMP dmtribation monogranvir monogremtar
200 calls from each tampic

Student 1 test was ueed for statrstica) comparison af the IMP dosoty ( of villoos.
ah=15 of anooth cels=27 p « 00
* According W Marper I9]

hm been made by both light and transmisson microscopy [10 15 16]
Obviomly and given the fmportance of the subject, further work should
be carned out.
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Fig 2 a Smooth lymphocyte visualized by freezectching showing some frac
tured microvilli (arrows) X 6,800. b Uropod formung cell. The surface of the cel
lular body s smooth. X 5,000

In view of these observations and although modifications of the cell
surface occur in some cells, including lymphocytes, dunng the cell cycle
and during preparation techruques [3 4 5 8 11] these do not explain
the observations presented here and the excellent correlation in the jm
ages obtained by both techniq using completely different methods of
cell collection and fixation Moreover a simular drvision of human PBL
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Tuble I Morphologhcal charscrntica of buman periphers] blood mpbocytes as ssea by
SEM and freczr-caching (mean & 8D)

Crarscteritics Smoothcells  Villoos cells
SEM

Percent of cels x 2

Cell thre, 518+ 056 307047
Microvill: sire, am aw+om
Micron [T Jength, oo Q994012
» of micron [n per expased sorface M2 x10
Freeee-esching

1MP dometer A £29 345 43 111
IMP denmty  IMP wm MO L34 295 £ M7
IMP drtrietion mocogranalir  BopogranaMr

200 calls from cach gmpie.

Scodent 1 tat was eed for ststutical comparmon of the IMP denwty ( of nilloes
calls=)3  of wnooth eells=27 p « 0Q5).

Accordmg to MaxDeL [7]

has been made by both Dght and tranwmisdon microscopy (10, 15 16)
Obviowtly and given the importance of the subject, further work should
be carried out.
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Unnsaal Lymphocyte Morphology In 2 Case of Chronlc
Lymphatic Leuksemia Apparent Nockear Extrusion
D G NeweLL, U Jayaswar, ] Suurd and S. Roat

Haematology Faculty of Medicineg, Southampton Universty Hospitah, od
Unh, Tenoves, Geseral Hospital, Sonchempton

Key Wonds. Lympbocyts morpbology  Scaning electron miroscopy
Tr lectron Chronc lewhsemla

Absrect The muusoal lymphocytes from  cam of cimonde lymphatic leuksemia

mation available it was not pomable to determics whether thew wers doe to cell
motiity or neclear extrasion

Peripberal blood from hmp from panents with chronkc lym
phatic leuksemia (CLL) are examined in this department usmg the scan-
ning and electron The recent des of
tmproved techniques which have redoced the possibility of preparatne
artefacts [NEWELL ef af  1976] havo allowed us to make detalled obser
vations on the surface and ultrastroctural morphology of these cells. The
peripheral blood hymphocytes from oue particular pabent illostrated a
pbeniomenon unique In our experfences the structural studies on these
cefls are described and discussed.

Materialy and Aethods

Perphera) blood hympbocytes were bolated by Ficol/Tricall gradient centrifugs-
tion and prepercd for chctTon mECTOXOPY 2 previoaily decribed by Newrit or ol

W wouid lie o cuank Dr R H7De end Dr ] Buodroara for referring dhes
patrent for rmorphologxcal studes

Recehved Apnl 28, 1977 accepeed J ly 4 1977



6 NEWILL/S 13 aswAUSHITW/RoATH

11576] The el smypension was processed for scanning chectron microscopy (SEM)
vsing an adapted BEEM capsule {NTwiLL and Rowm, 1975) and atwo embedded fo
Spurr rean and scctioned for transmivsion ¢lectron microscopy (TEM).
Surface marker studies were performed on lymphocyte suspensions for the fden-
t{waton of ell with receptors for T'c and sheep erythrocytes by rosette tests and
urf lobulin by immumno-fl nt stalining. These methods are de-
be ! Ivewhere (Surry and Harasar 19741

Clinical History

A 70-ycar-old setired brewers drayman with a history of modest akeehol con
umptlon was scen by hiv family doctor having had diarrhots and abdomical min
for weche, Grow splenomegaly and hepatomegaly were found and the patlent was
referred for jnvestipation The diarrhoea, which was thought to have been Infective
in orlgin, cenesd spontancownly

Blood heemoglobin was 1 g/dl total white blood countt war 4.0 X (%7 with
+8 N\ 1091 small lymphocytes and peatelets were 93 X 101 Sternal marrow od-
tained showed 40* of the cells (o be smal! lymphocytes. Liver blopsy was compath
ble with CLL but also revealed the prewence of some strongly PAS-positive roanded
bodies, 5 im {n diameter within some parenchymal celle. Thh was thought compath-
ble with @ anthtrypsin deflciency which was confirmed by a blood Tevet of 100U
{rormal 180-400U) Lung functlon tests were normal amd liver function tests
showed normal aspariate tranwaminase, lactic dehydrogenase and billrublin, bk
raleed altaline photphatase (16 KAU) and S-nucleotidase of 62 1UA, which was ve-
helpful in excluding bone disease A diagnosis of CLL in a man with partial a, antl
trypsin defictency wns made. His discase was stable over 3 years of observation but
he developed fron deficiency during this period, confirmed after bone marrow ¢t
aminatton The partial  anth-trypsin deficieny was apparently asympiomatic

2 yecars aher hh original pr jon he toped colkchy abdominal pain
which led ta radiological iavesiigation of the large bonel revealing o caceal tum
our Laparotomy confirmed (he presence af a caccal neoplasm which way shown by
histology to be an ad: i

The patient had s stormy past-operative course with multiple infections and he
died 10 days foltowing operatran with renal fallore and acidovs. The observatiom
reported hete on b penpheral blood lymphocytes were made during thh 10-day

Results
Electron Microscopy
By SEM a heterogenous population of lymphold-like cells were ob-
served with poorly developed microwlll on the coll murface, In addition
almost every cell was scen to have one of two smooth bulbous projection
between 1 and 4,m in dumeter (fig 1) Al these projections were seen



Fyg 1 SBM of penpberal blood hmpbocyte showmg  magic bich om the cell
ertace > 10,000

F g 2 SEM howing the conbataison of the plaums membrase over the sorface
bich, X 10,000



Fig 3 TEM of peripheral blood lymphocyte with a noclear bleb X 11,800
Fig 4 TEM showing the presence of many microlubules and microfilamen
arourd the puciear matenal x 11 800. !
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10 be attached to the cell by cytoplasmic extermons such that there was &
continuaten of the plasma membrane (fig 2) Althoogh the surface of
each projection appeared smooth at low magnificatkn, a roughened sur
face was observed st higher magmfication a3 well as the occasional short
stub-like mycroviltus.

Thin sectioas of the same cell preparation showed that these balboms
projectom consisted almost entirely of nuckear matenal surromnded by a
thin layer of cytoplasm and plasma membrane (g 3) The cytoplasm smd
cytoplasme organclles in the nuclear clefts were retained in the projec
tion. Microfllaments and mmcrotubales were evident especally at the con-
striction between the nuclear materdal in the propections and that still re
maining within the bulk of the cell (fig. 3) Tn both 1 xm and thin sections
there were many small cells consistmy almost entirely of noclear materi-
al with Irttle, if any cytoplasim, but {t wus not possible to establish conclo-
dvely that thess were actually cytoplasm free membrane-bound nuclet oc
due to sectioning artefacts.

The patient s scrum was found to be negative for antinuckear factor
and &id not indece the phenoaiena described when incubated with normal
peripberal blood tymphocytes. Surface marker stodles showed this patent
to have a monoclomal proliferution of MDk surface immuonoglobalin pasi-
thve cells (70 ) and 964/ of the lympbocytes were found to bane Fe re-
ceptors while only 3 / were foumd to be T cells as detected by sheep red
blood cell rosetter.

Discusdon

A cmse of CLL with unnsoal morphological features bs described which
fvotves the production of muclear bleba enclosed by plasma membrane
This pb mxy be ined by cither hyraphb motility resulting
in the movement of the cytoplasm swxy from the nucleus or by the sctive
expulsion of the moxieus from the cytoplasm.

Furtber stodies on the lympbocytes of the patdent could not be under
taken to allow the mechamism myotved to be deterrmeed. and no other
paticnt bas shown more than an occasional instance of this phenomenon.

Lymphocyte motlity has been described in vitro [Bessts, 1973] and in
V170 1n cells migrating through the hymphodd tossues [Van EwUX ef af,
1975] Both p imotve the don of a mobile, front-like
siructure keaving the nuckear material at the rear of the cell. Such mor
phological distortions of ceil shape are consistent with those obsenved by
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TEM m this case Howrver the scanming electron micrographs do not
suggest the production of mobile organelles and are mor. suggestive of
expulsion of nuclear matenal from the cell as they clearly show a sequ
ence of events beginming with the extrusion of a small nuclear bleb and
culminatng in the separation of thus bleb from the cytoplasm In ths indr-
vidual the phenomenon was seen in associztion with a tumour following
surgery 1n an infected termunally Il patient Whether any or all of these
associnted states are concerned with the phenomenon and whether it only
occurs 1n the lymphocytes of patients with CLL cannot be stated on the
evidence we have presented If other obscrvations of this type have been
made elsewhere, collectnvely an explanation for the phenomenon might be
found
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Pure Red Cell Aplasia, Toxic Dermatitis and Lymphadenopatiy
in a Patlent Taking Diphenylhydantoln

P C. Hungexs, L.G Trus and G ] pen OTTOLANDER

Departmwent of Intormil Medkine Fres Ussveroty Hosplal, Amaterdam

Key Words. Pure Ted cell splavie  Lymphadenopathy Diphenylhy dantoln

Absiract A patient taling diphenylhydantom for 3 wecks devaloped & grneral-

htlenrlﬁ,lympbnﬁmﬂp-ﬂfynmﬂpw:rdcrﬂlphﬁ.Ahﬂ'ﬁ)dﬂvﬂo{dﬁ
Skm rash W wellHinown

demmuhmmwm
enopathy Pure red cell splexts with
been reported m 3 patienty. The otact by which
et gt mdlmummhthnpnncmththm-nhﬁmbﬂmﬂr
ingwtion of dipbenyThydantom and the occorrescs of the skin rash, lymphadssops-
thy wad pure red cofl apleme bs very raggostive of - direct consection.

Introdection

ydantoin has been used for therapy ln epilepyy since 1938
[12] Many ndo cffects of the drug are known. The most common are
dn;ivﬂhyperplxﬂ;dmﬂﬂ;xmmpmxdby(ﬂﬂmdcuﬂnophm
ype =
[3] Hi A Zi ke \ ic ansemia,
is, p 1 P [19] &nd b anacmia [18]
occnrlmo{nm.Slnc:lQSmepmenuduelomn;lym-pmdmopauxy
danng have been described {., 5 14 16,
17]ﬂ1:mhsnrbuncmddcﬂb{edoubtlbomlhebetﬂ;nhyo{lhh}ym-
phadenoputhy (1 6, 8 10, 13] Until now 3 patients with pore red cell
aplasia clated with dipbe have been reported
{4 11] We repart a patent who developed pure red ccll aplasia dunng

Reoscred February 22, 1977 accepted: Juoe 13, 1977
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diphenylhydantoin therapy Morcover she had transitory apparently be
mign lymphadenopathy and toxic dermantis.

Case History

A 16 year old Caucasian woman was admitted to our hospdtal (November 17
1973) because of fever genernlized skin rash and cervical and nuchal lymphadeno-
pathy She was well untll November 18, when she cxpenenced stiffness of the neck,
fingers and fect. A weck later she observed enlarged lymph nodes in the neck and a
puffy face. Because of hesdaches capsules containing phenobarbital diphenylhydan-
tom and coffein (60, 60 and 25 mg, respectively) three times daily were prescribed
starting October 18. On November 6, a skin rash appeared and the body tempena-
ture rose to 385 C. The capsules were withdmwn. Dunng the aext week body tem-
peratute rose 10 40 C and the colour of the skin rash tumed to purple. The lymph
nodes enlarged and became tender She was referred to our hospital

On physical examination the patient appeared ill a purple, generalized skin rash
was noted. Body temperature was 389 C, blood pressure 13570 and pulse nte
132/min. In the nochal area enlarged, tender lymph nodes were palpated The heart,
lungs and breasts were normal The liver was not enlarged, the spleen was feht just
below the costal marpn and tender Neurologic examination was negative.

Laboratory Findings

On admisston the ESR was 1Smm in the st hour haemoglobin 9. mmolA,
hacmatocrit 47%s, reticulocyte count 0.6%, white cell count 13.2X10%/1 wath 13
coslnophils, 1/ band forms, 15% polymorphonnclears, 66/ lymphocytes and 3/
monocytes. The platelet coont was normal. Serum levels of sodium. potasmsium,
urea, creatinin and glucoss were normal. Bilirubln was 81 ; mol/l, allaline phospha-
tase 335 U/, SGOT 43 UA SGPT %6 U/l and LDH 595 UA (upper limit of normal
9 umoll, 100 U/1, 15U/, 15UN and 175 U/, respectively) Total protein, albumin
and globulin were normal. A urinalysis wat normal Tests for antibodse< against ro-
hdh viros, -dcnwlru:. panainfioenza vinn, influenra vinm, respiratory syncytial vie

lovirus and } were negative on at least tmo

occu!ons. A Paul Bunnell test was negative as were tetts for HBLAg and HB,Ab

Antibodies againat smooth muscle antigen, mitochondrial antigen and paretal cell

antigen were not found, a LE cell preparation was ncgative as were et for cold

lutinins and a durect antiglob test The Rose-Waaler reaction was weally

posltive: the AST was 1,000 U/ml Blood, urine and throat cultures gave no bacteri-
al growth = skin test for tuberculoxis was negathve.

An X-nay of the thorax was normal. A slin blopsy showed Inflltraton of the
dermbs, epidermis and vascular walls by lymphocytes, a picture comistent wath tovie
allergic dermatiths, Immumofluorescent studies discloscd granularly depouted TgM
in the blood vessel wall.

A bone marrow aspimtlon, talen 3 days after admission, showed apart from
some pro-crythroblasts hardly any erythropo (fig. 1) The Ytopoien
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Fig 1 Represcatative pctwrs of the boss msrow specimen taken 3 days after
rdmimeon. Scarcrly some procrytaroblasis aad hardly any otber erythroposcte cells
are viuble.

LI I ]
SALEREE

-

senbDBom

Fig 2 Hacmatokopeal dats from November 17 tl December 7 Hb = Hasmo-
globo concentration 1n mmoll; Ret = reticnlocyte couni e %, THR = phatchet
cowct m 1001 L = bt blood cell comnt m 10°1
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diphenylhydantoin therapy Moreover she had transitory apparently be-
nign lymphadenopathy and toxic dermatitis

Case History

A 16 year old Caucasian woman was admitted to our hosplial (November 17
1973) becuuse of fever generalized shin rash and cervical and nuchal lymphadeno-
pathy She was well untll November 18, when she cxperienced stiffness of the neck,
fingers and feet. A week later she observed enlarged lymph nodes in the neck and a
puffy face Because of headaches capsules containing phenobarbital, diphenylhydan
toln and coffeln (60, 60 and 25 mg. respectively) three times dafly were prescribed
starting October 18. On November 6, a skin rash appeared and the body tempera-
ture rose to 385 C. The capsules were withdmwn. During tho next weck body tem
peratare rose to 40 ©C and the colour of the slin rash turned to purple The lymph
nodes enlarged and became tender She was referred to our hospital.

On physical examination the patient appeared {1l a purple genemnlized skin rash
was noted. Body temperature was 389 C, blood pressure 135770 and pulse rate
13%min In the nuchal area enlarged, tender lymph nodes were palpated. The heart,
Inngs and breasts were normal The liver was not enlarged, tho spleen was felt Jun
below the costal margin and tender Neurologic examination was negative.

Laboratory Findings

On admisdon the ESR was 15mm in the {irst hour haemoglobin 9.2 mmol/l,
haematocrit 47%, reticulocyte count 0.6%s, white cell count 13..X 1091 with 1594
caslnophils, 1/ band forms, 15 polymor lears, 66%s Iymphocytes and 3 /
monocytes. The platelet count was normal Serum levels of sodiom, potanium
ures, creatinin and glucose were normal, Bllirubin wae 81 mol/l alkaline phowpha-
tase 335 U1 SQOT 43 UL, SGPT 96 U/l and LDH 595 UA (upper limit of normal
9 pmoll 100UA 15UA 15U and 175 U1 respectvely) Total protein, albumin
and globulin were normal A urinalysis was normal Teuts for antlbodies agalnd ru
bella vim,, adenovirus, panainfluenza viros, Infloenza vins, respiratory syncytial vi
ne, s, CY lovirus and 1 P were negative on at leagt two
occadons, A Paul-Bunncll test was negative as were tests for HB.Ag and HBLAD
Antibodies against smooth muscle antigen, mitochondnal antigen and parietal cell
antigen were not found, @ LE cell preparation was negative as were a test for cold

lutinins and a direct lin test The Row-Waaler resction was weakly
posltive: the AST was 1000 U/ml Blood urioe and throat cultures gave no bacten
al growth a akin test for tuberculosis was negative,

An X may of the thorax was pormal A skin bopsy showed infiltration of the

dermis, epidermbs wnd vuculn.r walls by lymphocytes a picture consistent with toxkc

allergic 11k ent studies drscl grunnlarly deposited IeM
in the blood vemel walls.

A bone marrow aspiration, taken 3 days after adnussion, showed apart from
somo pro-erythroblasty bardly any erythropoiesis (f4.1) The granulocytoporess
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nign lymphadenopathy (8, 9] Hruax and Sosnsexs [10] sugpest & mito-
genic effect of the drug.

The patient under drscuasion suffered from a transient pare red cell
splasla. Thymoma ks implicated in 30-50% of cases of pore red cell apla-
sia and sevenal infections may cause self-dlmmtmg erythroid apissia (7],
but nelther syndrome scemed to be present in our patient. Therefore, and
becaine of the strilmg temporary rel. p, toxicity due to diphenythy
dantoin seems the most hkely explanation for the transient pure red cell
aplasis in our case.

Two reports 10 the 1. i phenylhy and pure red
ccil aplama {4 11] In one report two patients are desenbed who suffered
homnmﬂentpemdolpumrcdczﬂ-phdxmnh:;dmngdlphmyi—

and rapidly dsappearing after of the drog.
Both patients received cortcosterolds bat the benefit of these drugs m
treatment of diphenylhydantoin mdeced pure red cell aplusia i not ap-
pumlﬁunthhrepon[ll]mwwndrrponmﬁom-paﬁ:mm
whom dip d, esch ocrasion
letdingto.councdsd!—hmhmgpumndcr.ﬂmxmh[ﬂlnnm‘e
recent report on the same patient Yunts et o. [20] made it Hkely that &
phenylhydantoln exerty 1ts tone effects by specifically inhibiung DNA
synthesh In erythrosd eclls.

Becamse of ethical reasons we wers nrwillng to prove or dsprove the
cormection between pare red cell ansermia and dipbemylbydantoin treat
ment in our patient by resdminstering the drog. This report stresses the
relaton between diphenylhydantoin and a vanety of haematological ab-
normahtes, pure red cell aplana bemyg a rarity
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was shifted 10 the left but otherwite normal, megakaryopoiesis was normally pre
sent. The haptoglobin, serum folate and vitamin B, levels were within the normal
Tange.

In the first 9 days after adminlon the huemoglobln fell to 6.1 mmol/l, the retico-
locyte count to zero while the platelet count remained normal and the leucocyte
count above 6.4 X 101 (fig. 2) On November ™9 after being absent for 3 days, the
retwculocyte count rose to 06 and within 6 days to 12%. The haemoglobin rose to
normal values in 3 weels,

Bone marrow aspiration, taken on December 4 showed a normal erythropoleals.
The lymph nodes and skin rash waned within § doys after admkbsslon. After applica
tion of diphenylhydantoin on the skin on December 12 the lymph nodes became en
larged for some days and the skin rash reapp d. Skin i of phenobarbl
tal or coffein elicited po reaction.

The patlent ks well 21/, years after the observation and no haematological abnor
mality i apparent.

Discussion

In our pauent it seems most lhely that the lymph node enlargement
and skin rash present at the tme of admission were due to diphenylhy
dantoin considenng the fact that cutaneous application of this drug latcr
on caused @ reappearance of thesc symptoms. The patient was ill and not
ed lymph node enlargement before taking the drug and this period was
probably related to a viral mfection. After taling the drug the lymph
nodes became tender and more enlarged At the tme of admission no
infectious cause of these symptoms could be determined despite elaborate
mvestigations

Lymph node enlargement dunng treatment by diphenylhydantoin may
occur {n the absence of other mamfestations of a drug reaction, but 1
usunlly associated with fever cosinophilia skin rashes, hepatic and splen
ic enlargement and blood dyscrusias [3] Symptoms may start as soon as 1
week after commencement of therapy or may be delayed for as long ns 2
years. The lymph node enlargement may occur anywhere on the body but
18 most frequently located in the cervical region [15] Usually it disap-
pears rapidly after cessation of the drug [15] In the hterature there are
several reports on patients who developed lymph node cnlargement dur
ing diphenylhydantown treatment which tamed out to be caused by malig
nant lymphoma [1 10 13] The dilfercntial diegnosis between malignant
lymphoma and benign lymphadenopathy in patients taking diphemlhy
dantoln hss proved to be difficult [6 8] Some paticnts developed malig
nant lymphomn months to years after a transient peniod of opparently be
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Absiract. Erythrolevkacous o e kherly Cancislen male was smockted whth
the pressacs of 15% of hacmogiobin H (H-H Hb- ) fn the bacmotynte, kents-
fled by electropharetic wntym, holibon and Yrger-pricting The periphert] blood
picture w3 dimorphoc, with 40  of hypochromic and morpholopically abnormal
red cxih. Inchmaon bodkes Ledxative of the presence of Hb-H ocemrred bo 30 of
the red cells after supravital stmniag The rare occomence of Hb-H im leakaemic
condtions and rts dratributon m the red calls o discused m reiation 1o the powible
cloaal origm of leubaemsa and the mvolvement of red call precenons.

An umtable h b ! with red cell icin-
slon bodses after supravital staming with Brllunt Cretyl Bloc, was found
lnnevrnlcuno(em.hmlcnkmby\‘(mdd[u] In a case of
chironic myeloid kenkmmia (CML), an similar unstable
hacmoglobln was identified by Braven et of (5] & haemoglobin H
G{H{Hb-ﬂ.)bybohnmmdﬂ:w—pduﬁngdthedoblm&hnm
ports of the of Hb-H in myelop d [8, 14}
and in crythroleukacmma [1 25] have since appeared for review see
BRADLEY and RANNEY (9] A furtber instance of this apperently rare dis-
turbence of haemoglotun synthens in aduh myelotd leukaemia is reported
here, occurring in am elderly male with erythrodenksemia.
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Abstrect Erythrolrohsema m an  ldaly Cascashis male wn amocleed with

aad
red colle. Inchmon bodics mdxatn of the proence f Hb-H ocrerred ta 0% of
the red cells afier mupravial oy The rare occnprence of Hb-H In keokarmic
conditions and s dhanbation ta the red cells 1 descomed I relation 1o the pomnble
chooal origim of Jewlasama and the Lvolvement of red cell precurions

An unstable b b with red cell inclo-
lbubod}alﬂcrxupn\mltuhﬂna‘thrﬂﬂmlCruleIm,mfmmd
hwvtmasﬂu(crym:dmkxmﬂlbmeﬂd[M] In a casc of
chrontc mycloid keuksemia (CML), sa ty shmitar unstable
hnmgloﬁnwnldcnnﬁedbymvmnd.[ﬂuhmoghbmﬂ
(Hb-H Hb-g)) by bsolation and finger-printing of the globin. Other re-
parts of the occurrence of Hb-H 10 myeloproliferative syndromes (8, 14]
and in erythrolenkaemin {3 25) bave since appeared for review see
Brapcry and Rannay (9] A further fostance of this apparently rare dis-
turbance of bacmoglobin syntbesis in sdutt myelold leukacmia s reported
bere, oecurring m an elderly male with erythrolenkaemma.
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Hb A—
- s teme ...

Hb-H— ——
®
[
@) (c) )
Fig 3 Sarch g uu.l)m o baffer 5
wm, pH 69, Normal adsht y ) mbpect (), snd Ho-H

holsted from hsemolyate of pancm l.hl-l'b—Hdn:lﬁ(u.SulndllthlPhlhﬂ-
ene Black.

Uiferation of er and ceth, megalo-
blxstiform festures nere ato present. Enythroleolsenus wit dispaosed.

The blood retinlocyts preparaton thowed ™ of retculocyies, and 30% of red
crlbs contaraing fine grecanh melomom, soggerting the presescs of Hb-H (fig. 1, 10
the hnemotymtc  xy stadcd

The anacwua way coutroled by blood traxsfosioss He had chronic broochith,

Hasty, pr
nogaced than 3 months earber

Hoemaoglobin Stwdles
A haemotysate prepared 10 weeky before death showed a fast hacmo-
globin comp with the ctic mobility of Hb-H at pH 8.6,

At pH 69 thiy component bad the 1ame anodic mobility as anthentic
Hb-H isolsted from a subject with Hb-H disease (fig. 3 4). No Hb-Barts
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Methods

Standard h: logical hods were msed Haemolysates were prepared with.
out freezing in order Io minimise loss of Hb-H Starch gel clectrophoretic analyses
were made at pH 84 in Teis-EDTA borate bulfer and at pH 6.9 In a phosphate
buffer {17) Published procedares [3 24] were used to detect and cxtimate small
proportions of fetal haemoglobin (Hb-ﬂ Trnmp:ucnt starch gels ua(ued with prh<
thalene Black 10B were 1
[13] The Hb-H fraction was isolated by eltctmphomh tn starch block in pH &6
barbitone buffer and the haem-ree globin ‘fluger-printed 2L

Case History

A 72 year-old Caucasian male had = prostatectomy at age 62, and during the
1 3 years his h lobin level way 12.7-13.0 g/dl 6 years later & mited,
partly hypochromle blood picture was found with haemoglobin 8.6 g/dl and white
cell coant 6,100. 1 The haemoglobin fell to 4 4 gAll over the next 9 months in spte
of intramuscular fron therapy and he was admitted to ho<pital A dimorphic blood
picture peralsted, with 60/ of orthochromie red cells and 40% of hypochrom! ftar
pet, elongated and irregular cells (fig. 1) and levcoerythroblastic features WBC
5,300 with 4 /» myelocytes, 81 /o polymocphs and 0.2% normoblasts serum folate
32ng/ml vitamin B, 365pg ml Marrow aspiration showed hyperplasia, with pro-

Fig 1 Peripherul blood [Im, showing dunorphic pattern of orthochromic and
hypochromic red celle May-Grinwald-Gicmsa. x 800 Length bar = 10 um

Fig 2 Peripheral blood film after supravital stabning with Brillsnt Crewl Blue
showing inclusion bodies n a proporton of the red celh A 1 100 Length bar w
10 pmu
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bllity with various mjcloprollferative syndromes which may all be cssen-
tally neoplastic [26, 28]

In view of the panent s carlier clinical and haematological history the
final imbalance of achun and pchain symthesis was likely to be ac

quired, in with the ery semis. The presence of frec
ﬁ-chalm,dmmnhmcdep:uﬂono(n—cbunlymhnklnthelﬂm:d
cefls [14] during p of total h !

resemblﬂwmcothcrcucsdﬂﬂhmlcukmu{l 25 34] CML and
myeloproliferative syndromes [8, 14] The fordmps in these ndult cases
arc n contrast to the high fevels of Hb-F 1n certain fuvenile chroaic and
scute mycloid keuksermas [4 29] A further distinction between the ab-

lithes of red cell P in the juverile and adult cases fs that
[n the former the kevels of Hb-A, and carbonic anmydrase B are often
very low as normally found only dunog the first few months of fife ts
finding lends support to the suggestion (29] that in juvenile CML there bs
a revernion to the fetal pattern of hacmoghoburs and red-cell enryroes, and
that the condition may mvohe prollferation of a stem-cell Hne which
does not differentiate normally to ghve the adaht pattern. In the present
case the Hb-A, kevel was pormal, and the carbooic anhydrase B was ele
vated.

Elght cases with Hb-H and keukaemia or mycloprofiferative disorder
referred to above, the present case and two cases of severe ansenta and
11b-H with 5o obviois genetic basis [7] have all occurred in
or elderly Enropesns. By contrast, the subjects descnbed by BrapLey (8]
and WHITE ef of [33] came from ethmxe groups where bereditary Hb-H
drsexse may occur [18]

10 weeks before death of the present case the red ceil population con
talned excess A-chains, eppearing in the haemolysate as Hb-H (15 ) this
pmporﬁonhwiuﬂnl}wmplocmdmpwviomlyrrpormdkum
(up to 40% ) The dmmorphic blood picture showed 407 of hypochromic
abnormal red cells, whilst the inclusfon bodies formed after supravital
staloing with Brilliant Cresyl Bloe were confined to 30% of red ceits. It
scems likely thercfore, that the excess of gchains is comtaimed in less
than balf of the red cell populaan. In Hb-H disease isell the dhstriba
tion of Inclusion bodies and hence of Hb-H fn the red cells i ako not ol
form (27] but irtually all the celis arc hypochromic. In the present case
of erythrolenkaema, boweser the findings strongly suggest that the da-
turbed halance of globin chain synthess fs confined to & particular frac
tion of precursor cells, s originally snggrsted by BLAVEN and WaiTE 6]




40 BrAVIN/COLEMAR/WHITT

Optical Deraaty

Flg 4 Transmraion densitometry record of starch gel electrophoretic analysh
of patients hacmolysate phosphate buffer system, pH 69 stafoed wath glycerol
based Naphthalens Black. — = Blue filter = red filterr minor zone o0
ancdic side are benzldine-negative non-haem proteins (NHP)

Hb-y,) was seen and Hb-F could not be detected The Hb-H was 15%o of
the total haemoglobin, Hb-A, was 2 /s and the pnincipal non-hacm pro-
teln (carbonic anhydrasc B) was 3 1%/s (referred to total haemoglobin)

The finger-print of the Hb-H component showed only f-chain pep-
tides, confirming 1ts idenufication as Hb-H

Discussion

The relationship between Di Guglelmo s discase (erythraemic myelo-
sls) and erythroleukaermua, and the need to dustinguish the former from
thalassaermia and iefractory has been d d by DAMASHER
and Batpma [10] In the present case no relatives were avallable, but
there was nothing to suggest the presence of & familial enaemia, Marked
erythmblﬂ.{mcﬂﬂﬂ was not seen 1o spite of initial marrow erythroblast
hyperplasis, but the terminal cytological evolution resembled that deseribed
by Hinpatarst and Wickiam [15] in erythraemic myelosis terminating 1n
erythroleukaemua, with myelomonocytic cells suggestive of Nacgel para
myeloblastic lcukacmia Myelomonocytic morphalogy of leukacmic leu
cocytes is well recognized 1n erythroleukacmia, as well as interconverti
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Direct expenimental evidence 1n support of this view has now come from
studles {1 20 22] of erythroleukacmia in a 66-yesr-old French male,
showing that the associated Hb-H was confined to a distinct population of
hypochromic red cells with a vanety of biochemical antigenic and stru¢
tural abnormalities as compared with the co-cxistent population of normat
red cells The two populations were scparated by exploitng their differ
ences in density These findings are entirely 1n accord with our present i~
ference that only the hypochromic cells contarn Hb-H and therefore con~
stitate o scparate populanon of abnormal erythroid cells.

The poasible anglecell ongin of a vanety of malignant haematological
disorders has frequently been considered. The distribution of the Ph
chromosome in CML suggested [31] that erythroid, granulocytic and m¢
gakaryocytic cells all denived from a common ancestral stem cell in which
the chromosome sbnormality had appeared Subsequent work has yup~
ported the monoclone! ongm of human leukaemia particularly in CML
[12] Very recently WEATHERALL and coworkers [32] have descubed 2
case of leuhaemia with very ngh proportions of both Hb-H (60%/+) and of
highly hypochromic red cells (98%) They showed that despite the severe
repression of a-chain synthess the a-globin genes were normal, end there-
fore supgested that In the Jeuhaemic cell hine there was a defect in the
control of a-globin gene transcription.
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throphagocytods was dersonstrated m samples of the patient'y blood hich had
been chilled amd then mcobated ot 37 C. The pancot recovered spoatancomly The
elliptocytosis does Dot appear 80 havs comtnbuied wo the eprsode of buemciytic an-
semma the other tlhptocyUc member of the famdy (her father) bas no husioty asd
20 prevent evdeacs of baemoly s

Introduction
H tytic anscmia b an mapl of mf mono-
mucleosh. It may be dus to di berited red
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Auto-Immune Haemolytic Anzemia Complicating Infections
Moonooucleosls In a Patient With Heredltary Elliptocytosts

D O Ho-Yen

Haomatology Secton, Department of Pathology
Ninewells Homphal and Medical School, Daades

Key Wonds. Reemolytic snacmia  Heredrtary clliptocytoss Lafectiom
monomocieoshs  Erptbrophagocytorts

Abmract Amo-bmmuse hacmolytic aneemia complicating infectiom monooe-

erythrocytes wers foond 10 be coated with complement Scguificantly excesive oy
throphagncyosts was domosstrated w mmples of the patent’ blood whech had
been chilled and then meobated st 37 C The pabnt recovered spontsseomdy The
elliptocytous does pot appesr to bave costributed  the eprsodc of hsemolyic an-
sacis, (he other elliptocyne member of the famly (ber father) bes mo history aad
0 prevert evidence of bacmolyus.

Introduction
Hi tytic ansemia by an P of infections mono-
nucieons. It may be doe to Thod Inherited red
mﬂddmsngrnumdbyth:ﬁannmkul&dy‘!hummﬂmol-
mboncmxln (1 11) Tbopm-cnuepondocum:nuameo(mm—lm-
mune keemolyte ansemia i in a pa-
tient with hered b En which bas pre

vhnlym}yhcmpmtuhwdlorm:hmu[lﬁ]hnbemdemmnnmd
In vitro in this cwse. This process may well have been promoted by Igh
i,

Received Febroary 15 1977 accepted: Jame 8, 1977
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Case Report

A girl aged 12 years, previously In good health, wat seen by her gencral pract
tioner with a 2 week history of soro throat, malaise and faundice. Prellminary exam-
nation of her peripheral blood showed elliptocytosis and clumping of her red cells,
Hb = 11.3 g/dl, PCV = 0312, reticulocytes = 3.2¢/ and a lencopenia of 28 X 1041
with 404 glandular fever’ cells (flg. 1). The patient and her family were inveuigat
ed 6 days Iater Physical examination of the patlent showed prominent, bilateral,
cervical and axillary lymphadenopathy a pelpable spleen and an inflamed throat
The blood fladings at that time were: Hb =~ 109 g/dl PCV = 0.307 reticulocytes
= 56, platelets = 165 X 1091 and white cell count = 93 X 1091 with perlst
ence of numerous ‘glandular fever’ cells The bilirubin was 225 ymol/l, plasma hap-
toglobins < 250 mg/l and urobilinogen was found in the patients urine The Mono-
Spot Test was positive. The Panl Bunocll Reaction was positlve to & titre of 1/448
ad the antibody was completely absorbed by ox celly, but not by guinea plg kidney
The alkaline pbosphatase was 177 h A units and the 7GTP was 141U Autohaemo-
Lysis was slightly Increased after 48 h incubation at 37 °C. The osmotic fragility and
tbe incubated osmotic fragility were normal. Hams test and Donath Landstelner
Reaction were negative. 3 months later the patient had recovered spontaneously- her
red cells are still elliptical.
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Marerlals axd Methods

Blood from the patlent, ber pareats and sister werw processed i Coulter °§
cocmter and films curmined. Examisation for elbptocytoss incteded wet prepars-
ticma o3 well a3 dry films, The foroer wcTe pado by dituting whols biood 1 part In
200 whh astolopows plasma, o advocatsd by GoooatL er ol (8], The ABO and rbe-
mbhodmp-mwmdwmm(:dmiquu[ﬁ

testy were perf waing serfal dilotiom
nlbm-dvmmmdqxd{kmtuobdmmmmn wery expremed oy the
Frmtent dilotion thet prodoced definite Tavestigation foc 1gG aatid, m

by Goooatl ([7] modification of the
mdnddmummllﬂ In this moplified wechmiqoe, freshly takes,
hepuriatied venoes blood was ncubated m clean Wintrobe tubes for 1h at 37°C.
mnh.mmmamrumﬂmmru:mmumm‘mm
bxto 24 emears end the or ) were
counted agatmz 10,000 potential phegocytes.

Normal, gromp O Greolar red cells xod the elkptcal red cells of the patient and
ber father wers eramined for apgiatimnon by the patierr serom. Al red cells
wers wnihed threo tmes m 0.9% saline and mcubated for 2h st 4 °C, with donbllng.
ditutiom of the patient’s serom.

Results

The Coulter ‘S coumty and indices on samples of blood from the rela
tives wero normal. The ABO and rhesus groops and the presence of ellip-
tocytoshs are shown in figuro 2, The findings are cowpatibke with the ob-
served finkage between the gepes for elliptocytosis and the rhesos blood
group sysiem (clliptocytosis and CD¢) Becamss of the Iack of closc rela-
tives, extenuve family studies were not possible.

Tats for Asto-Anubodies

The direct antiglobulin test was positive to a tire of 1/80- positive to
soti-complement serum, but negative o mt-IgG serum. The pathents
serum contained a cold suto-amtibody with the strongest reaction agaimst
cord cell of a normal, newborn fnfant (table I) Negativo reactions were
obtalned followng treatment of the patient’s sermm with 2-mercapto-
ethanol. The antibody would therefore appear to be an IgM anti-.
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3 (36 yeun) X ? (36 years)
O CDecde A CDe cde
(elliptocytosts)

9 (patient) 9 (9 yearn)
O CDe cde O cde cde
(cllrptocytasks)

Flg 2 Familys ABO and rhesus groops and elliptocytosis.

Tabde 1 Titren, thermal mnge and specificity of cold agghutinin

ap. 0 Patient s own Gp. O cord cxls
adult cels celk
4C 116 1/16 ma
«1C - ir yis
rc - - 14

Table ]I Erythrophagocytosis with and without prior chilbng

Test heparinksed blood Erythrophage/10,000 phagocytes
(besed on 2 counts/frubject)
incubated for 1 h chilled at 4°C for 15 min
at37°C then incubated for 1 hat

7c

Patient 10.0 £ 2.0 750+ 40

Normal controls (5} 1816 <01

Infectious mononocieosis

patients without

haemolysis (4) S313 13+09

Father 4020 30420

Susceptibility of Elliptical and Circular Red Cells to Agplutination

with Patient s Serum

Normel, group O circular red cells and the elliptical red cells of the
patient and her father were agglutinated to  titre of 1/16 by the patient s
serum
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Fig 3 A monocyte crytbrophage 1 shown 0n the heft and  mevtrophul erythro-

Ervihrophapocyiosis

According 10 GoopaLL (7], a score of more than 10 erythrophages per
10 000 potental phagocytes n significantly aboormal for fresh, beparin-
ised blood, jncubated at 37 C for 1h His data were obtained from 100
normal controls and a range of patents with hacmoly tic anscmla

In my experiments (tabke II) blood from 5 normal controls, 4 patients

i withont hacootysis and the fatber showed
normml scores for erythrophages, both with and without prior chilling.

The patient s blood withoat prror chilling gave a borderline figure but
when chilled before mcubation, there is a massive meresse m the erythro-
phage score Erythrophages, both monocytic and neutrophil, ave shown i
figure 3

Discusdon

H ytic anascrmia Ity
3. Hoaaraxo [9] stated that 3% of his 300 West Polnt cadets developed
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auto-immune haemolytc anaemi. The pathogenests of the haemolytic
anaemia has not been precisely defined. Since JENINS ef al [10] reported
a wide thermal amphtude cold agglutimn of anti i specificaty 1n a case of
haemolytic anaemia complicating nfectious mononucleons, a large num-
ber of similar cases have been reported [3 12-15] However not all of
the antibodies have been anti | BRarmin [2] described a patent with an
auto-antibody which apgglutinated both 1 and { cells to the same titre at
4°C,

The anti+4 may be IgM (195) or IgG (7S) Carra et af [4] found an
IgG aot11 in 90%e of his panents and postulated that an internction be-
tween IgM enu IgG end IgG anti | 1s responsible for the auto-immune
haemolytlc angemla In the present case no IgG ant | was demonstrable,
This finding {s similer to that of WILKINSON et al [14] whose 3 patients
did not have an IgG anti i but had an IgM anti-

WILKINSON et al [14) have emphasized the thermal range of antl
They have stated that in many cascs the thermal range was too low to be
of irnportance 1n the pathogenens of the haemolysis, The precise temper
atures to which the blood falls in extremities exposed to cold are difficult
to nssess, However CLARKE ¢f ol [5) uming thermocouples and placing
their paticnts arms fn a water-bath at 1 C, estimated that the muscle
temperature and the blood temperature in the arterioles was 17 C. In
measurcments of fascial tissue within Lom from the surface, they ob-
tamned temperatures between 10 and 15 C, and immediately below the
skin temperatures were between 6 and 10 C. This degree of exposure to
{ow tempernture is rather extrerme but it 13 possible that very much lower
temperatures than the 28-32 C suggested by WORLLEDGE and Dacis
[16] may occur In the small blood vessels of the skin mn wintry condi
tlons. In the present cnse, the pauent 8 1liness started m February and she
was frequently outdoors

Erythrophagocytosis was not observed in thin films or bufty coat prep-
arations made from freshly taken sequestrene blood. However because of
the rapid removal of erythrophages by the reticulo-endothehal gystem it
is only In extreme examples that non tncubated blood shows this phenom
cnon It 1s therefore necessary for identification and quanufication to yn
cubate hepannised samples [17]

Significant erythrophagocytoms was demonstrated /1 1vitro 1n mono-
cytes and neutrophils, According to Goopait [7] neutrophul erythro-
phages umply that there is high concentration of antibody and/or comple

ment coating the red cells. GoobaLL [7] furtber suggested that red cells
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damaged by mmune or other processes are Ingested most avidly by reti-
culo—mdmh:hﬂmﬂs.lmwbybhodmoqtumdkmbymtm-
phils. Thus, the presence of erythrophag by phils may indi
ummntumoreinmphxga:)mshbylhonpkcnmdmhﬂm

helial stes. The | tion of soch phagory n these warm
ntumyhncbccnhuﬂn(cdbyﬂndln;dcomp{mtbythelgbinnﬂ—l
in the relatively cold dermms.

Iuc:rmi:udhmnvhrrcth:reuabcrrdimyd:{minth:rcdceﬂ

there is an in d ihty by anthL In & review of
the literature, W ORLLEDGE #nd DactE [16] recorded § such cases, 3 of he
reditary sph is and 2 of thal There hes been no docn-
mentation of such a case with hereditary elliptocytosis. The present fnves-
tigation does not suggest that there i mereased agglutmability by antid in
bereditary elliptocytosh.

Therefore, the reaction with anti-1 and thos presumably the hacmoly sis
in this patent appears due (o the infectiors mononucleosts and the ellip-
tocytoss was co-incidental The expermnents on erythrophagocytons sug
gest that this process may well have been of importance in the pathogene
sis of the haemolysi.
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Defective Maturation of Gramulocytes, Retinal Cysts and
Multiple Skeletal Malformations in a Mentally Retarded Girl
A “ew Syndrese
(Wrth 1 coloar plat )

Craus M PLuM, METTE WARBURG and JORGEX DaNmrrsen
Beochemical Research Laboratary and Departmest of Nomology

Folomen Flladeifia, Dunatoad, and
The Copentagen Ey  Clinc for the Mentally Retarded, Gemtofie

Kev Wonds. L Manl Addncted
tremby Retml
Aburact A caxe of of the
drombe and prrat toes, didocatian of the fps, {mwtanos of motion of the joats of
the ower Iadateral retnal cyws, cerebral

wribed. W avumne that the pabent wrffers from  sablettal geoetic dsorder

A pauent with of the i} et
noschisis, lencocytic anomalles, cerebral atrophy epilepsy and mental re
tardation hes been observed for 3 years The combination of these clintcal
mamifestations represents an as far as known undescribed syndrome. The
patient concemed was mentloned by Uromirz [1] under the designation
of Plum s syndrome, and by Waxauxo (2] but the case hmstory has ot
peeviowsly been published.

Case Report

The patent n the yornged ubbmg {7 the Zad, 3nd and 6th pregmancics tormi-
Dated m spootancows aborbons 1 the 3rd month of grstabon. 2 wakeTs and 1 broth-

Recoved. February 10, 1977 acepted June 20, 1977
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Fig 1 Poneumocncephalography 18 months odd, severe cerebral atrophy



Gramlocyte Anomaty zad M Itiple M [formmatons I3

Flig. 2. Photograph of the pitunt showrmg chent deformiy sad abuormal deatstion

€7 wre nofmal. The parents are anrelated, and there i 8o familal predepoxtion 1o
drodler maaifestationt The mother wes 43 years 1 1he barth of the patient

The pregnascy was sncomplcated, the ofast was dalrrered ka byeech presaans-
Uon, birth weight 25304y lenpth 49 cm The Apgar scores were 2 ramcdutely on
berth, and 8 at 8mis A large amommt of flmd wey axporsted from the amways, and
cardlsc masmage wa ven Mmmedmitcly on both The baby was placed ko an moxba
1oc for 8 dayx. Maltiph skeketal malformmbons were observed af berth.

Deriog the frat 3 years of Life, the gl w1 repestedly admitied 10 varioes bos
pils, where hip dr of the baxds and feet, bilat
cral microphthalmus, retmoschens and cpiepry were observed. At the ags of 18
mooth, paenmo-encephalography revesled sovere cerchral sirophy (fg. 1)

The girl failed w0 thrres, thowed severo phyncal and mertal retardanon, wod bad
frequent ephsodes of spper  tipintory mfecnon. At the age of 8 moaths, serrures
Sertloped, and treatment with phenemal was Iostted.

Physice] rremunetion At the age of 38 mooths, phyncal examenaton revealed
wall, slightly bamit grl ( cght 9.5 kg, length &3 cm) with severe meatal retards-
o, The sknll was hmgthened and flaticoed, urcumfoencs 51om The cary wers
lowset, the forvhesd promment Hypericlonsn was prescol The moath wad small
and triscgniar the kard paltse hugh and the lower w very small. Progestbho,
with abowt 1 cm retraction of the incrsors of the kower w was recorded The dea-
Lriom was eliginly wregwlar (Ig 2.

The chest was erymmetnical (fig. 2), the siernam ehort, and there wis alght dex
trocoores scolrosh The fouth of the wpper exiremsltes  ero loom, Subomt byperex
tenmon. The thumste were addncaed along the pebnar mrfscer, the other fingers and
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Fir 3 Right hand. The thumb is adducted
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Fig 4 Dnlocation of the great toe,

e

the nafls showed normal development distal palmar flevion creases were present 00
both hands (6g.3) The pelvis was small and narrow The hip joints were flexed.
There was incomplete pasmve hip extension maxdmum flexion 70 on the nght and
80° on the left slde. The rofatton of the hup jeints was markedly resiricted. Shorten-
tng (" em) of the night femur was noticed the lower legy were of equal length. The
Lnees were flexed, w th limitaton of both evtension and flevion (range of motion
170-130° on tho right and 160-100 on the 1 fi tide) The feet were short. plump,
oroed outwards aod beld in equinus position the range of moton of the anlle
folnts was only about 10 The great toes and fird metatars were short the toes de






Fig 5 Right cye. The most antentor part of the pigmentary retrolental cyst ls
secn at 8-10 o clock. The vascular network from the top of the cyst running into
the vitreouos is just vidble,

Fig 6 Right cye. The deeper parts of the cyst occupy nearly oue half of the in
ner wall of the cye. It iy mulilloculated, but does not appear solld.

Flg 7 Left eye. An aboruve coloboma s seen o the il at 3 o clock Behind
this ares, a dark cyst of the posterior epithelium of the ifis s protruding fnto the
papll and into the vitreoms further back. Fine caplllaries project from the cyst,
forming a loosc petwork, The Iris is markedly pale blue.

Fig 9 Typkaal neutrophul granulocytes with round necler from the peripheral

blood.
Flig 10 Bons martow from the patient showl g abnormal development of the

granulocytes.
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viebed laterally (ffp 4L I mcalh  be Lm, beart and  boommal cera wery sor
mat

New ofogical erwwmnation The fa. | muscylatore k. bat eymmetrical.
The gifl &4 pot repond | acous anenale. She could bold T ber bead, bt cowsd
®ot st oD withoot sopport When hetd  the erect posxron, she cad mot atempt to
#and. The muoscolatpre war b potomc 2nd soft. There <1t no pareses. The deep
refleva werw ey weak or absen The gragmy reflex wat prsened. Mo response
0 plantar stnrulation,

Ophthalmoiogrenl examamanom The chxld sppeared bind and did not { Tow
Eght wath the eyes. The comeal dameter = 10 mm m both €yet. The distance be
teeen the {mterpal canthi a3 33 ram, that betw con the external camh! 80 mm.

Both popehs responded 1o Lt nd corwenmally oy o slghily dikocated
wmporally The kft il shomed coloboma 13 chocl (02 71 In th  teoeporal
quadramts of both retinae large cysty  ers muble (f g 5-7) They xtended from the
eqmator to the pupillary marmnn, mvohmg the pgment eprthelimm the s and
Tan  crcte. Retrmal vovch were ioew ow the surface of the cysts, from which they
€ltended gy arcades of fie yevels tonards the cyatres of the  ireoos. There was 50

ephalographt Repeated sodies showed seveTe of moderately severe
with  frequent occurrenc of tlow wa €3 with changing laterallty

3161 neutropiul gramubocytes with rownd socle Some of these cefts had fila-
ments rediatiag from the mocke (bie [, G 9}

Examiaation of the booc marrow showed that all mywioblatts were normal, with
normal indentation of the sockes Dunmg matmaton the sucios demlty bncressed,
aud at the mme trme he pucles aremed  round form, with fine filameuts preosent-
g at one pole (g 1

Progres. No mental development ocearred durmg thi persod, and the phywical
Frowth wus vary modest At the age of 6 years, the prl caanct i wp, stand, baar or
sex. $he has acquired w0 ocal somedh. Body weght 111kg, leagth 95 cm She has
hed fow epileptac sesrmres and m coolincally under troatment with phencmal

The blood pectare bas remuned targely wnchaaged during the observation per-
od, op! are absent, exd 1T fravo-
bocytes coatarn rousd mocke (tabde [1
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Fig 8 Radiographs of the extrem s showing very thin, prasumably haliteretc
boner. The feet are in eqo nus poution. The metatarso-phalangeal joint of the great
toes are didocated. The musculature fs very graciles the patellac are abeent Ay
serscd by the method of Greulkd, the bone ages are dhsociated 1ho carpin corres
sponds 1o slightly less than 1 meouthy, the finger bones to 30 monthy. (The radio-
graphs were talen when the patient was 3 years oid)
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Table I Differentia! counts of peripheral blood from the proband (H H)

February | March27 May3  April 24 May.7 December 12, Aprl3
1973 1973 1973 1974 1974 1974 197§

Neutrophll granulocytes?

Staff cells k] 5 0 38 43 61 5
Segmented cells - - 1 2 1 1 o
Eosinophil
ranutocytes 6 s 0 s 9 3 6
Basophil
granulocytes 1 - - - - 1 -
Monocytes 3 9 4 7 7 k! 4
Lymphocytes 56 L2 45 3 40 k] »

1 For the disrlbution of nuckear lobes, see table 111

Srudy of the family A comprehemsive study of the blood groups and HLA geno-
types of the proband's parents and  of the healthy siblings was performed (table
11) The paternity was not in doubt. The karyotypes of the patient 2 of ber siblings
and the parents were normal The segregpation of the fluorescence markers of chro-
mosomes 1 2,4 9 14 15, 21 and 22 followed the uaml pattern. As seen from ta-
ble 111, blood smears from the parents and 3 siblings »!l showed a normal dhtriba
tlon of the nuclear lobes (Arneth a clamification)

Discussion

The first study of blood smcars from our patient aroused suspicion of
the Pelger Hudt anomaly However 1n this condition the bload picture
usually reveals about 30% monolobed granulocytes [3] as contrasted with
96-98%6 In our patient We then thought that the patlent might be homo-
rygous for the Pelger Hudt anomaly but as the blood plctures of the par
ents were normal this hypothesis had to be abandoned. Homozygosity for
the Pelger Huét anomaly assoclated with otscous malformations has been
observed 1n rabbits [4] However skeletal or ocular malformations have
not been descnibed 1n human beings wath the Pelger Huédt anomaly either
in the ordinary heterozygous form or in the three homozygous cases re
ported m the literature [5 6]

Although ell her granulocytes were monolobed, we do not believe that
our patfent suffers from the Pelger Hutt anomaly proper since bone mar
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Gramalocyt Apomaly od Multple Malformatioss
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Table Il Arneth s chssification showing shifts to the keft in the number of lobes of the
peutrophll granulocytes In the proband (H H) and the cormesponding counts in her
parents 3 siblings and 23 control persons

Relationship Date of birth Number of tobes
t 3 4 Sor tonl
more

Proband H H. February 15 1970

Febryary 1 1973 98 2 102

April 4 1974 % 3 1 103

Apdl 29 1975 97T . 1 104
Father J AsH July 18 19.8 10 28 45 14 3 T
Motber J H. May 9 1977 1026 48 1 . 26
Shter  k.H October .5 1936 S W 35 16 4 M
Brother F H March 18 1958 8 3 4 1403 M
Sater J S.H September 24 1951 7 4 49 14 4 B
Normal coatrob (o = 25) 5 3 49 20 3

Q66-31T)

row examination showed that the cells nght from the metamyelocytes had
2 pormal conflguration with indented nucler. During the maturation the
structure changed 1nto a round nucleus wath filaments at one pole, as 1t s
described 1n the Stodtmeuter typo of the Pelger Hugt anomaly [6 7 10]
Thus io our pattent, the nuclear structure was morphologically sumilar 10
that of the matare grantlocytes seen in the Pelger Hudt anomaly wheress
the 1mmature cells were normal

In 1967 BArATTA [11] reporied 2 cases of neutrophil R anomaly m
which the patients had up 1o 43%e neutrophil granulocytes with round nu-
cler. However dunng the observation period, the frequency of these cells
decreased from 4% 10 26%, within 1 week The 2 patients were unrelated
and had no congenital malformations.

The advanced age of tho mother at the birth of our patient ss presuma-
bly lrrelevant as an actiologlcal factor as she had previously had three
sponitancous abortions in the 3rd month of gestation If these fetuses had
the tame disense as our patient, the disorder might be due to a sublcthal
genetic mutatfon

Differentis! diagnosis To the bett of our knowledge, cases simifar to
that reported here have not previously been published. In Larsen s syn
drome [8] with congenital dislocatrom, the ophihrimological changes ob-




Grasulocyte Ancmaly and Multiple Malformations 5]

served in our patient were absent. and in patients with congenital retinal
Doa attachment stmilar physical and mental defects have pot proviously
been described (9]
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Book Review  Buchbesprechung  Livre nouveau

\ TusNex und W Gerur, 1M Togie vad 11K lologle UTD Band 340
Stelnkopff Darmstadt 1975 XII + 107 pp 21 fig 19 tab DM 17.50.

Das Buchlein besteht aus elnem ersten methodischen und cinem zwelten deskrip-
tiv Minischen Teil In bekden Tellen versuchten die Autoren, durch Awlassen yoa
nicht primir relevantem Material dle hirze der Darstellung zu wahren Bei M
tischer Durchsicht Ist das Rewultat cher entthuschend Eln Beisplcl mag genligen. Ich
2 tiere aus Abschnltt 12, p 15 «Sternalpunktion  «Diese Untersuwching it fn der
Praxi4 nur bedingt durchflihrbar Sie erfordert Ubung, ist dann allerdings Lefne fUr
den Patienten belastende Methode  Soll auch der Medizindudent der spdten sieb-
ziger Jahre nkchis von der Gefahr einer Sternalpunktion hdren? 1st day Stermum
wirklich der Ort der Wahl (Gr eine hnochenmarkspunktion?

Ein kurzes Regl ter darf Insgesamt als niitzlich bezeichnet werden. Von mlsslger
Qualitit sind dic Abbildungen Auch der peiibte Himatologe wird Mihe haben, sof
Abbildung 6 dle erwllhnten  Megaloblasten zu finden (Sternalmark bel pernizdher
Anlmle) Ein fleiniges, aber in viclen Binzelhelten zu verbeswerndes Blchleln!

E. A Brex, Berm

Errata

In the article *Classic Hemophllla A in a Female publ dwed 1n Vol $8 No «
pp 94-102, 1977 un unfortunate error has occurred on page 94 The name of the
last-named aothor kt incorrect and should read STANIORD T RooDaan

In the artikle by 8. N Wickmamaunonr ard J E. SAUNDIRS enttled Rewult
Three Yeans Experrence with the Deoxyuridine Suppren n Teuwt published n Vol
58, No. 4 pp 193-206, 1977 there is an error on page 196. In the fourth para
graph beginming with A statistically Igolficant inverse correlation the f fth hinc
should read
deflcient padents (r = - 031 p > 003) In both the vitamin B nd fola-
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Evalnation of the Usefulness of Sermm r-Ghmmyl
Trapspeptidase Levels In the Manag of H: gical
Neoplasia

B.E Rostamy, ] A. Comip E H. Cooerx, R Turxer xnd J STONE

Key Words. Lenkseads  Lymphoma  pQOlutamyl tanepeptidoe Liver fnc
ton

Abarect, The leved of serwm pghetzey] tanpeptidess (GGT) end, wbim ap-
propriste, alkaline phospbatsm (AP) aod 5 -puckeotdess (NTD) bave besn mess-
ored a1 routies b 276 patent wkh mabgyant hermatologcal diseasty during
26-moath trial period. GGT lovels 8dd Do progacwnc informstom 1o the rowtine

of does not sppear to be
= padweer of Lver drog earymes. Polyey rwbme
and

roup merits ferther detaded studty

There has been & prowmg interest m osing messurements of serom
7-glutamy] tramspeptidase (GGT) leveh as @ warmmg system for the pres-
ence of metastatic cancer in iver [1, 7 10] A rixe of GGT tends to pre-
cede changes tn other markers of hepatic cell membrane disorders such as
S-nocleotidase (NTD), alkaline phosphatase (AP) and the transaminases
f12)

As infiltration of the hver may be found in all types of hacmatological

Received. Janmry 17 1977 acorpied. Jaty 4 1977
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v Trnsste und W Grrur. B Topte wnd I jologhe UTB-Band 0.
Stelnloplf Darmstadt 1975 XI1 + 107 pp., 21 fig 19 tab. DM 1780

Das Blchlein besteht aus elnem ensten methodkschen und einem zweiten deskrip-
tiv Minischen Teil. In belden Teilen versuchten die Autoren, durch Auslassen von
nicht primlir relevantem Materlal die Kitrze der Damstellung zu wahren. Bl bd
tischer Durchslcht ist das Resultat eher enttduschend. Ein Belspiel mag genlgen. Ich
zitkere aus Abschnitt 12, p. 15 «Sternalpumktion  Diese Untersuchung ist in der
Praxis nur bedingt durchfuhrbar Sic erfordert Ubung, st dann allerdings Leine fur
den Patlenten belastende Methode, Soll auch der Medizinstudent der sphiten sich-
ziger Jahre nichts von der Gefahr einer Stermalpunition hOren? Ist das Siernum
wirklich der Ort der Wahl fur cine knochenmarkspunliion?

Eln Aurres Regl ter darf insgesamt als nbizlich bezelchnet werden Von mlwdper
Qualitht sind die Abblidungen Auch der gelibte HEmatologe wird Mihe haben, auf
Abbildung 6 die ernkhnten Megaloblasten zu finden (Sternalmark bel pernlzidser
Ankmie) Ein flekiges, aber in vielen Einzelbeiten zu verbesserndes Buchlein!

E. A. Brex, Bern

Errata

In the article ‘Classic Hemophilia A 1n & Female published in Vol S8 No —
pp. $4-102, 1977 an unfortunate error has occurred on page 94 The name of the
last-named author ist incorrect and should read STanroap T RoooataN

In the artide by SO N Wiausasivor, and J E SaUNDIRS enutled Result of
Threo Years Experience w th the Deotyurid ne Supprewion Test publlshed in Vol
58. No 4, pp 193-206, 1977 there is an efror on page 196, In the fourth para
graph, bepnn ng with A statiically ymificant inverse correlation the fifth I ne

should read
deficient patients (r = - 031 p > 0.05) In both the vitamin B and {ola
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Evalmtion of the Usefalness of Sernm r-Glatamyl
Transpeptidase Levels in the M of Hi Togi
Neoplasia

B E Roszams, J A. Cap E. H. Coorgs, R. TURNER and J STONE

Koy Words Levkacnis  Lympboms  y-Glutamy! trasspeptidato  Liver fanc
tion

Abrrract, The bevels of serem pglutamyl ranwpeptdess (GOT) and, whbew ap-
propriats, afkaline (AP} and 5- (NTD) bave been mens-
ured ay mhmmmmwmm
Mwmmmmmmmmmm

of do:lm-pp-rmbc
mhd-:wu(l]vu‘— 'l onrymes. Po! robra
and chrome Jenknamin mey camo bitle changs m

mummmd—w‘mw A nised GGT tn Hodg-
s dimerso and poo-Hodghia lympboms b generally amocisted with active and
widespeoad disesss, but DOt Rocemarily  dga of malgmant tmoe I the et The
eevations of GGT in mysioms may be secondary to Lver Inflitration though dus
S10up mumhy further detaled study

Thero has been a growing interest in pring messurements of serum
rghutarny] tramspeptidase (GGT) levels 13 & warning system for tho pres-
ence of metastatic cancer in fver [1 7 10] A rise of GAT tends to pro-
ceds changes in other markers of hepatic cell membrance dhorders such s
f’ﬂnckoddm(MD),lmﬂmphmphnm(AP)mddnmmﬂnuu
12}

As infiltration of the Liver may be Iound i &l types of hacmatological

Recetyed. Janoary 17 1977 scceptad. Jaly 4 1977
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neoplasia [9] it was decided to screen all patients attending our clinics so
that experience could be obtained in interpreting the results of GGT and
where appropriate comparison was made with concurrent levels of NTD
and AP

Patients and Methods

This Investigation was commenced fn Avgust 1974 and completed In Qctober
1976. The 276 studled patients were adalts with leoksemias, lymphomss, immuno-
cytomas or myeloproliferative diseases attendlng out-patient clinics and had blood
teken for GGT estimations at the time of thelr routine blood counts. The duratios
of survelllance was from 2 to 26 months. The stage of evolution of the disease I
tho individual patients varied d 1y from first pr lon to terminal phas-
c1. In analysing the data, the broad experience of the whole populstion of patients
within each major disease group is considered first, and then the sub-sets within the
dmmlmlywd‘ilhrdptﬂlom:emddimlmmlmﬁmu
Hodgkin's disease were staged i and ding to the Ama
Arbor classification [4]

Liver Function Studler

GGT (EC 2322) was estimated by Jacons method (6. NTD (EC 3.11.5) was
determined according to VAN pER SUXK ef af [11] AP (EC 31.3.1) was amayed by
the technique of Brsey et al [3]. The upper limits of normal valoes (mean+2
5D) for these cnzymes were ss follows. GGT 30 1UA NTD 15TUA AP 601U

Results

Tho frequency of elevation of serum GGT 1n malignant haematologi
cal disease can be seen 1n tablo I this table records the proportron of pa
tients in each disease group who have had one or more GGT values in the
moderate (31~100 IU/) or marked (> 100 1UN) range of elevation In
the patients with GGT > 100 TU/ the AP was > 60 IU/ in 75%s and the
NTD > 15 IU/1 in 64%s In afl the patlents, except in 2 cases of myeloma
and in 1 of chronic myelold leukremia, elevations of GGT>200 IUN
were accomparued by coincidental rises of AP and NTD When there was
a mse of GGT in the moderate range thcAPandN'I‘Dlhawcdmirrcgu
tar pattern of disturbance many of the patients having these two serum
enzymes withio normal limits,

Hodgkin s Disease
The 50 patients with Hodgkin s discase Included all stages and histo-
pathological types. All 6 patients with markedly elevated GGT had stage
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Table I' Distribotion of GOT valoes in malignant becmatological dixcna

Dissase Number  Sgrom GOT
of patients < 30 1UA 31 101U >1001UA

Hodghin's disease n EH] ’ ¢
Noo-Hodgkin tymphores E 12 7

Mycloma z 1 7 4
Acuts xryclowd Youkmarcla n 12 7 3
Acote lymphoblastic legkaemls 13 11 L) 1
Clrvaic gruxalocytio haksemia 23 1 3 11
Mysaitrocs 12 3 4 3
Polycytheamia rebra e b)) 43 n 4
Chronkc tympbocytic lenksernia n b3} 3 2

Incindes patients who kave nat been follon-ed sincs the start of ther dosese

IIb or stage IV dhease. Of the 9 patients with moderately rtised GAT 3
had advanced discase (IITb or IV) 1 of thess bad died and 1 4 pot in
clinical ‘remitsion Gemerally patients with GGT < 30 IU/1 had earfier
lews aggrenive, disease with 3 exceptions (more advanced than IMa) off
but 2 patients (who have been lost to follow-up) out of 35 am alive and
currently in clinkcal rembsion.

Non-Hodgkin L,

Out of 26 paticats 7 hed a hugh GOT valoe, all of wham had evidence
to suggest extensive and very aggressive disexse 3 have been classed m
histocytic lymphomas 4 patients have dicd and oaly 1 petent bs current-
ty clinically disease-fres. 1 of the group had obstructive janndice. ALl 6
patients with moderately Increased GOT levels conld be regarded as hae-
ing extemive, diffuse discase (all histiocytic) 2 have died and only 1 is
d]nhﬂydhem-h:o.Only3ofl4plﬂﬂmwﬂhGGl'<301Uﬂhnd

inder had, generally lesas sggrescive dis-
an dnm}omyofpancnnm!naunhlmmdmvhhmeﬂdmd
disease.

Myeioma

In our scries of 22 patients 4 had GGT > 100, 2 of whom had ad-
vanced dhsease (1 was terminal with a leoco-erythroblasiic blood pletare)
both had numbers of lating plasma cells. This contrasis
with the other 2 patients: 1 with an apparently non-tecreting solitary plss-
oacytoma, and 1 with a sofitary bony kesion and modest paraprotein-
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aenua both had AP and NTD levels within normal limits. Of the 7 pa
tients with moderately raised GGT 1 died with evidence of very extensive
disease and 2 others appear to be detenorating rapidly as judged by cli-
nical features and immunoglobulin studies.

At least 2 of the patients with pormal values had advanced disease (1
has died) and 1t is not posmible to discern any obvious clinical or patho-
logical differences between these sub-groups. Of note is the fact that 2 pa-
tients who appear to have reached an accelerated phase of the disease had
normal GGT levels mitlally but have subsequently developed moderately
raised levels.

Acute Leukaemia

In both acute myeloid and acute Iymphoblastic leukaema there was
no correlation between the imtial GGT value and the inadence of remis-
sion A nse of GGT termunally was seent in some patients but it was not
un jpevitable feature of the discase.

The patients with acute lymphoblastic leukeemia recetved vincnstine
and prednisolone to induce remission and combinations of 6-mercapto-
purine, methotrexate, vincristine, prednisolone, cyclophesphamide, as
paraginase cytosine arabinonde and sdriamycin during thelr matntenance
therapy Patients with acute myeloid leukacmia received daunorubicin,
cytosine arabinonde and thioguanine, and in some cases dmgs included in
the List ebove except for asparaginase, This list indicates the potential he-
patotoxic agents used in managing these patients, However despite this,
no patients showed progressive nse in GGT levels during remission main
tenance therapy

Myeloproliferative Disorders

Polycythaemia rubra vera 71 patients were investipated it was found
that 37% had a level of GGT > 30 U/ The rused GGT levels were not
related to the clinieal features of the disease or particular types of thera
py Further study revealed that 10 of the patients were being treated for
recurrent congestive heart fauure and 8 of these had persistently clevated
kevels of GGT Longitudinal studies showed that in some patients the
GGT levels increased alowly over 1-2 years,

Myelofibrosls
The distribution of GGT levels mgges:cd that it was not unti! a Inter
stage that the marked histopathological changes in the lver resulted in a
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Tudle 7 Foatures of Seubacmia patients with e rabed GGT
>1001UA
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distmrbance of Iver fnction, and when it ocenrred, the physical sngns of
bepatosplenomegaly were ot of proportion to the mild blochemical dis-
turbances of Liver function. The 3 patrents with lngh Ievels of GGT were
being treated for congestive heart failure.

Chromic Myeloid Leskesmia

The pattern of change was dissimiler to the acute lenkacmias being typ-
ifled by a wlow progressive incresss of the GGT levels during the Latter
part of the disease and in parteulsr during stow metamorphons especially
after splenectomy However other patterns of discass may be assocuated
with 8 msing GGT (table IT) The level of GGT did not hurve auy direct
relation to the patient's well-being, kevels of > 500 IU/ were compatible
with being able to work. When the rate of change of the level of GGT is
apld, it s closely associated with an exacerbation of the disease and the
expected symptoos of il bealth 2 patients developed acute hlast cell
tr. whilst under survelllance withont ekvatont of
the seram GGT

Chronde Lymphocytic Lemkoernia

Although hepatomegaly was evident clincally in more than half the
Paticnts with chrook lympbocyte lenksemia leted m table I ft appesred
0 caue very littie disturbance of hver functioa #s indicated by the dmstri-
bation of GAT valoes.
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Discussion

Ewvidence of disturbed liver function as indicated by changes in GGT
may well prove valuable both in the initial assessment and subseqoent
momtoring of patieats with malignant lymphomas and possibly imme-
nocytomas. There is considerable evidence that abnormaltres in Iver
function tests do not invanably mean that the Iiver contans identifiable
Hodgkin s tissue, for quite often blopsy will indicate erther the presence
of granulomata or non-specific change in the liver Conversely as is well
known where biopsy is performed as part of a staging routine, Hodgkin s
tissue may be demonstrated in some patents who have normal hiver func
tion tests [2, 5] However in our patients with Hodghin s discase, a high
GGT eppeared to be usually assoclated with advanced disense. Converse-
Iy the majonty of patients with stages I-Tlia discase generally have con
sustently normal levels 2 GGT level << 30 IUA may bo accordingly re
garded as indicating & relatively good prognosis. Although the number of
patients is smaller a comparable pattern has emerged in the non-Hodgkin
Iymph with an app ly greater tendency to ralsed GGT levels.
This may possibly be related to the fact that the disease 1s frequently dif
fuse with an overall greater possibility of hepatic involvement. Staging 1,
however considerably more complex than in Hodgkin s disense. It was of
Interest that in patients with histiocytic lymphomas there was & high inc
dence of raised GGT (9/12) Our overall expenence is that GGT is more
sensitive than AP and NTD for momitoring patients with lymphomas. Our
current interpretetion 15 that consistent clevation of GGT especially m a
patient who is known to have had GGT levels that were previously in the
normal range, is indicative of progresuve disease, However on this evt
dence alone, it i3 not possible to say whether the Liver is definitely infil
trated or reacting to the presence of malgs cells not recognisable as
Hodgkin s tussuc in the liver or less likely to some humoral agent pro-
duced in patients with active Hodgkin & dicase. We believe that the se
quential measurement of GGT conld be used as one of an array of tests to
monitor the patents once the diagnosis has been lished the discase
staged and therapy instituted
In the myeloma group half the patients had GGT valees > 30 TU/ at
some time. Out of the patients with markedly raised GGT values, 2 ap-
peared to have localised plasmacytomas (1 now definite myelomatosts) in
contrast to the other 2 who had extensive diffuse diseate, Pprobably with
hepatic infiltration The mfiltration of the Iver by relatively few plasmn
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cells may canso disproportionats response from the GGT in the hepatic
cell membranes it is also ponsible that myeloma cells may produce humo-
al factors which can act in the same way 23 microsomal enzyme Indocer
dmp.Thhncedsturlhnlmtm;tﬂn

Inp terms, ok of liver function,
umprmlcdbyﬂwo!GGTAPlndNTD may occur in the kenkse-
miss, knowledge of the levels of theso enxymes docs not appear to be of

valoe In clinical g orsoap fac
w:Apmdhhacepﬁouwvumbo:hmmwﬁdlmu!dhulmibuudm
drug-Indoced hepatotoncity and this, with the exception of a case of Bu-
sulphan toxieity eppeared to be rare.

The scrum GOT is now well recognised to be a marker of the offects
of vanoms potmds such s and anti that in-
dmcedmg—mtnboﬂdngmymlnu\ermhms[s]ﬂmlbc
pattern of elevation of GGT in the mak: l dt B
lnloo:porudictomn:nmyamlr:hmhipbﬂmlﬂelcnﬂou
snd drog used for cancer ch troc in
tbondn!tmlmh:minv‘hﬁ,dapimhmpdychmmﬂ:amm
show a normal GGT throughont their {liness. It is more reasonable to be-
Levo that an elevation of GUT Io owr patients with malignant haemato-

logical which the few Joned above, b pr y
the resnlt of cellular infiliration of the Iiver or concetvably a respomse to a
humoral agent produced by the malignant celly.
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Abstract In  cass of prelevkamic drperythropolesn, 1 vire red cell Iysis st
thowsd  positive ackiified scrom tort whose cheracterhitics are described. The posk-
thve acidifled weroom text ocemrred 10 pocmal s, in 1 seram with complets defl-
clency of the fourth compancnt af complement aad fn 1 serem with coroplets defl-
dency of the second compoment of contpkement. The tert was fousd megativ with 2

sers. Tha other i vitro redcall Iyshs tests were Degative. The romlts
of the ix wiro Iysis tests wers Hfferent from the reealts obtained b parcaywoul
moctmsal od draer e

Introduction

Inp 1 iraria (PNH) the red cells are woo-
ptible to Iyshs by Lysis of PNH red cells may be
obtained in vitro in fresh serom whero the complemeat system s activat
ed ether throngh the clastical pattway (cold antibody lysis tost) or the al-
ternate pethway (scidifled serom test sensitized with magnestum, inulin
test, cobra venom test) or both path serum test sensitt
with thrombtn, socross Hysis test) [4 11, 12]
The acidified setum test (Ham s test) ks wadely msed to detect the PNH
by and h d to be specific for this red cell defect

The wechmical nmisasos of M Y BLoOGAT sad Mo P Conr b graefully
ackucwledged.

Racerred. May 31, 1977 screpesd: Juy 1, 1977
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[4] However thus test is also positive in congenita! dyserythroporetic anc-
mia type 1I or HEMPAS [3] but, in contrast to PNH, HEMPAS red cells
undergo Iysis 1n only a portion of normal sera and they do not undergo
lysis 10 the patients own aadified serum and the sucrose Iysis test re-
mains negatve A positive acdified serum test has also been observed In
2 cases of congenital dyserythropoietic anemia type I {1 14] but in 1 case
the positvity was obtmuned in heated scra and due to spherocytosis [1] A
positive acidified serum test and a positive sucross lysis test occurred also
In 2 cases of lymphoproliferative disense [7 17]

The present report describes the characteristics of a positive acidified
scrum test in a case of preleukemic dyserythropolesis.

Patient Summary

A 27 year-old man without dents was admitted to the Hemato-
logical Clinic in January 1975 for an ancmia and neutropenla discovered in Septem
ber 1974 Physical cxamination revealed a paleness and po other abnormalitict
Laboratory findings showed bemoglobin 11 g/100mi RBC 3.31 million/mm? WBC
3,600/mm? leukocyte differential count 19%/ nevtrophdls, 1% basophils, 6*/s moco-
cytes, 73¢ lymphocytes and 1%s peutrophilic metamyelocytes reticulocytes 33¢/p
The peripheral blood showed anlsocytosis, aisochromia, Howell Jolly bodies, Ca
bot rings and basophll stippling. Platelet count 210,000/mm? The bone marrow was
markedly hypuceﬂn.llr with 70%, eryv.hmblut: and pumeroas erythroblastie istands.

On light A gmall poly and orthochromatic eryth
roblm:huwednbnomdhlnmuxﬂyobwmdlnmnnhddymﬁmpokﬁc
tsx: bl- or multinucl cell divish y con-

firmed the light-microscopic findings: there were erythroblasta with two noclel or
bllobulated neclel, protrusion of muclear material into tho cytoplssm. Some eryth-
roblasts showed a marked irregularity and spongy’ appaarancs of the nuclem
with wide nuclear pores and ‘invarion of the cytoplasm into the nuclens. The char
wcteristic morphological featurs of the cytoplasm was the presence of abnormal cis-
ternso delimitated by a membrane located pesr the cell surface. Deposits of fron
were often found in the enlarged noclear pores, in the mitochondria and in the zone
of adberence of two adjacent erythroblass {15].

Hemoglobin study revealed an increased level of HbF (6%) Serum iron was
110 4g/100 ml  total bilirubin 0.7 mg/100 mL Iron-kinetic study indicated an hyper
sctive erythropolesis. The curve of cell incorporation of labelied tron showed a fall
at the 4th day [ndlcating an carly destriction of somo newly formed red cells. How
ever clinkcal or biological signs of intr 1ysls could not be detected.

The patient's group was 0 rhesns CcDee, hell - with no irregular antibodies.
Serum proteins thowed a normal electrophoretic pattern. The acidifled serum test
was potitive with the patlent’s serum und the scrum of scveral different normal do-
nor. The characteristics of thh posttive actdified serum test will be ghven thereaflter




False Posittys Acldifted Setom Test s

There way {ncreased 1 and 1 antigen oo tho patieat'y red cells (aggiutination thery

Amo{mm:ﬂlmwmmmdmm
aldehyds 3 shecoc-& &-phas-
e while the leval of phos
mbmumrurmdn”/ of the porml level (Prof. P Botver). This
defect wes pot cbeerved fa ths ofher farnly members Ths Laryotype wmalysh
howed po sboormality

Ths blood plciars remained stable withoat specific treatment untll March 1976,
At that time Hb wai 103/100 ml, WBC 5000 with 16% seutrophils, 31 / maao-
iy, 4% hymphocytes, 4% semtrophllic myclocytes and 7/ mrycloblests, Platelet
connt war 10L,000'mm  The soemh, thrombocyiopenis and peotropenia persiurd
and worsened and the myeloblest prrcentage incrersed 10 kevel of 53 in the perph-
el blood and 28 fn the bone mamow fa Novemsber 1976 whars the patient dhed,
24 moxths after the discovery of the anemiz and 8 moxths after mrycloblesty were
first noted in the blood.

Materials snd Methods

mem-h-wmmmUuuummomum,
el ooz, VES scid (EDTA), diso-
dimnn(mTAVBS)lﬁAhﬂ-ﬁnoluﬂu:mwwdmmmm
[13]. VBS-sacross butler (6 fsotonis xTore40% VES) wes prepared s owttined

wis obtatned from dooors and stored at =30 °C for MWdhf_&rm
from patiest with total genetic deficuncy of the fomrth camponant of complement

enld sgglotialn syedrome Inulm wixs porchaecd from Prohabo (Parh), cobra venom
factor way prrchased from Cordis Lab. (Miatal, Fla)

The ackdified serima test seoaitired by the addition of magnesam (0 005 M) way
Ppaformed accocdimg to Mar ef al [12). The cold antibody test, sacros test, foalia
et xad cobra venom test wers performed accordmg to Looox & el [11) Optimal

froxbrarry tests maing AET-treated red cells [16) Normal csfls  ere oot haed 0 any
of thes procedore at the comcentrations of resctants wsed.
Rexadts and Discursion

The results of the tn varo red cell byshs are given in table I The acldi-
fied serum test was markedly positive with the patient s own serom, whb



76 HAUPTMANN/SONDAG/LARG/OBERLING

Table I Results of fa virro red cell lysis tests in the patient

Test Lysis, ¢
Acidified serum
Patient s own serum 47
Normal dontor serum
1 5t
2 55
3 4~
4 &
5 »
6 L
T 45
8 45
9 0
10 51
11 (hyperlipemic) o
12 (hypertipemic) 0
C4-deficient serum 45
C2-deficient serum 43
Sucrose lysh negative with all ser2
Cold antibody Iysts negative with all sera
Imulin negative with all sera
Cobra venom negative with all sert

the serum of 10 normal donors, with the Cd-deficlent serum and with the
C2-deficient serum. The test was negative with the serum of 2 normal do-
nors and it wns observed that these sera were turbld, e, hyperlipemic.
The test was negative with all sera heated ot 56 C for 20 min. The other
in vitro red cell lysis tests remainced negative with all sera The tests were
performed on three occasions (March 1975 April 1975 and March 1976)
and gave smilar results.

The positivity of the acidified serum test with the patient s own serum
and the negativity of the cold antibody test excluded a congenital dyseryth-
ropoletic anemia type II (HEMPAS) The negativity of the insulin test,
sucrose test and cobra vepom test excluded an unusual susceptibitity of
the patient s red cells to lysis by complement a3 observed in PNH De
spite the fact that the acidified serum test was found negntive after heat
ing the sera at 56 C for 20 min there is Httle renson to believe that the
complement system was involved in the Iyxis of the patient s red cells be
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camse the lyshy was obrtained with pl deficient serm and becanse
all the tests except the acidificd serum test based on the activation of the
complement system through the clasneal and/or alternate pathway re-
mained negative. Therefore, we contidered the posthive acidified servm
test as ‘false positive The negativity of the acidified serum test with two
hyperlipemic sera suggests that an cxcess of lipids or ipoproteins protect
ed the paticnt’s red cells against lysis and that the abonormal swceptibillty
to Iytls in the acidified scrom was due to a0 atmormual Bped compotition
or to an abnormal lipkd metabolism in the patient s red cells, This hypo-
thesis coeld not be verified.

In congenital dyserythropoietic ancmia type I, a positive scidified sc-
rum test was observed fn 2 cases [1 14] In 1 cass [1] the Iysls was ob-
tafned in 9 of (he 10 pormal acxdified sera and with the patient s own aci-
dfled serum. However bemolysls was marked oaly with 1 of the tested
scra and lym dud not scem to depend on the presence of complement
since scra beated at 56 C for 30 mm prodoced the tame degree of Tysis
a3 unbeated fresh serum. Thereforo the positive ackdified serum test was
albso consldered to be ‘false pontive

In PNH the cvolution toward an scute myeloblastic kenkemin is rare.
Three obsereatfons have been published fn 1969 {8-10] Tho scute mye
loblastic kenkemia occarred 3 7 and 2 year, respectively after the dis-
covery of the climical snd biological signs of PNH. The dlagnosis of PNH
w1 bazed on the recognition of ephsodes of hemoglobinuria, bemosiderin-
urha, on the positivity of the acidificd sermm test {n the 3 cases and o the
positivity of the socrose test In 2 cases [9 10] In our cbservation we
have not sscertained clinleal or beologacal signs of PNH and the charac
teristics of the positive sadiffcd strum test allowed ©s to exclode the diag
nosts of PNH.

CATOVIXY et al. [2] bave performed in vitro red cell lysis tests in scv
cral cases of acute myeloblastic leukemis and have foand frequently a po-
sitrvity of the cold antibody Iysis test (58% ) and less frequently & positivi-
ty of the sucrose Iyshs test, whereas the ackdificd scrum test was pever
found positive. In the two cases of hymphopraliferative diseass whh »
PNHike red cell abnormality reported [7 17] the scidified serum test
was positive In onc esse togehter with a positive sacrose Iysis test [17]
mdpudminth:otbermem;uhﬁwuhlpmhinmldmﬂhody}ym
test and with & positive sugar lysis test [7]

Our observation of a prelenkemic dyserythropoless confinm that &
posittve acidlfied serum lyshs test Is not safficient to state & ‘PNH defect’
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m the red cells and that several tests are necessary to explore and charac
tenze the in vitro susceptibility of red cells to Iynis in the presence of nor
mal sera, complement-deficient sern and also sera with abnormal Iipid or
lipoprotein composition.
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Chimiothérapie d’induction des Iymphomes malins
non hodgkiniens

Résnltaty d'om ersal coatréld deny d tath

M. DuranD J CHAUVERONE, G HeaEmyt SnioN C. MEUGE,
A. DE MASCAREL, P RicHAUD R. BRUNET B HeERNI et C. LAGARDE

Fondation Bergonié, Bordeaux

Induction Chemotberapy of Noa-Hodghin Malignant Lyropbomes.
Resalty of a Controlled Tris! Compartng two Quadrwple Aseociations

Key Words Non-Hodghin malt lymph Ch h

Abstract Two types of chemoth have been In a randomized trial
to treat non HodgXin malignant lymphomas. 66 patlents were [nctuded in thhs srody
bmonlywwmwﬂmblenﬂa-h&tdoﬁcrzﬁmo!ﬂlmemmlﬂ

of cy h vincristine, predoisone and doxorubicine of
VM 24. Patlents received oaly one inducton chemotherapy course during 15-20
days. Results wero evaloated immediately at the end of the courte Side-effects were
mild. Efficacy was about the aamo with the two protocok: 35 patients out of 40
experienced a remission of more than $0% (among them 8 expedenced a complete
rembssion) These resulis are better than previous ones obtained with cyclophoepba
mide, vincristine and dot only It is Tuded that this type of treatment
is well tolerated, quiclly efficlent and useful before treating patients with radio-
therapy or long-term chemotherapy

Lo traltement des lymphomes malins non hodgkiniens est essenuellte-
ment déterminé par le stade d’extension topographique Les stades I et IT
loco-régionaux avec extension lympholde exclusive d'un seul cdté du dia
phragme, reldvent ordinasrement d unc radiothérapre 1solée qui permet de
gutrir pris d'un malede sur deux tandis que les stades 11T et IV généra-
1isés d une fagon manifeste ou occulte, sont soumis & une chimiothérapie
destinée A obterur un résuitat pathianf avsai bon et prolongé que possible.

A l2 suite des observations que nous avions faites dans les stades I

Regiz: Jo 7 février 1977 accepté: Je 3 juillet 1977
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clnpuurhmﬂlﬂ}edeﬂodgklnls]mmwmmuodcmbdepms
plusicurs anoées vers nae ci radio-chimiothd
qucdumlapwmtnr&whuwmuhmcoungants[lo]m-ﬂm
pour kes siades HI et IV nows avions coastatd dens un précident euam
contrdlé quil émt utile de falre préctder Ia chimfothirame d entretien
par m cycle court et énergique de chumlothéraple dindoctron [4] Cest
dire 'mportance que Tevdt pour nous la disponibihté d une chmmiothéra-
pie brive i active que possible ct bien tokrée pour ne pas compro-
mettre la ion du temps thé tique ultéricur Apris deur étndes
randowmisées amiédeures [2, 4] qui nows svaient permis de cooclore & 1a
prépoadérance d'une tnpk assocation compottant cyclophosphamide,
vincristing et predunone, ce qul a été conflrmé par d'sutres équipes [3)
nous evons amorcé on nouve] enai destind & préicher Mottt dy afouter
une quatiime drogue en T'occurrence ke VM 26 (CVPV) ou la doxorubi-
cme (adrismycipe CVPD), qun avalent &é récemment introcints dans
Tarsenal anticancéreax. Cen |aoatyse de cet ol conrdlé que pons
mpportons ol

Malades ex Méthodes

Maisdes trairés, Du 101 jmvier 1974 au 31 001 1976, to0s Les malsdey adresmés
A la Foodanon Bergomd evec b dugnostic de hmphome malm wos hodghorn et
yotifiant tme chimiothérapee ont &6 mches dam cet et ot Padomisdy powr Tece
volr Tua dex deux protocndes de traiwment. An débat de Cemwas, seubs Loy maledey de
moem de 70 ams opt #é Incimn Pan o8 ranom dome excelleste olrance appricde
lors Cune explottanion pridenmaure [1), tom les malader ont & mctes sam hmite
digs. 66 malades ont & amal rodomisds avant Qe soame & wne chimiothérapke
Intigrés soc dam en protocole & msde cerstrce poar les stades chalques 1 et I,
avant one rachothdrapse, sou dam prosocol  palliatif pour bes stadey 1L ot IV

parumitres pronostqucs
tablcan 11 Oa pet ¥ obectver doe o Dremier Eowps G4 malsdey recevant be prom-



&2 DurAND ef af
Toblews I Causes d exchuston de 26 malades

Causes d exchusion Nombre de mahides

D h non dt ibk k]
Diagnostic hhmloﬁquc rectifié 1]
Carcinome amaplasique
Autre carcinome
Autre hémopathie malignet
Dlverst
Dragnostic histologique Incertain 3
Absenco de cible objective 2

RV

1 Hbl.locyluu mabme z. m)'élome 1 kuoémjc mydtolde chronique transfomde

1y
)

Sarcome d Ewing l rﬂkulonrcotmdehrluuhckwn 1 sarcome embryor-
naire 1

cole CVPV est défavorisé, par rapport au second groupe avec un plus grand nom-
bre de malades avee un type histologique défavorable, en rechute, ayant regu un
traltement antéricur et & un stade climque IV avee atteinto viscdrale

Protocole de traltement Les denx protocoles utilnds différent entre cuy, d'une
part, par laddition & la triple associatton de base comportant cyclophosphamide,
vincristine et prednisone solt le VM .6 (CVPV) solt la dovorubicine (CVFPD) ¢t
d’autre part, par | &alement des drogues espacées de 48 h dans le protocole CcvrvV
a ltand daps le p le CVPD (tab. 1) L application de
ce traliement 3 est falte solt chex des malsdes hospitalisés, soft aprds vérificat on de
la bonne tolérance chez des malades ambulstoires A Ihdpital de jour Sauf excep-
tlom, un seul cycle da ces protocoles a dté appliqué et dams tous les cas ¢ ont effet
immédiat d'un cycle qui et mpportd, En dehors de Ia prednlsone adm nistrée par
vols orale, tous les produits ont &é administrés par vole veinewse en ingection rapide
dans une tubulure de perfision

Toléramce Dans | cnsemble, I tolé aux deux 1 et bonne ou tris
bonne tant sur le plan clinique quhématol wque. La chimiothérapre & &6 interrom
puc en ralson de lapparition d'une leucopénie inféricure & 2000/ 1 chez 6 malades
soumis au protocole CVPY et chez 1 malade recevant | muochation CVPD  Aucune
manifestation, en particulier vasculaire na €6 relevée dans les deux groupes de
malades. Aucun décis na pa dro rattaché an traltement.

Résulrats

s sont appréciés immédiatement A la fin de 12 clumiothérapie ¢ est-a
dire entre lo 15¢ et le 20¢ jour sclon le protocole avant le début d une
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Tabices {] Répartmon des procpemx criteres welon s denx protocoley

Total

‘Homemy femmes

Ago >60am
<60 am

Type hinlogique fxvorable
L

Type histologiqus défavorabie

Phase dvalutree perceptible
™1

™2et +

VocTmtme

VM 26

CVFV

18%

10

> euan

ooy 3, 1017
panl Betls
du our 1 ¢ your 15
ours 5 12€t19

CVFD

18

UM
10
4

n

- e

purs) Set s
Jors ! Bet 13
e Joor | au jout 13

yoans 1 et 15

L]
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Tableaw It Appréciation de Nefficacitd

CcvPV CvPD

n=.2 n=i$
Echec total oa partiel 4 1
Régression > 50 4 13 H
Rémusion complite 5 3

radiothérapre ou d une monochimuothérapie d entretien qui se nitne dans
tous les cas le 21e jour au plus tard. Le tableau 1V indique la fréquence et
| rmportance des régressions tumorales appréciées aprés ce bref ddaw 1l
n existe aucune différence significative entre les résultats obtenus avee
chacun des deux protocoles. Un taux d échec supéreur avec le protocole
CVPV dott ¢tre mpproché de la distnbution inégale des malades entre Ies
deux protocoles en défaveur du CVPV En effet, tous les échecs observés
avee le protocole CVPV sont survenus chez des malades avec atteinte Vs
cérale (stade 1V) 1 échee noté avec le protocole CVPD s est traduit par le
décds, 24 h aprés la mise en route du traitement, provoqué par une nltcm
te tumorale trés ¢e L'homogénéité des résul obtenus co

dans trois quarts des cas en une régmmun incomplete supéneure & 50,
ne permet de dégager aucun facteur pronoestique influant sur la réponse
thérapeunque En ce qui concerne le type histologique la régression
tumorale est en général un peu plus rapide dans les formes défavorables
mas le résultat apprécié en fin de chimiothérape est comparable dans les
deux groupes de malades (3 histologie favornble ou défavorable)

Une rémission compléte est rarement ob & la trojsid i
mas [a régression tumorale presque toujours supéneure A 50% du volume
nitial permet d aborder le second temps du traitement dans d excellentes
conditrom.

Commentaires

Ces protocoles d association chimiothérapique s mtégrent dans le cadre
dun traltement plus complexe qui comporte ultéricurcment soit une
radiothémpie solt un autre type de chimiothérapie Ce sccond temps
thérnpeutique & pu dans tous les cas, étre institué sams retard compte
tenu de la bonne tolérance au premier temps chimiothérapique
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Pour les stades cliniqoes 1 et 11 nous avom observe en effet que Iln-

duction ch thérapique imitlale ¢h les résultats obtems par la
diothé: en cc qul aus ben T don d une rémissk

mmplhnhuﬁzluquelnmﬂuunonsmm:[lo] ces effety notés ponr
kes lympb non hodgkmens sont A o que nom avions

pféoédn:mnmlmxhpour In maladic de Hodgkin [5] Encore fam-l
que 1a chimlothérapke inntiale ne cotp pas Iz rediothérapie odces-
nhc:c'ml:cu:veclnpm(omlﬂud]nésqmm!mﬂiummm\b&n
tolérés et & | moue desquels [étar des malades est en pénénl trby amélio-
¢ en raison de 1 effet béndfrque sur Ia tomeur ce qui keur permet d abor
det la radiothérapic et de la supponter menx que u elle avait &8 réalisde
d embiée. Enfin, aprés Mirradiation, un oouveau cycle de chumlothéraple
mmlﬁqné,mmnmunmlmﬂlehhndunmohtdonllg:du
malade, fant aimi une sq chrimio-radio-chi
nndwzdp-rmzquel:mhdexdtuméumzmmmcntd‘m-
treten. La qualité des résultats alnsi obtenus est d’autant plos remarque-
ble que les malades sont soumbs & m bilan préthéripeutique hauté sans

chirurgicale et & un traitement coutt qu, globalement, n excide
Jaraats 3 mols [10]

Pour les stades cllaiques 111 et IV | effet {avorable de la chimiothéra-
pic initiale est en général encore phn apprécable notamment sur Tétat
téoéral lo passage & un traltement ambulatorre dentretien s opre sans
difficulté et permet & pranquement tous les malades entrés en rémission
de volr crtte rémisuon sc compléter en 1 0o 2 mols, ce qui constitue m
Adlal souvent né Ala it de tumeurs dont I'évo-
ltution sportanée prom::srvelmlbiznqmrémwmmkmc
i

Ces obecrvation sont difficiles h comparer vec les effets des chimio-
thérapies cycliques, apphanées sur ke moddle du MOPP qui & falt ses
preuves dany 1a maladie ds Hodgkin, & radson d’un cycle par mos o too-
tes e 3 semarnes pendant 6 mots [3 8] Nos résultats globanx qui oot étf
publids ailleurs [7] paramsent su moms susk boos que ceot obtents dans
dCautres séries mals un cholx entre deux conception thérapeutiques sensh
blement différentes ne pourra &tre fait qu & Iistoe I et comparatd
Nos observations actoclies permetient d'offrir une alternative & | attrtnde
renéralement suvie, alternative qui a pour elo de bons résultats et plm
encore unc exceilente tolérance.

Carbmuumpemmmpudechdﬂrmeludcuxprmomh

parés qui app quivalents. En raison de s simplicité d'sdms.
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n=22 a=is
Echec total ou partiel 4 l
Régression > 30% 13 '
Rémuslon complite s 3

rediothéraple au d une monochimiothérapie d entretien qui se mtue dans
tous les cas le 21e jour au plus tard Le tableau IV indique ln fréquence ¢t
1:mportance des régressions tumorales appréciées aprés ce bref déiat. It
nexiste ancune dilférence mgnificative entre les résultats obienus ¥¥C
chacun des denx protocoles Un taux d'échec supéncur avee le protocok
CVPV dolt 4tre tupproché de la distribution inégale des malades entre bes
deux protocoles en défaveur du CVPV En effet, tous les échecs observs
avec le protocole CVPV sont survenus chez des malades avee atieinte Vi3
cérale (stade IV) 1échec noté avee Je protocole CVPD 3 est treduit par le
décds, 24 h apris 1a mise cn route du trajtement, provogué par ure aiterm
te tumorale trs ovancée, 1. homogénén¢ des résultats obtenus conswtant
dans trois quarts des cas en une régretsion mcompléte supéncure 3 50%s,
ne permet de ddgager sucun facteur pronostique influant sur la répofse
thérapeutique En ce qui concerne le type histologique la régression
tumorale est en pénéral un peu plus rapide dans les formes défavorables
mais fe résultat Appréeé en fin de chimothérapic est comparable dans les
deux groupes de malades (2 histologie favorable ou défavorable)

Une rémission complte est rarerment obtenue A la tromeéme semaine
mais la régression tumorale presque toujours supéneure & 50% du volame

sutinl permet d'aborder e tecond temps du tratement dans d excellentes
conditions.

Commenaires

Cxs protocoles d gtsocation chimiothérapique s intdgreat dans le cadre
dun troitement plus complexe qui comporte ultéricurement soit une
radiothérapie soit un autre type de chimiothéraple Ce second temps
thérapeutique a pu dans tous les cas &ire institué sans retard compie
tenu de 1a bonne tolérance an premier 1emps chimlothérapique
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nistration & raison d une injection intravemcuse par scmajne sculemett
(contre 3 pour le CVPV) un Iéger avantage sc dégage en faveur du proto-
cole CVPD Avec les réserves & émettre au sujet de foute compareison &
tvpe histonque, on constate que ces résultars d ensemble obtenus avee s
deux associations quadnuples sont nettement plus favorables que ceut 4
nous avions obsen & précédemment avec la taple association cyclophos-
phamide vincristing et prednisone administrée sous différentes formes t
qui correspondaient & environ Ja moitié de régression tumorale supéneure
250% [2, 4]

Enfin nous voudrions souligner 1 importance qu il y a de contrdler ke
diagnostic hustologique pour des &tats pathologiques mal définis jusqud
ces dernidres années et auxquels on pouvart associer d autres affectont,
comme les carainomes anaplasiques dont le pronostic est évidemment tris
différent. 11 est certain que le traltement de lymphomes non hodgkinens
bénéfice actuellement d un diagnostic histologique beaucoup mieux assuré

Résumé

Un evar thé I domisé denx p les de quadruple
anwociation chimiothémprque dans le traltement des Iymphomea malins non hodghF
nlens, ext analysé. Chaque assoclation comportait cyclophotphamide vinesistine o
prednisone avee VM 26 ou doxofubrcine La préscntation de 40 traitements &vali2
bles fult ressortir Ia qualité des résoltats obtenus aprds 15-20 jours de traitement,
avec une boane tolérance. 11 n'y a pas de différences significatives entre les résultats
obtenos avec chacum des denx protocoles, De tels protocoler datvent sintégrer dams
une stratégle thérapentique globale qui est bridvement discutée.
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cxcea et al [20) showed that adminestranon of bydroxyurea (HU) & po-
tent DNA synthesis inhibito - mduces extensive Lilling of marrow replicat
ing erythroblasts in the S phase of therr ctll cycle. As & resalt of the se
vere cell destruction, these in estigators showed that there Is rapid com-
mitment of stem cells to the depleted compartmest. Furthermore, MAxT
et al. {15] reported on increased coutent of CFUs and CFUC in the booe
marrow of mice admumstered five doses of HU over aperiod of 32 b,

In nch extrems conditons of cell depletion, the question &rises a3 to
whether stem cells in the bone marrow are sutficient in nmmber to replen-
hh the depleted companments, or stem cells of extramedullary origin
need 1o be recruited.

In a previons ttudy op rats, we found that administration of w single
injection of HU Kills approxamately 50% of nucleated marrow cells within
LthdLbolnj:cth: (3] Differennal counts of this hypocellnlar bone
marrow d a tugh p of lymphosd cells which was attribut
dmmmmlhﬂowuflymphocnninthemgcdl4,000.000un;m
tnef:mm Uponm}amcop-cexuuimum.lt:hmm:ppunpn

ymphowd [°] 1 of the lympboid-like marrow in
pu’honuld.:ﬂmimchamlxnluhndiﬂ:dmkcmmndndwmm
hanced growth of hematopoketic colonies [3] These resubts suggest that
the lymphoid marrow is enriched i stem celhs

The present siudy on rats atiempts to wvestigate on possible orign of
extramedullary stem cells which, s a result of HiHnduced booe marrow
damage, become commtted to vanous blood cell lines. The pentoneal
diftosion chamber (DC) techmqoe was tsed to test the capsaty of spleen
cells of rats administered HU to induce growth of hematoposetic calondes
The resnhts obtained mdicate that the spleen of mats coatams stem celly
which become commmitied soon after the occarrence of severe depletion
of yoong marrow type celle

Material and Methods

Dewor Rat for Spleem Cells and the 3ode | Preparation of the

Celtwiar 5

Male or femak Tt of the Hebrow Unfrenoy simm, w eighing 100-120¢, were
wied s danon for splewn ceih The ruts were sdmunistered  saghe brtrapynitoses]
tmpection of HU (400 mg kg body weught), aad 1 3h following the sdmiatration of
the drog  spension of splees by mpbocy tys % a3 prepared aa follows Pooked mpicem
©f 34 raty were inced snd foriher posesd iroogh  meatalhc grare seder wesll
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Grovwth of Diffusion Chamber Hematopoletic Colonles
Derived from Spleen Cells of Rats Adminstered Hydroxyurea'

ZINA BER IsHAY SARA SHARON and FANNY REICHLRT

Department of Anatomy and Embryology Hebrew Univenity Hadsmah
Medical School, Jerusalem

Aey Words Rat spleen  Diffusion chamber colondes Hydroxyurea Commk
ment of stem cells

Abstract Donor rats of the Hebrew Uniwersity strain were administercd a sligic
intraperitoncal Injection of hydroayurea (400 mg/kg body weight). 1-3 h following
the administration of the drug, a suspention of spleen cells, the majority of whbkh
comststed of lymphocytes, was prepared Spicen cells were placed In diffosion
chambers and these were impl in the perd 1 cavity of prelrradiated mie
5-8 days followlng implantation, erythrold and granulocytic colondes developed in
303% of the diffuslon chambers studied. However In most chambers, macrophages
were observed. In control experiments with implantation of spleen cells of normal
rats, granulocytic colonles did not grow and fn only 3 1%s of the chambers erythrold
colonkes were noted. Macrophage colonies, however developed In all 32 coatrol
cultures.

Our previou stedies showed that administration of a single dose of hydroxyurea
stript the rat bone marrow of approumately 50% of replicating cells within 9-10b-
The results of the present study Indicate that such a severe depletion of rat marrow
celis results fn early commitment of spleen stem cells to varioms blood cell lines.

Hematopolesls Is stimulated 1n expermental animals and in human
beings by a reduction of the red blood cell volume as in hemorrhage and
hemolysis or by an ncreased demand for leukocytes as In infections. Re-
cently 1t was reported that a reduction of young type cells in the bone
marrow may also stimulate hematopolens [11 16 18 21] In mice, REN-

Hydroxyurea for thls stody was donated by the Squibb & Sons Inc. Company
Princeton, N J  USA, to whom the aulhors are very gratefol

Received May 6, 1977 accepted. July 11 1977
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auccs e ol [20] showed that sdounistration of by droxyurea (HU), a po-
tent DNA synthesis Inhibitor mduces extensive Miling of marrow-replicat
lng erythroblasts in the S phuse of thewr cell cycle. As a result of the se-
vere ol destruction, these mn csugntory showmed that there s rapdd com-
mutment of stem cells to the depleted compartment, Forthermore, Maxmv
et al [15] reported on increased content of CFUs and CFUc In the bone
marrow of mice adminmtered G ¢ doses of HU overaperiod of 32 b

In soch extreme condrons of cell depletion, the question arises as to
whether stem cells in the bone marrow are sufficient in pumber to replen-
sh the depleted compartments, or stem cells of extramedullary orgm
need to be recrulted.

In a prewious study on rats, we found that sdmimstration of a aingle
fnjection of HU kills approxunately 50*  of nuckated marrow cells withn
9-10 h of the fnjection [3] Differental coants of thrs hypocelhular booe
marrow disclosed a high percentage of lymphold celh winch was attribat
ed to an actual Inflow of lymphocytes in the range of 14 000 000 cells in
mcfcnmr Upon microscopc examingnion, soch marrow sppears pre

lymphond [2] Imp of the lymphokd-like marrow In
pﬂhmuld:ﬁwonchmbasmhmmdmmwndndnwm
hanced growth of hematopoietic cotonkes [3] These results suggest that
the lymphoid marrow is enriched m siem cells.

The prescnt sludy on raty atiempts to investigate on possible orlgm of
extramedullary sem cells which, as s resalt of HU-indoced booe marrow
damage, become committed to varions blood cell lmes. The peritoncal
diffesion chamber (DC) techmque was ased to test the capacity of spleen
celh of rats adminkstered HU to Induce growth of bematopoietic colontes.
The results obtalned indicate that the splecn of rats contubrs stem cells
which becoms committed soon after the occutrence of severs depletion
of young marrow type cells.

Materead and Methods

Dowor Rast for Spleen C [ wnd the Mode of Preparucion | the

Cellujar 5

Rl or fertaly tats of the Hebrew Unhendty srtin, wasghing 100-120¢ were
wod s donors for spleen ool The rah were admuontersd wtreperiooesl
imechon of HU (400 me/kg body weght), and 1| 3k following the admmontrabon of
the drog  smpresion of spkeca lymphoc) tes Wi prepared i follows Pooked splerms
of 34 rats were wunced and forber paned throagh & tentalle. Fasze woder Rerilo
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conditions. The cells were collected In tissue culture medium M 199 contaiedng st
biotics, and the suspenson was then centrifuged at 900 rpm for 10 min. Cells front
the buffy coat which condsted mainly of lymphocytey, were further washed in cub
ture medrum and a final arpension of 1-3 X 10% cellvml was prepared. This s
pension was enclowd in DC made of plastic nngs of 13 mm diameter and millipore
ffiter paper of 0.2 (m pore size.

Haxt Mice for Perltoneal DC

28 male or female mice of the ‘Sabra strain weighing %0-25 g, were taed 2t
host animals. 4h prior to implamtation of the chambers in the peritoneal cavity
the mice recelved total body irradiation of 3501 in a single fraction (170 r/min) &t
source-target distance of 50 cm, with & Picker \anguard 280-kV X ray machite and
filtratton of HVL 1mm Cu Two chambers were Imcrted Into the peritoneal cavnty
of each mouse The hosts received regular food and water and were kept 2108
cage The DC cultures were stud od at dally intervale from days 5 to 8 after tmplan-
tatton.

Processing Technique of DC Crlturet and Ascessment of Colonies

The cultures were processed according (o a technlque detailed fn previous poble
catlons [3-6). It is nevertheless important to mention here that the fikrinous clot
was not dissolved by pronate but was processed st such for Iight and electron mi
croscopy in the comentionsl way Scm thin sections from various arcas of growth
in each chamber were cxamined by light microscopy and presence or absence of
colonfes was noted Upon previows experience examination of semithin sections can
be used as o relisblo method for establishing the occurrence of coloniet in chamben
{31 Ultrathin sections of area of colontes were stained by uranyl acetate xod lexd
cltrate and studied with a Philipa 300 electron microscope

Contro! Experiment
Spleen cells of normal untreated rats of the same strain and weight as thase used
for the experiments were Implanted in DC of 16 preimradiated mice. The cultures of

controls were processed as detalled above and studied 5-8 days following implants-
thor

Results

Experimental Group HU Treated Donor Rats

A total of 56 chambers were studied by light microscopy for assess
ment of hematopoletic colonles. Among these there were 13 chambers in
which erythroid colonies were obscrved, 2 chambers containing both ery
throid and granulocytic colonies and 2 chambers in which granulocyte

Fig 1 Area of erythroid colony in DT Erythroblasts represent the large major
ity of cells. A few lymphocytes are aleo observed. Light micrograph. % 650

Iig 2 Cluster of erythrobladts in DC codony The cell in this area are of bavo-
phulic and polychromatophilic typev. Bleciton mictograph, % 7 150,
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Fig 3 Large pranulocytic colony in DC. Cells of all degrees of mamution s
nated Light micrograph % 600.

colonies developed Thus, in 30.3% of chambery, erythrold and granulo-
cytic colonics were noted However in a large majornity of the total num-
ber of chambers studied, macrophage colorues were observed Most eny
throid and granulocy tic colonies were seen on days 7-8 of the implant®
tion

The erythrord colonses conmisted of groups of 5-20 cells on examina
non by light microscopy (fig 1) By electron microscopy 1t was possible
to obsenic erythroblasts 1n various stages of maturation (fig 2) Occa
stonally erythroblasts were seen mn the close vieimity of macrophages
which showed ingested material in therr cytoplasm
The granulocytic colonics displayed a different pattern of organizatian

! of large lations of cells, in the range of 100-200 cells

per semithm section at a magnification of X 120 Such a growth pattern
suggests that a single or only a few stem cclls gave nse to the colony
(fig 3)- By elcctron microscopy cells ranging from mycloblasts to mature
granalocytes were scen to possess charactenstic and pormal ultrastructur
al features (fig 4)

The macrophage colonics consuted of accumulations of groups of 2-3
macrophages or of single cells scatiered in the fibnnous clot (fig 5) This




Diftmiog Chamber ¢ 1 w3 of Spteen C

Fig 4 Part of granulocync cotony from figue 3. Typscal meloblasn, mydo-
€711 and matnre pranwocytes ary cbmeried. 1n bers sca coils there are strands of fi-

brin. Electron wicrograph 6,300
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growth pattern highly suggests that each individual cell had matured from
o young type precursor with or wathout a mitotle step in between. By
clectron microscopy the macrophages disclosed a large varwcty of orgr-
nelles 1n the cytoplasm and short projections ot the surface membrane,
which are charactensstic features for these cells (fig 6)

Other cell types such as lymphocytes, large lymphoblasts and plasma
cells were often observed in the DC cultures.

Control Group Normal Donor Rats

32 chambers of this group were examined and 1n only one 2n eny throkd
colony was observed (3 1%4) No granulocytic colonics developed in the
control group However in most chambers examined, macrophage colo-
nies were observed

Discussion

The results of the present study in rats disclose a yet undesenbed phe-
nomenon 1¢ commitment of previously uncommitted spleen stem cells in
responso to @ severe and abrupt depletion of replicating bone marrow
cells. Studes on rats and mice have indicated that under conditions of 5
vere hemorrhage or infections the spleen tahes part in the production of
red and white blood cells [9 10 13 14] In a previous investigation oo
rats we reported on the admuustration of a single traperitoneal injection
of HU which induced necrosis mainly to replicating erythroblasts [3]
This rather sclective cellular damage 13 apparently duc to the fact that
erythroblasts represent the majonty of cells in the S phase of the cycle b
the time of exposure to HU [3] Through a yet unknown stimulus, the in-
formation of reduction of replicating cells in the bone marrow is transmit
ted to the spleen as indicated by the results of the present study Upon
this stimulation, resting stem cells become committed to varous blood
cull hines.

Commitment of splecn stem cells was demonstrated here by thelr ca
pacity to mitiate the growth of diffusion chamber hematopoictic colonies.

Fig 5 Mascrophages in DC colony The cells grow in smail groups of 2 3 ot in
d vidually scattered in the fibrinous clot Light micrograph N 700

Fig 6 A typkal macrophage in colony The cytoplasm contains a large vanely
or orpancller Note short projections of the surface membrane Electron micro-
graph X 7,600
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growth pattern highly suggests that each individual cell had matured from
a young type precursor with or without a mitotic step in between By
clectron microscopy the macrophages disclosed a large variety of orge-
nelles 1 the cytoplasm and short projections at the surface membrane,
which are charactenistic features for these cells (fig. 6)

Other cell types such as lymphocytes large Iymphoblasts and plasma
cells were often observed 1n the DC cultures.

Control Group Normal Donor Rats

32 chambers of this group were examined and tn only one an erythrod
colony was observed (3 1%/s) No granulocytic colonics developed in the
control group However in most chambers examined macrophage colo-
nies were observed

Discussion

The results of the present study in rats disclose a yet undesenbed phe
nomenon ie commitment of previously uncommitted splecn stem cells In
response to & severc and abrupt depletion of replicating bone marrow
cells Studies on rats and mice have indicated that under conditions of se-
vere hemorthaye or infections, the splecn takes part i the production of
red and white blood cells [9 10 13 14] In a previous investipation on
rats we reported on the admimistranion of a single intrapentoneal injection
of HU which induced nccrosls mainly to replicaung erythroblasts [3]
This rather selective celiular damage 13 apparently due to the fact that
erythroblasts represent the majority of cells in the S phase of the cycle by
the time of exposure to HU [3] Through 2 yet unknown stimulus, the m
formation of reduction of replicating cells in the bone marrow is transmit
ted to the splecn as indicated by the results of the present study Upon
this stimulation resting stem cells become commutted to vanous blood
cell lines

Commitment of splecn stem cells was demonstrated here by their ca
pacity to inltate the growth of diffusion chamber hematopofctic colonics.

Fig 5 Macrophages in DC colony The cells grow in vmall groups of 2 3 or 10
dividually scattercd in the fbrinous clot, Light micrograph. \ 700

Fg 6 A typlcal macrophage fn colony Tho cytoplasm containg a large variety
or organclles Note short projections of the wrface membrane. Electron micro-

sraph. X 7600
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growth pattern highly suggests that each indvidual cell had matured from
o young type precursor with or wathout a mitotic step in between. By
clectron microscopy the macrophages disclosed & large varicty of org3
nelles 1 the cytoplasm and short projections at the surface membrans
which are characternstie features for these cells {fig. 6)

Other cell types such as lymphocytes, large lymphoblasts and plasms
cclls were often obsenved 1n the DC cultures.

Control Group Normal Donor Rats

32 chambers of this group werc examined and 1n only one an erythroed
colony was observed (3 1%) No granulocytic colomes developed m the
control group However 1n most chambers examuned, macrophage colo-
nies were observed

Discussion

The results of the present study 1n rats disclose a yet undescribed phe-
nomenon 1¢ commitment of previously uncommutted spleen stem eclls in
response to 2 severe and abrupt depletion of replicating bone marrow
cells, Studies on rats and mice have indicated that, under conditions of se-
vere hemorrhage or infections, the spleen takes part in the production of
red and white blood cells [9 10 13 14] In a previous investigauon o
rats we reported on the administration of a single Intraperitoneal injection
of HU which nduced necross malnly to replicating erythroblasts [3]
This rather selective cellular damage Is apparently due to the fact that
erythroblasts represent the majority of cells wn the S phase of the cycle by
tho ime of exposure to HU (3] Through a yet unknown stimulus, the 1n
formaton of reduction of replicating cells in the bone marrow is tramsmit
ted to the spleen as indicated by the results of the present study Upon
this shmulation restng stem cells become commitied to vanous blood
cell hines,

Commutment of spleen stem cells was dcmomtra(ed here by thcir ca
pacity to imtiate the growth of diffusion chamb poletic

Flg 5 Macrophager in DC colony The cells grow in small groaps of 2 3 or it~
dividuslly scattered I the fibrinous clot Light micrograph 700

Flg 6 A rypial macrophage fa colony The cytoplasm cont ine a targe vanety
or ompanclles. Note short projections of the surface membrane. Electron miero-

graph. X 7.600.
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spleen lymphocytes in the rat becomes commitird t varioms blood el
Imes following HU admmistration. Whether these particular spheen lym-
phocytes migrate to the bope marrow as & resalt of the adminbtration
of the drug remalns to be demonstratad.

References

1 BRexesTan, H. B, Formaton of gramsbocytes and macrophaqoy m ciffualon
chamber culturey of moose blood lenkocytss. Scand 1 Heematol 7 279288

3 Bewlsuy Z. Uhrastrocteeal sody of boms marrow colones i
dilfesion chamben ks ety Scand. J Haematol 15 241—250(!973').

6 Borlmur Z. aad Siarow, § and‘or
dhffasion chamber cultnres. [usel J mad Scis 13 3&”3(1?77}.

Tymosan.

11 Hooaeoe:, G S, Baspexy T R Muarst, R F oo, ML, end Par P Re-
covery of prolferatng baemoponctic progenitor cells after knlimg by kydroay
wren. Cell Tem. hinet 8 5160 (1975

12 Jommuws, Y Prmax, D H, asd Sucws, L [ ure cootrol of de develop-
ment of macrophage and grenalocyt colomer Proc. mam. Acsd Scu USA 56
488495 (1966).

ULnanLwahm.mdmupmhmmrnm

gaarma brradimiion of the sdult adeel. Br J Haemst J7 525336 (1965).
ulnma.l Erythroposetic cefl probiferation durisg recovery from acie kaemonr
rhage Br J Haemat 13 160-167 (1967

15 Muxn, R, Hooosew, G- § ead Bupter T R Hacmopowtc stem celhy are
organered for wie on the busns of their gemcrasbon-age. Narore, Losd. 164 63 69
asm.



96 BENISHAY/SILRON/RLICHERT

It appears that the process of commitment of stem cells 1n the spicen &
rat (akes place soon after replicating marrow cells have been damaged by
HU Within only 1-3 h following administration of the drug, spleen cells
were collected and implanted in DC. After several days of implantation,
the spleen cells gave mise to blood cell colonies. RENCRICCA efal [20] ruked
out the possibility of erythropoletin playing a role in tnggenng comm!
ment of stem cells to the erythroid line in mice admmustcred HU

It 1s of interest to note that, although the host mice did not recelve any
specific erythropoetic stimulus apart from the rradiation crythrold colo-
nies developed in 15 out of 56 DC. Growth of peritoneal DC erythrod
colonies in the absence of a potent erythropoctic stimulus applied to ¢
host animals is an unusual phenomenon [7] A possible explanation fof
this process may be related to the enrichment of stem cells for the ety
throd line found 1n the original moculum This digree of enrichment may
be able to overcome the unfavorable growth conditions of the pentoreal
cavity for this lne In view of the previously reported effect of a single
dosc of HU damaging preferentially marrow erythroblasts [3] commit
ment of spleen stem cells manly to this line may posslbly account fof
growth of DC erythroid colontes 1n the absence of erythroporctic stmulb
applied to the hosts.

Unlike studies of DC granulocytic and macrophage colonics Intusted
by implantation of bone marrow cclls or of leukocytes from pcriphcf‘]
blood {1 17] 1n the present mvesugaton of implanted spleen cells it wes
observed that the two lines do not grow to an cqual extent In the expen
mental group which included 56 chambers, granulocyte colonles were
observed in only 4 cultures while macrophages were noted n most of
them. Moreover in the control group granulocytic colonics did not du
velop while macrophages were observed in all 32 chambers examined
Studics of in vitro and of DC cultures dertved from bone marrow and
blood leukocytes suggest a common stem cell orgin of granulold and ma-
crophage cells [1 8 12 19] It ls possible, however that in the rat spleen
there arc separate stem cells for these two lines and therefore they g1ve
nse to granulocytic and macrophage colonies of vanous magnitude How-
ever this hypothesis needs further support.

In & previous report on rats administered a single dose of HU we con
cluded that following the inftal killing of marrow cclls in the S phase of
the cycle there is an Influx of lymphoid cells from an extramedullary
source. This stream of lymphocytes was shown to be enriched in stem
cells [3] The present investigation merely proves that a population of
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Transtent Monoclons! L globalin G
with Antk-Dextran Activity!

DaviD S. S and HAXVEY JAY COHEN?

Departments of Modiane, Duks Univerty Medcal Cester and
V A Hotpual, Darbem, N.C.

Key Words. Asti-deatran Tramment 150-X

AbwmApcﬂ.mwﬂhrrdoulmhdn:undmdumnlum
ment of ron defa large (3.1 /100 mD) 15G-E
mwmhﬁmmmmmmmm variety of
other antigens. Thete bay been 1o endance of multple mysloma xad tie mpike grad
tally disappearsd spostancomly over the course of 2 years W epeculate thet the
monoclonal protem may have developed #1 reponac t tho woa dextran tajectiom
wnder the tmasnclogic strem of | chroak mfiammatory dhexse.

Monouhmalinmmmglobuﬂnsp‘kc:mnmlﬂymmmumﬂcm
lomma, p orina 3 form a3 & bemgn mono-
d-omlpmmn‘plihy The appeanance of a transient scrum jmmunoglobu-
Lin sprke 1 Lnown and has been sssociated with a number of conditiom,
m\moﬂmln!ccuou[év 10] In some of these mstances, the monocional

hes had i Joglc actlvity against the infections sgent
[+ 6] Inthixreponv:ducrtbeﬂ:elnnﬂem-ppnnmeo(nmmdm-
al serum spike whose activity ta
be directed agaimt dextran, in & man with regional ententms, followlng
treatmermt with fron dextran (Ieferon)

Sapported m part by gramt No. CA (3634-16 awarded by the Natwooal Cancer
Lawirwie, Department Health, Edwcaton esd W ifar

W wosh 0 thask Dr SisT $TErY and NCT Immasogiobuln Reference Cro-
%t {or providing the preckatin screeamy testy.
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Case Study

The putient way first seen t Duke 1n 1961 xt the age of 29 whh eplynstric pain,
melema, bloody durrhes, and the raBolopic sgms of  pyloric chamse]l wicer He
cootineed to have gestroiniesyinal blood lom, and m Jamuary 1965 an 1leal wody
showed dilatation and segmuntation of the small bowel and terminal feal parrow
iy, reserabiing the clanic “String mpn of Teponal enteritn. Proctoscopy o 22 cm
revsaled wormal rrecoss. Total proteia was 80 /100 ml, with afbomm 2.1 g7100 mL
Deuring this bospitalaation the patrent received 6ml Imferon 1m. Becxme of com-
tinviag blood Jom and Incressing sympioms of gastnc ootlst obstricbon, 12 Septem-
ber 1963 the patient nderwent  vagotomy and dralnage with parthl gesiric resec
Hor. The srgron poted an abnormal section of terminal flewm thowmy the clale
featmres of regsonal emerithy

The petient contmued to have termittently pmmisc positive sloch, and by My
1968 bt hemmusocrTt bad fallen froem 44% 2 years earher 10 229t which time be
wwy dlarted on  courss of {ntremmscolar Imferon (toal 48 ml) m dvided doses. In

654100 m] whi album 20 g/I100 mL Sermm dectrophirens (SEP) whowed  £-2
wnka of 114/7100mi, which was found w0 be [5G-K by

Thare was 0o Bencr Jones protemora of bypercakeemua, asd the pabent dealed
bone patn.

Treatment for cnierirs was started with ACTH and then predemons, tapering
over the ensurng 9 monthn, with ummedbate cesation of iy bloody dusrrhes There
wis gradml redoction of the momockowal mpke b0 098 /100 ml by Apgmt 1970
The pathent was then rescdoutied becaus of rectal bleedmg with  hematocrit of
28 and was treased with ACTH, predrasone, and Imferon 40 ml A metastatic

chectrophoreos,

thowed ks moooctonal epile ( bo forther redaced 80 0335100 m! H was treated
apein with ACTH, prednnoss, amd Imferom 16 ml Lm. 1 Febroary 1972, the patent
had  mormal SEP wad it by remesned o since. No monociowsl rmmanoghotralie
Wi detected by JEP

A srom gpeckmen obtaned m 1965 hes the monoclonsl sprhe was promment

Thi activity wis found m the IgG froctiom of the srm sad was not detectable In
serum obisiaed from (he patsent vubsequent ¢ Febroary 1972

Fig ! The tahial scrum and q stodses &
the progresive decrease 1o the abormal and s whirmate dhsapy
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of mereased numbers of reactive plama cefls in his bone marrow could
have responded to the adminktration of dextran, a polywccharide ant-
gen, with s 2! ibody in a 8§ logous 10 that 1n the
rabbit and homan immunzaton expenments.
Ilhmldm-hymemodomlspﬁ:mdnndﬂylmﬂn
time it was first d, with no p despate two sub-
sequent m The route of ad of the Imferon was not
different, nor was the activity of the patients reglomal enteritis, at the
tune of esch mpection. The only significant difference between the Imfer
an Injections given prior to the discovery of the manoclonal spike and
1bose glven later s that at the time of the later injechons the paticnt re-
ceived ACTH and prednisonc dmnltaneomty with the Imferon. Thox, the
ldminbtndmorncmrdx.h\owntob:nnmmnmppmdn.wrdlamlh
the dextran prep might have p response to
drimmm
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Discussion

Monoclonal immunoglobulin sptkes are most often scen in multiple
myeloma, a malignant proliferation of plasma cells and in benlgn mono-
clonal gammopathy It has been suggested that chronic immune stimula-
tion might result at first 1n a reactive plasmacytosis then in a transition to
a malignant proliferation in some cases [§] Many patients with chrome
inflammatory diseases have bone marrow plasmacytosis [3] and many pa-
tients with mycloma have had antecedent inflammatory disorders [7] The
findings of antibody like ectivity in some monoclonal immunoglobulins in
these disorders [2 9] has also suggested that antigenic stimulaton may
play a role 1n the geness of the discase However these monoclonal im
munoglobulins persist or progressively increase unlike those of true im
munologic reactivity Occasionally a monoclonal spihe disappears, con
formmg more to the pattern of true immunologic reactiaty [6 10] Such

yglobuhing are occastonally seen 1n infection and a few have been
found to have antibody hke activity agamst the fectious agent {1 4]
Our patient appears to fall into this last group with a transient monoclon
al immunoglobulin spike His M-spike is unusual because its highest
measured level of 3 1 /100 m) 13 in cxcess of that seen with the usual be-
mgn monoclonal spihe, and because 1t appears to have immunopreapitn
activity agmnst dextran sulfate

Thc appearance of o monocional immunoglobulin spike as a reactive

n is best de d in animals. For example, followng the
inlmpcnmncnl injection of mineral oil plastics or other substances capa-
ble of bhaving as chromic reticuloendothelial system stimulants, one can
observe 1 mice the information fint of a granulomatous peritonitis, fol
lowed by the appearance of plasmacytomas secreting monoclonal immu
noglobulin often of the IgA type [8] Mam of these monocional immu-
noglobullns hate had antbody acthity One can also produce true homo-
genous antibodies agamst polysaccharide antigens in healthy laboratory
rabbits with proper immunization {5] Morcover it has been shown that
the antibodics produced in humans immunized with dextran and other po-
lysacchandes have restncted heterogeneity wath respect to heavy chan
subtype and light chaln, and genetic markers when subfractionated on
the basis of speafiaity for glycondic lnkage of size of combiming site

11
L ']1'hu patient with reglonal enteritis, a chronic inflammatory disease
with chronic reticuloendothehial stimulation supported by the appearance
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of Increased numbens of reactive plasma cells in his bone marrow could
bave responded to the sdmmntration of dextran, a polyuscchande antl-
gen, with a lonal antibody in & logous to that in the
rabbit and human immenlzstion experuments.

It s not clear why the monoclonal ke decreased steadily from the
time it was first with po ™ despite two sub-
sequent Injecth The route of t of the Imferon was pot
diffetent, nor was the activity of the patent s repomal entethis, at the
tmne of each mjection. The only sigmficant difference between the Imfer
on fnjections grven prot to the discovery of the monocional spike and
those given later I3 that at the time of the later injections the patent re
cerved ACTH and prednisons simultancously with the Imferon. Thus, the
sdministration of steroidy, known to be mmunosuppressive, together with
the dextran p jon, might have pi m stic response o
the immunogen.
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Platelet Functions in Dysproteinaemia

Jaya hasturt and A. K SARAYA

Haematology Laboratory Department of Pathology
All India Institute of Medical Sciences, New Delht

Key B o ds. Altered platelet function  Multiple mycloma Macroglobolinacmia

Abstract Platelet functions were stodied in 16 patients with multiple myeloma
(MM) and 4 with primary macroglobalinemia (PM) The fall in Immunoglobalins
on therapy was correlated with the statm of platelet fanction. Effect of incubation
of normal platelets with immunoglobulins derived from these patients oa Laolin-n-
duced platelet factor 3 (PF3) release was studied to clucidste the mechanism of pix
teket function defect. Results show increased blecding time, absence or poor platelet
sdhesion and aggregation, poor PF3 availability and reduced total PF3 in platelets
more conmstently in PM bit o a lesser extent in MM Normalisation or partial re-
duction In globul ns on therapy was aswociated with improvement in platelet fune
tlons. Incubation of normal platelets with fmmenoglobuling enhanced the kaolinde
doced PF3 availabilty It is wuggested that in vivo platelet activation may bring
sbout the PF3 release which subsequently manifests as poor PF3 avaflabil ty and re-
duction in its total content

The role of altered platelct functrons in dysprotcinaema has been the
subjeet of some recent studies (1-9] In en carher commuaecaton {rom
this laboratory it was reported that in macroglobulinacmia, platelct adhe
sion, aggregation platelet factor 3 (PF3) release and 1ts total contents are
all affected [10] It was also suggested that these changes could be duc to
the presence of macroglobulins on the platelets which interfered with
therr function The pathogencuis, however was not fully understood It was
also not clear whether only macroglobulins or other immunoglobulins
also present in increased concentration would have similar effects on pla

Recetved November 30, 1976 accepted Juno 6, 1977
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telets. The present studhes, therefore, were carried out in patients of mul-

1 (MM) with d amounts of im A G
and M a3 well as of primary macroglobulinacmia. The effect of chemo-
therapy resulting in a fall in tmmunoglobulin was correlated wth the sta-
tos of platelet functions. In vitro incubation of normal platelets with fm-

mumoglobulms from IgA and IgG and pnmary Tobul,
senia (PA) and subscquent release reaction with kaolln, was studied to
investigate the possibe mechanism of platelet defects due to wncrease In

Ith d that glob may sctivate the platckets bringing

about a reversible aggregation and release resctron (PF3 relesse) which
subsequently /n 1 itro manifests a3 poor PF3 avalability and redection in
total contents.

Material and Methods

20 patiests (MM 16, und PM 4) were stodied. The diagnosh  f these was based

platelet function mutially and durmg the folow-op. Platslct commt was doos by for
mal red call dvent [11] / v platelet adhenon was performed according to the
axthod of Borchgrevink [12] m those caws whero bleeding time wxa peolonged.
Phitelet aggrepation was done by  vmual method [11] after adding ADP  adrens-
¥ne, paradremime. thrombm ind coltagen. It wa measired in 2 cases of PM
mam:mbymmbgmmuldusmu 002 ml of
Detafied amalysis wat dooe
mwmmmmdmp{ummmwn-m«nmm
were abo read om  mean duiston <ITve obtabacd o 51 coetrols from mean calcem
sypren time (CS ime) of froem and thars ed platelet-nch plesma (131

The mode of acton of giobalims wes texted m #ro o the followieg manser
Normal and patents sern were traased with rorsted anmmomom siphate, the pre-
Cipetate was talboe ashed  th ammonrmm salphate (3.3 ) and then dulysed wkh
Jarps quantmes { buffcred pbospbats satme (NaH, PO pH 7.2) a1 4 °C. The boffer
»u [reqoestly changed The globelms were sored a1 20 -C

PFI release of pormal platelcns wan tested o0 nesbalon »1th sormal and pe-
Gexts globulis for Y0 min &2 37 C m water bath, PF reboase was meararsd by sdd-
bag keolie and calomm sypres tme wam desermmed ot 1mm and st intervahs of
Smia up to 20min Hosover mmlar partern wis poted st 10 and 20 min, Hencr

controls sere camed omt mmntancoody The globulies obtained from 3 cmes of
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I3G myeloma, one of IgA myeloma and two of PM were terted, Each globulin was
tested 2-5 times with different normal platelets. Globulins obtained from siogke ra-
tent at different time intervals was also tested using same normal platelets.

The quantity of glabullns in the majority of these preparations wa between 17
1nd 2.7 ¢/dl However In 1 case of PM 3 and 4 g/dl of globulln were noted at tho
different oceaslons.

Observations and Results

Only 1 patient with PM (No 18) presented with epustaxis at the time
of intlal study None of these cases had bleeding occurring as a complica-
tion dunng follow up

Anzemia was found 1n 17 patients on mnlual evaluation It was, howey
er severe (£ Sg/dl) in 3 Serum albumin was markedly decreased (<3
&/dl) in 15 patients (table I} In a single case, an electrophoretic spike was
seen with normal immunoglobulin levels (No 9) Platelet functions studied
in these patients are shown in table 11 Platelet counts and morphology
were normal during the nitial and follow up studies, Markedly poor In
vivo platelet adhesion was noted in 6 of 8 cases studied. All 4 cases of
PM and 2 cases of IgG myeloma showed poor platelct adhesion

There was complete absence of platelet aggregation 1n 3 cases of PM
(No 17 19 20) 1n two of these the chronolog aggregometer did not re
cord any apgregation either with 75 g of ADP or with ndrenaline
(No 19 20) However in case 18 platelet aggregation was abnormal
with ADP and odrenaline but was within 2 SDs with noradrenalin
thrombin and collagen

Complete abscnce of platelet aggregation was observed In 1 case
(No 3) of 1gG myeloma. In another (No 2) it wes abnormal with ADP
adrenaline and thrombin but was within 2 SDs with norsdrenaline. Pa
thents of IgA myeloma did not reveal any aggregation abnormality t the
time of inltial study

PF3 release would depend upon the presence of normal or decreased
amount of it in the plaiclets It was calculated from the standard graph
made {rom 51 controls [13] In 4 cases of IgG mycloma (No 3 4 5 7)
there was a reduced total amount of PE3 with poor PF3 release (table 1)
The release of PF3 however was of the orderof 1.5 3 10.5 and 17.5%
respectively (normal 20-40%,) In the latter 2 the decrensed rate was
proportionate (o the reduced total amount of PF3 In the other 3 patkenis
(No 1 2, 6) there was a true PF3 release defect (14 26 and 19
respectively) the total quantity being normal in them (table 11) 2 patients
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15G myeloma, one of IgA mycloma snd two of PM were tested. Each globulm ws
tested -5 times with different normal platelets, Globulina obtained from single pa-
tient at different time intervals was also tested using same normal platelets.

The quantity of globulim in the majonity of these preparations was between 17
and .7¢g/dl However in 1 case of PM 3 and 4 g/d! of globulin were noted at 80
different occasions.

Observatlons and Results

Only 1 patient wath PM (No 18) presented wath epistaxis at the time
of iitial study None of thete cases had bleedmg occurnng es & comphea
ton dunng follow up

Anaemia was found 1n 17 patients on imtial evaluation It was, bowev
er severe (£ S g/dl) in 3 Serum albumin was markedly decressed (<3
g/dl) in 15 patients (table I) In o sngle case an electrophoretic spike was
scen with normal immunoglobultn levels (No 9) Platelet functions studied
m these patlents are shown in table Il Platelet counts and morphology
were normal dunng the nitial and follow up studies Markedly poor in
vivo platelet adheslon was noted in 6 of 8 cases studied. All 4 cases of
PM and 2 cases of IgG myelomea showed poor platelet adhesion

There was complete absence of platelet agprepation in 3 cases of PM
(No 17 19 20) 1n two of these the chronolog aggregometer did not re-
cord any aggregaton either with 75 ug of ADP or with adrenaline
(No 19 20) However in case 18 platelet aggregation waos abnorma!
with ADP and adrenaline, but was within 2 SDs with noradrenalme,
thrombin and collagen

Complete abscnce of platelet aggregation was observed in 1 cas
(No 3) of IgG mycloma. In another (No 2) it was abnorma! with ADP
adrenaline and thrombin but was within 2 SDs with noradrenalme Pa-
nents of IgA myeloma did not reveal any aggregation abrormality at the
time of inltial study

PF3 release would depend upon the presence of normal or decreased
amount of 1t 1n the platelets It was colculated from the dard graph
wade from 51 controls [13] In 4 cuses of IgG myelorna (No 3 4 5 7
there was a reduced total amount of PF3 with poor PF3 relense (table IT)-
The release of PF3 however was of the orderof 15 3 10 5 and 17.5%s,
respectively (normal 20-40/s) In the latter 2 the decreased rate was
proportionato (o the reduced total amount of PF3 In the other 3 patients
(No 1 2 6) there wes & true PF3 rolease defect (14 2.6 ond 19%
respectively) the total quanuty bewng normal in them (table IT) 2 patients
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1¢G mycloma, one of IgA mycloma and two of PM were tested. Each globulm wn
tested 2-5 times with different normal platelets, Globulina obtalned from single pa-
tlent at different time Intervals was also tested wing same normal platelets.

The quantity of globultas in the majority of these preparations was between 17
and L7 g/dL Homever In 1 case of PM 3 and 4 g/di of ylobulin were noted ot tvo
different occasions.

Obser ations and Results

Only 1 pauent with PM (No 18) presented with epistaxis at the time
of 1utial study None of these cases had bleeding occurring as a complia
ton dunng follow up

Anaemia was found in 17 patients on initial eval It was, howev
er severe (&£ 5 g/dl) in 3 Serum albumin was markedly decreased (<3
g/dl) 1n 15 patients (table I) In a single case, en electrophoretc spike was
scen with normal immumoglobulin levels (No 9) Platelet fonctions studied
In these patients are shown in table 11 Platelet counts and morphology
were normal duning the initial and follow up studics. Markedly poot in
vivo platelet adhesion was noted in 6 of 8 cases studied. All 4 cases of
PM and 2 cases of IgG myeloma showed poor platelet adhesion

There was complete absence of platelet aggregation in 3 cases of PM
(Mo 17 19 20) in two of thete the chronolog aggregometer did rot =
cord any aggregation either with 75 ug of ADP or with adrenaline
(No 19 20) However in case 18, platelet aggregation was abnormal
with ADP and adrenaline, but was within 2 SDs with noradrenalme
thrombin and collagen

Complete absence of platelet aggregatton was observed 1 o
(No 3) of IgG myeloma In another (No 2) it was abnormal with ADP
adrenalinc and thrombin but was within 2 SDs with noradrenaline. Pa-
tients of 1gA myeloma did not reveal any apgregation abnormality 2t the
time of initial study

PF3 release would depend upon the presence of normal or decreased
amount of it in the platelets It was calculated from the standard graph
made from 51 controls [13] In 4 cases of IgG mycloma (No 3 4 5 7)
there was & reduced total amount of PF3 with poor PF3 release (table I1)
The release of PF3 however was of the orderof 15 3 10.5 and 17 5%,
respectively (normal 20-40%/s) In the Matter 2 the decreased rate wWas
proportionate to the reduced total amount of PF3 In the other 3 patlents
(No 1 2, 6) there was a true PF3 release defect (14 26 and 19%e,
respectively) the total quantity being normal in them (table ) 2 patients
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Table [11 Plantlal foncnon Wty i dysproteinema on follow -up

Patsewt Phatddet  Platit prreganon PF)rdcaw PF3
adbcuct. ADP adre porsdre- theom- coftigen M 0me  asay

mabng mabne b RVY of

v m saC control
19, 15 [N 1) 38 J 17 14
3L 13 1”7 om 0 3 100
403 166 17 noo» 0 2 n3 ”
1IN 16 " » s s "
1 Rk 1 LR 16 1 t 108
nery 17 b K] FER- | )
X n mo» 17 " 4 ™
17 8w 1 5o aggregrvon »3 4

mwMr 4 10 13 1 15 13 " 1us

changed. Platelet functions and changes oa follow-op are shown in tables
HI and IV Pletcket adbesion became pormal i both patlents of PM
(No. 17 18) Platelet aggreganon, PF) relesse and total amount of PF3
became normal m 1 (No 18), but these remained sbnormal in another
Mo 17).

In 1pG mycloma, 1n 1 patrent, ab litles of platelet
lndldhcnonappa:tdmdpoo(PFthkunpcmncd(NoA).lnmoth—
er patlent (No 2) PF3 release became normal but platelet aggregation
w3 till abnormal Partlal mprovement in platelet aggregation and PF3
release, hownmver wa noted in cmse 3 with pormalzaton of PF3 con-
fents,

Mid ity of platelet aggrega was scen for the first tme in
1 patlent of IgA mycloma (No. 13), in wbom poor PF3 relesse persisted
with forther reducbon of total PF3 contents. Troe poor PF3 release de-
fect was still seen Lo case 14 (with normal PF3 cootents) and freshly ap-
peared in case 12.

Effect of Globulin With end Without Incubation on Platelet Function

Resmilts of incubstion of cormal platekets with globulin and snbsequent
PF3 avulability arc shown in table V Stypven time of PRP at 10 min in
cascy of normal amd patient s globolins reveal that PFJ avallability i en-
hasced, #s compared to control with buffer Significant differences arc seen
between the groaps 1 and 3 (p < 0 01) and 2 and 3 (p << 0.01). No dgnifi-
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Table I Platelet adhesion, aggregation, PF3 release and assay in 0 ratients

Patlent Phatelet  Platekt aggregation sec PF3release PFI
adhoion ADP  adre-  noradre thrombin collagen 81 30min  away

naline  naline RVV of
timeinsec comtrol

1 78 12 15 %0 19 - 13 104
15 23 7 e - S5 9
3 - po sggregation nI 4
4 700 12 18 18 6 - A0 L]
s 098 12 17 1 17 19 2 54
6 14 19 2 15 16 p-1] 104
7 - 14 17 18 15 15 205 Ll
t - 13 16 18 17 17 18 100
9 14 16 21 17 16 05 104
10 14 18 21 18 19 KL H
il s 1 17 2 13 18 17 184
1 - 18 18 2 17 It] ts 8
13 - 1 18 bl 17 17 0.5 ”
14 - 14 18 EN 18 17 243 100
15 - 1 18 - 18 9 155 m
16 1 17 19 17 0 175 1
17 147 no aggregation 363 ]
18 708 1 4 27 2 19 305 0
19 1.0 nO aggregation kYA 4
po1) 151 no aggregation 3 ]
Normal "0 Ilet 167+ P03x 191+ 1764& 173% 50 112
valucs 16 16 36 39 18 ]
~ = Not done.

with IgA mycloma (No 10 14) had true PF3 release defect (5 4 and 7%
respectively) with normal total PF3 1n them In the third case (No 13}
the PF3 release was proportionate to the total amount present (17.5%
release with total PF3 amount being 72%)

In all 4 patents of PM severe reduction 1n total PF3 contents with
true PF3 release defects were scen PF3 release was not proporuonate to
the total amount present the release was of the order of 1-1.5 /e 1n all of
them

Follow up studies shown in table 1 indicate partial reductwon of serum
globulins 4 (No 3 14 17 18) and increased globulin levels in 3
(No 4 12, 13) patients. In 1 (No 11) globulin level remained un
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Tabic I11 Plawlct function tets m dysprotenema on follow 1

Patient Plielt  Phatelct apgregavon PF3 reicase PF)
sheucs. ADP  sdre-  moradrt throm- colligen !2DME msay

mabne mtme b vy of

tane m et controd
KD 13 1 bl kL] J 17 14
3 KL 15 17 bl b 1] pu) 100
4108 16¢ 17 3 » » LN -~ L
nsN 13 L] pe ) 13 3.9 ™
1 Rh 1 [ 16 ] 2 1os
nrs ” 7 33 pal 43 =1 o
HiIir i} [ 1”7 ] 4 H
17 &£ h. 7. no  gErTRbon s 4

MR 42 10 3] 16 13 13 (8} s

changed. Platelet functions and changes oa follow-gp are shown in tabley
TH and IV Platelet adheron became normal m both patients of PM
(Mo 17 18B). Platelet aggregavon, PF3 release and toial amount of PF3
became normal in 1 (No. 18), bt these remuned sboormal In another
(No. 17).

In 130 mycloma, in 1 patent, des of plateket 1 4
and adhenson appearcd and poor PF3 relesse pernsted (No. 4) In anoth-
o1 paticnt (No 2) PF3 release becamo normal but plateiet eggregation
was still aboormal. Partial improvement wn platelet aggregation and PF3
release, bowener was noted m case 3 with pormahization of PF3 con
tenty,

Mild abn lity of platelet w3 scen for the first time in
1 patient of IgA myeloma (No 13), m whom poor PF3 release persisted
whihy forther reduction of total PF3 contents. True poor PF3 release de
fect was still seen in case 14 (with pormal PF3 contents) and freshly ap-
penred incase 12

Effect of Globslin W ith and P uhowt Incubstion on Platelet Funcrion

Reyults of incubation of pormal platelets with globulin and subsequent
PF3 availabllity are shown in table V Stypven ume of PRP at 10 min in
cases of normal snd patsent s globuling reveal that PF3 srailability is en-
hanced, a3 compared to control with buffer Significant differences are seen
between the groups 1 and 3 (p < 001) and 2 and 3 (p < 0.01) No sigmfi-
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Table I Platclet adhesion, aggregation PF3 rekase and assay in %0 patients

Patient Platelet  Platelet aggregation sec PRl rolease PR
adhesion ADP  adre-  noradre- thrombin collagen :xm ";’(

mahne  malne
thme s control

1 78 1 15 20 19 - 135 104
2 - 15 25 27 » - .5 M
3 no aggregation s 45
4 700 1 18 1 26 - 0 0
5 094 1 17 21 17 19 i) ot
6 14 19 2 15 16 20 104
7 14 17 18 15 15 205 L
8 - 13 16 18 17 17 18 100
9 14 16 1 17 16 03 108
10 - 14 18 21 18 19 285 kot
1 335 1 17 N 18 18 17 104
1 1s 18 - 17 18 16 8
1” ~ 1 18 o] 17 17 0.5 K
14 - 14 18 2 18 17 45 100
15 ~ 1 18 2 18 19 155 n
16 1 17 19 17 ~0 173 LAl
17 M7 1O aggregation IS -3
18 705 2 4 N 3 19 30.5 0
19 1.0 5o Aggrepation 378 "
20 151 no aggregation 3t 13
Normal ~>20 12+ 167+ 203+ 191+ 176+ 173 90-1)
vatues 16 16 36 39 18 13

- = Not done,

with IgA mycloma (No 10 14) had true PF3 release defect (5 4 and 7*/s
respectively) with normal total PF3 1n them. In the third case (No 13)
the PF3 release was proportionate to the total amount present (17-5"
release with total PF3 amount being 72%)

In all 4 patients of PM severe reduction in total PF3 contents with
true PF3 releasc defects were seen. PF3 release was not proportionate t0
the total amount present, the release was of the order of 1-1.5 /s 10 all of
them.

Follow up studies shown in table I indicate partial reduction of serum
globulins in 4 No 3 14 17 18) and ncreased globulin levels 1 3
(No.4 12, 13) pauents. In 1 (No.11) globalin level remained un
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Table I Plawlet (unchon tosts m dyiprosemaann on folow-wp

Patent Mkl Phiciet aggreganon P rcikene PF)
adheion, ADP  aire  poradre throm- collzgen 3t 20man  #wdy

ralne aahos b RVV of

twoe [nsec  contral
KD 13 [ 14 15 n 17 114
I RL 13 v n » n 100
405 166 17 now ) 2 s ”
nsN 16 [E I s ns ”
1 RK 1 16 M 1t I 1 108
BPs 17 T 3 50 It
IR 13 [ 17 " 4 "
17 $h 1 00 aggrepton s 4

I3 MR 4L 10 13 16 [} s 4 118

changed. Platelet functions and changes oa [oflow-up are shown in tabley
Il aod TV Plateket adhewon beeame pormal in both patents of PM
(No. 17 18). Platelet aggregation, PF3 release and total amount of PF3
became normal in 1 (No. 18) bat these remained abnormal In another
MNo.17).

In 1gG mycloma, In 1 pateent, aboormalities of platelet sggregation
and adhesion appeared and poor PF3 rekease persisted (No. 4) 1n anoth-
er patient (No. 2) PF3 relemse became pormal but platelet aggregation
wa still ab 1 Partial Lmpy in platelot aggreg d PF3
release, homever wat poted m case 3 with normalination of PF3 con-
tents,

Mid lity of platelet aggreg was seen for the first tme in
1 patient of IgA mytioma (No 13), in wbhom poor PF3 release persisted
with forther reduction of total PF3 coatents. True poor PF3 release de
fect was otill scen in case 14 (with pormal PF3 contents) and freshly ap-
peared in case 12

Effect of Globulin With and T ithout Incabation on Platelet Function

Results of incubation of normal plarckets with globulin and subsequent
PF3 availability are shown in table V Stypven time of PRP at 10 min in
cxies of normal end patient s giobafing reveal that PF3 availability i en-
hanced, as compared to coutrol with baffer Significant differences are seen
between the groups L and 3 (p < 001) and 2 and 3 (p < 0.01). No signifi-
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Table If Platekt adhesion, aggregation PFJ releaso and assay in 20 patients

Patient Platelet  Platclet aggregation, sec PFreleasc FF)

sdhctlon, ADP  adre  npomadre- thrombin collagen atBmin ‘ﬁ‘z

naline  naline RVY
tme eec  controt

1 78 1 18 0 19 - Ly 104

- s 25 ke » - »s 9
3 - no sggregation s 5
4 gm0 18 " 2% - 3.0 ©
] 09s 1 17 21 17 19 2 bod
6 - 14 19 - 135 16 0 104
7 - 14 17 18 15 15 208 L
8 - 13 16 18 17 17 18 10
9 - 14 16 21 17 16 20.5 103
10 - 14 18 21 18 19 255 ot
t 135 12 17 22 18 18 17 104
12 - 15 1z 2 17 18 16 s
13 - 1 18 2 17 17 03 7
14 - 14 18 2 18 17 45 100
13 - 1 TR 1 19 13.3 1
16 1 17 19 17 20 17.5 u
17 147 no aggregation 383 N
It 705 21 4 7 3 19 0.5 i
19 120 no aggregation 378 1
0 151 no aggregation i i
Normal >0 & 167+ 203+ 191x 176+ 173 92
values 16 16 36 19 18 123

- = Not done.

with JgA myeloma (No 10 14) had true PF3 release defect (5 4 and 7%/
respectively) with normal total PF3 in them In tho third case (No 13}
tho PF3 release was proportionats to the total amount present (17.5%
release with total PF3 amount being 72¢/ )

In 2ll 4 patients of PM severe reduction 1n total PF3 contents with
true PF3 release defects were scen PF3 release was not proportionate (0
the total amount present the relcase was of the arder of 1-1.5% in all of
them

Follow up studies shown 1n table I indicate partal reduction of serum
globulins 1 4 (No 3 14 17 18) and wncreased globulin lcvels m 3
@o 4 12, 13) patents. In 1 (No 11) globuln level remained un
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Toble I Plitekt adbeston, aggregation, PF3 reiease and assay in 20 paticnts

Patient  Platelt  Plateket aggregation sec PFirekwse PRI
adhesion, ADP  adre-  noradre- thrombin collagen :\'ﬁgmln w&
naline  paline dmelnsce contrdd
1 78 1 15 ~0 19 - 1.5 104
- 13 25 27 ] - 2.5 M
3 - no aggregation s 43
4 700 1 13 18 [ - .80 L
H ass 12 17 ! 17 19 3 bt
6 - 14 19 n 1s 18 2 14
7 - 14 17 18 13 15 203 i
L] - 13 16 18 7 17 IH] 100
9 - 14 16 21 7 16 208 104
10 - 14 18 1 I 19 253 H
u ns 1 17 - 1 18 17 104
12 - 15 18 2 5] 18 16 n
13 1 18 0 17 17 203 I
14 - 14 18 2 18 17 215 100
1s ~ 12 18 -2 e 19 155 12
16 1 17 19 ty "0 175 3
17 147 no aggregation 365 b
18 705 I 4 7 3 19 305 et
19 1-0 Do aggregation 37 H
20 151 no aggregation 3 18
Normal ~>20 112+ 167 %03+ 1912 1762 173+ 90-112
vahucs 16 16 36 39 18 1.23
-~ = Not done.

with IgA myeloma (No 10 14) had truc PF3 release defect (54 and Ts
respectively) with normal total PF3 in them In the third case (Now 13)
the PF3 release was proportionate 1o the total amount present (17.5%
release with total PF3 amount being 72vs)

In all 4 patients of PM severe reduction in total PF3 contents with
true PF3 releate defects were seen PF3 release was not proportionate to
the total amount present, the release was of the order of 1—1 5% in all of
them,

Follow-up studies shown m table I indicate partial reduction of serum
globuhns in 4 (No 3 14 17 18) and increased globulin levels m 3
(No 4 12, 13) patients. In 1 (No 11} globulin level remained un-
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cant difference in the PF3 availablliy howerver ¢ scen between groups 1
and 2. The incubation of platelets for 30 nun at 37 C prior to addition of
Laolin resulted in relathely poor PF3 release os compared to pon-incu
bated platelets. Howener the release reaction did not show amy ot ious
difference between bulfer normal and panent s {groups 4 S and 6) globu-
loxs in the Latter set of experiments. Thhs woald suggest that the presence
of globulin did not interfere eather with the release reaction or with PF3
estimation. Homever Incubation of platclets altered their reactlvity

Discussion

Abgormalries of platelet fancion seen here are increzsed bleeding
time absence of or poor platckt adhesion and aggregation, poor PF3
madlabulity and reduced total PF3 contents in the platelets. All these de
fects arc consksiently seen tn all the cases of macroglobelinsemia. PF3
s mhability is most conustenily affected in 1gG and to & lesser exient m
IgA myeloma. The bleeding time ab lites hanve been d car
lier [1 3 4 6-8, 14] Pacutex et of [2] were the hint 1o (ind decreased
PF3 availability mn pauents with macroglobulinserrus, which was later
confirmed by Prewy er o (9] Platelet adheston and apgregaton aboor
malities have also been described [3 § 8]

A cdlose correlation between platckt function and protem concentra
tioa cxisted in TG and IgA myeloma Higher L tobulin Jevels were
msocisted with markedly altered plateket fonction Similar observations
have been made eurller

The PF3 relexse was {acilitated by fncubation with the control and pa
tient s globalms. However the mere presence of globulins did not hne
any effect. It appeans that incubation retards the PF3 release, bat globu-
Tins render the platekets more semsitive to 1t On the bashs of these in vitro
studies, & suggeshon can bo made that increase in globulins reacted with
the platelets and brought sbout the rekease reaction. This would result in
a greater of PF3 for participation in the mecha-
nhom and would aho kead 10 redoced contents of PF3 in platelets, asaum-
sag that the relexvable PF3 acthyity has been metabollsed.

Reason for absence of platelet aggregation noted fn cur paticnts could
not be accounted for m our studies. It fs posiible that globulins induced &
reversible aggregation of the platelets in vho Subsequent wggregation
with vadous aggregating agents would then be absent {40 Our at
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Toble I+ Changes In platelet function in MM and PM on follow-up

Patient Immuno- Platelet  Plateket PF3

globulin studhes

1 I¢G myeloma
2 partlal -
reduction
3 pormalisation -

4 focressed poor pooc

il poor normal

PF3 amay

unchanged
(normal)

improved but  improved but pormal

stillpeor  still

poor
remuined poor slight fmprovem<at

Ir 4 myeioma

11 unchanged - poor with ADP  unchanged  unchanged

1 incressed - unchanged poor mproved
(pormal)

13 increased - poor poorer further reduction

14 th - d hapged unchanged
(norman) (poor) (pormal}

3 PA
17 partial normal Hanged T but proved but
reduction {abeent) Tl poor =il poor
18 normalisation normal nomm! normal normal

Table

IgG

IsA

PM

Combined (group 1)
Normal globulin (group 2)
Control baffer (group 3)
Nocmal globulle (sroup 4)
Patient s globulin (group 5)
Buffer (group 6)

Number of  Stypven time (sec)
observatioms after I min

incabation
range mesn
7 9 40 341
3 32 -3 U7
12 1547 u7
% 20847 345
1 -2 405 3.6
L 23543 41
4 15385 306
s 2 3 2
4 247338 309

PF3 availabiity on incubation with globulin

Stypren time (<)
after 10 ron

incabeton_
raoge mean

18 283 44
0w » D6
13 9 .l
13- 17
20 85 33
54 3é
15525 204
160- 4.5 198
18 -275 209

Statsstical analysts ] and 3 t=~307 p\ 00! 2and3 t=322 p - 0.01
t PF3 avaihaby with no prior
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tempt to study the in vitro platelet aggregation of normal platelets on in
cubation with globulins was not successful PENNY ef df, [9] have shown
that very high concentration of globuling inhibited ADP aggregation In
normal PRP 1n a single patient,

Normal platelet counts with extensive platelet defects without manifest
symptoms of bleeding have been noted in our cases. Similar platelet func
tion defects namely inaggregability of platelets, with or without PE3 def-
Gency are associated with severe bleeding from shin and mucous mem-
brane 1n congental platelet defect ~ thrombasthenia [16] It, therefore,
appears that the defects in dysproteinaemia with regard to platelet func
tlon may not be indicatve of failure of haemastatic mechanism.

The pathogenesls of bleeding In dysprotewnacmias could be attributed
fo vanous mechanlsms Presence of lnhibitors of coagulation or non-spe-
afic reduction 1n clotting factors due to complexing with paraprotems
[15] 1mpaired platelet function hyperviscomty syndrome either alone ot
1a combination can cause haemorrhagic manifestations It is possible that
20 in vivo activation of platelets by globulin releases the thromboplastic
actiity which may compensate for the defects in coagulation factors.
However with accompanied thrombocytopenia, this compensation may
fall short to counterbalance the effects of globulins inhibiting the ctivity
of clotting factors.
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Discression

The platelet comt may be redoced, pormal or mereased in haemor
thage and other iron deficency states [1 4 S 8,9 12] It bas also been
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Thrombocytopenia and Iron Deficiency Angemia ina Patlent
with a,~Thalassaemia Trait. Response to Iron Therapy

Crae Report

M E.J Beawpand S. A. N Jounsox

Departrment of Haematology St Bartholomew s Hosplial, Londen

hey Words Thrombocytopenls ron deliciency anaemia g Thalassseris ok

Abstract ron deficlency ansemia secondary to menorrhagla was otaered e
woman of Greek Cypriot origin, Moderate thrombocytopenis was 2ha m
Treatment with parenteral and oral iroa prod . ient th <yt
platelet count then returning 10 normal. Subscquent analysls revealed that she a2
carried the & thalastaemia trait. Previous reports of thrombocytopenla responsive 10
iron trewtment are reviewed,

Thrombocytotls has long been accepted to bo associated with haemo?
rhage [9] or ron deficiency ansemia [12] Some more recent fepor
have emphasised that thrombocytopenia may also be associated with iroa
deficiency ansemia and that the platelet count may rse in resposse ©
treatment with 1ron We have seen an sdditional patient in this categofy
with some further nteresting {eatures.

Case Report

Mn. S. P 7-year-old woman of Greek Cypriot origin presented at St Bartho-
lomew s Hospital In July 1974 complaming of intermittent bt heavy vagunal bl
ing for 9 montbs. She had mastied 9 moaths previomly but the marrlage had Dot
been 4 D and g0 of the ttcrus sad incision of the hy-
men was planned bat a routine preoperative blood count showed a haemaglobin kv
¢l of 568/dl and the opcration was postpored. No ather caute for iron deficlency
wat forrd and the patient enly lained of slight symp ble to the
severe apsemia. On examunation, the only abnormaliy apart from clinkcal anzemis
was a palpable spleen felt 2 om below the contal margin
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shown that reduced or even normal platelct counts show striking incress-
€3 when the fron deficlency s corrected by onl or parenteral fron (cases
anahysed in tabke 1),

The role of iron contaiming protewns (transferrin and hemin) in both
proteln synthests in platelets and poslbly in megakaryocytes bas been
demoastrated by FReEDMAN and KARFATKIN [3] They propose that severe
iron defimency anacmia cam lead 10 thrombocy topenua through exhaustion
of an exmentlal component compartment of jron contalndng proteln peed-
ed for platelet synibesls [6] However Dovgo and Axsoy [2] have stated
that m fron deficency anaemis, platelets are at normal kevels unbess the
situation is complicated by some other factor for exampie, by persplearsm
causing thrombocytoperua or active blood boss camsing thrombocytoshs.
Their own cases [1] support this proposal and it is interesting to pote the
relatively great proporton of the other cases reported m which splenome
galy was demonstrated (ubch).Ahhwglnhedcscri‘pdon h)rtnplcn—
lsm implies that the mech
poollu;otdmmcbonolplnldcumlbcspktn,mbﬂnplmﬂomnm
possible Tamauzt and Sumey [14] suggested that the spleen prodnces a
humoral substance which reduced the production or delivery of platelets
from the boor marrow They shomed thar reimplaton of spleen within
diffusron chambers could prevent the owml post-splenectomy thrombocy
tosh and postulated a humoral factor produced in the spleen which sup-
pressed the platclet nse

Tt is oot clear how the posuble factors in producing thrombocytopenta
have acted together 1n our patient. There was no obvious endence of in-
cremed splenic destruction of erythrocytes, neatrophils or pistelets either
at presentation or after treatment. The plateket coant and
clearly responded promply to treatment with iron and residas] effects af
ter therapy to trat were ch
mild It secms possible that in our case a3 in some of the other cases,
thrombocytopenia responding to iron therapy was related in some way to
splenomegaly but that t way anlikely 1o be medisted enber by Increased
poofing or destroction of drenlating cefls

Acknowledgements

W ary gratefal 4o Mr D B FRuser for pormemson 10 pabinh dembs of this pe-
e, and to Mies P HAXRRON for sccretarral ewlatincy



Bearp/Jarnson

116

Ei]s

wog w0y papel  O8Y/OL

wh panpas U e/

A{eSasounds

—ojeday passaLuy ponpas

T PR OU  [HENE

u U o Tgg

u e o /gy

u e k2 Tufgy

(=4 ru b Tuizg

uz pIonpat ponpas o

TU uonMuIRUd I8 pUpG Jou ru

au ooy ponpat u

uny  #Enbepn, paonpas a

U feuson paoapar Tu

u et paonpat olriot

hsakiey

Ajesxuounds - E11Y R0 Ual|

AOLTW JU0H Wniop WM ADW GIqoionceH

11

(x4

srl

2

-4

Rre R 8

X3

:E_Eghﬁ.%u_:una&uzgucg?gg VL7



Thrombocytopenla and Irom Dafickency 17

shown that redoced of even bormal platelet counts show striking increms
et when the fron deficlency b d by onal or 1 fron (cases
analysed in table T}

The role of iron containing proteins (transferrin and hemin) In both
protein symibesis in platcicts and possibly in megakanyocytes has been
demonstrated by FREEDUAN and haRPATREN [3] They propose that severe
uon defickency ansemin can kead to thrombocy topenia through exiaustion
of an esseniial component compartment of iron containing protein need
ed for platelet synthesss [6] However DrvgoL and Axsov [2] bave stated
that In jron deficency anacmia, platelets arc at normal levels unlesa the
situaion b complicated by some otber factor for example by perplenism
caming thrombocytopenia or active blood lows cawning thrombocytesks.
Their own cates {1] support this proposal and it s interesting to note the
relatis ety great proportion of the other cases reported in which splenome
galy wm demonsirated (table 1). Although the description hypersplen-
sm {mplics that the mechanism producing thrombocytopenia s increased
pooling or destrucon of platekets 1n the splcen, other cxplanations are
ponibic. Taxvuzl and SMTLEY [14] suggested that the spleen produces o
bumoral substance which reduced the production or delivery of platelets
from the bore mammow They shomed that relmplation of spleen within
diffuston chambers could prevent the msual post-splenectomy thrombocy-
tosts and postulated a hamoral factor produced in the spieen which rup-
pressed the platelet rise

It s not clear how the possible factors in producing thrombocytopenia
have acted together m our patient. There was no obviows evidence of in-
crexed sphendc destrocuon of erythrocytes, peutrophils or platelets either
at presentation or aflter treatment. The platelet connt and haemoglobin
dnﬂyrcspond:dpmmpdylotrnuncnlwhhmmdmld\uleﬂamu
ter therapy la tralt wero ch
mﬂd.llnccmxponibkdmmuurmx,ulnmollheothercun
thrombocytopenia responding to 1ron therapy was related in some way to
splenomegaly but that it was unlikely to be meduted cither by fncremed
pooting or destrurhon of aircalatng cells.
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Acta beemat, 55 119117 (1979)

Fibrinogines Québec I et Québec 1T denx nouvelles familles de
dysfibrinogénémle

Frangom Joam, Loutst VU et JEan-Mare Deraor
Centry dbémrtologe ¢t dummmologie cllrique Hopital du Satnt-Sacrement,
Quiéber. PQ

Flerlsagra, Qurbee 1 sad Queber 11 Twe New Famfies of Dy siicimegenmuin
Kay Words Clotting defect Dmifrbnnogenemia  Hemorrbagic disthesia

Abstract. T pew farmlia of from
Freach Cassda are reported The dysflbrinogesema ba the fust family i character
ired by an abeormal aggregrtion of the fibrta moaomen, the defect n the sscond
fanily b doe to  fawdty rebcass of Ghrmopeptrdes chering the protealyic phase of
the turombie-fibrmogen reachon

Nmnmmmm&ulmﬂhmm
cadses aticintes de dysfibrinogt

Matériel et M&shodes

Tcmp-dnn]mxlryl‘!],. raction d mﬂu[‘zﬂ. entroa plaqoettatro
deln

Mich), 5Ufmd do Tria sbm, & 02 do plasema atratd Tempe de Repllmsc aw
fibromdtre, on  joute 01 ool de Repdlass (legrt, St Loie, M ), extrat de verim

Regrr La 20 décembre 1976, eeceptt: Ja 8 fun 1977



118 BrarD/JoeNsoN
References

1 DiNgot, K. and Aksoy M On the platelet levels in chrons iron deficlency ame-
mia Acta haemat 47 135-143 (1969)

2 Divgor, K. and Axsoy M Iron deficlency and thrombocytosis. Archs Intere
Med 133 1070 (1974)

3 Frremaon, M L. and RareaTkiN S Requirement of Lron for platelet protein
synthesls. Blochem. biophys. Rex. Commun. 34 475-481 (1973).

4 Grom, S. KETTIR, V and Nowatan, A. J.. The platelets in lron deficlency an-
acmia. 1 The responso to oral and parcnteral fron. Pediatrics, Springfield 34
315-223 (1964)

5 Hearn C. W and PaTIX, A. ] The ansemia of iron deficlency Mediche 16
267-350 (1937)

6 RAXPATKIN S Gang, 5. k, and Freepaax, M L. Roke of iron as a regulator
of thrombopolesia, Am J Mcd. 57 521-525 (1974)

7 Loeas, H. and Rasnvew, S F - Thrombocytopenia nuociated with iron deficiency
anacmis. Clin. Peduat. 5 609-616 (1966).

8 MARCIASIN S WALLTORSTEIN R. O and AogeLrx, P M Varlations of e
platelet count In discase Calif Med. 107 95-100 (1964)

9 Ricuaxpson F L. Effect of severe hemorthago on the namber of blood plate
lets In blood from the penpheral circulation of rabbits, J med. Rex. 13, 99-108
(1904)

10 Sanvn, M A Oustv H., and PepBMoNT L Thrombocytopenia and fron def-
ciency Ano intern. Med. 87 132-133 (1974)

11 Scnze, H and Snrer, R Iron responsive thrombocytopenia, Ann. lntern Med
& 57157 (1976)

12 Scioessex, L. L. hier M A and Wonze, F J Thrombocytoss i fron def-
clency anaemia. J Lab clin. Med. 66 107-114 (1965

13 D Th ytopenia and fron deficiency Anr intern. Med. &
111 (1974).

14 Taxvuz, A and Suncy R. k. Hematologic effects of splenic implants. Blood
29 373-384 (1967)

M E.J Braxp Department of Haematology Christeburch Hospltal, Chrusecharch
(New Zealand)



Dyitrnegéobmic congtaink m

Tableow | Princrau kests de coagutaton chez ks 2 propositas

Valenrs HG Lo
morrmbes
Temps de ciphabing acind scc 343 3 41
Temps de Quich, sec 103410 108 14
Termpe d¢ Quick d'un métungs & parbey égaler 10,3 19,5 1.3
(moreral + makade), sec
Facwewrs [L Y VIT VI IX, X, XIN nareal wormmal
Texos de throenbin, sec 17%2 n b
Temps ¢ Reptlase, sec 15&1 pIK] n
Méthode colonmétrqoe, o™ 200400 s 20
Titrage par la thrombeme vz 144 164
Test FPT ma% 175-373 ™ 1%
Méthode kmnamolonaos, g & 200400 ™ m
Coarbe de pobymériaton de b fibtene anormake anormale
Gintranon de thrombeee pormale noo fart
Antsthrombins 111
Activitd bolopque oormale Bormake
Mitbods smrmunciopgee, g’ pIET] » n
Antgine FR dams Je sérem
Méthods an ltex, syl ] 2
Agghtnation des staphylocogqecs m m 17e

dommant. Dans la famille G 7 des 9 membres étudws sont porieurs de la
tare, tandis que dans 1a femille O 6 des 9 sujets iudids sont attelnte,

L analysc de I'allongement des temps de thrombine et de Reptilase des
2 propowtus permet d'obscrver des commechons particlles par le chiorure
de calcium, par le soifste de protamine par Nebubmement de Us foree boal-
que ¢t par npe concentrabon plos grande ds thrombine oo de Reptlese
Le plaama défibriné et le sérum n sllongent pes les temps de thrombine et
&Rrpd]md‘nnplnmxnoml.

de Ia polymérhation de la fibrine pro-
voquéecnphmdmtépuhﬂ:mhmouhkzptﬂne(h;,h,b)
montre chex H G une atence de vurlaton de la demité optiqoe malgré
Tobtention d'un caillot ot, chez 1. O un retard of une lentenr anormale
de Ia polymérisation avec cependant une densité ophque finale en bon
sccord avec Ia taux de fibrinogine. La rénuttat obwervé pout H. G corres-
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de Botrops athrox & 02 m! de plasma ataté (21). Courbe de polymérisation de I3
firine [21) Dosage du fibrinogéne: méthode colorimétrique [25] utrage wr L
thromblne [20] test FPT (fibrin polymerization time) [24] méthode }

[14). Immuno-lectrophorise du fibrinogene [9] (Behringwerke, Marberg/Laha,
RFA) Test de génération de thrombine [4]. Antithrombine I mesure de Mactmté

biol [8] dosage § logique [14]. Déter du fibrinogine (anigine
FR) dans le sérum méthode au tatex [3] avec le Thrombo-Wellcotest (Warner Laz-
bert, N.J) lutination des staphyl [3] (Behringwerke, MarburgTakm,

RFA) Temps de lyse des coglobulines Pplasmatiques [16] Dosage du plasminogine et
de Ia plasmine active par Ia méthode des plaques de fibrine (Hyland, Calif).

Le fibrinogine humaln o3t puriflé sclon Recotcz [18). Erude de la libératica
des fibrinopeptides par la thrombine d'apris lu technique originale do Lowad [11]

difife (7] les fibri des sont Iibérés par 1sction de [a thrombine sor une
solution de fibrinogine purifié et sont dosés par la méthode de Lowny ef al. [12]
avec la modification suivante [7] pour neutralser | exchs d"acidité des &chactTlons,
Ia concentration du NaOH dans le réactit A cst donblée

Agrénation des monomeres de fibrine selon la méthode de FExry ct MomrrsoN
6] modifiée 5] wne solution de monomeres de flbrine est préparde avee do Ia
thrombine bovine et de I Reptilase & partir de sang prélevé sur EDTA diodiqoe ™

Résulrars

Famille G 1a découverte de 1 anomalie y fut fortute le propositus
H. G, servit do «témoin normal» pour des épreaves de coagulation! Il
n exmte pas de diathise hémorragique dans cette famille

Famille O 1anomalie fut découverte 2 [ occaston d une investigation
du propasitus, .. O qui avait présenté une insuffisance respiratoire pro-
longée aprds anesthése générale. On découvnt un déficit modérs de Ia
pseudo-cholinestéruse, qu on conndéra responsable de cette hypoventils-
tion anormale La drathise mormgique des membres de Ia fratne
immédiate du propositus est trig légire toutefous, 1ls n ont pratiquement
pas subi d'interventions chirurgicales Par alleurs, 2 cousines du cbté
paternel et leur pere sont décédés d'hémorragie dans les suites d'une
emygdalectomie A 1époque, Ia tare familiale n érait pas connue faute de
survivants de cette lignée de la famulle, | anomalic n puy &tre recherchée.

Les principaux résultats des tests de cozagulation des deux propositus
(tabl I) montrent qu il existe une enomalie & étape de 1a fibnnoforma-
ton. Les fonctions plaquettaires et 1a fibrinolyse sont normales. Chez
L. O., on remarquera le test FPT anormal, [a présence d antigdne FR dans
le sérum et 1 allongement du temps de Quick

L étude des deux familles a montré un mode de transmussion sutosome
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Tableww | Princgain tests de cougulation chwez ket propoutsss

Vakon HG Lo
sarmmales
Toraps de clphabne scuvd we 3245 16 47
Terege de Quick, yex 10510 s 14
Tenzps de Quack d'un métange & partns ¢k 10,3 108 ns
(pormml + malbide), sec
Facwmers 1T ¥V VIL, VIIL, X, X, X111 pormal normal
Temgs de thrombune, s 1742 B H
Temps de Reptibse, 5ot 131 1ns il
Meéthode colormétrque, mg® 200400 68 0
Thrage par la thrombune [¥5:1 164 164
Test FPT g% 175371 ™ 1%
Métbode rmammologxqoe, of® 200400 4 n
Coarbe de polymirmation de la fbrme mormek anormale
Génénphon de thrombene wormle oo fart
Antrtbyombos 111
Acthvid beokopqoe sormale nonmete
Méthods ammolopqos, mgt 338 » n
Axtrgios FR dam be stnim
Méthode aw icx, pgml [ 2 0
Agghunation des staphy ncogues n 1 ny

dominsnt. Dans la fxmmlle G 7 dey 9 membres étodiés sont porteurs de la
tare, tendh que das La famlle O 6 des 9 mupets Eudlés sont atteints.

L amlyse de | allongement des temps do thrombine et de Reptilmse des
2 propostus permet dobserver des comrectrons partlelles par le chlorure
de calchm, par le sulfate de protarmine, par Pabatssement de la foree Joer-
que et par une concentrabon plus grande de thrombine ow de Reptilase.
Le plamma &&Mibriné et ke sérum n allongent pas les temps do thrombine et
deRepdlmd‘unp-lmnnoan

L étde sp étrique de la polymérisation de Ia [brine pro-
mmmplmdwwhlhmmhm(ﬂplw)
moutre chex H G une absence de variation de la densité optque malgré
1 obtention d'un cailiot et, chez L. O retard et unc lenteur anormale
de 1a polymérisation avec cependant one denitd optique finale en bon
accord svee la taux de fibnnogine La résultat obsereé pour H. G corres-
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de Botrops athrox & 02 ml de plasma citratd [21). Courbe de pdy'méfhlﬁtﬂdch
fibrine [21] Dosage du fibrinogéne méthode colorimétrique [25] fhrage pt
thrombine [20] test FPT ((ibrin polymerization time) [24], méthode Immunologie
[14] Immuno-dlectrophorite du fibrinogine (9] (Behringwerke, Marbarg/Lik
REA) Teu de géndratlon de thrombine [4] Antithrombine I menure dt Tactiv
blologique [8] dosage | logique [14] Déter lon du fibrinogtos (sabets
FR) dans le sérem méthode a latex [3] avec le Thrombo-Wellcotest (Wamer Liz-
bert, NJ) wgglutination des staphy [3] (Behringwerke, Marburp/Liiz.
RFA) Temps de lyse des euglobulines plasmatiques (16] Dosage du plasminogioc &
de Ja plasmine active par la méthode des plaques de fibrine (Hyland, Calif ).

Le fibrinogine humain est purlfié selon Recorezr [16] Etude de ubénm;
des fibrinopeptides par la thrombina d"apris Ia technique originale de LoRAND o
modifiés (7] les fibrinopeptides sont Ibdrés par laction de Ia (hrombice suf “;‘
tolutlon do fibrinogine puriflé ct sont dasés per Ia méthode de Loway e «f I
avec 1a modification suivante [7) pour neutraliser ! excds dacidité deas Echantillors
In conrcentration du NaOH dans le réactif A est doublée

Agrégation des monomires ds fibrine selon |a méthods de Frmay et Momesc™
6] modifiée [5] uno solution de momomires do fibrins est préparée svec d¢ 1t
thrombine bovine et de 1a Reptilase  partir de sang prélevé sur EDTA dlsodiqoe 2%

Résultass

Famille G la découverte de 1anomalic y fut fortulte le propesit®
H G servit do «témoin normal> pour des épreuves de coagulanon! 11
n existe pas de diathdse hémorragique dans cette famille

Famille O | anomalio fut découverte & | occasion d une investigation
du propositus, L. O qui avait présenté une insuffisance respiratoire pro-
longée aprds ancathésie générale. On découvrit un défiet modéré de i
pseudo-cholinestérase qu on considéra responsable de cette hypoventia
ton spormale. La diathise hémorragique des membres de la fratric
Immédiate du propositus est trés légero toutefous, ils n ont prangoement
pas subl d interventions clururgcales. Par ailleurs, 2 cousines du cBté
paternet et leur pire sont décéd&s d hémorragle dans les sultes dume
amygdalectomie. A 1époque la tare familiale n était pas connuo faute d¢
survivants de cette lignée de la famille, 1 anomalie n a puy 8tre recherchée.

Les principaux résultats des tests de coagulation des deux proposites
(tabl 1) montrent qu il existe une anomalic 2 1étape dc la fibrinoforma-
tion. Les fonctions plaquettaires et Ia fibrinolyse sont normales. Chez
L. O., on remarquera Jo test FPT anormal 1a présence d antigéne FR dans
le sérum et ! allongement du temps de Quick

L étude des deux familles a montré un mode de transmission autosome
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Tablesw | Procraox wits de corgulation chez les 2 proposites

Yakun Ha Lo
narmles
Temps de céphakoe actn €, 3¢ 348 38 o
Temps & Quidl, pec 10510 103 14
Teps de Quick dun méhings b paries égakes 103 103 113
(normal + makbde), wx
Fecteann 1L, V VI VIIL IX, X, X001 oormel mormal
Temps de thrombioe, sec 172 3 4
Temes de Reptibuse, yoc 15%1 ns n
Méthode colonmétraque, mg’ 200400 23 0
Thirage pur la thrombue mnm 16 1164
Test FPT mg* 175-373 174 13
Meérthode smmunologiqee mg* 200400 pal m
Cowrbe de palymértmuon de fa fibrne asonmale asormale
Ciodranon de thrombuoe sormale oo fat
Antubroarhine 111
Activics baokopxque noroule Barmale
Methode rmmumologxye, mg*s -1 » n
Axtigine FR dans Y sénum
Methods sm tavex, pg'ml 13 2 20
Aggiutmanon drs staphylocoques mn " me

dotmnant. Dams la famifle G 7 des 9 membres étchés sont porteurs de la
tare, tandls que dams 1a famille O 6 des 9 sujots étudiés sout atteints

L analyse de I'ullongement des temps de thrombine ct de Reptilase des
2 propoutus permet d observer des corrections partielles par ke chionuore
de calchum, par 1o sullste de protamine, par I'abaissement de la force foni-
QD% et par une concentratron plus grande de thrombine on de Reptilme.
Le plasma défibriné et lo sérum n alloagent pas les trmps do thrombine et
de Reptilase d'vm plasma normal

L étude spectropbotométrique de la polymérisation de la fibrine pro-
ku&mplmdmtépuhmmmbmwhwm(ﬂ;h,b)
maontre chez H. G tmne absence de variation de 1a densité optique malgré
Tobtention d'un calot ct, chez L O tm retard et une lemteur anormale
de 12 polymérisation avec cependant unc demits optique finale cn bon
sccord aver 1a trax de fibrinogine La résuliat obserwt pour H. G comrey-
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de Botrops athrox & 02ml de plasma chtraté [21). Courbe de polyméchution o4
fibrine 121] Dosage du fibrinogine méthode colormétrigoe [25] titrage par b
thrombine [20] test FPT (ffbrin polymerization time) [24] méthode hnmunolopae:
{141 Immuno-électrophortse du fibrinogine [9] (Bebringwerke, MarburglLaba
RFA) Test de génération de thrombine [4] Anuthrombine 111 meyars d¢ Tactintd

bielogique (8] dosage | que [14). Déter Ion du to (mg
FR) dany le sérum. méthode au latex [3] avec le Thrombo-Wellcotest (Warner:
bert, NJ) agglutination des staphylocoques (3] (Dehringwerke,

RFA). Temps de lyse des euglobulines plasmatiques {161 Dossge dn plasmivogiac &
de la plavmine active par Ia méthods des plaques de fibrine (Hyland, Calif).

Le fibrinogéne humain et purifié selon Reaorczr (18] Etude de In B"""j‘,
des fTbrinopeptides par I thrombine d'wprds Is techakque oripnale de Lorwo [I
modifiée [7] lev fibrinopeptides sont ITbérés par | action de I thrombioe sor “;
sofutlon de fibrinogine puriflé et sont dosés par la méthodo de Lowny ef o (1
vee a modification sulvante {7] pour neutrabser | excés d'actdité des &chantilions,
Ia concentration da NaOH dans Ie réactif A et doublée.

Agripation des monomires de fibeine selon ls métbode do Fraxy et Mﬂuﬁ";
(6] modifiée [5] une solution de monomires de fibrine est préparée avec de
thrombine bovine et de 1a Reptilase b partir de sang prélevé sur EDTA disodiqne 2

Résultats

Tomille G Ia découverte de | anomalic y fut fortuite le propositst
LG servit de ctémoin normals pour des épreuves de congulation! 1
n cxlste pas de diathese hémorragique dans cette famille.

Femiffic O anomae fut découverte 2 [ occasion d'une Investigation
du propositus L O qui avalt présents une insuffisance respiratolre pro-
fongée oprés ancsthésle générale On découyrit un déficit modéré de b
pseudo-cholinestérase qu on considér responsable de cette hypoventlls-
tion anormale La diathése hémorragique des membres de In frairk
Immédiate du proposttus est tras 1gere toutefols, 1ls n ont pratiquemest
pas subl d'interventions chirurgicales par ailleuns, 2 consines du cbté
paternel ot feur pere sont décédés d'hémorragle dans les suites d'une
amygdalectomie A 1époque la tars familiale n étalt pas connue faute de
survivants de cette lignée de Ia famille 1 anomalic n a puy &tre

Les princlpaux résultans des teats de coagulation des deux proposits
(tabl I) montrent qu il existe une anomalie 3 1étape de la fibrinoforma-
tion Los fonctions plaquettaires et Ja fibanolyse tont normales. Chex
L. O onremamuera le test FPT anormal 1a présence d antigine FR dans
le sérum et ] allongement du temps de Quick.

L ¢tude des deux familles & montré un made do transmussion autosome
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Fig 2. Agrégqation des mosomires de { brinc penfiés de LO. priparés avec b
thrombine bovine. Coacentrabon finale d La solnton de mopomires 40 my*s, pH
firal, 6,4 forces lomiques fimaley 0,05 €1 015 températar 25 C.

W = Sciet pormal, forcs fomque 0.05 @ = LO force lomque 003 O =
swier normal, force woakqee 0,15 A = LO forve soniqec 0,15, b Agriqation des
Donomires de fibriwe panfis de 1O pripards vec 1n Repulam. Concentration
fBaale de la solobom de Mooomdrrs. 40 mpts, PH fiud] €4 force sousqee fhuale.
005 température 25 °C. N = Scjet normal @ = LO

que 015 ct diminpée pour H. G (fig. 3a, b). L étude cinétique de In
Iitération des fibrinopeptides par Paction de la thrombine sur le fibrino-
pioc parifié est résumée dams le tablean 11 La vitcsso ot le tanx de
Liération des fbrmopeptides du fibrinogine H. O sont pormany, tandis
qu'ﬂsmidlnﬂnnbchalepmpodml.oaumnﬁo

L'immomo fibrinogine dans le plasme ne montre
mcummhchaialpmpunhn.&ul_o on obaerve I pré
sence de fibrinogine dams ke sérum. L étude du cadllot de H G. en micro-
scopic & balayzge & moatré que les filaments de fibeine formés par la
thrombine calcique en plasma citraté, & pH 7 4 et foree roniqoe 0 15 sont
plos fms et pios fragmentés que coux d'un plasma normal (Bg. 42, b).

Discusston

Notre mvestigation & révélé une dysfonction de la fi
cher 13 dex 18 sujets dtudiés dans ces denx familkes qud est doc d ooe



ad

Vl
[} 1 2 3 & 5 8 0 1

Temps, min Temps mn

122 Joam/Vuy/Driacr

—_—tT
2 1 « 5 6 0 1 3 2 431
Terrps, mn ¢
Fig 1 b Coubes de polymérimtion de Ia ffbrine Induite par la thrombise
bovine (0,5 U/ml Trh salin, concentration finale 1) et la Reptilase, (0,06 maités hio-
Tris salin, ion finale b). Plasma dflué au dixitme en NaCl
0,153 Température 25 C. W ~ Plasma normal @ = plasma L. @ O = plsma
HG c Effet du plasma HG sur la polymérisation de la fibnne dun plasma por
mal par la Reptilase. @ = Plasma normal .—phmunozmd+nnumm
alln & partics égales O = plasma normal + plasma H G A parties égales.

Tobleaw /I Etude cindth do La Ubération des fibell des pour 3 fibrinogine
normaux ¢t 3 fibrinogine anormaux

Fibrinopeptides hibérés par mulligranune de
fibeinogine, sz
1 min mun  Smin  10min 20min 30min

Fibrinogine pormal
1 88 134 159 178 19. W
100 182 17. 152 206 193
3 LS 134 162 17 2,9 203
Fibrinogine H G 126 137 q62 189 195 189
Fibrinogéne L. O 3,5 66 112 1y 132 13
Fibeinogine G O 46 71 838 11,2 12,6 137

pond trés bien au fait que les caillots formés en plesma H G produisent
un gel remarquablement transluade Le plasma H G perturbe de fagon
importante la courbe de polymérisation d un plasma normal (fig 1c)

L sgrégation des monomeres de fibrine préparés avee la thrombme ot
la Reptilase est légtrement anormale pour L. O (fig 2a, b) A force loni-



Flg. 4 Structore do cullot »a awcrowcops k baliywge de chemps. Flasma citratk
Grambine boviss 3 U/ml da CaCl, 0.025M (comcentration fisale) Cafion firéh
cate Ia solnon de A3 U o1 #f [19] ot séchés par ke pount cringoe 10,000
Pl normal b Plezme HO.

L O neysnt pm de dthise bémorrapiqoe famillake peat condulre &

mager la pondbilied dune imtrer ou
d'one affecton bépatkque sévire Toutelots, il 3 agisait pour L.O d'one
fxouse b émie qun nétant qu avec les méthodes de

Y
dosage basées sur |a vitesse de coagulabon du plasma {test FPT). Cette
dacordance des taux selon bes méthodes a dép €06 obserrée {13 15] Le
caillot plesmatique obtenu chez H G ne cxmalt pratiquement pas d'ang-
mentation de la denwté opuque du plasta, comme dans le cas des fibri-
nogines Montréal [10] et Nancy [{22]

Les ¢tudes en vire de préciser | il Tle de 12 mol
de fbrinogine ont idemtifi¢ jusqu & maintenant tron grands types d’ano-
malie [13] a) une lic de la libératicn des fibrinopeptides (phase

tolytique) b) 1o de | des 2res de fibrine
(phase do polymérisation) et c) une e de ln des paly

mites. Nos études ont montré que dans Ia famille O 1l s aghsait d'une
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Fig 3 « Agrégation des monomires de fibrine purifiés de H.G préparttavec B
borine. Co: jon finalo do Ia solatlon de monomeres: 40 mpHfs, I
final 64 forcex ioniques finales 0,07 et 011 température 25 C.

W = Sulet normal, force fonkque 0,07 @ = HG force Jonique: 007 O =
rujet normal force fonlque 0,11 & = HG forco fonique 0,11 b Agrégation 0t
monomtres de fibrine purifiés de HG préparés avee la Reptilase, Concentrati®
finale de In solution de monomeres: 40 mg¥e, pH final &4 foree jonique finale
0,025 température 25°C. @ =~ Sujetnormal @ = HG

snomalic qualitative de la molécule de fibrinogene, Une revue des famil
les rupportées [13 15] montre que les temps de Quick et de cdphalire
activé sont solt normaux soit allongés 1ls sont normaux dans la famille G
et allongés dans la famillc O

La diathdse hémorragique est nulle dans Ia famille G et Kgére chez k3
membres vivants de la famillc O Mais 3 autres membres de la famille O
qui n ont pu 3tre étudés, sont décédds d’hémorragic peu apris unc amg
dalectomie La prudence doit donc nous faire cramndre des hémorragks
graves su moment d actes chirurgicaux dans de tels cas. Parmt les 26
fammiles publiées en 1974 [13 15] 13 n avaient pas de diathése hémorma
glque et les 13 autres avarent uno diathdse hémorragique légere.

L immuno-électrophordse du sérum de L. O a révelé unc moléculke
semblable au fibrinogéne qui se tradumait par un taux élevé d anugéne
FR dans le térum de cette patiente. L assocration d un taux élevé d antt
gine FR séfque & une hypofibninopinémie chex une adulte, comme
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libération retardée des fibrinopeptides. Par contre, dans Ia famille G
nous avons observé une vitesse normale de libération des fibnnopeptides
mas une agrégation des monomeres nettement réduite en cela également,
ce fibrinogine ressemble au fibrmogine Montréal [10] Nous proposcs
de désigner ces fibnoogénes anormaux du nom de fibnnogéne Quibec 1
pour la famille G ¢t de fibrinogéne Québec II pour la famille O

Résumé

Deux familles canadiennes frangalses atteintes de dystibrinogénémie congénitskt
sont rapportécs, La premidre dysffbrinogénémic ext carnctérisde par tm déficlt 8¢
Lagrégation des monomires de fibrine Ia scconde est due & tne anomalie de la -
ration des flbrinopeptides,
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FamlliZrer Myeloperoidasedefeht und akate myel
Leuk&mie

D Huicy, B H. Brroitransay und R. Haas
Lebrstubl fir bnmere Medrom, spet Hamatoloqn thomm Lerter Prof R Maxx)

Kinderkliadl (Drrektor Prof h BETAt) Abte lung fur an mubrobecllo Therape
wod Infeitiomimamnolope M\ ormand Frof % \aar der Lanentat Muoche

Famille| Perwaibdaw-Defickney sad Acse \yrivk Leukomin
Key Ponde Mycloperowdsue defloency  Acte myelow keoloma  Prmary
Deatroptal granoles

Absirect A compkt lack of @y lop 0P} m
Mmmmmmmmdmmmmudmaﬁu
od afier & remtion wa acheved. A partal defect of MPO wus demomtrated m
T patlent’ fuuber Bo foriber abnormalitses were scen i other members { the fa-
=iy The fine structors of the patewt  mecirophils and monocytes appeared dor
lhl.m-:ﬁmy { MPO wps demonsirated on the floe stroctomal bevel [a the fa-

thet' neutroplubs tramwtional forms between cefl cxlubitng nom.xuro-am:y

nmeurmmwmmmdnm
T by and A powible
hd\mNPOﬂ:ﬂclcncynndlﬂ:kmhnw

Ist etn Yes Enzym der P Grang-
h?ﬂtnnnddﬂMomryl:n,dcchdtmwbndtrAbtbmngphqmy
berter Mikroorgannmen zukommt [15] Ein v3lliger Muogel an MPO
wurde als by erblicher kt tn bisher 7 Fillen

Nydoy:m:m = MPO- Naphthol-AS-Azemi-Esterase = NAS Naphthol-
ASD-Chion: - ASDCL, = NBT Perjodsiors-
ldﬂﬂ-l-m—PAS
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Book Reviews  Buchbesprechungen  Livres nouveaux

H. REEF (ed) Iron M and its Disorders. Worlshop Conf Hocchit,
vol. 33. Excerpta Medica, Amsterdam 1975 X + 36 pp. Dfl. 80-/US § 3133
ISAN 90-715-0300-8.

This volame sommarises fone and di of an toml meet
ing held tn April 1973 in Germany The bool s divided Into four sectioes concers
Ing fron balance, iron deficlency parenchymal iron overload (locloding sderoblads
ancmias) and principles of therapy (iron substitution or treatment of fron overkad).
Tbe book contalns up-to-date sommaries by Jeading experts. "New information
could be detected in the original publications, but most chapters serve thelr pamoe
of welecth Aewlng well P Ny 1 am going to wse quite & few phetures {7
teaching purposes (all reproductions are carclally presented) More teeent stahics
which have not yet been covered 10 aimilar reviews concern the structure and fuoc
Uans of ferritin, red cell metabolism of pyridoxine In varfons types of anemis a0
detalled morphologic stodles of abnormal sideroblaste Citatlon of key references
bas been handled uncvenly and quotatsons are without titles (a noforfously poor
habt in reviews). The discusslon has not been recdited. All tn all 1 find this book
weful E. A Becx, Berm

T H Seaer (ed) Progress in Hemostasis snd Thrombosls, vol 3. Grune & Smatton,

New York 1976. XVI + M2 pp US 8§ 31.50. ISBN 0-8089-0935-8.

The 3rd volume of Progress in Hemostaxis and Thrombosis edted by TH
Searr i 1976, brings a new serics of reviews, The chosen sabjects are of variabie
value, One outstanding contribution hus been written by Mostsson apd FINLAYSON
on tho search for the structore of fibrinogen. This conttibution delincates the siake
of our knowledge on fibrinoken, the hypotheses, the q ble data and e
direction of research. Other chapters constitute purely a collection of informatioes
from the literature, for example, the chapier of Brtamakrai on Hemostasls In Anl
mals other tban Mamrmala. The Role of Cells Thia review grves a summary oa the
available foformations, but not more. The more practcal part of this volume 3 By
reserved ta the ‘Control of Hepann Thetapy dus to WESSLIR and Grrer. Homever
the title & misleading since practically all aspeets of heparin therapy are contidersd
except the control Some are Y too The
uonﬂullhelowdmtbepﬁrb:lbmpyhhtenlbltrdmghumru”ybcmdﬂ“ev
in cach series there is a certaln number of bleedlng complications. Ono mhses In
this revicw a clear ind of the very 1 mportant pr of the
thrombin time by low doses of hepann. This tranutory effect can reach thrombin
time values comparable to those of full heparinization.

Desplte some (mperfect om, thia book can b recommended 10 people working
or {oterested in coagulation platelets and heparin treatment who will find here cur
rent lnformation. F Docxert Base!
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Elek L Z tochowde T thitht wwrde In for e
el Irosiopache U pri 2t mit Dami-
nobeandia ond H,0 pathyewusen (131

o funl In hro-Phagonytose wnd lotrazcllo-
lire AbtDcong eincs 81wy bodod k L {502 A) wardem
aoch der Methode von QUIE ot &) [22) notarsucht. Der VBT Tert wurde asch der
Beschrobung von FARK «f of [20] soule m dor Modibimuom mach Prrrug ond HiT
D (11] derchpefwirt. Die ch motalrische Antwort der Granmorysn sxf Cascin 1s
chamotatincher Sobstanr wwrde 1n modiflrerten BoydenKammern mach der me
bodschen Beschreibung 00 WILER o~ [33] wotersocht.

Dis quamtisatin Emmriﬂﬂ—-ndflowmafnlmdm’&dm

Nackwew von Ob fur & brw

fur s Schafser ten [14]. L T

dooplaten (Partgen Bthrms‘m :l-rb-m duraten T quantiathen Bestum-

g der C3 Cf mad CS
Befunde

Lichumikroskopee und Zytochenide

Patient B H Das hnochenmark ist dicht infiltriert durch weng diffe
serzierte Blasten. Dac heme dheser Zellen zelgen ein Jockeres Chromatin,
1-2 Nuklcolen, sie sind 2T etwas eunpebuchiet oder anpedeutet gelappt
das mittelblane Zytoplasma enthilt mefstens kewne sclten emige azuro-
phile Oranula. Altivitdt von Peroxidese oder Sudanschwarz B-enfarbba
tes Material sund m den Blasten meht fesrmtellen. Hingegen 2eigen eini-
ge der wenlg differenmerien atypischen Zeflen eine schwache, sclten cine
wsgrprigtere ALivitlt oa ASDQL oder (NaF-hemmbaret) NAS und da
mit eine beginnende D uF bew 70 Promono-
yten. Die fulen Gramulo-yten \| hen Stadium
Doehle Rirper hhnﬂ[bcnt.hltlnePcllasch:kermnomalk,qu)lm-
ren U ab cme
btnthdnddennulozyt:nlnihrchofphﬂlopeunluﬂlIﬂ;Bdmgh-
mvnkoutmﬂtnh:\cnc.hiedmml’hnm Erkrmnkung wind Neutro-

phile tnd Monaryten dig T ond B-nega-

tiv Die tbrigen Enzryme sind m len K b

sen. Epsinophile sind hol und hembsch pormal (Tab. T).
med.rtdu?aﬁaﬂm w H Bdlﬂeandlcnﬂndd&eB!nm.\—

ben und hologisch Allerdings besitzan betm

memmmcmummmmmdmm

malke X von P und vou B dio rentli-

chen Neutrophilen sowie dic grosse Mehezahl der Monozyten sind Peroxd-
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beobachtet (16 23 32] Haufiger lsst sich ein partieller Peroxidaseman-
gel bei Patienten mit unreifzelligen myelolschen Leukfinien feststelien [+
9 11]

Derartige Defehtzustinde bicten Gelegenhet die physwologusche Be-
deutung des MPO-Systems zu untersuchen mic erlauben Rckschiliss add
die normale Entwicklung mycloischer Zellen und threr Granula sle sind
ein Berspiel fir die gestdrte Zelldifferenzierung im Rahmen emner Levk
fimie

Wir beobachteten das volistiindige Fehlen der MPO 1n den Neutroph+

len und Monozyten ecmnes 15[ahngen Jungen mit vareifzelliger myekok
scher LeukBimie betm Vater des Patienten wurde en partieller Defelt
dieser Enzyms nachgewacsen Klinische Befunde sowie morphologrsche
uad funktonelle Untersuchungen die an den Leuhocyten des Pauenten
und seines Vaters durchgefhrt wurden sollen mtgeteilt werden

Kasuistik

Patient W H geb Nov 1961 Als Kleinkind mehrmals eitrige Otiths media wod
Angina tomill Tonslllektomie, Als Schullind readivicrende Sinubronchitiden. 1
Marz 1976 Haematome Bllne, eltrige Rhinits. Stadonhre Aufnshme in der Rin
derblinik & Univ: Monchen und Dingnose efner unrelfzcliigen mvelolschen Leok
Amie. Befunde bef der Aufnabme. Milz, Leber und Lymphknoten palpatorisch Laum
vergrluert. Hb 58 g%, Retikulozyten 3¢, Thrombozyten 7000, mm? Leuhozytent
38000/mm! daven ctwa SO0 wenig differenzierte Blasten, Im Sterpalmark dicht
Infilteation mit polymorphen Blasten, dic nur 2T ene beginnende Dalferennerong
in die granulozytire oder monozytlro Reihe zelgten. Im weiteren Verlanf tratew
Lompl, d Bronch und ein Soorbefall der Mund<
aut Unter zy Ischer Beh g mit 6-Mcrcaptopunn  Vincritin
und Adriblastin, in Verbindang mit Glulolortiloiden, Lonnte schiiesslich eine weit
gehende hAmatologirche Tellremission efreicht werden.
Famulienanpehorige Belde Eltern, d o Grossmutter m0Otter] cherselts, zwel Stiel
schvesemn des Vaten und dic einrige Schwester des Patienten wurden untersacht

Alle Personen waren kiintch und himatologhch unaafl lilg lediglich belm 1 ster
wurde ein partielier Myelop t h

Methodik

Zytochemi  Lichimikrostopacher Nachwel von Perovidase [6] Sudanschwarz
B (30] eurer Phosphatase (6] N phtho! AS-Azetat E terase nnd Hemmuang durch
NaF [18, 28] Naphtbo! AS D-Chlorzetst Exterate (191 PAS 7.



Ab ] Neotroptuler Oranuloxyt das Patenten W H Nachwel endogener Prro-
udee: Granula, welche Peroaxdess eathahen, morseen besonders dankel dargestellt
s Der Schatt wards sber mnt Bletrpdroud-Umaylaretat komtrattsert, so das alle

anch die ~OEgalr Grsxula, dewtlich dargruei wind Ba
oost pormaler Felntruiter cathflt die Zells grosse, homogems Zytoplatmaan.
achitma (¥) sowse V keokm (Pledel. | beden Fallen darfie € sch oo Zytoso-
men, brw Vakwokn handcis, dic tauly phagorytertes Matenal exthalien (Pagoly
sosomen), talls y bedmgt mad (.

drse und Sodamschwarz B-negativ Die Eosmnophilen des Vaters sowic
alle Blutrellen der ubripen Verwandien sind zytochermsch wnauffillig
e 1)

Elekrronenmakroskopie
Dre Leukoryten des Patenten W H und semes Vaten reigen eine
normale Felrstrudryr Dwe Granula der Granolozyten und Mooozyten ent
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wchiftme (¥) sowle ¥ Loolem (Plade) 1 bedes Fallen durfts ot sch am Zysoto-
nent, brw Vakmolen hasdeln, c tesh phagoryherses Materml enthalwn (Phagoly
ow0men), tek bedmgt wad (A

dame und B-negat
alle Bhrirellen der ubrigen V
(Tab 1)

i 7

des Vatens sowne

Elektronenmukroskopie
Dic Lenkezyten des Paventen W H. und seines Vaters zeigen elne
normale Fetnytruktiwr Dic Gramula der Granuloryten wnd Monozyten ent
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Abb  Monozyt des Patienten W H Priparation und Schaitel jerung v

Abbildung 1 Auch dieser Monozyt enthilt grosse Zytoplasmacioschilisse und \ akoo-
len (X).

sprechen i Grésse und Form denen gesunder Personen Dic Neutrophi
len (Abb 1) und die Monozyten (Abb 2) von W H eathalten oft Ein
schlfisse phagoryhierten Matenals und grosse Vakuolen

Endogene Peroxidase Aktivitit endogener Peroxidass fehlt auch im
elektronenmikroskoplschen Priiparat in den Neutrophilen (Abb 3) umd
Monozyten von W H  wiihrend sie in den Eosinophilen in normaler StEt
Le vorhanden ist (Abb 4) Befm Vater des Pauenten finden mich neben-
einander Neutrophile mit {ehlender mit schwach ausgepriigter und mit
normaler Peroxidascaktivitit. Bei Neutrophilen mit schwach ausgeprigter
Alktwitiit sind erstens weniger Granula in einer Zelle angeflirbt, zweitens
15t die Anflirbung des enzelnen posibven Gronulums schwiicher (Abb 5)
Einige der Monazyten des Vaters von W H enthalten kicine Peroxdase
positive Granula, andcre sind negativ
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Abb  Monozyt des Patienten W H Pr fon und Schnlttk ferung %7

Abbildung 1 Auch dicser Monozyt enthilt grosse Zytoplasmaeinschilisse tnd Valeo
Ten (X).

sprechen in Grdsse und Form denen gesunder Personen. Die Neutrophl-
len (Abb 1) und dic Monozyten (Abb 2) von W H enthalten oft Bin
schllisse phagozytierten Matenals und grosse Vekuolen.

End Peroxidase  Akuvitht endog Py dasc fehlt auch m
elektronenmikroshoprschen Pritparat 1n den Neutrophilen (Abb 3) und
Monozyten von W H., wiilrend sie in den Eosinophilen in normaler Stht
ke vorhanden ist (Abb 4) Befm Vater des Pauenten finden sich neben-
cinander Neutrophile mut fehlender mit schwach ausgepriigter und mit
normaler Peroxidaseaktlvitit. Ber Neutrophilen mit schwach ausgeprigicr
Aktuvitdt sid erstens wemger Granula in ciner Zelle angefrbt rweitens
1t die Anflirbung des emnzelnen posith en Granulums schwhicher (Abb. 5)
Einige der Monozyten des Vaters von W H enthalten kleine Peroxidase
posive Granula, andere sind negativ
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Verweadung lamwn 254/ mw;o'u&nmmd: awrens (A $02) Der Zomiz go-
paotter Normatseren brachts bews Aoderomg des harververivefy

sbhngipe Phagorvtose des patbogencen S -awress Stammes (A 502) war
beim Paticnten, semem Vater und emer gesunden Kontrollperson nichit
gestdrt. Dies koante durch Koatroltuntersochungen bestlitigt werden,
Elndeutig p tach zewgten dle folgenden Gremdozy
ten-Funkil h Dic t Abtdeuny der sufgenom-
menen Bakterken (Abb. 6) war ber dem Patienten defekt. Nach 60 und
120 min zeigte sich keme mgmilikante Abnahme det i Zehpunkt 0 an-
gesiten Auch durch gesmnder Kontroltp
mmmﬂmwmmmwm
Dhamdmpeﬁplrmanngmmanmﬂozmnm
bei i vier T ra Zeitpemkten nicht In
der Lage, e Ab L K 1l 70 erbrn-
gen (Abb. 6 nmmnu!dbelopmhmdnmnun;pmum
den dic bakiennde Leistung der Granulazyten des Vaters erreicht nicht
50* der Normalkontrolke). Damit it ¢in Defekt der grannlozytiren Bak
nachgewiesen, der mit dem zytochemtbychen MPO-Mangel
T8 vereinbaren 151 Alle anderen F (P!
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Abb 5 Neutrophile Granuloryten des Vaters von W H Kkeine Schnittkontra
stierung In der unteren Zelle zeigen die primiiren Granula efnen etwa narmalen Per
otidascyehalt. Bel der oberen Zelle sind nur wenige der primiren Granula als Aws-

druck der Peroxidascaktivithy dunlel gefarbt, de Anfirbung der einzelnen Granmla
fst ment mur schwach

Granuloy tenfunkiion
Fir alle Famienmitglicder (Patient Eltern  Schwester) fielen der
NBT Test wie auch der stimulierte NBT Test wiederholt normal aus. Ein
Defekt in der cliemotaktischen Leistung der Granulo yten des Potienten
und der direkten Fambil der war nicht h

isbar Die serum-
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Virs codomg ksowen 254 malomsmmmds.mmm)[)«umu-
Paohier Narmaberes brachte kema Andernag o

sbhlngige Phagorytose des pathogenen S.-sureus-Stammes (A 502) war
beim Patienten, teinem Vater und einer gesunden hoatrollperson micit
MTL Dies konnte durch Kontroftantersuchungen bestitigt werden.

it Fathologh s rogten die folgenden Gramdozy
tenF) chungen. Die AbtBiung der sulgenom-
menen Bakterien (Abb 6) war bef dem Patienten defekt. Nach 60 und
llﬂminzagt:ddikdn:dp!ﬂhnwAbmhmedumm?dquhOdm
gesiten Baky 1 Aoch durch S geander K
o0en kormte dieser Baktetwn-Killing-Defekt nlcht:nsgeghdmnwn—den_
Dk-mdcmpambammmduvmmummﬂfmhzytmvm
bel fnag vier Testamsdl z nicht In
der Lags, dic Ab + den K. Iip Tu etbrm-
g0 (Abb. 6 c:mm-m{dlebg.riﬂ:miscthmﬂ\m;p-dxmm
den die bakierdde Leistung der Granuloryten des Vaters errcicht nicht
50% der Normalkoatrofle). Damit st ein Defekt der granchozythren Bak
t:ﬂcmmmm;mchgnhmdcxmndcmzymdmmsdmh%—htmp&

7 vereinbaren ist. Alle anderen F tgf {P:
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AbS 5 Newtrophile Granulozyten des Vaters von W H. heine Scheiulomir
stiernng. In der unteren Zelle zelgen die primEren Granula einen ctwa normslen Pef
axkdasegehalt. Bel der oberen Zelle siad nur wenige der primibcen Granuls st AT
drack. der Perotidascaktivitdt dunkel geflrbt die Anfirung der € nzeloen Qramis
it meist pur schmach.

Granulo tenfunkilon

Ftc alle Femulienmitgheder (Patient, Eltern Schwester) ficlen der
NBT Test wic auch der srimulierte NBT Test wiederholt normal aus it
Defekt in der chemotakiischen Lelstung der Granulo-yten des Patienten
und der direkien Famblilenmutglieder war nicht nachweisbar Die scrum
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erkrankten Sobn fehlte MPO \ollkommen, Ein volistindiger MPO-Ver
fust wurde jedoch als erworbener Defekt im Rahmen ciner LeukRmie nie
mals brobachtet. Es kiinnen daher dic beiden folgenden Maglichkeaten in
Betracht gezogen werden. 1 Bet umserem Leukimiepatienten bestand cin
Loostitotionelier und partieller MPO-Defekt, zu dem cine Leukkmie-be
dingte StBrung ¢ kam 10 dass ein volistinduiges Fehken des Enzyms e
sulderte. 2. Bej unseremn Patienten bestand von vommberein cln konstin-
tionelker md vollstkndiger MPO-Defekt. In beiden Filllen kann diskutrert
werden, ob der Enrymdefekt zum Auftreten einer Leokimbe prilduspo-
Bkﬂ:.Zu:lDJJchbkib(diangeoﬂcn.obunlﬂdcnn}drﬂdell}m
vou  ermorben defekt bey fmyeloksch
Ltvllmcnnkhtm:h?lumtmmdullmund.bddmenvordcmAm—
bruch der Leukimie bereits ein konsthuthanelker unerkannter MPO-De
fekt bestand.

Klinisch erwchelnen Patienten mit vollstandigerm MPO-Defekt unauf

fig {32] oder zeigen emc erhdhe Infelsanflllighes 1_B gepenilber
Candlda albicans [16] Bei unserem Leuk
¢ine vermehrte illigkeit zu die A des Vaters

txt in dheser Hinsdcht unergiebiy.
lﬂdnvlhndd:hnvolmtndingmMekldn:SAmn;dﬂ
AbiStamg von durch ten (Staph
&urews Serrafla marcescens) nndvouCl-n(ﬁd.l nachwelsen [16] dls aber
nicht des Auvumass wie bel der bch
end:hLdemvmmnmtrmxhth(llmmhpnchdnAumndﬂ
MPO-Defektes der Ut vitro nachgrwicsenen Sifrung der Abitung phago-
Tyterter Bakierien. Die AbxStung phagorytierter Mikroorganismen wird
bei MPO-Defekt jedoch nur verlangsamt, nicht anfgehoben. Das MPO-
H.O.Syvrmsdmlmdtmﬂl‘hnichtdklﬂdni;:mdnncnctﬂklnvqr
g fir cine g 1o sein [15] Durch

L ‘..L.L; (GeldufTust

P
renz) unter med\mz von Anti-Peroxidage-AntikBpern wurde beim
Komtitutlogellen MPO-Defekt das Fehlen des Enzymmolekfils nachge-
‘wicsen {24] Es handelt sich somit bel dieser St5rung nicht um die Synthese
tincy ledglich funktionell defekien Enzyms

Die primdren Granula der N il und bef stit
kmhmkklmummﬁemmﬂddcnmhmm&n-
stroktur mmd Zahl nicht von L saure Ph

ebcnhlhunEuzympﬂmlmOnnu!LinhnormﬂerKonmmﬁun
Hing fallt dle toa, parallel num
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Schwester Grossmutter viterlicherseits) zeigten eine normak Granulazy
tenfunktion in virro

Immunologische Befunde

Die Lyvmpho+yten von W H wlhrend der Remission und vom Vater
waren nach Zahl und Morphologie normal Die quantitative Bestmmung
der T Lymphozyten im penipheren Blut ergab fitr Patient (56%s) und V#-
ter (61%s) ebenso Normalwerte, wie die Bestimmung der B-Lymphozyten
(Patient 21%/s, Vater 18%) Serumummunglobuline ber W H lagen Im
Normbereich IgG 1190 mg*/s IgA 186 mg¥s, IgM 90 mg¥s. IgE war mt
156 U/ml grenzwertig erhiht

Romplement Wiederholte quantitative Bestimmungen der Romple
mentkomponenten €3 C4 und CS5 sowie der hiimolytischen Aktivitt
CHS0 ergaben flir den Patienten, scine beiden Eltern und seine Schwester
Werte im Normbereich

Diskussion

MPO 1t e kationisches lysosomales Enzym der neutrophilen Grang-
lozyten und der Monozyten Im femnstrukturclien Bereich lfsst sich das
Enzym zunfichat 1m endoplasmanschen Retikulum, im Golgl Apparat ud
in den pnméren (azurophilen) Granula der Promyelozyten lokalisieren.
Im Myelazyten und reifen neutroplulen Granulozyten 15t s sodann fur
noch in den pniméren Granula beim Monozyten in einem Teil der Mono-
rytengranula festrustellen [3 5] Eosinophilen Peroudase unterscheidet
sich chenusch von MPO [2] Die physiologische Bedentung der MPO und
1hres Substrates H O ward in einer Mithilfe bel der Abtdtung phagory
tierter Mikroorganismen geschen [Ubersicht 25]

Die wenigen brsher beobact Belspicle ecincs A 1l
MPO-Defektes [16 23 32] bestitigten eine gemeinsame genetische hon
trolle dieses Eazyms fir die Neutrophilen und Monozytenrethe nicht je-
doch flir die Eosinophilen, Entsprechend war auch bej den von uns un
tersuchten Fallen ledighch die Akuvitdt der MPO eingeschriinkt, Fami
henuntersuchungen lassen einen autosomal rezessiven Erbgang vermuten
4 S6hae eines Patienten mit vollstindigem Fehlen der MPO [16] reiglen
eme deutlich verminderte Peroxydaseaktwathit jhrer Neutrophilen. Die
von uns untersuchte Famille Msst eine Hercditdt lediglich vermuten
Beim hhnisch gesunden Vater war die MPO-Aktivitdt 1n etwa S0 det
Neutrophilen fehlend oder deutlich herabgesetzt beim an ciner Leuklime
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dern wares keme himatolognchen Besonderkenen nachiunesen. Dw Felastrukbmr

wmwmmummmm-ummuh betm ¢leltronenml-

Lroslopischen 1 blucben Bre Oranals wnpefarbt. Belm Vater mit
Twischen

photyten, Seum-Iminonoghobulne ued mehrere K Der
Twitches P wod Lentame wird deskutient, e3 wird
tine Ubersicht Ther bisher Fille von segrben.
Dank
Fhr dle yuverlivngs D- ot ch, chy

pischen Arbetten danken wir Fri M Daxsow und Fri G. Wocanwoea, der jmano-
wologischen Untersucheagen Fri L Trrresex

Die Arbelten wardem dwch d GSF Newberbery, Assotation Hamatologhe Xo-
mtom N 31-64-1 BIAD sowie durch die DPG (Be 496-3) wierstutrt.
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Peroxidasedefekt, negatis aus. Dies 1st emne weitere BestBugung fir di
Annzhme, dass durch diese Reaktion in den Neutrophilen ebenfalls Per
oxidaseaktvitit nachgewiesen wird [27] nicht jedoch Ablagerungen vou
Lipiden Beim partiellen MPO-Defekt des Vaters fanden sich sowoh!
licht wie elektro ikroskapisch nelx der Neutrophlle mit feh-
lender mut verminderter sowie mit normaler Perosidaseahtvitht Desglet
chen fehlte das Enzym in cinem Teil der Monozvten In Uberemshm-
mung mit diesem Befund war das in vitro getestete Baktenenabidtungs
vermdgen der 1solierten Granulozyten immer deutlich schlechter als bel
elner vergleichbaren Kontrollperson

Bei Leukdmiepatienten 1st ein partieller MPO-Defekt nicht selten Ba
12 von 28 Patienten mst unreifzelliger myeloischer Leullmie fehlte das
Enzym in 8-704s der Bluteutrophilen [9] ber einem weiteren Patienten
sogar in 93¢/s der Neutrophllen [11] Ber Leukimicpatienten kann &
MPO-Defekt mn scltenen Filien auch euf emnem vollsténdigen Fehlen pn
mbrer Granula beruhen [4] Weiterhin sehen wir bel unreifzelligen mye
loischen Leukimien nicht selten Defekte weiterer Enzymsysteme det
myelorschen Zellreihe sowie morphologische Anomalien der Leukozyten
granula [29] Sofern funktionelle Untersuchungen durchgefthrt warden,
liess sich auch ber dlesen Leulfimiepatienten eme horrelation zwrschen
verminderter Peroxidaseaktivitit und (in vitro) gest3rter Bakterienabtd-
tung feststellen [10 31] Zytochemische Untersuchungen der Blutzellen
k8nnen also in derartigen Fallen mbglicherweise eine besondere Infektge
filrdung ener bestimmten Patientengruppe aufdechen Sofern ber Leuk
Amepatienten zytochemisch normale und defekie Leukozyten nebencinan-
der auftreten so bleibt zu diskutieren ob es sich bet ersteren um Zellen
der normalen ResthEmatopocse, bel letzteren um defekt ausgereifte Zel
len des leukAmischen Zellklons handelt

In seltenen Flllen wurde ¢in wechselnder Anteil MPO-pegativer New
trophller ber Patienten mit refraktirer Anfinue beobachet {1 8 12, 17)

Bex diesen Patienten sttzt der Enzymdefekt den Verdacht auf das Vorlke-
gent elner Prdicukdme [4]

Zusammen, fassung

Bel eincm 154hngen P uenten mit akuter myelowscher Leulhimie wurde wih-
rend der akuten Phase der Erkranhung und n Remission ¢in vollstindiger Myetoper
ovidssedefekt der Neatrophilen und dey Monaryten festgestelll Reim Vater dev
Patlenten beuand ein particller Defekt dresex Enzymx, bel wefteren Famillenmitglie-
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In the present study we compared the phagocytic setivity of PMINg af
ter capping of their nicin binding sites with that of unperturbed PAMNy,
We have vied ferntm-labelled nain 1n order to be able to follow the fate
of the Jectin, and have evaluated phagocytosls and the concomiant mem-
brane redstribution by means of ultrastructural morpbometry

Our resalts indicate that 1n human PMNs, nanbinding sites are pot
invohed in the process of recogmuon and uptale of ™o test particles,
baker s yeast and Staphylococcus epedenmidis Thrs confirms and extends
our prelmmnary obsenatons on the eflects of concanavalin A and ricln
on the phagocytic sctivity of rabbn PMNs [9] A preliminary communca
tioa on this worl has already appeared [3]

Materials and Methods

Foh morphonuciear wioo tes Hemas penpberal blood obtuned from healtiy
volmnisers was anticoagulated srih ACD sobetion (6L imrmediasely dilwted with ooe
Cfth of iy volome with  soluon contamung 6§ of deatran T 300 m tabes, xnd al-
fowed w0 schment ;i graduated cybnder at room temperature. The whte cell by-
o wey them collected by espration, centrifuged at 5,500 poun at 4°C, and the
PAMN1 were partially ponfied by asburg the cell pellet three umes @ salme (300 g-
mm at 4 -C). The floxd cell sospenuon, which cooserd of ocarly 80% PN wa
made op M wedom contammg 12 m NaCL S omd RCL 12004 MgCl, and
167 mra soduam eacodylats- HCl baffer pH 74 (medum A)

Lectin prepaorniion A fantin commpate of i<t (RF) waa prepared withen 10
duys of we, sccortmg 0 modifkanos of the method of pa Frrem wed Rarr [5)
aad sored a1 4C m 0.1u sodiom cacodylate buffer pH 74. The RF mock solw-
tx0m waed b the cxperiments preseated here had  protew content { 270 wgmad. The
Ban to famtn mbo wes 171 The RF concentratony owed (169 67 and 135 ay/
o) correspood to matree nom cobcentrations of T4 uamdQZu'mLm

Lectn rewoment | PA{Y  Approprate ditovons of tha RF solwthon wers added
®© 05 ml of the cell swaperwon (12 ¥ 10PAIN ‘1) and kept b an xce bath for
10 pun with penodic aptanoa. 3 vol of sce-cold nedium A were them edded, and the
crlls were cleared of excers hectin by Jow-speed contrifuganom (1000 g-emen) a2 4 °C.
The crtls wero thes resmpended m 1 m) of cold mediian A sad placed for 10 mm
375C watsr tath m order 0 Cuduce the formation of caps. Comirol culh were
handled icutically owiatiing the bectia solobon which wes replaced by an eqoal vol-
ome  { the corrmpondmg buffar The hectn trestwant mdoced some coll aggregs-
thow. Tho celh, bowever wers casily dapersed durmg rmpension.

Phagocyiosz Two tat partckes, baka's yeast and 5. epidermmislis, wern med.
Prosh buber's yesst nas sypraded m st (325 o Trl), hested for 10 mis b
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Capping of Ricin Binding Sites Does Not Influence
Phagocytosis in Human Polymorphonuclear Lenhocytes

MARTIN E. FEIGENSON and MARCO BAGGIOLINI

Research Insthute Wander a Sandoz Research Unlt, Wander Ltd., Berst

Aer lhords Ricin Capplng PMN Phagocytosis  Morphometry

Absirect Human polymorphonuclear lenkocytes (PMNs) were focabated at 0 ¢
with ferritinconjugated ricin and warmed to 37 C to Induce capplng of the rir
binding sites. The PMNs were then allowed 1o phagocytoss yeast or Staphykococen!
epldermidis for 15 min, and processed for electron microscopy Phagocyti wpoalss
granule fusion, and the fate of lectin-botnd membrane were quantified by @
phometry Ricin-capped PMNs phagocytosed as ettensively as § PMNs
Partidles were ingested almost exclmively with 8 lectin-free portion of the plosms
kmma. Fusdon of granules with phagocytic vacuoles was not effected by righein
daced capplng. This Indicates that ricin-binding sites are not involved in partite
recogrution and uptshe.

Introduction

When added to restng polymorphonuciear leukocytes (PMNs), cof
canavalin A [20] or ricin [DEWALD unpubl] induce a metabolic burst
similar to that which accompanies phagocytosis. The metabolic respoms®
appears 1o Tesult from the specific interaction of the lectins with glycosid-
1c residues on the PMN surface since 1t is prevented by the presence of
terminated by the addition of the respective sugar haptens, o-methyl man-
nonide and a-lactose These observations suggested that certain lectin
minding sites on the PMN plasma membrane may participate in the recog-
mtion of particks to be phagocytosed and seemed in accordance with 2
report by BERLIN [4] claiming that concanavalin A inhibits phagocytosis
in PMNs.

Received May 5, 1977 sccepted July 4 1977
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© enamrs that eech cofl wos sradmated only once The eleciron

mken om Zm-EHMmkm-cqu(CulZﬂn,Obedochu.Flmnomh.x

sagnifications of 1,570 and 5,104 and wers cabbrated valng carbon-grating repli-

& comiainiag 2160 {(sevmm. Morphometry was performed om mepatives which
ere anhurged 4 8 thmes by projection ot the  ppropriate countng lattice,
Morphomerry surfec wnd olem &ensiiier. Suttace demfty of

a3 conskdared a3 bectin-bound 1f, 1 the pornt of miersccton with the tou sytem,
farritin owlecwle % withis 20 am from the wembrane (8] The intenceon coents
thm obtakeed wrv directly refated to sarfac denuty Data are sxpressed as relativy
werfsce denuty: that b, 1 fraction of the Wit coftular sorfsce denaty Relative
olome demity of the pha 1 s viing the pomt
countmg method [24).

Celowdarion and petincs. All calculstions of merface, and volume densies »erc
performed for esch PAN fmhindoafly aod then  euged for each experimental
coadluon. A two-tdled sipruficance matrix was cosstructed for each parameter

hich allowed statratical conmmrron of cach mean value sqalod cvery other mean
vahm wihin esch ctxperenentsal growp All cakulatioms wers performed naing
Hewlett-Paciaud 2100 § compater

Results

Lectindndwced Cappuny

When human PAINs were exposed to RF ot a temperature near 0 C,
the lectin bound cnformly to the cell surface Sections of such PMNs
showed a continnons layer of chectron-dense ferritin dots on the plssma-
kemma (fig. 1) When the PMN1, after ciminstion of unbound RF were
warmed 10 37 C the lectm collected at one pole of the ccll to form » cap
{Bg. 1 hoet; fig. 3-6). Thrs process was completed within 10 min, a3
fodged by the absence of oniformly RF-labefled cells, and by the very
mare occarrence of RF parches. Lectininduced capping has been ob-
served in PMNs by RYAN e ol [22] using floorescencs microwopy The
moro detalled view affordad by clectron microscopy shows that the cap b
generally sharply delinested, and that the plasma membranc beariog the
<p i often infolded (fig. 4 5). Cap formation In haman PMNs occorred
3 raphly amd a3 regularly as in rabbit PMNs [9] and was not affected by
the conicentration of RF to which the PAMNs were exposed. The size of the
Cap win not significantly different in PMNs which were treated with 169
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boaling water bath, wathed by centrifugation, and resuspended in 10ml of saboe. &
epldennidis (ATCC 12,228) was grown for 24481 In brain-heatt fafusion brot2
(BHI Difco Laboratories, Detroit, Michy, collected by eentrifugation, resaspenicd
n sallne to » denslty of 33 X 10° cells/ml and Lilled by beating for Jomén %
60 C. The bacteria were then centrifuged at approvimately 30,000 g-mia, and &
ruspended in oneaitth of the original volume of saline Immediately before w4
cach particle suspentdon was mived with an equal volume of fresh human e,
wnt opannlzed for 30 min at 37 C. Phagocytosis was aried by addiog 304t of &
ther rnpertion of opsonized panicics to 6 X 10% of Jectindreased of

PMNe fn 1 ml of medium A, Particle fo PMN ratios were 50-1 for yeast sad &1
for staphylococei Fimal serum concentrstion was 25¢  (VA) Phagocylos ¥&
stopped aflter 15 min by the additon of an equal volume of lcecold B (wA) g
taraldehyde [n 0121 sodim cacodylate buffer pH 74 The smples were beet ©
the fixative t 4 C for 60min Small pellets were then prepared by cenifa
400 1 clump-free pordons (see Dhcussion’) of the fixed cell suspension for swia
st 1..000 rpm in & Beckman microfuge. The pellets wero removed from the tubet
and T avernight At 3 °C In 0 111 sodiom cacodylate bulfer pH 74 contacing &4
(w/v) sucrose.

Biochemieal phagocytosi assay In some caves, phagocytosls was assyed 7 &
termumng the radioactivity swsociated with the PAMN after incubation with redioec
tively abelled bacterta S epidermids (ATCC 12,228) was grown in 100l of BHL
broth In the presence of 0.1 mCl of uniformly-Jabelled 14C plucose (NEN Chemicst
GebH Fraolfurt, FRG), and the prepared for use as decribed for the ulabelled
bacteria. Phagocytosis was started by adding 50 | of opsonized staphylocoedt (2%
sbave) 1o 6 x 108 PMNs uspended In 03 mt of mediom A, and stopped afict
15 min by adding 3 ml of ke-cold saline and tramferring the samples 10 88 L
bath. The PMN  were scparated from the bacterla by centrifuging at 700 £-n ¥
4°C and washing twkee with 3ml of salioe under the same conditions, The %
PMN pellets were solubllized in 1 ml of 0.5 o (v/v) triton X 100 mixed with 12m!
of 8 12% (vv) solutien of cthanolsmine in methanol and 9 ml of 0.6/ (»/) wi
tlon of 2{4-tertiary butylphenyl)-5-4-blphenylyl-1,3 4-omadizol (PED Flzka AS.
Bechs, Switzerland) in toluene and counted 1n a Beckman LS 133 scintiliatios
counter (Beckman Instruments) Blank samples were treated in exactly the 147
way but were hept in kee dunng the phagocytosis period.

Cytochemisiry After overnight washing in boffer all glutaraldehyde-fived a2
phes were incubated for + b in the mediam of Granau and karnovsxy [10) for the
o Ieal ntlon of pei which is an ultrastructural marker for
azurophil granules [2].

Electron microrcopy The pellets were stalned en bloc with magneuum orandl
acetate and embedded according to standard procedures [14] From each expest
mental dtuatlon, three rand: chosen blocks were sect! After several siver
sections were placed oa # gnd, a 10- m sectivn wa sliced off the block and cutting
way rewmed. This process was repeated 56 times The sections were staned 00
grid for 20m n with lead citrate On each grid, only the celhs incinded in & alnghe
ﬁdmmwdm(cd.mfﬂdunﬂm at low magni
and cell profiles contasung al least one pariwle were photographed lndividuaily 3t

Hieathom,
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Table I Pereant of PMN populstion phagocytosmg

Addaions to PAMNy Percent of PN Nember of grids
RF pgiml parixie rofley contarng camined
U partxies
(mean  SEM)
o yas 93+ 8 16
169 yeant 07£27 17
10 yeat 931£128 1?2
1350 yeast o023 13
° 8. epidermichs Bee 9 n
169 3 epbderwsides 9124 15
0 8 eprermods 94528 14
1350 8 cpiderreadis 5327 18

N statratically significant differencs betw cen any paar of valnes st confidencs bevel
of $3%.

Oune grid wace per grd  mx photographed (1470} accocding to the strutified
Sorplmg procedure (s Mcetbods )

Phagocytosis

We have compared the phagocytic sctivity of RF-capped PMNs with
that of untreated cells. After confinmmng the data obtaimed with rabbrt
PMN3 [9] in a few prelummnary expeniments uxing both test particies, we
performed one experiment mcn"ponlh:rllﬂlhccmrcﬁﬁmx lcstl:d.,vhjch
wus then by h y Since phag
only on PMN profikes contatning partcles xhemddcm:o(mdlcdhm-
der the varlom expermental condrtions was ascssed on low-magmifica
tion mucrographs (fig 2) Table I shows that particles were present m
85934 of the PMNs viewed. Nooe of these percent values b statisti-
cally dufferent from any other at a confidence level of 95 o, thox indwcat
ing that under all experimental conditions about the same proportion of
PMNs had phagocytoted. Figure 2 b an example of low magnfication
micrograpts which werc used for the sbove coumtlog. Capped PANs
which have phagocytosed either yesst or staphylococe! are shown in fig-
wes 3 and 4 The caps (dotted lines) are seen s a orotuple layer of ferrd
tn dats covermg an appreciabke segment of the plasmalemma (6. 5 6).
Occadonal fermtin-loaded vesicles are scen near the cap (fig. 3-6). They
reflect erther endocytouns of deep rovaginations (fig 4) of the cap.
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Fig I Denail of a PMN which wat treated with RF (169 g/ml) and {1ed o
0 C.RF is scen a3 a thin uniform layer of electron-deme doty on the cell sorfacc.
Statoing for peroxidase activity allows a clear differentiation between azaroph | (A
and specific (S) granulex. X 20000, Invwet Detail of & PMN which was treated Wb
RF 21 above and then allowed 10 cap by jncubation at 37 C before flton A
compared fo the above case, the cap appears as a thicker and more tightly pebed

Iayer of RF The arrow indicates the sharp boundary of the cap Specimen prepert
llonni:u!lxurei.ﬁarcquah 1 am.

™
™
-’

67 or 135 ug RF/ml (data are given in table 111) Ttus obscration and
the fact that large amounts of free lectin were recovered after wishings
suggest that RF was used in excess, and that virtually all RE-binding si1¢s
were covered By analogy to what ls thought 1o occur in lectindreated
lymphocytes [16) we expect RF to move into the cap together with the
plasma membrane molecules to which 1t binds, thus depleting the remain-
der of the plasma membrane of RF binding sites. Transition to 37 € did
not seem to uncover additional RF-binding mtes, since mo difference in
cap size was observed when PMNs were warmed to 37 C in the presenct
of excess RF In a number of PMNa, oceational ferntin molecules weee
detected outride the cap area. This phenamenon which has also been ob-
served 1 lymphocytes [18) may andicate that a few RF binding sites are
feft behund at random during cap formation Alternatively these Jectim
molecules may be bound to & mmor population of Iess mobile sites. Un
der the expenmental conditions edopted, no RF-binding to the surlace of
opsonized baker s yeast or S epidermidis was obsarved



Fig 3 REcapped PAIN  hach hes ingexted yowst RF 1 packed (o the tharply
Gefnestrd cap wien (dotied Imxe) wod absent on the romantag portion of the plams-
letrans. The membrases of the these phagocyne vaenoles are eompletely fres of RF
InBcating thut ooly membranc whick had been deplered of nem-buodog She Wi
arvolved m the mgesnos proce T RE-contuming vemchos (V) are scen m the v

(D) grawshes are seen. A posmble ut of fimon of gramnke with  phagocylc vac
Dol 1 indicated (arrow) -4, = Ewcteon Thry preparston %as treated wh 67 g
RF/mi, For detals, se Methods $pecunta preparstion as ra figure 7 Bar eqoaly
L

baffer debpdrated b ethancl (70-100 ), pasard throogh propylsc otide, aod
mbedded m Epon Scchows wers tauked for 20mia with kad cirate Bar equb
1 pam
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Thia cell wes treated with 135 ag RE/ml Specmes propantion s m frpere 2 Rar
il m

Fig 6. Higher magnification of the cap wt of PAIN whach bas mpcsted yeast,
Except for  single RF-filled vescle (V) tho entr® cap kas remamad oa the exterior
of the ceil Arrow  indicate extemure femon of ansrophd grasales weth the phago-
some. For mcobaion coodihons, see Methods' Thn eell waa treated with 67 ag
R¥/ml. Spectmen preparaton 3 m figare 2 Bar eqmls 1 o

wero supplied with opsonired yesst, the mean relauve surface dentity of
the phagosome compartment (oumber of intersections between counting
hitico and phagosome membranc as percent of total membrane imtersec
Uoas in the PMN) was between 17 7 and 22.9 This figure was somewhat
kmwer (11.6-16.5) n PMNs that had phagocytosed sephylococd. As
expected, m sew of the ery different sizm of the two test particles, the re
ltrve volume density of the phagosome compartment (reflectmyg the per
cent of PMN solome octupied by phagosomes) ts mmch larger in PMNs
which have ingested yeast (37 6-45 7) than m those which have ingested
staphytocoec] (15 0~15.5). More umportant than the mctual valoes is the
{uct that tn no case wero the average surface or volume demsities of the



15 Friornson/Bacatol. N

F g4 An RF<capped PMN which has Ingested § epldermidiz. The cap (dosted
line) Induced with 169 /g RF/mL shows a deep Invagination. Three RI-filled 164
cles can be scen in the viciuty of the cap site. Reactlon product for perovidne 1
present fo varioms degreet in the phagovomes, all of which must have originated
from RF fres plaxma membrane One microorgantsm apparenily b atiached 1o 3
portion of the plasma membrane near the cap boundary For incubation detalls, st
Metbods  Speaimen preparation ay in figure 2 A = azurophil granule S = W
afle granuke n = nuclews. Bar equals 1 /m.

We have determined tclatnve surface and volume densities of the pha-
gosome compartment as a measure of phagocytic activity These two wets
of data arc obtained separately by Intersection and pornt counting fe
spectively and therel represent  independ measurements of (he
same phenomenon These data are presented an table §F In PMNs that
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Tabde [1I Lectin drstrbutson tn capred PAIN

Additioos to PMNs Percent of RF-bound membrane
RF ppml partcke PAN swrlnce Phagosome
woer surface
3 100 S 100
S et S ror
169 nooe 199%17
169 yeaut 157122 1610
470 yesst 18914 403
10 yeaut 199: 0 10£06
149 § epidrraiis 514 2010
€10 S cpudermacks 173+20 28511
150 S. epldrrads 104 1 16+ 2.

Mean wiars & SEM from 20 uaght PAIN for esch cpenmenta) condivon. Der
rowesent sertace densitaa (5 ) of RF-booad pirems membrane (PMB) ar RF-booed
phagtoms menbrane (POR) 1 pereest of total plauna of phegoome membrune (PMT
or POT).

Tadde IV Morphometne sakntion of trawsle funos w1 phegocytosng PMNe

Addnom 10 PMNa Spccaic Arnxophil
RF m'm) particic o [
Bvsr 5 ax
— o — 0
Svror Bvror
° oy »7£1 B7x12
169 nooo ex11 A3£13
0 yoan 137412 %8+17
169 youst [IEFSE] N5y
0 yeuut 137211 23+15
1330 yosu 13916 n2x21
[ S epledermasks Wax14 N3 14
169 $ epudrrmisks WY Psi18
610 S cpuirrmanls 194212 30320
1150 5 epuiermadss 194x12 N9+ 19

Sarface deamty (5 ) of specific (3P) 2nd arwropinl (AZ) gracmle membrane ary o
prossd a3 & parcent of Uho total (TOT) oefl sr{see deouty
Mean valors + SEM from 40 PA{N AN other vaines were obtarned from 20 PAMNL
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Table Il Morphometric evaluation of phagocytosis relathe surface and vohume denates

of phagosome space!

Additiors to PMNs Svra X 100 Vira % 100
RF agml particie Svror Viror
0 yeastt 19513 413 % e
16.9 yemt 2916 H0x5
670 yemat PR ] 4357434
1350 yeast 175 376217
0 S epidermidist sttt 155£14
169 S epidermics 154 o1 15017
61.0 S epiderwadis Mmex17 18 £.4
1350 S epiderntidts [LEF SR 150+ 6

U Sorface deraity (Sv) and volume dersity (V) of phageorne syace (PG) are cxpressed
a3 percent of the total eell surface and total cell volumne densities, respecthely

* Mean valves 2+ SEM from 40 sdngle PMNe ATl other mean vahus were obuained
from 20 PMNs.

phagosome compartment of RF-capped PMNs significantly different from
those of control PMNs These mensurements of phngocytic activify
therefore clearly indicate that induction of an RF cap docs not affect the
ability of PMNs to ingest opsonized yeast or staphylococcl.

Lectin Distribution in Phagoey rosing PMNs

By means of the ferritm tag, we were able to observe the Jocalization
and to follow the redistnbution of ncin during phagocytosis. As shown
in table III at the end of the expenment the cap occupred between 151
and 21%/s of the PMN surface. There was no nigmficant differcnee in cap
size of phagocytosing and resting PMNs. Morcover cap size was not 2
functron of the amount of RF to which the PMNs were originally ex
posed By contrast, the proportion of phagosome membrane associated
with lectin was very small after ingestion of yeast (0 4-16%,) and n 2 of
3 coses after ingestion of staphylococel (2 and 2 8 /) Even in the last ex
penmental case (PMNs capped at the highest RF concentration and ex
posed to staphylococa), the pereent of phagosome membranc beanng the
lectin tag was much smaller (about one third) than the percent of plasma
lemma occupied by the cap The absence of lectin from the phagosome
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Tubje [T Lectin disnbetion m capped PA{Ng

Addidom to PAN1
RF spim) Particle

169 ooy

169 yeru

610 yos

130 yosu

149 S epldcrmidis
610 S epidermudks
10 S eplderwadty

Percent of RF-bownd membrane
PN sarcface Phagosome:
ey purface
5o 100 5o 100
¥rur 3 ret
19917
1172 16+ 18
ne£14 04103
199+.0 1006
B4 20+ 10
173+ 20 811
20+ 21 76+ 2.

Mean valoes + SEL from 20 srmglc PMNa for ouch exportmental condibon. Deta.
represent #oTface derubes (3 ) of RF-bound plasme oembrane (PMB) or RF-bound
phagreome membrane (PGB) 33 perorm of total phame o phaegosome membrase (PAT
or PGT)

Table 7V Morphomwtne svalmetion of granule fmon m phe gocytomes PMNa

Addnons to PMNa
RF mgm! Partcle

o DN

169 wone

9 yau

19 yoant

670 youxt
1350 yag

o S5 epulerwudist
169 S epudermams
(31 S eprbvrmmis
13350 S epadermehs

Specia Aruropinl
sramaies pramaies
! JILC T
% ror Svror
»TEI2 wrElL
ezl ax13
157+12 %3217
159413 niz1e
15711 nEz1s
159416 2421
Wex14 MIE14
189419 B34t
Wwa12 0+ 20
194£12 NYE Ly

Surlaee denshty (3 ) of specfic (SP) aad azoropial (AZ) graoale membrane are o
prowesd a3 & pereent of the sota! (TOT) esf) soface density
Mean valoes + SEM from 40 PMNe. All other valoes were obtamed from 20 P INs.
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Fig 7 Effects of lectins on phagocytosts of C labelled S epidermidis by hu-
man PMNz. The PMNs were pretreated in the cold with varions concentrations of
concanavalin A (O% RF (T} or native ricin (A), cleared of excess lectin, trant
ferred to 37 C for cap induction, and then exposed to labelled bacteria for 15 mis.
Graphs show relativo amoant of radioactivity associated with the PMNs s a func
tion of the concentration of the lectins used fn the pretreatment. Verhical bars repee-
sent the range of triplicate valuer For details, see Methody’

membrane can be best observed 1n figures 3 and 5 These results indicate
that both test particles were taken up almost exclusvely by lectin free
portions of the plasma membrane

Fusion of Granules witls the Phagosome

The presence of peroxidase reaction product in the phagocytc vac
voles (fig 3-6) indicates that in RF-treated PMNs fusion of azurophil
granules had occurred. We have quantified granule fusion by calculating
the relative surface density of intact azurophil and specific granules. As
shown In table IV each type of granule contributes approximately 39%e of
the total cell membrane. Capping PMNs with RF did not significanthy
change these figures. As expected however granule surface dropped
drastically upon phagocytosis. In PMNs which phogocytosed yeast spc
aific and azurophil granule membrane were down to about one third and
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teo-thirds, respectively of the resting controls withm 15 min. A drop of
about 50* for specifics, and .5 for szurophib was observed after
phagocytosn ol staphylococar Pretreatment of the PMNs with RF did not
influence the disappearance of cither type of granule, siuce very umilar
data were obtained within each expermmental condition in which particles
were provided.

Radlochemica! Measurement of Fhagocytosls

The morphometrical studwes were complemented by a small senes of
cxperiments in which phagocytosls was tested in suspensions of PMNs ex
poted to radio-labelled S epidermdis and uptake was cxpressed as the
amount of PAN-amsocmated racioactivity Under such conditions, the
stndy of speafic bectin effects may be disturbed by lectin-indoced PMN
aggregaton which partially hunders the free approach between PMNs and
particles, thus precloding a valid companson between lectintreated and
coatrol PMNs (sce Discussion’). The results obtained are shown In figure
7 Pretreatment of the PAINs elther with nem or its ferriun confugate re
salted in sn apparent decrease In overall particle optake. Natlve ricin was
comiderably more inhibrtory than RF By cootrast, pretreatment with
co Auptoa tion of 40 gg/ml did not inflocnce up-
take. Uptake inhibitron appean to correlate with the lectin s capaaty to
sggregate PAINs and s probably a consequence of the restncted sccess of
partickes to the clumped PMN3. In the case of nathve ricln, a cytotoxic ef
fect seems [ely since over 50% of the total PMN LDH was fonnd to be
relensed,

Discussion

Using stereological techniques, we bave studied the effect of surface
altcration by ricin-indoced cappmg oo the phagocytic activity of human
PMNy PMNs which wero capped with ferritin-labelled ncln over & wide
O nn;-:,m.. Y either d yesst or N
epld ‘PMNLAmmphﬂ-ndrptdﬂc
srumln hncd rapidly mdencmlvﬂy with the phagocytic vacuoles
formed RF-capping did not affect the extert of fusion of either type of
gramule RF-bound membranc was found only rarcly in particle-con
taining vacooles.

These chservationm lesd to the foflowing conclmions (1) ncin-binding
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sites appear not 1o be necessary for particle recogmtion and uptake by he-
man PMNs (2) in RF-capped PMNs only that portion of the plasmalem-
ma which has been depleted of ricin binding sites participates in particke
ingestion (3) phagocytic vacuoles formed from plasmalemma which bas
been depleted of its ncin-binding sites fully retain the structural proper
ties required for fuston with azurophul and specific granules.

In an earher study we obtained fdentical results using rabbit perito-
neal exudatc PMNs which were capped with erther RF or a femntin conjo
gate of concanavalin A and then allowed to phagocytose yeast [9]

1t would seem that niein and concanavalin A 1wduce a metaboli burst
1n PMNs by nonspecifically perturbing the plasma membrane rather than
by interacting with particle recogmtion sites. Nonspecific membrane pef
turbation leading to an increasc 10 cyanide-insensitive oxygen consump-
tion can be induced by disparate agents like phospholipase C, surfactants,
and fatty acids [21]

Our findings arc 1n apparent contrast with those of BERLIN [4] who ob-
served an nhibition of phagocytous of polyvinyltoluene beads in adher
cnt rabbit PMNs during exposure of concanavalin A The different ex
pedmental conditions adopted preclude a companson of these data with
ours. It is possible, however that in BERLIN $ expenments phlgOC}‘lOd-'
was mhibited by @ nonspecific lundrance of particle attachment ratbet
than by blockade of particle recogmtion sites, since concanavalin A and
the particles were added simultancously to the PV {s. Indeed such a pos-
nbility was considered in that study In our hands, prior cappmg of con
canavalin A binding sites had no inhibtory effect on cither rabbat PMNs
phagocytosing yeast [9] or on human PMNs phagocytosing radioactively
labelled S epidermidis (fig 7) Similarly Eperson and Couw [7] fourd
that concanavalin A had no cffect on the ability of adherent mouse ma-
crophages to mgest IgG-coated sheep red blood cells or latex particles.
The mvolvement of lectin-binding sites in particle uptake by PMNs has
also been suggested by a study showing a diminished concanavalin A and
nan-binding capacity of plasma membrane isolated from PMNs which
had phagocytosed [17] The concluslons of this paper are based on the &5
sumptions that the method used provides membrane preparations quahits
tively and quantitatively repr Ive of the pl 1 of the PMNs
studied and that comparable plasmalemmal preparations can be obtamed
from resting and phagocytosing PMNs. In view of the opposite evidence
which we obtained directly by itatbve microscopy and of the great
difficulties in preparing clean membrane fractions from PMNs [1 3] and




Ricin Capping PMN Phagocytoss 15

other cells [19] a moch better brochemical characterimation of the frac
tions obtained w ould seem an essential control of the above [17] stody

A remarhabic findiog of ths and the earfier work on rabbit PMNs [9]
18 the virtmal exclusin of kctun-bound membrane from the phagosome.
Thhs phenomenon ks particularly strilang when test partccles ke yeast are
used, which induce the internalzaton of large arcas of the PAN plams-
lemma Formerly we interpreted these findings as indicating a polariza-
tion of the capped PMN [9] We reasoned that full exclusion of the cap
could only occur when particles attach and are 1aken up &t the opposite
pole of the PMN Thh 13 in kecpmg with data given by Ryax er of [22]
who obnerved concanavalin A caps at the tralling end of chemotactically
attracted PMNs. The recent hypothests (based an studies of mouse ma-
crophages) of a zipper-hke recognition mechantsm between phagocyte
membranc and particle [11 12] offers en interestmy alternative explans
toa of our findings being covered by RF the cap arca cannot attach to
the test particle and therefore docs not become part of the phagocytic
vacoole Exclusion of RF-bound membrane from the phagocytic vacooks
may have resalted ocrasjonally from attechment to the cap of another cell
or cellular debrhs, thus hindenng partcie access to the cap erea. Howerer
this could never result in the almost complete cap excluson noted since
most PMN3 showed #n pencumbered cap repoo. In PMNs which were
capped at the highest concentrabon of RF and then allowed to phagocy
tose staphylocoec], there was a somewhat higher meidence of RF-bound
phagotome membrane than in all other cases. Tt s dufficult to explain this
inding since 1t docs not occur when wmilarly treated cells ungest yeast,
cor does 1t appear to be & function of cap sire which, in this case, s
slightly but pontigniticantty larger than caps indoced with lower concen
trations of RF Perhaps tho uptake of bacteria bs ke orterly than that of
the large yeast. The cells may have to polaree or araumferentally attach
to Ingest yeast, but bacterla attaching to the cell fn the proximty of the
ap (fig. 4) may passively include some RE-bound membrane. It s un-
fikely that lectin bound membrane 1n the phagosome coald have been
coatributed by fusion with the small endocytc vacgoles originating from
the cap. These RF-fliled vesicles were never seen to fuse erther with pha-
gxamno(‘hhmn]ﬂ(ﬁ&J—é).Sunﬂuobwrﬂﬂm"mmby
EmmdemmU]h\mmmuphuu.

Table IV presents the first of &
during phegocytom, & phenomenoa winch canpat bs measared beochemi-
cally We found no sgnificant effect of the lectin on the dissppesrance of
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esther granule type Similarly in our eaclier study on rabbit PANs phago-
cytosing yeast, both RF and concanavalin A were wathout effect on &
geanulation (9] Fusion of both granules was more extensive after inges-
tion of yeast. Thix may simply indicate that in this case the Iikeliood of
coalescence between granules and phagosomes was higher than upon mp-
take of staphylococct HOFFSTEN er al [13] found a decrease in spenfic
granule volume 1 resting rabbit PMNs which had been treated with high
concentrations of natlve concanavalin A Under our expenmental condi
tions treatment of resting human PMNs with RF did not significantly
change the numbers of granules found in the cytoplasm.

Methodological Considerations

We have assessed phagocvue actvity by measuring uptake 15 mm af
ter the addition of particles to the PMNs. We therefore lack information
about the kanetics of the process However since particles ingestion m all
cuscs was 5o extensive wathin the short time penod, possible differences
1n uptake hinetics are unlikely to be reles ant to our conclusions.

The clear-cut data obtmned by morphometry do not correlste com
pletely with measurements of overall uptake of radicactive bactera by
PMN suspensions. In these expenments, concanavalin A treatment w28
without effect but both nicin and RF were clearly inhibitory As stated 1t
the results, PMN aggregation (which was strong after ricin or RF treat
ment) poses an insurmountable difficulty 1n thuis expenmental setbng.
Biochemical determination of phagocytic activity by measarement of the
total amauat of cell associated particles assumes unobstructed access of
cells to particles. Since lecting agpregate cells, this assumption is not Justt
fied and may lead to unwarranted conclusions regarding the effect of lec
un treatment on phagocytic activity This problem and the well known
diffleulties ;n discnminating between adhenng and engulfed particies [see
23 for discussion] are avorded in the morphometncal approach compar
ing individual cells which had ingested at least one particle and therefore
can be assumed to have had cqual accets fo the test particles. That the
avoldance of obvious clumps duning procesting in lectin treated samples
introduces no error ts established by the results of table I control incuba
tions, which showed no aggregation resulted in an equal percent of cclls
contalmng test particles A direct effect of RF on phagocytic performance
(rather then indirect Inhibiton by agglutination) would have been ob-
served as a diminution in the percent of unaggregated cells which had
phagocytosed.
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Oxaciflin-Indeced Granulocytopenia
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Depurtment of Medsctae, Bostoa Chry Hospetal and Bostom Unhensity
School of Medicina, Boston, Muss.

Key Words. Axtilemkocyts antlbodies Drog-lsdnced gramsiocy sopenia OratTlln
Peiefllia

Absiract The development of granalocytopeaus during canclil therapy b re-
ported n 2 patrents. T both cases the omset of granulocytopeua occurred 24 days
et therapy wm instrtwted with smlar clmecal prescatations. The boos OATOw k-

myeloed

fabmquent comphete recovery Altboogh sought for hewkosgglutiatny could mot be
demonstrated {n cither petent. The occurrence of grastloc)iopenwa m patanis Te~
cerrmy natoral and scosynibetxe peascilfiz n rencwed snd the mechanmm are
outliped.

] pen ving use of pemcilhn and 13 has
been reported infrequently [1-8] Our hospital recently began using oxa-
cillin and within the firtt 4 momths two cases of axmallin-indoced grano-

were otnerved. A detalled search of the current literature has

failed to reveal previoms reports of granulocytopenta mvolving tha medh
cation.

Case I

An 1gear-old primegramda Black woren, [n bar 18 werk of progmancy was
achutited 10 the PBostoa Crty Horprtal Medical Servico wih  30-day histary of sor
hroat, chint god mcreeshag coagh. She bad been treatad with codem and ghycerol
fetacolatc k3 an oot-patest On sdmusmom she wis febnde (101 F), tachycardic
and with findmgs of at the right bese Admessocs kabors-

Recetrad Dectmber 28, 1976, accrpied Jome 4, 1977
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Fig 1 Initisl bone marrow (case No 1) shows normal myelod maturation.
Wrights Glemsa stain X 600

tory studles showed pormal renal function, electrolytes and Jiver function. The hem
atoctit was 31/ with normal red blood cell indices and adequate plstelete. Tbe
white blood cell count wat 11,500/mm  with 78% mature polymorphs, S/ bsnd
forms, 1% lymphocytes and 4/ monoyter. Chest X ray showed night middle and
lower lobe Infllirates with & small right-sided effusion. Gram sain of the plenra!
fluld showed gram-positive cocel In clusters (subsequent cultere confirmed Swapht
I»coccus at eus) The patient was started on owcillin 2g intravenously every 6h
w th rapd clinfeal respome. Subsequently there was gradual resolution of the pe?
monia and effusion on chest X ray The patient became afcbrile and, symptomath-
cally was improved.

Subsequent laboratory flodings included AA phenotype on hemoglobin eletiro-
phorcus, normal cerum B12 and fol te levels, serum fron 90 mg d1 and total {ron
binding capacity 315 mg dl. A boe marrow  spiration (f g 1) was performed on the
13th hospital day because of permstent unexplained anemla (hematocnt 4 /) The
martow was noimocellular with a myetoid to erythroed ratio of 21 Granolocythe
maturatlon was normsl and ton stores w¢re absent. On the «ond howpial day the
patient developed a fever to 103 F with o shaking ch IL Phyxical cuamination was
unremarhable except for snws tachycardia w th no obvious Ktes of infectron. Chest
X ray showed further improvement On the 24th howpital day the patient was sl
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Fig 2 Csse No. 1 Cimnical cowrsa showmg relabombep of beoluis granolocyte
cooxt, fever and therapy Nowe raped defervescrnce, and Pung gramalocyte coum
following distotizaaton of otacille

1aig

ABSOLUTE QRANULOCYTE COUNT/mm? (8]
i g
TEMPERATURL, *f IO}

febrle and profound graaudocytopenta was moted (byg 2) The bomatocrt was 240
with pormal red cefl morpbology the whae blood coll cownt = L1000 owm wrth
llmmP\iMH.W/b‘ndfml proaryelocyies and T/ fympbocytes.

The plateict coant was 300,000:mm mdth-ruknlocyhcounw A pecond bome
maToOw dooe t0 evalize the mrychold
w0 arythrold Mo of &1 sad mknapmhmmnc-olmiymhqmm
wory (fly 3) Owcilfe wes decoatisoed and the patem was started oo vancomncin
a0d peneamicia. The fever promptly subuded, aad 24h later the gramlocyts coumt
sarted 4o me (g 2. with  mapsd retom to normal bevels Coltwes of the blood,
*utem, orine and cathoter tips wers stenls and vancomTyern asd gemtanies were
dheomttaned Leukosgyintiuns wero ot detectable ( o sfra) Theraufier the pa-
Ueat comtianed to do well and way dncharged om the 33rd homxaal day She b
matntimed her pregoaacy whbout recerreacs of grasolocytoponm.

Caxe 2

A Q-year-old Black male heror sddict was sdmtied to be Boson Crty Hoapi-
Bl Madical Servce with 103 F sempernisre, nght wost scthnds asd beft wrist
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Lig I Initial bone marrow (case No. 1) shows normal myeloid ratorstioe.
Wrights Glemsa stalp x 800

tory studies showed normal renal function, electrolytes and fiver functlon. The bem
olocrit was 3t with normal red blood el indicesy and adequate plateiets. The
¥hito blood cell count was 11800/mm  with 7% matusc polymorphs, 5 bend
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Flg 2. Caw No. L. Clmical cours thos mg reiationship of atwolote granulocyto

TEMPERATURE, *F (1)

ABSOLUTE GRANULOCYTE COUNT/mm! {0}

fobrila and profound yranalocytopenia was noted (fg. 2). The bematocrt s 26
with normal red ecll mmorphology the whit blood ctll eoxnt v 1100 mm? with
1 maturo polymorphs, 76/ baad forms, 1 promyelocyies asd 72 hymphocyics
T"Plliddmmvnm’mm'udlbnmiculoquml' A second boae
marow doma %0 ialuat the myedod
"Mmbo(&lmdlmmmpndwmm lcndyp'mloqﬂtm

=arted 0 tia (g 2), whh  rapsd retern to sormal kvl Cwhrures of the blood,
TOtar, trine and cxtheter tips serw stenke and vancootys)  and gentarmcin were
drcotinmed. Lenkoapgiutintes were oot detectable { ids infrs) Thereafier the pa-
Ucat conrlaned 10 do weil and wes dncharped om the 13rd bospaal day She has
Talatained her pregrncy wRhoot recurresce of graantocyiopena

Case 2

A Dpearold Black make beroin addict %61 admitsed 10 the Bowos Criy Howh
Bl Medial Service whtth 103 F temperatare, right wrist arihnus and Loft wrist
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Flg 3 Repeat bone marrow (case No. 1) during perfod of profound granulocyio-
penla shown “¢ of i 1 precursors and absenco of pof
mal mataration Wright s Giemsa stain. X 600,

y Admission el ytes, BUN and liver function tests were within not
mal limits. The hematocrit was 42¢/s, white blood cell count 7 100/mm? with 67%%
polymorphs, 6%/ lymphocytes and 7v/ yiet. With a ! sis of 1t

iyl Iceml Ilin 12 g/day (ntr y was begun. Coliares of
blood and synovisl fluld proved potitive for St phylococens aurcur sendtive to ot
scillin. Within 2 days ther was & mapld clinieal improvement, with defervescence
and sterile blood cultures,

On the 21at day the patlent s temperature rove to 102 F with associated pharym
#itis. No ather demonstrable site of infection was noted The throat was not ulcerat
cd. On the 24th bospital day granulocytopenia was noted (fig. 4) The hematoerit
was 39/ with normochromic, normocytlc red blood cells and sdequate platelets.
The white blood cell coant was 2,600/mm? with 64/ polymorphs, 704 lymphocytes,
1 /o monocytes and 23/ ecsinophils. The bone marrow aspirate was normocellular
with a moderato ket ghift of the myeloid scries (fig. 5). Oxacillin was d scontioued
and cefalotin, 6 g/day inmtrmvenously wa started There was rapid defervescence
rise in the fotal granulocyt count within 24h and drappearance of eosnophllia
(fig. 4) Urine, throat and blood cultures were normal. The patient has since re-
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Fig 4 Case No 2. Cimica) cowse showing relstiomstrp  { absoluts gramlocyts
Couat, fevar and therapy Agan mote the pid delervescence and rislag granmulocyt
connt follow ing drcomtmustion of oxscillin

covered withoot oy L were Hrewrs not
detectable b (he patsent  scrom (rida Lafre).

Method

Froren wrom was cramincd for (he presncs of leuhowgglanam owng  madif
cxtion of fhe method described by HoresaN of ol [¥] The pelunt srem was
ed with typeapecific marmal lewkocytes and observed for aggiutieation. The test
w1 perforied both with and withoot added cxacilim (from the batch that had besn
sdmixistered ¥ 1he pathexts) Sermn was mactvated &t 364C for 0 mm. Leuko-
Tt wers obtzined from type O danory by udmentstion with £ dextran 15 md
of detibrimated blood war mixed with S ml of 6/ dextrem and allowed 0 gand for
21k & room wmperature. The Hukocy-nch sepermaant was removed asd crvtn-

rhes of 10 X 75 1t tubes was placed 01l of the paticats serom, 01 ml of the
heukocyts empension asd QL1 of exber sl or eraalfin solgton (s way tested ot
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Fig 5 Bono marrow (case No. ) shows {ncrensed myelold activity with predoar

inance of band form precursors and absence of segmented polymorphs. Wright
Glemsa stain. X 600

concentrauons of 165 and 0 65 mg/mi) The tubes were mixed and incubsted ihat
37°C One drop of 1/ scetic ack! was added and then one drop of solution ¥l

placed on a clean alide and examined under low power for leukoagglutination. Con-
trols showing sggi wefe run 1 ty

Discussion

In these 2 patients the occurrence of scute granulocytopenia fever
eosinophilia and myeloid maturation arrest are highly suggestive of drug-
induced granulocytopenia Both patients expenenced a precipitous fall
in the granulocyte count and spiking fevers afer 3 weeks of thernpy with
high dose parenteral oxacillin The nadir of granulocytopenta occurred
24 h sfter discontinuation of oxacilin with subsequent rapid normaliza
tion of the absolute granulocyte count, and remission of fever This strik
ing temporal relationship suggests that granulocyte destruction was due t0



Table | Grasalocys from pemsallng

Drug Boae marrow Leukocys antibodses
ettt 1} yporplastic left sheft °

MethiciTint [ byperplote beft shuf °

Methiclin (3] ‘Don~hugooste °

MethiaTin (4 hyperphstc beft shefy

Natcia (5] hypecpiestic keft shift

MNakiilia [€] hyperpisic beft ahaft [

0= Notdoot = negxin  + = pomtive

antHenkocyte antbodics, specifically caused by oxsaillm. Recurrent sep-
53 wis excluded a a possible explamanon for granulocytopenia by the ab-
xnce of clmical findings and repested pegative bactenologic cultures.
Tramient eozinophilia observed in one patient, further indicates an allerg-
Sc rather than infections process and has been reported previously tn drug-
induced gramulocytopenia [10]

There are two well-defined mechannms of drug-nduced granulocyto-
penia. The first and mast common i direct bone marrow [
acenrs with chlorp {11} {12] and i {13]
In this siturbon the bone marrow bs often hypoceltular gencrally with »
mare pronounced depression of the mychod series. Less frequently od
mmniration of a drog resolts m {ormanon of anu-granolocyte destroctron.
This was fint n P induced g ytopenia [14)
Thcbonemarmwhty-ptcanyhrpap!mkmmmnbnmdmduﬂy
arrest  Atthough one might
n‘pccnodcmounmn lcukcnululmmmnym\d.ndmurmm:umﬂ.
lhtymmmﬂymxdmmbl:,nlnmlpmmn

L 1th have been o d m mdoced granu-
locytopenta (8] Hm int.bearepnncdaxtdlmu\ocympmh
secondary to inios were not present
(table T). In most of thesc cases of semmsynthetic penkcllim-related granu-
bcympenudnbommmhnbcmrtpoﬂedhypcrplmﬁcmhﬂm
byp an hp of penpheral granu-
locyte destructon. Thrs %0kl appear o be tho mechantsm 1 our 2 pa-
Lents treated with oxmcillin
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Fig 5 Bone marrow (case No.2) shoms Increased myeloid activity with predom-
inance of band form precursors and absence of segmented polymorphs. Wiight
Olemsa stain w600

Someentrations of 165 and 063 mg/ml) The tubes were mixed and Incubated 1k &t
37 € One drop of | / acetic acid was added and then one drop of soluion wa3
Placed on & clean ide and cxamined under low power for lenkoagglotination. Con-
trols chowing agalutination were Tun simolianecasty

Discustion

In these 2 patients the occurrence of scute granulocytopenia fever
cosinophilia and mycloid maturation arrest are highly suggestive of drog-
tnduced granulocytopenia Both patienty experienced a precipitous fail
w the graaalocyte count and prhing fevers afer 3 weeks of therapy with
high dose parenteral oxacillin The nedic of granulocytopenta occurred
24 i afeer disconunuation of axacillin with wubsequent rapid normalira-
non of the absolute granulocyte count, and remigsion of fever This stk
ing temporal relationship suggcesis that granuiocyle destruction was duc 0
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Coagulation and Fibrinolysis in Thyrold Disease

J AN Rewt, P D BEwsHER, L iiaN E Muncarson and D OasToN
Departments of Medrane and Therpeotcs and
Clinical Pharmacology Unn eruty of Aberdes, Aberdern

Koy Wonds.  Asthrypain ey-Macrogiobnim  Astithrambea [T Blood
WGMIFM Fbanolyss Phammsoges Thyrosd

prolomged partat thromboplagtm trme, aod redwoed bevels of factor X1
aad anthtkrombin 111

A mumber of hormons! mflnences on components of the haemostabe
mechaman are known, the effect of oestrogens oa blood coagulation and
the increased blood fibnnolytic activity indoced by adrenaline have re
ceived particolar study in recent years. The effect of thyrodd bormones an
heemostasis hay attracted relstnely hithe attention although alterations la
components af both the fibrinolytic enzyme system and the coagulation
mechanhim bave been reported m patients wath thyrold dysfunction. Hy
penhyruidhmhubccnshovnwbemoalmdnmdemucdﬁbdndyﬂ:

activity [4 16] d [4] fac
tor VII levels [11 14 31] md:dccmscdlndoll.lrmnﬂnk—dc
pendent factors (3 17] In coatraxt, hypothyroufism bs associated with in
creased {ibrinolyuc actvity (16 18] and & number of patients have a de

crease In the bevels of factors VITI IX and XI [12, 31] In order to cloc-
date the mechannsm of some of these changes ad evtend oor knowlkedge
of the effect of thyrold hormones on the hacmostatic mechanitm we have

Recerved. Jamoary 31 1977 accepted June A, 1977
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Resudes

Fibrinolysis

Fibrmolytic ectinty was f: d m the hyp d
prtients. A negative correlanon (r = — 04628 p << 0 05) existed between
fibrmolytic activity and the perceatage 21 thyrowd uptake In 4 b, bt the
relatiombip between fibnnalytic sctvity and the PBI was not significant.
I contrast to the hyperthyrold patrents, those with hypothyroldum had a
mean level of fibrinolyte actvity sigmixantly greater than the coatrol
subjects. In the cxse of hypothyrowd papents fibanolyne actvity did not
mntln:wnhth.bertbePBlorLbcpﬂmupndnmmvcndmeﬂmd
uptake.

Fibnnotytic capacity did not differ sgmuficantly between the 3 groups,
bt plmsminogen levels were signilicantly lower in the patents with tryper
thyrotdism. Flbrmogen and FR-antigen levels did not differ significantly
between the hyperthyrold or hypothyrold patients and the control subjects.

Proteate Inhibitors

The mean levels of both  -antlirypsin and C1 inactivator were lo-
cressed In patlents with typerthyroldum. Patents with hypothyroldbm
bad a higher mean level of o-macroglobuhn snd & redoced level of m-
uthrombin ITL

Coaqulation Sy stem

The hypothyroud patents had a significantly prolonged mean partial
thromboplastin time. Factor X and X1 did not differ significantly between
the groups, but the mean factor XII kevel was significantly lower m the
hypotiryrosd patients. In these paticnts the factor XII kevel was not signit
Scantly comrelated with fibrinolytic activity serum mspartate aminotransfer
ne, serurn WRrubrm, serum alkaline phosphatase or serum albumin evels.

Liver Function Tets

No patrent ttodied, either hypothyrodd or hyperthyrokd, bad & grows
abootmnlity m liver function. 11 of the 29 patients had an ssparixte
urinotransferase kevel betwern 15 and 22 UA, 12 patients had an alke-
line phosphatase Jevel between 100 and 200 IUA, while no panent had a
serum bifirubin bevel in excen of 16 gmol/) The kowest serum albumm
level was 31 g/l Homever the mesn aspartale aminotramsfersse kevel In
both patients of 143 U/ (SD 1 4 4) und hypothyToid pe-
hents (143 + 28 UA) was signircantly grester (p < 005) than that of
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studied o number of components of the fibrinolvtic and coagulation 5s-
fems 1n hyperthyroid and hypothyrold patients and fn cuthyroid control
subjects

Materials and Methods

Fibrinolytic activiry was measured in the plasma scparated from venous blood
obiained with minimal venous stadls using the euglobulin clot Iysis tme method 21}
and & clot Iysn time reconder (Carmanan Inurumentation Lid, Glasgon). The &
salts were expressed by plotting the lysis times Togarithmically againd wnits of fibrk
nolytle actinty (30] 10 units being srbltrarily equated with a Iysis time of S0ma
This technique is primarily a measure of plasminogen sctivator setivity

Fibrinolrile capacity the release of plasminogen activator In response to veaon
occluslon, was assecsed a3 deseribed Ppreviously [9,

Plarminogen was by the casel Hytic que af ALxsatrsio et o {1}
and the results expressed (n Sherry units mn;

Fibrinogen was measured by a modification [24] of the method of RATNOFT asd
Mexzre [28]

Fibrinogen-related antigen (FR-antigen) was amayed by the tanned red ool

fon-inhibition technique of Marskey e al (0]

a Macroglobulin o -entiirypsin antithromblin 111 axd C1 inactivator el
ere meatured by single radial fmmunodiffusion [19] using reagents obialsed trom
Hoechat Pharmaceuticals, The level of Ol inactivator was expressed as » perces-
tage of the level in a plasma pool prepared from 20 healthy donors.

Factors X X1 and AN were assayed by one-stago techniques based on 1
PROCTER and Ruraromr [26] wsing platelct substitute obtained from General Dur
plasmas [10, 28] A normal plasma pool obtained from 20 healthy male medical sto-
dents was used ns & control

Parti | thromboplastin time was by a modifi of the method of
PROCTOR and Rararcwr [ 6] wiing platelet substitute obtained from Qeneral Dist
nosilc Dept., Wamer & Co Ltd, Esuleigh,

Serum protein-bou @ iodine (PBI) and strum bilin bin allaline phosphatase 8
partaie am| oiranrterase and progein asmys were performed by asndard technsque

Patlenss the 49 patients studica had been referred to the thyrald clinic oa 8¢
count of a suspected disorder of thyroid function. The patients were categorised #¢
cording to the findings on clinicat examination, and the resalts of the PR{ and 4 h
"1 thyroed uptale. Patienss with other major pathology and those receiving sef
oidy, adrenoceptor agonists ¢ Antagonists, or other drugs hnown to alter the meas
ured parameters were not incloded,

Thc"opanvnu"hhhypcrlhymidLunUSMeun d 2 men) had an age rnge
of 3468 (mean 54 £ 11) years. The 9 hypothyrold patlents (6 women and 3 men}
had an age mange of 41 74 (mean 59 1 9 years, while the cuthyrokd controls were
19 women and 1 man with an &Fc range of 24-78 (mean 48 1 16) years.



Coagulation and Fibrinolyss m Thyroud D ate 173

b and bypothyroldrsm [32] winle changes m components of the fibn-
Dalytic sysiem have been observed n lver disease {13 21 .35) However
the abwence of & relatiomship between fibnnolytc activity and plasmino-
&1 and indices of Liver function suggests that the changes found in pa-
tents with thyroid dysfunction are ot mediated by Lrver disemse.

Tber:hdm:)ﬂphn\cmmdmanhﬂmdmencmuymdﬁbﬂmty
< activity was oot close and it seems unlikely that changes 1n fibrinoyshs
are a direct consequence of an altered blood thyrowd hormone tevel. The
Tecent obstrvation contrary to previous views, that patients with hyper
Uryroidism possibly have decreased sympathenc sctivity (6] muy be refe
vant to the fibnmolytic activity reduction mmce there 15 abundant evidence
for the induction of fibrinolytic activity by catecholumines [5 30)

Plasma coatains a number of protease intubitors shown by in virro
stodics to be capable of inhiitmg plasmm  These mcude o
mltroﬂohnl]n,ainhu'ypﬂn, in 0T and C1 Pre-
vious lnvestigators [4] have shown that toial antplasmin activity b in-
cressed in patients with hyperthyrosdism  Exanymation of the level of the
individeal protease inhitwtors in this stody shows that both o -antltrypsm
and C1 insctivator wery incressed in hyperthyrod patients In contrast,
patlents with hypothyrotdism had a higher mean kevel of o,-macroglobulin.

Recent amessment af the relative mportance of protease inhibitors in
plasma snbplasmin activity has suggested that ae-macroglobuling is the
major sntiplasmm [15] bat « -antitrypsin abo has & roke in the progres-
sive antiplacmin acuvity [8] A furtber -globulin immediste plasmin in-
hibltor not messured in this stody hes been Hdentified [7) and this inhibi
tor ruther than o -antltrypsn may be responsble for the increzsed anti-
plasmin activity in patieats with hyperthyrosdinn. The explananoe for the
lack of & reported 10crease m antplasmin scthity in hyp in
the light of the present finding of rahed levels of o -macroglobalin it un-
certain.

SIMONE ef ol (31] obacred a prok of the partial bop
tn time in pabents with hypothyrowdnm and speafxc factor susays re-
vealed a number of pathents with reduced levels of factors VIII IX and
XI The present stody hams coocentrated on the contact factors X1 end
XII we the prolonged partal bop trmes m hypo-
thyrold patients, together with a significant reduction in the mean factor
XII Jevel, but without change In the mean factor X1 concentration. The
decrease in coagulation factors may merely be the resnlt of the general
dectease in protein synthests found m bypothyroldium [9]
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Table I Mean levels of components of the fibrinolytic and coagutation system ln coetrel
subjects and in hyperthyrokd and hypothyrold patkents (4 SD)

Controks Hyperthyroid Hypothyrosd

n=20 n=20 n=9
Fibainoh tic acthity U 38 =18 6 %16 57 28
Fibrinolytic capacity U 150 +68 142 91 172 107
Plasminogen, Ujm! 41 205 35 +03 4. £07
FR-antigen, xg/ml 62 £75 52 £44 65 261
Fibeinogen ma/dl Ry 42 £8) 45 £96
a1 Antitrypsin, mg/dl 95 65 390 102 n. =9
asMacroglobulm myg/dl M9 &% HE 2109 517 1R
Clinscthator s %31 10 =5 3 xR
Antithrombin I mg/dI 460 +359 Ho x130 72 5
PTT (ratio) 050016 089 £ 0.16 11601
Factor X, 10 x4 ns  +42 s 3
Factor X1 % 103 30 s £33 ns 3
Factor XII 4 108 +40 104 +42 n +u"

Compenson to controls p<0.05  p< 0.0l p<0005 p<0.00!

the control subjects (11 6 + 2.8 U/) and the mean level of alkaline phos
phatase 1n the hyperthyroid patients (117 + 43 71U/1) was also highe?
than that of the control subjects (65.5 + 24 4) this difference being high
ly significant (p << 0 001) Scrum albumin levels were significantly lowet
(p << 0 005) in the hyperthyrold patients (35 8 + 2.9 g/1) than m the €™
thyrold controls (394 + 40g/1) When hypothyrord and hyperthyroid
groups were analysed separately no significant correlation was found bes
tween elther fibrinolytic activity or plasminogen level and the levels of 8%
partate amnotransferase alkaline phosphatase, bilirubin or albumin

Discussion

Thus study has confirmed previous observations that plasma plasmino-
gen activator levels are reduced in patients with hyperthyroidism and in-
creased in those with hypothyrofdism [4 16] although 1t may be noted
that NAPIORKOWSKA ef o/ [22] found very high fibnnolytic activity in p3
tents with severe thyrotoxicosrs. The normal fibnnolytic capacity found
In the present investigation suggests that these alterations in fibrinolytic
activity do not result from changes in the synthens or release of activator

Hepatic dysfunction 13 a recognised occurrence in both hyperthyroid
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Although preise statistics are not available 1t has been a clmieal -
pression that thromboembolic disorders are uncommon In patients wih
hyperthyroldism [3 14 17] This is of interest in view of the reducton in
plasma fibnnolytic activity and increase 1n two of the plasma proteast in-
hibitors with anuplasmn activity but the hyperdynamic circulabon 3]
may counterbalance these potential hypercoagulable changes. Whik a1
tenal disease 13 prevalent 1n untreated hypothyroldism therc is no known
cvidence for an ncreased incidence of clinieal thromboembolisz, 1t B
possible that the relatively 1ncreased fibrnolytic activity 1n soch patiknts
may hasve a protective role
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Material and Methods

20 patiexty with f.thalememis fatermedss in 18 fanmlios were stofied The sges
of tha patienty varisd between 7 and 47 years with  mesn of 217 The hematologh
ol mathods were all stancard. Blood comnts wars performed motlly by cosdter
comcter model ZF Hemoglobin axalyses were carried ont by starch-gel slectropho-
HmTrb—mmbuﬂuanlﬁtﬁlQmﬂnﬂwmd

ot by the methods of DEAE- or DE-<cellaioss
wlummmmmeNmmm.u:md
lz'h.r-p-cuvdy F.ulhnmdnﬁncﬂbnmcthmx:dbyndn:mmndmm
thon technic ncthvty was &
wwnmmmmmmmw
45 Hainz bodies wers examined by the incabation of red cafls at 37°C with creny!
bine [10]. Haptoglobin was deteroained by the methord of potyacrylamide g alectro-
phocests [17]. Distribation of Hb-F in red blood cells was detarminsd by t method
of acd alution [16].

Rexsilts

A-Thalayserts intermedio homoZypous for p-thaooemia with v
oeased Hb-A,. Tablo I grves some elimcal, hematological and genctic
data of 9 patients. All the patients had moderats clmical and hematologh-
cal findings of & (halassemia syndrome. The absence or screity of trans-
fusion requircment was tho most notoworthy cimeal findiey, 3 patents
(caxes 1 3 8] have undergone eplem due to lyperspl during
their hospital stay Hemoglobin F vedod between 11 and 70% with a
Md@?/ah&pﬂmmmmwﬂntbod}m
wero p-th d Hb-A; In the lest pa
ﬂmt(mc9)on}yomo!dnparmﬂwuﬂmﬂ:d.mlhh,‘em
ed this paticat & poslbly TRom for
Hb-A.muunb:r3chﬂdrmmup—dnhsmﬂnhemwyptawhh
Increased Hb-A,, whilst her hmband was normal,

B-Thalasrertia intermedia hamozysous for p-thalarsestia with normal
Levels of Hbs. A and F Table 11 gives sams climesl and hematologhal
dmo(tbhmﬂymbGlO(SFﬁmﬁ:hdﬂsxyndmmThqdb-
closed clmdcal, gical and raild
hﬁdalhxhnunhtyndmm.lohheplﬂcnﬂ(meﬂ)btﬂhkﬁm
toeocfesion t an carfier age than the athers, &t 10, postibly due to super

fnfectiops. Both parents of the patients showed all bematologae

findings of £-thalysscmin with nomal kevels of Hba A, end F
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Different Types of Betn-Thalassemia Intermedia
A Genetic Stady [n 20 Pathents!

MUZAFFER AxsOY GUNGAS DmNgoL and SaxIR Erpot

Section of Hematology Internal Clinic of Istanbul Medical School, Capa, Istasbal

Aey Words f-Thalasemia intermedia Types of f-thalssemia ‘Silent
A-thalastemin geney

Absract 20 patlens with  thal g fia clasyifled according to e
resalts of genctic studies are presented. (1) 9 patients with A-halassernis Intermoeds
Mnmmmrw;mumm-wmimmm,mmcimﬁﬂl’::
with f-thalusemis intermedia, 3 homozygoas for A-thalassemla with pormal
of HbsA and F smmnamrarbommuu-dpmhmhﬁthhﬂ";:’
Hb-A, are presented. (3) 2 families with A-thal la Intermedia b
both § thalassemia with increased Hb-A, and silent f-tbalsmenla are reporied
Two different varictics are presented,

Although the term of thalassemia Intermedia Is I defined, It s geoet
ally ured. As we stated previously [3] the cniterin for the diagnosls of ths
thalnssemin syndromo are ns follows (1) the chafcal manlfestations and
hematological findings are moderate in degres (2) the absence or scarcity
of transfusion requirements, and (3) mostly the ages of thalassemin pa-
tlents are over 20

Recently we have studied 20 cases of fthalassemia intermedia. They
were in conformity with all the criteria forwarded above, The results of
the genetic study in each case of A-thalassemia tatermedia vaned widely
In this paper we report the genctic variations in these patients.

Thiz study was fupported by u grant (326) from the Scientific and Techelaal
Research Council of Turkey

4 Sep 9 1976 ed, July 7 1577
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Material and Methods

20 patiemty with A-thalessemia brtermedia fn 18 families wers stodied. Tho ages
of the paderia vatied betwetn 7 and 47 yean with  mean of 217 The bematodogh-
mm‘mmmwmmwmw-m
comuity, modd ZF Hemaglobin eoalytes wers carrisd out by starchgel skectropho-
ety wiag Trivedicborste buffer at pH 86 [25. Queatitatrs esthmtions of
bemogiobin A {Hb-A,) wers performed by the methods of DEAE- or DE-ceilukes

11, 15} The trper Erait for Hb-A, fn thew mathods arw 3 wad

Mnnwammmbwwm-nwhmm
of acid wiutiem (161

Renlts

B-Thalassermia intermedia homozygousr for p-tholassemia with in-
creed Hb-A,. Table 1 gives some cltmicsl, hematological 4md genetic
data of 9 patients, All the patlents had moderate elinical and hematologi-
cal findings of a thalassemia syndrome. The absence of scarcity of trans-
fuﬂmrcqnhmmdnmodnmmnhydiniulﬂndim.3p:ﬁmn
(aases 1 3 8] have upderp y duc to hypensp during
thelr bosprial stay Hcmuglobm!’nrhdbetmllmd‘m'/ with 2
mean of 40 7 /e. In § paticots, genttlc stodsxes showrd that both parents

were g-(hal with 1 cd Hb-Ay. In the last pe-
ﬂﬂn(m?}m&ymu‘zhupmumnn&d.whommmpt
& thix patient a3 possibly for £ with

HH,beumnﬂhﬁSchMmmnp—Mxmnhhzmmuw{m
tncressed Hb-Ay, whilst her husband was normal

A-Thalassem dia b for 8 with normal
levets of Hbx. A and F Table T gives some cfinfeal and hematological
dmdthohmﬂymmba‘o(SpmuwimMsmrhom“ﬂdh—
closed clingeal, logical and mild find-
hﬂu‘lﬂnlmemhlyndmmldlhnpﬂtkﬂt(cmu)h:dhhﬂm
tramyfusion at a0 earfer age tham tho others, at 10, possibly due to saper
Emposed tnfections. Both parents of the patients showed all hematwlogic
Endings of p-thalassemia with normal level of Hbs A, and F
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Different Types of f-Thalasemia Intermedis
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Toable 11 Some clinkeal, bemmatological and genetic data in 3 patients with fnticmi
Intermedia homozygous far Athatessemnis with nomal kovels of hemoglobiny As and F

Case Mo Fa Cuse Mo Fu Cax Mo P
101 1 12

Ago (yeans), sex 24F 43 46 19M 40 46 JoM 37 4
Hepatospkenomegaly  + 44 «  — L e
First transfuson at 24 - - - - - 0 - -
tho age of
Transfuslon requirement very DEVET NEVET Dewer  pever never rarely never nover
farely
Radbologic bono changes + - ~ 4+ - - + i
RBC x 10%xl I20 52 545 400 430 300 32 460 AW
Hb, g% 60 128 129 78  us 11 76 M1 1S
Hematocsit, % L S LI - S I R T A
MCV a2 65 207 % g 9 3 8 2 RS
MCH, pg 19 46 234 195 W 2 n 25 X3
Morphologic RBC R e N L 4
NREC/100 WBC 0 o 0 o o s e 0
erum tron, jg% N o w0 oM g2 s 127 18
F % Is o o w5 o o 100 o ©
Hb-As, 4 s it 23 s 21 23 6 1 13
* The pattent had the Aadings of byperspleniam such as mid & la and thrombo-

Cytopenis. Pancytopenta disa, following spk

satisfactory changs in hematologle daty was observed. Family studies
showed that one parent bad the findings of f-thelassemia with increased
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MlV&amcHnbLbameoﬁmedgmcdcdauiandﬂmﬂ'ﬁhW
: 1 b for both Athal 12 with sed Hb-As and sDeof F

thalassemnia

Casc Case  Mother Fatber Case Mother Faet
181 19 0

Age (years), sex 2F  2M 36 4 M 78
Hepatospinomegaly +h++ o+ - - +++ - -
Finst transfalon at the 22 - - - -7
ageof
Tramfosion requirement  very pever  never pever very | Dever DV
rarely rarely
Radiologic bono changes  ++ + - - + = -
REC, 10¥/a1 10 400 420 470 3w 40 48
Hb, g% 38 78 11 w0 71 93 10
Hematocrit, % 1 3 w 1 % N M
MCY & & s o5 0w TS %8
MCH, pg 18 195 1 21 19 %
Morphologic RBC changes ++++ +++ - 4+ +F+ T T
NRAC/100 WRC 2 0 [} 0 0 [ o
Serum iron, ax% 180 10 s 1 10 95 10
Hb-F % 56 Q 02 36 o0 O
Hb-As, % 2 25 312 e 53 41 26

1 The paticnt had the findings of a severe hyparapleatsm such s keukopeniz, thromd®
Wm-mmmwmmmmwmw

% Performed by tho method of starch-gel electrophoress [41

Hb-A, and the other onc bad those of # thalassemia with normal levels of
HbsA, and F

f-Thalassemia intermedia heterozygous for both f-thalassemia with
Increased Hb-A, and silent g-thalassemia. Table IV gives some clintea!
and hematological data of the family members of each patlent, According
to the differcat results of hemoglobmn analysis obtained in these 3 p#
tlents, 2 vaneues of this syndrome are considered.

Type 1 p-thalassemia intermedia with high level of Hb-F heteroZr-
gous for both p-thalassemia with increased Hb-A, and silent” p-thalasse
mia. 2 patients, brother and sister described previously [6] with this syo-
drome were studied. Both were never transfused til! the develapment ofa




Different Types of f-Thalssemia Intermetia 183

svere paocytopenla dos to hypersplentum In 1 of them (case 18). Follow-
ing splenectomy pancytopenia dissppeared completely Family study
showed that tho father was a p-thal ic b with in d
Hb-A, tnd in the mother bowever the reslts of hematologle studics
were within the normal range.

Type 2 p-thalaxtemia intermedia with alightly elevated Hb-F hetero-
Lypous for bath p-thalaxremia with increased Hb~A and dlent f-thalaxre
miz. Only 1 patient (case 20) with this syndrome was studied. Hee family
stody shawed that the mother had the hematologic findings of A-thalasse-
mis with increased Hb-A, and those of the father were within normal
nange (parentuge was supported by data from extensive blood group typ-

Discussion

The hetarogencity of the A-thal in genes are well known. Despite
lcmomnnputndunitylhaeg:nu[lzuﬁl there iy no definite and
dlays, it scems that there are only two wayx
hldlﬂntnﬂlﬂn;p—thllmemhnﬂtxanu‘hothﬁr‘(l)nmpldﬁ
femily stody and (2) messurement of the rehative mate of of/p-cham syn-
thesls ming u radloactive amino acid ncotporation techmiqoe [25] Uns-
vaflabifity of the Iatter method forced ws to rely on & complets {amily

prpens
the mild variety [3 8, 14 25] The only interesting pomt in oor patients
with this syndrome was the zge of 1 of them (case 9). She wes still active
la her peofession at the xge of 47
Brxrmit o al. [9] Frsaas [12] Axtor and Exbesd [5], and Weartex
ALL and CrEoo [25) have already noted the prescnce of fome A-Chalassc-
mllmmp-ﬂbhwiﬂ:normlhwbufﬂbx.&mdl-‘ﬁ 13]. Bama-
X ¢t al. (9] pubfished a case of one of whose par-
cats showed normal levels of Hbt A, and F The anthors postulated that
the proposites was carrying two different allelemarphic variams of #-that
amxcmie, one of (hem being associated with normul levels of Hbt A, and
F Similarty Frssas cophastzed the presence of f-thalassomia genes cavy-
Iog o alterations b the level of HbeA, and F among subdivisions of
ttalaseemin genes {12, 13] On the other hand, It Is difficalt to distin.
guith & -thalsssemnia beteroaygots with normal levels of Hbw A, and F
from an a-thalassenia beterozygots. The famity stody mxy show the pres
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ence of this type of p-thalassemia gene 1n the parent with normal kvels of
Hbs.A, and F As PEARSO¥ [18] showed clearly that in case of the cobr
nation of o- and A-thalassemus, the clinrcal and hematologreal findings are
No more severe than in either trait alone, this form of thalassemia sy
drome can easily be elunuated. Furthermore, 1n some heterozygotes wi
dp-thalassema the levels of Hbs.A, and F could be found in normal
range (12, 13] The only possibility to distinguish this form of 4f-tbalxs-
semia from p-thalassemia with normal levels of HbeA, and F 1 famdy
study As it is known, mn the homozygous state for df-thalassemia or in
the heterazygous state for both this and § thalassemla, the levels of Hb-F
aro very high [23 25) Therefore in cases of f-thalassemia mtermedia #5-
sociated with low levels of Hb-F these syndromes of df-thalsssenit
should not be considered Another possibility which should be senously
taken into consideranion for normal levels of Hbs.A, and F in a f4halas-
semie heterazygote is the simultancous presence of fron defiaency Bot
the determunation of terum fron elminates this possibility In cass of lo%
serum irea, followmg the correction of 1ron deficiency with adequate oo
tenapy the level of Hb-A, retums to the ratlo observed prior to this
trace mineral deficiency [24]

Interestingly the levels of Hbs F and A, were stmular in 3 patents
with f-thalassemia intermedia homozygous for 4 thalassemia with pormil
levels of Hbs.A, and F A moderate increase in Hb-F ranging between
10 and 15% and a striking elevation in Hb-A, were recorded In these
A-thalassemuc individuals. On the other hand, the results of hemoglobin
analyses found In § patients with £ thalassemia jntermedia heterozFgot
for both f-thalassemia with incressed Hb-A, and p-thalassemia with 0ot
mal lovels of Hbs.A, and F differed a little from thoss obssrved in homo-
Zygous state. The increase in Hb-F was more pronounced, ranging be-
tween 11 and 30,

According to the moderate courso observed In thess 8 patients, i
seems probable that thete syndromes arc comparatrvely milder than homo-
rygous f-thalsssemua with increased Hb-A,. Another interesting poiat is
that in these p-thalassema syndromes, the level of Hb-F Is comparttively
fow Therefore in cases of thal Ia intermedia associated with slightly
or moderately elevated Hb-F this potsibility should be considered. OB
the other hand, in contrast to the patients presented here and the one of
BERNINI et of. [9] there are tome papers describing severs clinical and
bematological pictures of this g-thalassemia syndrome. SmerrNt and Mr
Lowt [20] reported a severe case of Cooley's anemin associated with 8
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high kevel of Hb-F Both of the thalassemic parents hed normal levels of
Hbs A, and F Simflarly the present anthors described a severe case of
Cooley’s snemia with high amount of Hb-F [5] Ons of the paremts
thowed normal Jevels of Hbe A, and F The difference concerning the s
verlty of climical and hematological pictares and the kevel of Hb-F of the
patients presented here and those of SHXTTINT and MeLoNt [20] and Ax
$0Y and Expen [5] suggests the presence of differcat thalawemls genes

broman b dobin or ‘= is-fike gene wiich s resporble for
fchain abnormallty was forwarded by one of the present authons
(L A) in tmterpreting an tnusoal form of thalessemia syndromes [2, 6]
Furthermore, in 1969 Scawasz [19] sccepted the presence of a ‘silemt
f-thalasserria gene fn one of the normal eppearing parent of & patfent
with p-thaleremia hntermedia with slightly elovated Hb-F following meas-
wrement of & marked deficiency in off-chain syntheth,

AT & for both p-th with
Incressed Hb-A, and ‘sitent #-thalevsemia can bo divided into two sab-
types, sccording to the level of Hb-F (1) with lngh Hb-F and (2) with
slightty elevated Hb-F 2 of our patients (cascs 18 and 19) can be inclod-
ed In the first subtype a3 well as some cascs with smilar
syndrome reported in the Italian medical Hterature [21] and ono of the
muu(hm,mp—thﬂmumnolmﬂdnﬂdyduaﬂndbym
et ol [14] On tho other kand, the last patient (case 20) reprevents the
uumdmlxypu.ltmth-!dnammpon:dprwbuﬂybyumdmc
mtm@tm)ummﬂcddmﬂcmta
wﬂ-dzdmunh-hohﬂslnmﬂnnmndmbtrpu[l] becamse, a3 Prax
m[lﬁ]mﬂmmmdrmh:m:ﬂglalcz

anmwemmm
hmwfepcﬂcmbysaiwm[w]mlhoummhonh:mndmypc

Tbeﬁndlnpobtth:dtnthcmfcwhmﬂ.hwﬁhmtypuo{‘ﬂ:m
#-thal must be substantiated by forther data from other parts of
the world.
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Erratum

In the artlcle catitled “Cytogenetic Stodles In Acute Lenkaemlas, Progooetc Iz
licattons of Chr Imbal by G ALMDNA, L. ANNINO, P BALESTRAIZ,
A. Mowtuczo and B. Dartirccous, published iz Vol 58, No.4 pp3-T5
1977 three tables mentloned in the text were not published,

Table I Ch analysis ding to dt Is and tissue examined
Diagnosis Tissue cxamined Totat pursber of
bone marrow  peripheral both dusues peeperations
biood
ALL 3 2 2 3
ANLL 30 33 15 (3]
Total 33 s 17 [\

ALL = Acute lymphotd leuksemia, ANLL = acuto non-ymphoid feokacmb.

Table I Acute leukaemb patlents with chromosame sboormalities on bone mAToY

samples
Patient Diagnosis Abnormal karyotypes Clinical course
cells, %
1 ALL 10 46, XX fudl remiston
47 XX, +21
ALL 73 46, XY full remdssion
“U XY -21 -14
3 ALL 23 46, XY decrased before remitsion
45 XY ~14
45 XY ~17
4“4 XY -17 -1
4 AML 7 46, XX full remission
45, XX, =7 +19
s AML 1 45, 3¢ full remision
47 XX, +8
6 AMML s 46 XY deceased beforo reminson

47 XY +17



tE R OBE

;

L

Ermutom

Takie 11 (contioned)

Absorral Karyotypes

olle, %

0

46, XY

S0-52, XY +9 +14 +17

+19 +20, +21
8,X-Y
48X, -Y +8
4, XY
46,XY ~17 +11
XY +2
46, XX, 15011
48, XX, t(5/11), 49+
45 XX, 1(3710), ~21
46, XY
45,XY ~3 -10, +21
XY+
46, XX
46XK, -2, +14

6,00, -7 ~2, +14 +16
46, XX, -7 ~12, +14, +16

46, XY
47 XY +3

4 XY +8,+10
XY 421+
44, XY

XY 43
XY +8

rings n 33 of cells

Cliwcal courm

decrased before roetalon

pertal nehaon

dacrasd befors remmdon

decrand befars rotsion

Geceased befor renladon

full renzhabon

dectaiad befar remsbon

foll remiscion

deceamd befory remisdon
deconred befors rembslon



Erratum

In tho article eutltled ‘Cytogenetic Stadica In Acute Leukaemias. Progoosx le-
plications of Chro Imbal by G Atbmu, L Arawo, P Bausuz
A. MonTtao and B Daltariecord, published fn Vol 58, No.4 2% ™,
1977 threo tables mentiosed in the text were not published.

Toble I Ch analysis according to dlagnosis and tsoe ecmined
Diagnosts Tissue examined Toa! pamber o
bono marrow  peripberal both tissnes PRI
blood
ALL 3 2 s
ANLL 30 13 15 3] _
Total EX] 35 17 (]

ALL = Acate lymphoid leuloermia, ANLL = acute pon-tympbotd keuksemit.

Toble Il Acute leukacmia patients with chromosome aboocmallties on boos mATTo®
samples

Patient Diagroshs  Aboormal karyotypes

cells, %

1 ALL 10 46, XX

47 XX, +21
2 ALL 75 46, XY

M4 XY ~21 -14
3 ALL .5 46, XY

45 XY 14

45, XY ~17

4“4 XY 17 -21
4 AML 7 46, XX

46, XX, -7 +19
s ABL n 45, %X

47 XX, +8
6 AMML s 46, XY

47 XY +17

CHanical conrse

full remission
full rembsgion

deceased beforo remfsion

full rembssion

full remisston
deceased beforo remision
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Intracerebral Calelfications in Childhood Lymphoblastic
Leukemin

A New Intropraic Disense?
M Gmart J L. Gu, F Boroemas A OLIVEROS, R. GOMEZ PEReDa,
I PAnDO, F MARTINEZ IBAREZ and A Raxcus

Deepy 4 Pathology Newolopy axd Radiclogy
Clodad Sawtams Josk Astoarm Zarspona

Key Words Acuto hymphatc kokemm  Caklfhication  CNS ovrolversent In lro-
Lrmis Iradistion  Methotroate

Abwract A 3-yearold child dungnosed m be g ecote lymphaue lewleme
(ALL). deveioped mewnger! kenlemm 35 mouths afier the ooset of tho descase H
W twice sublectcd 1o cramal pim (. MTX)
Siall radiology showed bilateral pynform calaticaton of both cerebral bem-
wherer, Hematologscal relapse wia {mst detected 5 yeary afwr dagnosn  nd the
chidd daed 3 meonte later

The most snkmy fsdings of nght frontal lobs byopey and the posmorkem «x
ahon wery wide cakmmn deposty Jocaicd m the cortex and in the admcent
Mhic mmarter. Latemes demy lmmpon  well @2 wrems of oewron poverty vt appar
€ul in the necropwy bat bot i the bropry specanen The povuble 1nterrelstromahip
betwern wach deposttion and cranml oradianon and ot 1t MTX soggests & sew
trogemc drsorder

Central ners ooy 5y stem (CNS) imolvernent is a usual event in the pat
ural histary of acute lymphocytic levkenua (ALL) {1] The keukemic cell
infiltratex (meningeal leukemia) and thrombocylopenic hemorrhages can
be regarded as the classical cliucopatholopeal forms of such Imvolve
ment, altbough thelr frequency bus been drumatically redoced by the use
ol ONS prophylaus and of platelet coocentrates. On the other hand,
miecton, arachnoldits direct lesiom 10 the spmal cord, or demsclinating
leuboencephalopathy might be found with increasingly frequency proba-

Revened June 4 1977 accepted July 13, 1977
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Tabde II (continved)
Patient Diagnosls  Abnormal Raryotypes Clinkca! eoune
cells, %
19 EL 100 A5 XY ~4 =21 -2, deceased before remien
+16, +R
47 XY ~8, =21 +16
R +M
XY <8 —2 ~2, +14
+2R, +M
XY -2t <22, +14 +16,
+R

XY =7 - —10,~2I
+14 +16, +.R, +M
XY ~7 ~21 +16, +R,
M

4BXY =7 -1, =21 +14
+16, +2R, +M

49 XY =7 —8, +16 +16,
IR, M J
ALL = Acute Iymphokd Irukacrala, AML = acute myelocytic Jegksermla, AMML

= acuto noyeh thc leksernla, EL = exythrokeukscmis, R = rlog. M = G545

Toble T Ch apalysis of peripberal blood cultured legkocytcs
Disgnosls Esamined Cases with Abonorml ksryotype
caxs abaormal
cclls —-
ALL 2 1 46, XX (12% of cella with chromosome trstabE
Lowds-Bar ayndroee)
ANLL 33 s AT XX, +3 (2 celly)
A7 XX, +14 (1 2D
47 XY +80 cclb)
47 XY +piarkes (4 cellad? XY +8 (1 el
47 XY +ace (3
47 XY +ace (D-ike 1 cel)
Total 3s 6

ALL = Actite lymphoed beuknemta, ANLL = acute non-lymphokd Jeokacrnls
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bnﬂhlﬁmdnﬂfnﬁbmmﬂcourdno—cq\nhbnuanbmma DO ApBOCEMNOn
of extrapyramidal thyn. A nght fronsal Lobe blogsy was performed | morth later
Tehpso was deiected for the fum Lme 1n Febmary 1973, aloog
with 450 blast celi/oun? in CSF The dmappearasce of the hatter wat achieved whh
Lt MTX, brt bematologhes] remomon fa bed t occur desprt the admurvranon of
YR, dammomysin (DAC) and PRD for 45 days, ollowed by Cytotine wrabmonde,
DMC and PRD dixcontienousty An endent inchease m caleificaban wae detectrd
by sl rdioloyy kn May 1975 (g 11 with  pattaa { lewoms, ahthough talsteral,

peaeralized
*PPrecieted im the lower hmbe, and briers] amaurowms ( hach was defficult w evak
¥ais duo 10 retmal bemmorthages). He did in October 1975

Pathology

Right Frontal Lobe Blopsy

The specimen was totally embedded m paraffm for light microtcope
observatlon. HE, PAS, Rio-Hortege, Luxol-{est blue, Von Koswa, Holzer
and Perls stans and reactions were performed.

Inﬂnmmmcrnonnﬂctﬂpowhuonmprumumlhuxﬂ;m

edema. Busophilic bodses, armanged were iden-

tified in the basal arcas of the cortex by Von hossa 1 reaction these com-
Plexes were found to be calcium (fig 2). Slight spoogy degencration, as
well a3 focally distributed astroglions, appeared in the white matter

Necropey

2h postmortem the bram gyl appeared somewhat flattened and dis-
CItte vascular congestion was foond. A crackling sound wes prodoced by
the knife a3 coronal and transversal sections were made, Ity miensity -
crensing in the posterior aress. This sound resalted {rom the presence of
hard, whitish granules, minged with hemotrhagic foci which, oo the fron-
tal lobes, were more abundant m the right 13p In the parctal,
temporal end occopital lobes the keft hembphere contained more such
pramules. Interbemispheric flusure sppeared deniated to the left, showing
2 moderate atrophy of the left bemhphere: simllarty dilatation of the lat
enal ventricies, mamly the left one was found {fig. 3).

Alscroscopy

Dilferent sampies of bran and of the three portiont of the splnal cord
were taken for exammanon ender light micToscope the stainmg proce-
dures vied for the blopsy were then carried oot A section of cerebral ths-
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bly due to the more aggressive therapeutical approach these patients 47
currently subjected to

A plcture of severe neurological derangement and intracerchral calali
cations resembling those seen 1n the Sturge Vecber syndrome has recently
been reported by different authors [6 10 14] mn children with ALL wh0
have received whole brain arradiation (WBI) and/or mtrathecal metho-
trexate (|t MTX) The scaraity of such observations, in spite of the bugh
number of patients presently subjected to prophylaxis of CNS leubem
supports the follow ing report

Case Report

M D C a male bom on October 14 1966, was diagnosed as havog AL
December 1969 The family and patient history fx not sign cant Rembhson
tion was started with vincristine (VCR) >mg'm? iv weckly and oal pfrd"ﬂ;
(PRD) mgAg dauly complete remimion was attained 1 moath later After g
time, he received three S-mg doses of 1. MTX no WAL was then assodlated. Maw
tenance therapy was continued with 6-mercaptopunne 75 mg/m¥/day orally 'Jn:
MTX 15 mg/m? taice » week, Lm. every 6 months  weekly doses of VCR pio*
days of oral PRD were given as intensif cation therapy followed by two $-m¥ does
of it MTX,

In July 1972, pervisting In hematological remislon, generalized selrurer %
curred and the patient was admitted to hospital becamne of postictal coma. Cm"‘;
spinal fluid (CSF) exam nation was normal and the EEG showed diffire doning
background activities malnly in the left parictoocciial ares. Antionvilarie
therealter avsoclated with hematologlc thermpy attajned an Important reduction
the frequency of the selzures, although these were not totally suppressed.

In January 1973 with normal bone marrow and peripheral blood, the chitd pE
sented symp 5% of hy K pamely polyphagit: "t
Iydypsta and pathological weight galn Lumbar puncture showed pemerous blast
cells in CSF but no neurolopieal deficiency could then bo appreciated. Furthé?
more, shull and wclla turcica rad ology a1 well a1 17 hydroxy and hetosterold exere
ton were normal A hal showed no f alterations, and &
repeat EEG wa simila (o the previown oner The pateent recetved 400 rod of WBl
plus five doses of Lt MTX S mg each.

In May 1974 he was sl n hematelogleal rembsdion, bot wa agsin admitted 0
bospital with paychic derangement (his 1Q had fallen from 090 in May 1971 t0 [
in May 1974), bradylinenn and Intlesiness the frequency and severity of selrure?
mereased and the EEG showed evdent deterioration. H  was again irmdiated 1<
celviog & dotage to the braln simlla to that of the previous occawon

On 2 preumoencephalogram. carred out n October 1974 a ventncula enlaree
ment beesme spparent pl In shull radiotogy shawed subtle fil-defmed gyrifom
opacificatrons soggest g ntracerebral cakafl cadon. Clunrcally the patient, by that
ume, had a diffuse encephalic  yndrome characterized by severe detenoraton of
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Fig 3 Werograph of brax slxr shoming bubxteral cakcifications and cxpazmon of
beft Lateral entncle

Fig 4 Postmoricm wcbon of brun Wit mamerom widepread calaram depowts
and wtal ke of weoroes. HE o0
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F g 1 Qyriform of bra n cal mskallr
g 2 Right frontal lobe biopty Newrom and colcl e
it e 0 um spherules can be appre
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Brun Caloificatioms m ALL

Fig 3 Xerograph of bram shce showmg bilater | calarfications sad expunuon of
Flg 4 Podmortcrs sechon of bram  h soaxTomt s g cakoram depenits

Wehlteral  cwtncke

-

40

%] total Loe of oemwroms. HE
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B Cak fxcmtoms n ALL

Fir 5 Coscewine duyostion of calcums wity usow g 5o refatiombp with celts

or cell appendsges. 4,000

Fig. 6 A prest basophalic cakrum maw kocased o errebral iomoe The concen-
1 mmanpenent of cakoom s s eral Lyers n asdew: 2000
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sue was fixed and embedded in Epon 812 for examination under a Sk
mens Elmishop I A electron microscope

A great number of basophilic masses, which Von Kossas reaction
idenufied as calcium deposits, could be appreciated 1 the basal portion of
cortex and in the adjacent white matter Loss of neurons was evident.
being total in the arcas of highest caleium content (fig 4) In these placss,
a merked ghal reaction was found, consisting mainly of astrogha and oll
godendroghin. By silver impregnation techniques, the calclum deposits
were found to be located inside the axons, but they also sppeared scat
tered between the cells and without relationship to ncuron apperdages
(fig 5 6)

An evident spongy degeneration was found 1n the white matter with
demyehination and astro- and oligodendroglial reaction located 10 wide
arcas related to caleium deposition (fg. 7) These pathologreal changes
did not appear In those regions close to the unaffected cortex. In the cere
bellum the pattern of calcium distribution was similar to that of the cere~
brum, while Purkinje s cells were normal No abnormalities could be
found in the brain stem

The spinal cord showed a diffuse demyelination 1n all three portreds,
although It became more apparent in the descending tracts, except in
those originating in the cercbellum Neuron population was normal In
the thoracic region leukemic meningeal infiltrates were found in the sen
sory roots (fig. 8) The cerebral meninges were not affected

Leukemic infiltrates were detected in the bone mamow hver splee
lymph nodes, kidncys, adrenals, and alimentary canel as well Esophageal
and small intestine candidiasis was also npparent

Under electron mucroscope cerebral structure was greatly dusturbed by
widespread calcium masses which appeared concentncally arranged and
unrelated to the cells (fig 5 6) Neurons showed wide cytoplasms con
taming scarce mitochondna and some varlable-sized vacuolae Lipofus
cin-stained granules were npparent, distributed ehiefly around nuclel Nu
clear retraction along with peripheral distribution of chromatin and prom
went nucleoll were also commonly observed

Discussion

Intracercbral calafication 15 a well known fact 1 different pathologt
cnl conditions. In the patient reported herc the pattern of calcifica



Brain Calaficanons m ALL 201

tion resembled that described in the Sturge-Weber syndrome  neverthelers,
\hehckn(ncongeuultrdnrdoﬂmﬂmm,n\t\ludnpumm
nlﬁndh:pmdnhoﬂwhuthnulmnndtpouumbﬂnmﬂym
onted allow that disense to be di d
Ippurindlﬂ:mmdimcmn:‘hchhavebcmdculyrwkwodby
BaBRIT et of [3] but the ciinical and rocntgenotogical data found in this
Patrert seemed to correspond to peitber of such condrons.,

Thros, the singulanty of the present report hes wpon the spread of cal-
chum deposits, which affected wide cornco-subcortical areas. No ealcifica-
bon was found around the wrall capillary walls as in the case reported by
FLAMINT DURAND et L. (10] on the contrary ths finding might suggest
that calcification takes place in cortical spaces, mrelated to blood versels
but following the boundary between grey muter and white marter and
s achieving the typical gynform sppearance tm radiographs,

Striking demyelinaton and arcas of great neuron poverty were appar
ent In postmortem cxamination, 1n opes contrast with the Wopsy findings.
This fact clearly indicates in itself the raprd evolubon of such lesfons Cal-
clum and demychnation, however showed a close mterrelationshp 10 the
b“ﬁlbuumo(mnmdemydmnmbungmmmmﬂywhmﬂbu—
ally dependent on those with a higher calctum content, ehtber 1n the cortex

of in the ynderlying white manter

From a pathological wnd chnical potnt, the data provided by the
present case are much in agreement with the {mdings of Borns and Ran-
cex {6] and of FLasoNT-DURAND ld[lﬂ]'rhepotﬁbhrdlwnhip
between bealn and previous k therapy on CNS Is

discussed In both reports, = well 13 0 thom of GASTAUT and GaSTAUT

[11] and of Kovr and Cox [1.] altbough the pateent reported by these

st anthors weas treated wath Lt MTX, recervimg no irradiation 1o CNS.
MTX toxicity covers a whic spectrim and can be appreciated in dif

ferent parts of the body {7 17 18] Wknpvminnuh:uuy Ihhdmg
mxy induce fever [15] legia [21)
leokoencephalopaty (16 0] and even death [4] Tbed.rwineummx

icity has been atnibuied 1o several mechantms including pharmacody
nanric factors [13] preservatncs [5] and antifolic effect [9] tins last being
specifically exerted on myelm formanon [13] Homever Suarmo er of
[22) onu:bnsua(lS)uncxpcnmm\ithL)fr\(duﬂn;\hkh
scaree neurotoxeaty had been obsened, expressed thelr uncertalnty about
MTX-induced neurologpcal mpatrment.

The effect of Jonizng radiabons oa CNS hxs been reviewed by Rusny
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Flg 7 Spongy degenerateon of wh e matter in brun scctlon along w th glal re-
action. HE. 20
n;asmkx\orlhclboﬂdcmnmo(mnlcord Spongy degeneration 8
0

well as meningeal leubernic Infiltratea can be seen HE.
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sTeN [19] although the likcllhood of focal calaiffcattons when these
agents arc applied is not specially stressed by this author Nevertheless,
the vascular changes described by RUBINSTEIN [19] were not apparent m
the present case Since the patient received combination therapy with Lt
MTYX plus WBI 1t is difficult to ascribe with certainty the leading role on
the determination of calcium deposits to cither or both agents. Howerer
calcification and leukoencephalopathy appeared to be dircctly related to
CNS therapy as suggested by the lack of previous symptoms and by the
patient s normal skull radiographs 1 year before (as similarly reported by
FLAMENT DURAND ef al [10]) On the othcr hand RuBInsTENN et af [20]
and AUR ef @l [2] have pointed to the relationship between irradiation
plus MTX and demyclinaung leuhoencephalopathy specially when the
latter agent (MTX) is given intravenously

A further pathophysiological mechanism to explain the neurotogical
derangement observed 1n some ALL patients has recently been supgested
by GASTAUT and GASTAUT [11] who ascnibe CNS pathological changes 10
leukemle cerebral infiltrates. In the present case however such a hypoth-
esis can be excluded since no parenchymatous CNS infiltrates could be
found 1n the pathological examinations

Spongy degeneration plus demyelination compnse the pattern of dys
metabolic encephalopathies as lllustrated by Vax Boaaexr [23] In which
mucopolysacchandes or other substances may induce calaum precipita
tion with the catalytic action of Zn fons howuver in a patient with ALL
and brain calaification on whom trace element quantifications were car
ned out Mn showed the most strking changes [14] Nevertheless, sinee
the metabollsm of different metals appears to be mpaired in ecute leuke-
mia [8] this, along with the concurrence of radiation and it MTX might
possibly nccount for the deposttion of calaum salts on a previously dam
aged nervous system

One could thus be assisting at the coming of a new sort of latrogenic
pathology which would arise from metabolic and perhaps individual
events that at the present remain totally unknown
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steiN [19] although the likelihood of focal caleifications when these
agents arc applied s not specially stressed by this author Nevertheless,
the vascular changes described by RUBINSTEMN [19] were not apparcat
the present case Since the patient received combination therapy with Lt
MTX plus WBI 11 1s difficult to ascribe with certainty the leading role oa
the determination of calcium deposits to either or both, agents. Howeser
calafication and leukoencephalopathy appeared to be directly related to
CNS therapy as suggested by the lack of previous symptoms and by the
patient s normal skull radiographs 1 ycar before (as stmilarly reported by
FLAMENT DURAND et al [10]) On the other hand RusmsTCiN ef @l [20]
and AUR ef al [2] have pomted to the relationship between rradiaton
plus MTX and demydlinating leukocncephalopathy specially when the
lntter agent (MTX) Is given intravenously

A further pathiophysiological mechanism to explain the neurological
derangement observed m some ALL patients has recently been suggested
by GasTauT and GasTAUT [11] who ascnbe CNS pathological changes to
leukemic cerebral tnfiltrates. In the present case, however such a hypoth
esis can be excluded since no parenchymatous CNS nfiltrates could be
found in the pathological examinations.

Spongy degeneration plus demyelination comprisc the pattern of dys-
metabolic encephalopathies, as illustrated by VAN Boaatrt [23] in which
mucopolysacchandes or other substances may Induce calcium precipit
tion with the catalytic action of Zn 1ons however in a patient with ALL
and brain caicification on whom trace element quantifications were car
ried out, Mn showed the most stnking changes [14] Nevertheless, since
the metabolism of different metals appears to be impaired in acute lenke-
min [8] this, along with the concurrence of radiation and 1 t MTX might
possibly account for the deposition of calcium salts on a previously dam-
apged nervous system

One could thus be asuisting at the coming of a new sort of latrogenic
pathology which would anse from metabolic and perhaps individual
events that ot the present remain totally unkoown
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Stqoential Therapy with Daunorublcin and L-Asparagicase In
Relapses of Acute Lymphoblastic Leukemla In Children

G Masena, C. Uptrzo, E. Corsriia and v CARNELLI

Depariments 1 Pediaincs aad Ciuld Health, Afitsn Usyeeruty Mibn

Key Wonds Daunormbecis  ~Asparspinast Relapse At Iympboblasc hes-
Lembs Remirmoa Tovc effests

schuered. This therapernc trml wis well scorpted and coold be mors exwoairely
waed lm the patents ba relapst A remoscos lsstmg betweco 4 and 75 weehs waa ob-
“whed

Introduction

L-Asparaginase 15 an enryme with sntiblastic sctlvity it produces re-
mission m sbont 30* of patients with acute beukemia
(ALL) a0d 1s moat ctiective m combination therapy [3 6, 10, 12, 13 15)
Dlmmmb:dnhu.m:rhdmﬁmmormty(‘zo_ﬁ/ of complete
in acuie and dent taxicity from L-asparagi-
nase [2-7 14] On ths beans and coaskdenng the results of Mc ELware
and Hazotsty (9] and Booky er of (1] the effectheness of a sequential
therapy coassting of an initial adminisiration of daunorabictn followed
by s cyce of L-asparaginasc has been cvalusted.

Recerved: Scpscraber 15, 1976, sccepaed Toby 23, 1977
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Sequential Therapy with Daanorubicin and ¢ Asparaginsse in
Relapses of Acute Lymphoblastic Leokemla in Children

G Masers, C. Upenzo E. Comperia and V CARNELLL

Depariment of Peduatncs asd Chuld Heahh, Mila Uneveruty 3tilan

Key Words, Dagnorubean Aganngptac  Relspse  Acste hympboblastic Leo-
Lrmbh Remisom Touc effects

Abxrects. 13 culdren ﬂmtdbymlymvtnblmﬂkwkmn dvanced
Xage of dincms recerved ! thermery

Donsg demnorubiem therapy llmbcln!dtcrﬂuolbouiywttﬂuhtkynltu
& cooolating cells occwrred,  further cytle with  scarcely miyehebonc drog, Las
Pripnese, wes sdminugtered 10113 (369 ) rembsion of the diesie wet (hen
schicred. This thorapentsc trhl 1 well accepled and could be more extemuvely
wcd in the paticnits m relapse A remesmon fastmy berwaem 4 and 28 weaks s ob-
served

Introduction

L Asparaginase 14 an cuzyme with antiblastic activity” it prodoces re-
mission {n abowt 30°  of patlents with scute I leukemin
(ALL) and s most eflectn e 10 combination therapy [3 6 10 12,13 15)

Dumubadnhn.mrkndmutmmrmﬂvﬁy(zo_ssv/ of complete

halons n ecute ) and i demt toxicity from L-asparagi-
oxe [2-7 14] On this beus and consdermy tho results of Mc ELwane
and Haxpisry [9] and BODEY o @ (1] the effectheness of a sequental
therapy cootisting of an mitral administrenon of dauncrubecin follow ed
by = cycle of L-asparaginase has been evaluated.

Recetred: September 13, 1976; accepted: Ialy 23, 1977
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Case Reports and Methods

13 children between 3 and 8 years of age, affected by ALL, were eatered @
the study At the beginning of their illness they had all been treated with an ‘s
repime of vincristine, predaisone and A prophylaxis of central nervous e etk
methotrexate Intrathecally When complete remission was attained, 8 3month mam
tenance therapy followed. It contisted of mercaptopurin and methotrexate ahermt
ed with & 15-day cycllc regime of vincristine and predoisonc. All the parents had
one or more relapses during thete stages of illness they had all been treated *ib
daunorubicin at & median dose of 12.6 mg/kg (table 1) 3 of them bad beent pre-
viously treated with prednisone and L-a paraginasc (at & median dose of 260U
and a single child had undergone a previous ssful trial with b and
r-asparaginase (cuse 6b table )

The medlan duration of survival from the beginning of our observal
moatht. At this point we have fntroduced a sequential therapy as follows.
sone 2mg Ly/day orally in three doses for 3—4 weeks, daunorublcin 1 mghg d7
v for 3 or 4 days. After this period, if a high number of blasts was stlll in the pt-
ripheral blood a second course of therapy was iostituted with daunorubicia 4 dayy
after the finst trial A day after the last dose of dannocublcin, L asparapiossc 1 2

ron wis 3

doss of 200 U/kg/day was nistered until a lete remission was attained o
in a case of failure or partial remum on, for 23-28 dayz. In a single casc (No. 13
tbe admink on of L was discontinued because of an allerpe 1ee¢

tion towards the antitumor agent (the patient was in parual remission). Serul boee
marrow bjopsies were performed before therapy after daunorubicin and after LAv
paraginase our criterla for bone marrow remisuon are those defined by the St
Jude group [11) Peripheral blood cell counts were determined at least three Bmet
weelly during the rembssion induction period. Stadies of cardusc, hepatic and rest]
function were performed at Intervals siong with routine determinations. Patlents in

l L were malntained with @Omg/m Lm) mwice &
week for 2 months and then with mercapiopuna (2.5 mg/kg day orally)

Results

The results in our pauents (all of them had been previously treated
with daunorubicin) are summanzed in table I Out of 13 patients treated
10 obtained complete remission (76 94/») and 3 partial reoussion In case
No 6 a premmary tentative therapy led to o complete remission The
same patient who relapsed after 5 weeks, showed a good response 10
daunorublcin, while he showed signs of a new relapsc during treatment
with L asparaginase In 3 cases (No 1 2 12) already previously treated
with prednisone and L-asparaginase our scheme was effective nducing
a complete remission i all of them Figure 1 illustrates the marrow as
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Table Il Toxk cffect attributed to single drugs

Cardio- Aherations Alopecia Myelo- Allergic Reduction n blood kevck ot SGOTSGM

D R Y S

Cwgp

11
12
13

toxkdty In the toxkity reactions!  fibrinogen albumin chokesterel boereaed
mucous mgidl  wdl mg
membrancs
- - - - nettke rush - 110 4 -
- - - - - 100 4 -
- - + - - - -
- - - - anaphylactic - - -
- - - - amaphybcte - 3,5 150
reactions
_ _ _ _ - _ 3.8 160 105720
_ _ _ st _ _ 38 - 11975
- + - +1 - 33 180 954
- - - - moderate - -
anaphy lactic
~ - B ~ reaction _ 040
- - - +1 130 190 100,50
- - - +1 - -
- - - - anaphylactic
reaction

With L-asparaginase.
With daunorubicin.

¥ Mimmal vakse,
Maximal vahe/U

pect of 12 patients in various stages of treatment The data relating {0 the
case number 8 are not reported, as the marrow specumen obtained after
daunorubian treatment showed a marked hypoplasia It can easily be ob-
served that daunorubicin induced a marked reduction in the blastic quota
in only 2 cases (5 and 9) In ncarly all the pauents the number of white
blood cells at the end of the cycke with daunorubicin was found to le be-
tween 600 and 3 000 mm?® (fig 2) This leuhopenia did not hinder pro-
gression to the sccond stage of treatment with L asparaginase We en

countercd a moderate thrombocytopenia quite often, but it was not severe
enough to require supplementation with a platelet concentrate Tinally the
rermussions obtained were usually of short duration ‘arying from a mini
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Fig 1 Blasty m the boos marrow befors aad after therapy

mum of 4 to a maxkmum of 28 wesks (wedium duruton of 10 weels, m 8
of 10 cases shorter than 9 weeks)

Tolerability

The most sigmiflcant tome effects i our group of cases are reported in
table [ Dauncrubsctn cawsed no iigm of cardiotoxicrty (according ta the
clectrocardiographse cootrol sand P ki determ ) or
imrportant akterutions in the mucous membaanes. Only tn 3 cases its mye-
lotoxic action was particularty marked (cases 6b, 8, 12), whike in ancther
cme [11] & sovere marrow aplasia became evident in the 2nd week of
reatment with L-sparaginme

mmmmufu:msmﬁmmmwﬂ
erpe resctions, which culmmated in fairly marked anaphylactic thock in
cmesdand S Amnhlhhnmnhuqncm}ymu:dm&mcdgmor
hepatic damage such a3 increase of transamingses, decrease in blood Jeve




21 Mastra/Uni x20/CORBELLA/CARNTLLL

WO fmm
40000

39000

Fig 2 Lowert valug of white cells daring therapy with L-ssparaginase

cls of alburnia fibrinogen and other clatting factors synthesized 1n the liv

er but all these parameters returned rapidiy to normal and 1o blecding
was observed

Discussion

With our th mpeutic schedule it was necessary to carry out the treat
ment in two distmet phases. In the first we were trying to obtain 2 rapid.
marked destruction of the leukemic cells using daunorubncin which fnhtb-
its DNA-dependent RNA synthesis (4 5 8)

Therapy was then continued with L asparnginase an cqually effechive
drug which allowed us to achicve remission wathout serious nsks of mar
row aplesia Previous treatment wath daunorublein might potentiate the
action of L asparaginase in two possible woys. (a) by synchronizing the
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mrtotic cycle of the leukemic ceils and making them more senutrve to the
second drug. (b) by caosing & further decresse in the marrow cells that
could supply L-asparagina 1o the blastic compartment [9)

Our results show the effectiveness of such a therapeutic schedule
commplete remisslon was reached m 76 9 of subjects, a igher percentage
than that obtained with smgle drugs. Our cliucal observanons scem to
confitm therefore the ] data whxch that the effec
ﬂ\encﬂofLupaugiﬂuchmcrﬂscdwbenmcdwqumhﬂlyithdm—
norubicin.

More recently BoDey e af (1] reported thewr own expenence m treat
ing adult acote leukemin with daunorubicln and t-aspsragmase but with
different adminktration schedules and results we cannot easily compare.

However our experience can be summuarired as follows. (1) Good re
sults have been obtained for patients already resstant to the conventional
antiblastic drugs, all of them previomly havmg been treated with dauno-
rubicm and 3 wath both prednisons and L-ssparaginese (2) L Asparsgi-
nase played & prosunent role in inductng remmasion in 2 of 13 patients- s
2 matter of {act 10 2 cases (1 amd 6a, fig. 1) in wioch daonorubxcin did not
nlfmctmubonemumwofpmphcrdblood.lmb’equcmthtrtpywnh

L d a prompt P of blasts and & com-
Plete b (3) The lon of two drugs at a short Interval
has utoally been well tolerated.

Finally scrording to Mc ELwAYN and Harotsty [9]  atthough the dn
ration of the remistion has been short, the wse of r-asparaginase in
schemes of sequential therapy m b with cither o b or

adriamycin o cytosine ide 13 undh [ gand it b to
be expected that better results can be obxained on the bans of an iIn

creased mumber of cirmcal trish.
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Crvolmmunoglobulinemia in Foar Sisterst
F DAMMACCO L. Scaxriont § ANTONACT and L. Bowosto

2nd Clinkcs Medsca, Univenity of Ban Medscal Schood, Bard, and
Placenza Regiomal Howstal, Departveat of biermal Medschne, Pracenra

Koy Wonds Cr Tmasrne: factor  Amino

Over tho past 15 years cold prearpitable proteins have been pald in-
cresying attention. A number of immmunochemical studics have clearty -
blihed that cryogl coosist of b [8, 11] and that
lhqmybednd!ndmmnk-mﬂmcﬁﬂmtpmnmuﬂyﬂn;k
| eryogtobulins, mized cryogiob
‘"x( nd p I eryoglobatl ps]mmm&nm
A 1 and tructaral [10 12} the actnal mechanisms
ormmgpluhmhmem(uuupedtluﬂdamn,lndhmﬂkd)
that along with posuble abnormalities of amino acld composition, other

Sappocted m part by Cooaglio Nerionale defls Ricerche, Rooe.
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factors related to the ternary and quaternan, structures (sach as bydro-
phobic and electrostatc bonds) may be involved 1n the occurrence of e
phenomenon.

Whether and to what extent genetic and/or environmental factors ma
play a role m the ind of cryoglobulinemd: ins largely ™

known. It scemed therefore of mterest to describe a family consnang of
four sisters all of whom had circulating cryoimmunoglobuhins.

Family Report

Paticot BuL. It a 55-year-oid bousewife, who was fint admitted to the Geoeral
Hopital of Pucenza In February 1973 for evaluation of purpurs sod reczremt 2]
ulcery, arthralpiar, and eplgastne discomfort Past history included appendicectony
in 1947 and duodenal ulcer In 1970, 4 years prior to admission her blood proe
was found to be elevated. On physical examination the skin of the buttocls and
lower extremities showed petechial Jesions at different stages of evolmion. A mitd
edema of both anlles was also present.

Laboratory findings included persistent glomerular-type protelnuria, dpnificast
(7-13 /) eostaophilia on the peripheral blood smears as well a1 in the hone marmo¥
and high serum levels of anfl-rglobuln antibodies a3 messnred by the latex sl
test and the tanned sheep cells agglutination test. Platclet coonts ranged betsed
166,000 and 172,000 platelets/mm? Measurement of some serum complement COE-
ponents gave the following values. C3c 51 mg/dl, C4 6 meAdl and CIPA 13.3 mpiil A
remarkable cryoprecipltation occurred In her serum after storage at 4 °C foc 2 3
dayx.

Despite protection from cold and adminkstration of prednrsone (20 mg/dic) and
arathloprne, the climeal cotrse was characterized by recurrences of arthraigist and
purpuric eruptions on both legy. When Iast seen (Juno 19773, phymeal exanupation
and laboratory data were mostly anchanged.

BxT a 71-year-old housewife, was referred (o the .nd medical departmen!
General Hospital of Piscenta, for of prog bdominal
oliguria, and pitching edems of both legs. At age 50 she had fever and fcierns of
4-months duration, which were ascribed to viral hepatitis One year later chokl:
thinsis was and & cholecy was performed  durmg sargery the 1Y
er was reported &3 showing a sclerotic ppearance Since them, the patient has beet

dly b becatse of bd: ! fowered nrine ootput and
dyspepsla 1n 1975, a bout of hematemesis and melena occurred requ ring the imet
tion of the tube to the h ] varces.

On admission, the liver edge was felt four Mngerbreadths below the nght costal
margin and the spleen tp thres fingerbreadths below the Jeft costal marpn. Addh
tiona! physical signs included modernte ascites, scleral fcterus, and petechise of 1be
lower cxtremities. Among routine laboratory data, liver function teits were coms-
tently impaired, and platelet counts revealed abnormally low values rangiog from
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25,000 10 42,000 plascietymm  While hepatith B surface aatizes was abucxt fa the
paticat’s sum om scviral occaslom, detectable leveh of act-HB  otbodics were
perxhtently fownd. A cryoprecipriate sppeared dunng 96 bowr bacubation of & s
rom smop at 4°C.
BuG who ks pow 64, had Do mpalficest ilsercs Taal the xge of 30 yean,
whien she sought medical sttentron complalolag of soce throst, fever asd jolat lo-
Acute fever ws duagnoned, and poacillm therapy v iz sarted
Avcs-

B M T6-year-old woman, complaim of vertigo, tnnitm, and hesdaches.
Both pystollkc nd diastobe blood presares by been conwstenily found 1o be mod-
erakely clovated jo the last tn years. A good, thowgh laxis hemodynamic compes-
sation 11 wwnlly obtataed by sdmmistanon of digiala and drovetcr. Past bistory 5
woremsrkable

There were o fwrther obings m famly 8 Both parents Heed 10 be quute elder
1y £0d in nove of the children of the four affected witers coakd cryppreciphation be
demoourated.

Speciol Stadies

The techaspas of blood colicehon, nolaton asd panfication of cryoglobutmes
and the methods pphed for memmoochemical swbes of the molated components
kave been deseribed m provioas papens [3, 6]

Asalyneal whraceninfogaton wes carrhed oct m Becioan Spioco Model E wl-
tracentrfwgs st 33 730 rpm and 37 C. Separation of cach compooext from mived
yoglobwim was achoeved by gxi (ranos of the pantmd cryoprectplisics oa Se
Phadex G-200 columa, exng aa Na-stetste butfer 023, pH 40

Fot amino scxd salyms, protem mmphs were bydrolyzed for 2b with 65 HQ
at 110 °C m 5 cvactated seabed tobe and then analyred with the Beckman Madel
120C extomat amino acid anelyzer equapped with logh scmtiviiy covets and re
corder

Morphologe stacaes were carricd ot by laght microscopy on thme frapments
obtassed dunmg rowal bopry Afer { wion 1n Bours’y solotros, 4 pra-thick sections

ere ct and stuned by saadard hmtologi methods. For mmmoflooresceace, te
nm-mhwnmlqndnmwumdmnj-smh cryosat st
20 © The scctsma were foved m aceiome and thea wamsed wth flaorescma-labeled
ammsera durected agast bsamn 190 IgA, 1M, C3 end (drmogea (Hoechst Beb-
rhﬂuuulrhﬂ'lhhn.ﬁcmnml

Resudts

Durmg-%—hou:mmb-ucnu+4 C a cryoprecipitate appeared n
ench of the serum sampies from the four sisten. Cryoctit estimation, eval
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factors related to the tertiary and quaternary structures (such as hydro-
phobic and electrostatic bands) may be involved in the occurrence of the
phenomenon

Whether and to what extent genetic and/or environmental factors 3
play a role m the mduction of cryoglobulinemia, remams largely vt
knawn It seemed, therefore, of mterest to descnibe a family consstng o
four sisters, all of whom had circulating cryosmmunoglobulins.

Family Report

Patient Bu.E fs a $9-year-old housewife, who was first admitted fo the Genen!
Hospital of Piacenza in February 1973 for evaloation of purpura apd recurreat b
ulcers, arthriglas, and epigastric discomfort. Past history Included wppendicectony
in 1947 and doodena! ulcer In 1970 4 years prior to admission her blood pressrt
was found to be clevated. On physical exsmipation the skin of the buttocks and
lower cxtremitles showed petechlal lesions at different stages of cvolution. A mM
cdema of both ankles was also present.

Laboratory findings included persistent glomerular type proteimuria, slgnifias
(7-13 /) ecrinophilia on the peripheral blood amears as well as in the bone marros
and high serum levels of anth-p-globulin antibodies a3 measured by the latev shde
test and the tanned sheep cells agglutination test Platelet counts ranged betaeen
166,000 and 172,000 plateletymm® Measurement of some strum complement coe-
ponents gave the following valoes: C3c 51 mg/dl, C4 6 mg/d! and CIPA 135 mgidl A
remarkable cryoprecipitation occurred In her serum after storage at 4 C for 3
dayx.

Despite protection from cold and administration of prednisone (20 mp/d'e} and
anthioprine, the clinkcal course was characterized by recurrences of arthralglas and
purpuic cruptions on both legs. When last teen (June (977), phys cal examimtion
and haboratory data were mostly unchanged.

BuT a 71yearold bomsewife wat referred to the 2nd medical departmerl,
General Hospital of Piacenza, for 1 of pragress inal L
oliguria, and pitching edema of both Iegy. At age 50 the had fever and kterut of
4-months duratlon, which were ascribed to viral hepatitls. One year later choldl
thiasis was diagr aod a ch was performed  daring surgery the In
er was reported as showing a sclerotic  ppearance. Since then, the patient has been

7 dly h because of 1 di fon, lowered urine output and
dyspepsia In 1975 = bout of hematemesls and melena occurred requiring the inser
tion of the 5 Len tube to da the h I varices.

On sdminion, the Irver edgo wa felt four fingerbreadtin below the right codal
margin and the spleen tip three fngerbreadths below the left cotal margin Adde
tonal physical dgms included moderate ascites, scleral icterm, and petechiae of the
lower extremitien. Among routine lsboratory data, liver function test were conds
tently Empaired, and platelet counts revealed abnormally low values ranging from
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Tble [ Qx and of tho serum cryo-
precipiases [n foor sissers
Sabject Cryocrt I component T§M commponent
* Lchais RF Lctam RF
type activity type nctivity
BaE 16 +1 - 3 +
BaT 9 +1 - x +
Ba G 4 x+1 -~ r+1 +
B M ] X+l ~ +1 +
RF =~ Rivmrnatoud factor

Evalaascd by costrifugation of sers i Wintrobe tabes (200 £ for 20 miéa t +4°C).

wated by centnfugaboa at 200 ¢ for 20 min In a cold room, revealed re
markable variations from case to case in the amoant of the cold-precipl-
table material (table I). Immimochemical studies showed all four cryopre
cipitates to be IgM IgG mixed cryoglobulms. In addition while the eryo-
globutins hsolated from the sera of Bu.G and BuM. were heterogencous
immumoglobulin molecules f that both IgG and IgM components includ-
ed A and l-chains, In the remainfng two cases the IgM component was
monoclonal (fig. 1) It should also be mentioned thet rheumatod factor
activity was consisiently associated with the punfied cryoproteins and
their bsolated IgM components.

Owing to the relatively low cryocrit m the remalning wera, armno aad

x—chains from the Igh clonal comp of sach eryoglob No
gronly evident sberrations could be shown #3 regards tho amino acid
compontion of the tested material

Light microscopic stady of the renal tropsy specimens from patiemt
Bu_F.mncucdmanbnnopmﬁlmd\eglm}mephﬂlhﬂﬂ]mnmd-
al cell proliferation and caplliary wall thickemng. Capillary loops often

Fyt mmwmdmmmmum
wrrow poiots 4o the sermm b of the port
ficd cryoprecTpitat &w-m-mpaﬂfm(wm-mnda( pooted normal ko
man serum (owcr welll Note that both [50 xad 1501 ary present ba such cryoglob-
otrm and thet the 1gM component rectudes kit chaams only
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singhe-type clonal eryoglobulins or mixed cryoglobulms wath an Ight
moooclanal P Cry pitation octurs in & mumber
o sena from patients with mfectious diserses associated with awtoun-
mune features {3 9] coonective tissue discases [14 15 and lymphopro-
Elerative disordens [4 6] In addinon a symptom complex mcluding pur
Purs-w eakmesys-arthralgias, which ts thought to represent a distinet chinical
atty bas been frequently obsenved 1n with cryoglob

[ 6, 11] Approximately one-third of such patients develop & stvere end
“pdly progrevstve form of renal disewse [1 5] Cold preapitates have
‘lmht[tndauibcd)nlgmupolpuﬂcmﬂmm:mdchmmcﬁmdb-
s [7]

The 4 cuses reported In thns paper were no exception as regards their
clinical cvalmanon. Indecd patient BuwE. had membranoprolferstive
Fomerlonephrits with progrossive renal failure complicatmg primary
mixed cryogl in, whereas posth ts curhoshs was dlagnosed m
Patient Bu.T The remaining 2 cases (BuM. and Bu.G ), exhibeting lower
dmounty of circulating cold-preaipitable protems, had congestive heart
fidture and mitral stenosis, respectively

In view of the comsistent rheamatokd factor-sctvity of the purified
Tyoglobuling and their kolated Igh components, the role of such mixed
Sryoglobulim as antigen-autibody complexes of the 1gGrantl-IgO type can
70 longer be doubted.

The occurrence of eryoglobulinemia fn foar sisters may bardly be s~

ibed to coincidence. Ta our knowkedge, relathely few observatioms of
tamilla) cryoglobulinermia have been pubushed so far affecting two broh-
€1 (2] or the proband and two sons [13] Although o clear-cut explans
ton may be given, it seems Iikely that genetic and/or environmental end
of infectiom factors muay play a mle in the pathogenesls of the phenom
tnon,
‘While a genetic aboormality may be suggested In family Bu, no defi-
nits conclmsiom can be drawn regarding the mode of inberitance of the
defect leading 10 the protein chapges. An autosomal receysive trait scem,
bﬂwntrmheﬂmmiﬂkdycw!mlﬁo‘n.

References
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Table I Amino acid composition (average of three analyses) of the 1gM/x modockonal
component isolated from the mbed cryoglobulin of patient Bu.E.

Amino acid! mol reskdues/mo] proteln

pchain x<chsin
Lysine LS 150
Histidine 87 17
Arginine 174 100
Cysteke acid 140 13
Aspartic acid [ o
Threonine w7 150
Serine 00 ns
Ghutamic acid 642 —
Proline 403 100
Ghcine 454 150
Alanine 418 173
Valine 408 o
Methlonkne 100 2
Isokeocine 109 72
Leucine 446 73
Tyrosine 160 90
Phenylalanine 190 101

570 24

Tryptophan was not cakulated.

appeared to contain PAS-positive thrombi A modenate degree of tubular
atrophy was also observed. Immunofivorescent studies of the endomem
brancous deposits showed pomtive stalming with ant-IgG and anu IgM
scTa appeanng as a granular deponition along the basement membranc 11
subendothelial posinon Posttive results, although to a much lower eatent,
were obtained with a fluorescernated anti-C3

Discussion

Screcmung of large numbers of refngerated scra has clearly shown that
spontancous precipitates which dissolve upon heating at 37 C are not in-
frequently recognized Although the cryoglobulin concentration 1s usually
rather low and appears as a whitish precipitate at the bottom of the tube
much higher amounts may be found tn a few cascs, usually consisting of
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single-type 1 eryoglobulms or mixed eryoglobafine with an IgM

1 Cry J occnrs in a signl mumber
dmmpmmmmmmﬁm automn-
mune features [3 9] connectve oo discases [14 15] and tymphopro-
Hferative disorders [4 6] In addition, 8 symptom complex incloding pur

puraw cakmess-arthralpes, which is thovught to represent a distinct clinical
ennty has been frequently observed in amociabon with cryoglobulinermia
(4 6, 11] Approximately one-third of soch patients develop a severe and
rapidly progresshvo form of renal discase [1 5] Cold preciptates have
a0 been described In a group of patients with acute and chronc Liver dbs-
ey [7]

The 4 cases reported in this paper were no exception #3 regards their
clinical evaleaton. Indeed, patient BuE. bhad membranoprofiferative
glomcmlatphﬁm‘ﬂhpmgﬁnwrmd(lﬂmmmp&aﬂn;pdmuy
mlxed cryogloball wherens patitis clrrhouds wis di
patient Ba.T Thcmhﬂnglmu(Bu.MmdBu.G),:xh{biun;lcm
smomnts of cirenlating cold-precipitable proteins, had congestive beart
failure and mitral stenosks, respectively

In view of the comistent rheumatold factor actrvity of the punfied
cryoglobulms and their fsolated IgM components, the role of soch mized
cryoglobulins a3 antigen-antibody complexes of the IgG/anti-1gG type can
no longer be doubted.

‘The occurrence of cryoglobullnemia m four dsters may hardly be s
cribed to coincldence. To our knowledge, relatvely few observations of
famillal eryogiobulinemia have been pobuthed so far affecting two broth-
13 [2] ot the proband and two soas [13] Althoogh no clear-cut explams
tion may be given, It scems likely that genetic and/or envirenmental and
of infections factors may play a role in the pathogenesis of the phenom
coon.

While a geoetic abonormality may be suggested in family Bu. no defi-
nite conclosons can be driwn regarding the mode of inheritance of the
defect leading to the protein changes. An autosomal recesatve tradt scems,
bowever 10 be the mast Lkely explanation.

References

1 Abas, C.. Moars Masooes, L. and RIHET G Cryogicbulins bm gplomerlons-
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Table I Amino ackd compoution (average of three analyses) of the [gM/x monocionl
comporeent isolated from the mbed cryoglsbulin of patient Bu.E.

Amino acid! mol rexfdues/mol protein

pchain a<chais
Lystne s 150
Histidine 87 (K]
Arginine 174 100
Cysteic achd 140 13
Aspartic acid 6.9 00
Threonine 3.7 150
Serine 600 13
Qhitamuc wcid 642 Lew
Proline %03 100
Glycine 454 150
Alanine 4 173
Vafino 408 Ho
Methtonine 10.0 -
Isokeucine 109 -
Lewcine 46 3
Tyroslne 160 90
Phenylalanine 190 1ol

S0 124

3 Tryptophan was not cakulated.

appeared to contain PAS-positive thrombr A moderate degree of tubular
atrophy was also observed. Immunofluorescent studies of the endomem-
braneous deposits showed positive staining with ant IgG and antt 1M
sera appeanng as & granular deposition along the basement membranc 1
subendothelial position Positive results, altbough to a much lower extent,
wero obtained with a fluoresceinated ant-C3

Discussion

Screening of large numbers of refngerated sera has clearly shown that
spontaneous precipitates which dissolve upon heaung at 37 C are not in-
frequently recogmzed Although the cryoglobulin concentraton is usually
rather low and appears as o whitish precipitate at the bottom of the tube
much higher amounts may be found 1n a few cases, usually consisting of



Cryogiobulineria In Foor Slaters n1

single-type lonal cryoglobulins or muxed cryoglob with an IgM
Jonal comp Cry cipitation occurs In a significant nomber
o(mtmmpadcuuwithlnlecﬁancﬁmrimodltedw{lh sutoim-
mune features {3 9] connective tooe diseases [14 15}, and lymphopro-
Iferative disorders [4 6] In additdon, a symptom complex inctoding pur
Wmmmuwmmnﬂmm
entity has been frequently observed In association with eryoglobul
[# 6,11] Approximately one-third of such patients develop & severe and
rapidly progressive form of renal disease [1 5] Cold preaipitates have
k5o been described In a group of patients with acute and chronie Hver dis-
eases 7]

The 4 cuses reported In this paper wern no cxception a3 regards their
clinical evalomjor. Indeed, patient BuE had membranoprolfcrative
glomerulonephiriths with progresshe renal future plicating primary
muxed cryoglobul wheress p ith crrhows was di d in
patent BaT The remaimng  cases (BuM and BoG ), exhibiting lower
smonnts of circulating cold-precipitable protelms, bad coogestive beart
failure and mitral stenoms, respectively

In viow of the comsistent rbeumatoid [actor-activity of the puribied
cryoglobulms and their solated IgM components, the role of sach mixed
cryoglobulins a3 antrpen-antibody complexes of the IgG amt 1gG type can
0o loaget be doubted.

The occurrence of cryoglobulinemta 1n four sisters may bardly be as-
eribed to coincl To our k ‘m“‘h.-wobi:rv-ﬂ.omo!
{amilial eryoglobul bave been d 50 far affecting two broth~
ens [ ] or the proband and two som [13] Althoogh po clear—cut explana
ton may be grven, it seems likely that genetic and or environmental and
or Infectious factors may play a rok In the pathogenests of the phenom-
eno

While a genetic aboormality may be soggested In family Be., no defi-
nite conclusons can be drawn regarding the mode of lohentance of the
defeet beading 10 the proten changes An sutosomal recessive trait seenrs,
however to be the most lkely explananon.
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Separation of Erythropoletin Responsive Cells
‘m Fetnl Mouse Liver

C.D RDunk J A.F Narmn, T W Forp V A.Paxz and J MiTcHerL

Heematology Department, The Welth Natonal School of Medscine, Heath Park,
Curddf

Kry Words. Exy oells Cell Fetal mowse lver
Abstract. Tha spousive b (ERO) fn somptamon ewbtores
(ERCo) of fetsl maowse brver axd the calls prodocing colonicy ta 2y

secdinented

fraciions contaliny the majorty of nucleated cefls show minmmal semmavity w0 ery

thropoletin (Ep) and thaso cafhy sedimemt 81 slower rats tham the ERC,.. The

mmmmammmmwmwlmlmm Ep st

naTecognaable cells 1o jcrease the mmber of hemmoglobln-

anmmhmhmdwm
per ool Thes effect bs srrudur 0 the priscpal in & actiom of Ep.

Introduction

Erythropoicsis 1s comidered to be under the control of

from the “roultipotentinl sem cell' and precede morphologically recogniz
able erythropaictie cells [1] o 1970, McCooL er of [11) were able to
scpartie, oa the basn of cell size, a population of ERC in euspension cul-
tures (ERC,,) from the majority of nuclested cells in rat bone marrow
During matnsation sad dhviston of this poprdanon of ceils, 1ogether with

Racrrred Fetwmary 7 1977 acorpied Jody 13, 1977
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wnttiation of hemoglobin synthesis, Ep sensitivity decreased and the sedi-
mentation velocity changed from 6 6 mmvh to that of the majonty of the
nucleated cells (2.7 mm/h) and eventually to that of the mature erythro-
cyte (2.1 mm/h) STEPHENSON and AXELRAD [15] have also been able to
separate ERC,, (sedimentation rate 7 7 mmvh) from spleen colony form-
ing units (5 9 mm/h) of fetal mouse Hver

With the introduction of clonal assays for ERC, AxeLrap ef af [2]
Iscove and Sioer [9] and HEATH er af [8] using mouse bone marrox
cells, were able to separate CFUE and burst forming units-erythroud
(BFU E) on the basis of cell sizc CFU E, defined a3 the cells producing
colonres of up to 32 erythroid cells/colony sediment at a faster rate (55
6.5 movh) than BFU E (3 7-3 9 mm/h) which produce colonies of great
er than 32 erythrold cells/colony These cells can also be separated by
their erythropoletin sensitivity by their proliferation rates and by the cul
ture time at which the resultant colomes reach maximum swe ie CFU
E after 2-4 days, BFU-E after 7-10 days. In addition TEPPERMAN ¢/ al
[18] werc able to scparate two populations of erythroid colony forming
cells in human bone marrow one population produced colonies of <32
erythrowd cells, the other colonses of > 32 erythroid cells. These popula-
tions may be analogous to the CFU E and BFU E of mouse tissucs. Both
populations of erythroid colony forming cells are morphologically vare-
cognizable in mouse [4] and human marrow [18] Mrrcircie and ADAM
soN [14] however were unable to separate CFU E (sedimentation rate
7.56 mm/h) from ERC,. (7.31 mm/h) in rat bone marrow on the basis of
size or kinetic properties.

Suspension cultures of fetal mouse Iiver cells represent a simple Inex
pensive and sensitive assay for Ep in clinicel matenal [5 6] In the pre-
sent study cell separation was undertaken in an attempt not so much to
separate CFU E from BFU E, although this has not been previously re-
ported for mouse fetal liver cells, but to ascertain whether one or both of
these populations could be separated from the ERC,, Furthermore, if
the ERC,, could be separated from the majonty of heme synthesizing
cells wn fetal mouse lver the results would imply as morphological stud
ies have suggested 3] that the principal mechanwsm of action of Ep in fe
tal mouse hiver cell cultures is on immature cells to increase the number
of heme-synthesizing cells, rather than on more mature cells to mcrease
the amount of hemoglobin synthesized per cell An Ep action on imma-
ture cells appears to be the principal mechanism of action of Ep i1 vho
[t 16]



Fatal Liver Erythropoietia Resporzive Culls -}
Materials and Methods

Calacrss. Suspemsicn cxtinres of fetal mosss Dver cells wars curried out &3 prs-
viomly described (3, €] Livers from embryos of 13-15 days of gpostation wwre g
sropated by aspintion throogh  Pastenr pipetie the cells wars diioted to 5 X 104/
1ml cuiture tn Exgle’s Minimal Ementtal Medtom (MEM) + %/ Fetal Calf Seram
(PCS) and {ncobatsd with or withoot erythropoletin for 24h in  water-swtarated ot

was specifically extracted
betxn-2-ose (methyl etkyl ketooe) miing oor modification [6] of the method arigh
mafly described by Teatx [17}.

Amays for CFU-E aod BFU-E were cartied out delag the semimicro plasm clot
technique descnbed by ATIiuD of o, [2] xod Mclnoo of oL [1ZL CFU-E (aggre-
gates of 4-32 erythroid cells) wers encmerated after 2 days, and BEU-E (aggregates
af > 32 cefh) afier 3 dayn, of cultore.

2% Bovioe Serum Albomin (BSA). Prelmmary nugpraicd that detodfca-
tion of the BSA snhusced cxfl recovery aad improved marphology There
fors BSA detoxified with AG-501 X3 lon exchrugs resim [19] was osed throsghowt
tho prosent stoder.

The call separator wed (Stapwt’ Johe Schemtific Ltd, Torowto, Oot) conaisted

that of &1 160 acedle end with  volume of 80 ml wes attached 1o the base of the
chamber. Celh were losded and fractions collected firoagh the 19G needls &1 the
base of the chember A salnless eiesl baffls was poskionsd at the bottom of the
cone 10 provent cratmebances dering losdmg aad emptytg.

To load the cell separator, 50 ml of phoaphate-buifersd malme, pH 7.3, was rea
ito the chamber from the buse foltowed by 20 mil of 0% BSA fa which  toral of
epproxintiely 1 X 108 cells wero mmpended. Scheequently 20ml of 0. BSA and
TOmlof 1-2% BSA m photphate-buifered sallne gradient ware added After 4 h

twice wrth Eagle MEM + 5 FCS and the mumber of calh determined by ose of
Coulter Model § electronic cell counter After forther centrifagation,  aosall part
of the cell pellet was cmeared aoto & microscope shide. Swcan from alteraste frac
tioos were staloed, for cytological smalydia, with Jenner-Glemee or berridios connt
erstamed with bematotylt (12} The remataing celh from esch fraction were rews-
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tutiation of hemoglobin synthesis Ep sensitivity decrcased and the sed:
mentation velocity changed from 6 6 mm/h to that of the mayority of the
nucleated celis (2.7 mm/h) and cventually to that of the mature ervthro-
€yte (2 1 mm/h) STEPHENSON and AXELRAD {15] have also been abke to
separate ERC,, (sedimentation rate 77 mmvh) from spleen colony form
Ing units (5 9 mmv/h) of fetal mouse liver

With the introduction of clonal assays for ERC, AxeLrap et o 2]
Iscovr and Sitoer {9] and Hrati of af [8] using mouse bone marrow
cells, were able to separate CFUE and burst forming units-crythrod
(BFU E) on the basis of cell size CFU E, defined as the cells prodocing
colonies of up to 32 erythroid cells/colony sediment at a faster rate (5.5
6.5 mm/h) than BFU E (3 7-3 9 mmvh) which produce colonies of great
er than 32 erythrold cells/colony These cclls can also be separated by
their erythropotetin senmitiviyy by their proliferation rates and by the cub
ture time at which the resultant colonies reach maximum szze i¢ CFU-
E after 24 days, BFU T after 7-10 days. In addition TEPLRMAN ef af
[18] were able to separate two populations of erythroid colony forming
cells In human bone marrow ane population produced calones of <3”
erythrold cells, the other colonies of > 32 erythroid cells. These popula
tions may be analogous to the CFU E and BFU E of mouse tissues Both
populations of erythroid colony forming cells are morphologcally unre
cogmzable in mouse [4] and human marrow [18] MrmcneiL and Abam-
50N [14] however were unable to separate CFU E (sedimentation rate
7.56 mm/h) from ERC,, (7 31 mm/m) in mt bone marrow on the basts of
sze ot kinetlc properties.

Suspension cultures of fetal mouse Jiver colls represent a simple, inex
pensive and sensitivo nasay for Ep in clinical material [5 6] In the pre
sent study cell separation was undertaken in an attempt, not so much to
sweparate CTU B from BFU E, slthough thus has not been previously re-
ported for moute fetal liver cells, but to ascertnin whether one or both of
these populations could be separated from the ERC,, Furthermore, if
the ERC,, could be separated from the majority of heme synthesinng
cells in fetal mouse liver the results would Imply s morpholagieal stud
fes have suggested [3] that the principal mechanism of action of Ep in f¢
tal mouse Hver cell cultures s on immature cells 1o inerease the number
of heme-synthesizing cells, rather than on more mature cells to tnerease
the amount of hemoglobin synthenzed per cell An Cp oction on jmma
ture cells appears to be the prinaipal mechanism of oction of Ep in vive
(1 16]
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Fig I Ush gravhy sedimestation of fstal mowse Dver cally at 4%C for 4b.
Total xncieatert crlls (@) and erytiorocytes (O) & Incorporation af #Fe tnto bemo-
globm ia the absency (O) or premoce (8) of 200 mUkultere of Ep CFU-E (@)
and BFU-E (O) in the pressacs of 200 mUscnltors of Ep. Men resatts of thres ex-
pertmenty.

Discuxsion

Cells o Ep in jon caltures (sedh th
867m/h)mdndyacpanﬂetmmth:m}od:yo{nndnlcdcdh
(sedimentation rate 4 67 mm/h) In fetal monse liver In the absence of
Ep.dnmajorpukolnndnudmﬂx(ﬂg,h)tbowedﬂpﬂﬂmn!'&h—

which was not ord when Ep was present in the coltares
(ﬁ;. 1b). CFU-E sedimented at a rate (B.67 mm/b) compansble to
ERC,, and comiderably faster than BFU-E (6.1 mmy/h) (g, 1b, ¢).
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pended In appropriate volumes of Eagles MEM + 5% FCS and then cultored, fe
s described above, By blishing an Ep d fomhip ot

the original eell jon and on & suspension prepared from the pooled fractions
nozvidcnccwobul:ncduwnh:!-:pmﬂuﬂxyatthccdhdthdduﬂmlbﬂm
essary 4-5 h of sedl loa prior to [sce also 7l

Each fraction wns assayed for spension culture Ep-sensitlye cells, CFU-B sd
BFUE. Where possible, two different cell concentrations (between 2 10 X1
celly/suspension culture and 440 X 104 cellu0.1 ml plasma clot cultore) wore o>
bated with 0 or two or three coacentrations of Ep. For a given Ep cocorairato,
tho number of colonies/10% cells was Independent of cell o tica over (e
range teated. Data In figure 1 are expressed per fraction calcalated from the 1l
numwatccmmu:hmcuonmmcpmpon}onormhrmdmmdpad-
tore. The results from Ep-stimulated cultures wero obtaived from cultares eosisle
Ing 200 mU Epfeulture — a concentration which produced maximal siimalatioa o
ERCyq and produced approxlmately 100 CFU B and 10 BFU E per 104 wfrcsior
ated fetal lver ceils.

Results

The mean results of threc unit gravity cell sedimentation expenumeats
are shown In figure 1 and of seven further experiments in table T AP
prodmately 60-65%, of the Inltial number of cclls wero recovered &
each experiment.

The majority of nucleated cells (consisting of 70-80% basophilic, PO
lychromatic and orthochromatic normoblasts) were found in a broad peak
with & modal sedimentation rate of between 347 and 6 7 mm/h (fg 1%
table I) In cultures without Ep a broad peak of #Fo incorporation 7-8
times background with a modal sedimentation. rate of 6.36 mm/h was 0¥
served This radsorron incorpomntion was pot enhanced by the presence of
Ep m the cultures (fig. 1b) Cells responding to Ep in suspeaston culfares
by an increase in #Fe incorporation 1nto hemoglobin showed a broad dit-
tribution with & modal sedimentation rate of 8 42-9 4 mmvm (fig 1b, 12
ble ) Tius peak consisted of up to 60% bearldine-negative cells.

CFU-E sedimented st & modal rate of 8 42-9 6 mm/h and BFU-E at
6 1 mmvh (fig. 1c) No colonies wero scen in the absence of Ep The sedi
mentation profile was not influenced by fetal Liver cellulanty over the
range 84-260 X 10* cells/liver corresponding to a fetal age of 13-15
days (table I},

Few hepatocytes were seen In any of the fractions (and were scidom
observed n unfractionated suspensions) suggestng that thess cells did oot
survive the disaggregauon procedure
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s cultures of b poictic cells have been widely wed to
lmdyerythmpohdecvmhclns,lhﬂakﬁwomemmpnﬁngun
properties of the ERC in these systems and how they relats to the CFU-
and BFU-E awsayed in the more recently introdoced clonal techniques.
The present studics soggest that CFU-E and ERC,, arc probably of the
same cell population. Although the possibility cannot be completely ex
cluded that they represent dufferent popualations of similar xire, such a
ponibility scem onlfiely Mrrcmetr and Apamso [14] for example,
have shown that the two popoistions show similar semitivity to tritiated
thymidine and our preliminary date woold suggest they abso cammot be
scpurated on the basds of sersitivity to

To a certaln extent it i perhaps not surprising that we have been ma-
ble to separato CFU-E and the suspension eulture Ep-sensitive cells as
the incubation periods in both techniques wero short term 24 h far sus-
pension culture, 48 h for CFU-E. It will be of interest to determine if
lonp-term mspeusion cultures (7-10 days) reveal the presence of an Ep-
semgdtive cell comparable with the BFU-E. Preliminary studres havs sug-
gested a second ‘wave of heme synthesis in suspension cultures main-
tained for 7 dayx.

Tho cell separation stodles reported above and detalied morpbotogical
nvestigations [3] show that in short term stspemsion cultures of fetal
mouso Tiver cells, Ep acts to enhancs ceil diviskn in morphologically m-

therefore, that the mode of actlon of Ep in fetal mouse Hver cells i vitro
s dimilar to the principal mechanism of action of the hormane Int vivo [1
16]
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Tuble I Sedimentation rates of ERCee CFUSE and BFU-E of fetal mouse Ter ctBs

Mean nockeated  Sedimentation rate, mm/h

cell count Nuckated  ERCa Endogenous  CFU-E BFU-E
X 104 lver celly $0Fe In-
corponation
222 545 891 6.93 ND ND
237 347 42 544 ND ND
84 3%6 ND ND 291 &l
129 3.96 42 6.44 242 &l
108 545 242 644 ND ND
.60 495 891 6.44 ND ND
96 545 291 644 ND ND

Mean (< SE) 467:+032 8672011 636102 e67+081 61

ND = Not determined

These results, therefore, 1 general confirm the studies of other work
ers [2, 8 9 11 15 18] that several distinct Ep-sensitive cell populations
can be separated from suspensions of varjous hemopoietic tissucs. The
differences in the absolute sedimentation rates may reflect tissne-specific
cell sizes or minor differcnces 1n techniqne.

WORTON et al. [19] have potuted out that extreme caution 18 required
when mterpreting the results of cell scparation studics. Each fraction B
probably altered pot only In the relative concentration of responding
cells (e g., CFU E) but also in the number of helper or Inhibitor cells.
Thus the number of colonies obtained from each fraction may bo depend
ent on at least three parnmeters. Although no specific helper or wnhibi
tor’ cells have yet been identifled for CFU E or BFU E [8] Heamt et d
[8] demonatrated that the number of BFU E obtained from frachonated
mouse bone marrow was not always proportional to the cell number plat
cd. This partcular aspect did not represent a major area of study In the
present investigations using fetal liver cells, but no evidence for this effect
was observed over the somewhat limited runge of cell concentrations in
vestigated Furthermore detailed investigations [8] do confirm that unit
gravity separation of CFU E and BFU E, amilar to that now reported, i
indicative of real differences i the size of these two cells and is not dec
1o artifacts introduced by the cell separation procedure.
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Different Composttion of the Erythropotetic Tssue
in Bove Marroyr, Spleen and Liver In Myclofibrosls

U SrhaxeN

Department of Internal Medicine, University Hoepiual, Lond

Koy Words. Boos marrow  Extramedullary erythropotesds  Liver My elofToro-
&8 Spheen

Abstract Aspimatcs from bons marrow :d.n:-ndl.hvmln!rndlnlnm-
trextrd patients with idk (MF). The

w3 kigher In the mpleen and the lver than in the bone marrow Tbtmﬁotkh.ﬂcu
of the erpthropoictic precynor celhs werv sabmormal fn the extrameduliary sites wnd
iﬂ*ﬂmﬂyb‘u‘hﬂuﬂv&m‘nﬂmmrﬂmﬂ:ﬂ'm “hift to the

Left’ within the Itver In t splecn.
mmwmm&n(mhmmdﬂmm
heokemie and ft i soggested that mey be dus to o the
micronriranment of ﬂuu’yﬁ:vpduhmﬂl.

Enlsrgement of the spleen and some degree of hepatomegaly are rego-
tuly present In MF Althongh the extramedullary erythroblasts give a
considerable contribution to the erythropaketic pool the successive devel-
opment of anenia b a characterdstic clinkeal featare of MF There b fitle
information of the function sl the composition of the erythropoletic ths-
sue In the Tiver In mycloproliferative disorders and the present work way
undertaken to imvestipate whether or not the morphology amd the mitote
-divhyofcrythrd:lnuotdrlplccnmdlhamanﬂ;mhd]aum

Y duction of red celh in MF Com-
pnrmlhhmﬁcrin\'ﬁdpnumdchﬂ. p:lncnu [10-13] maxy ako
cive some on on the on the
erythroblasts.

Reccived. March 15 1977 scoepted: Taly 23, 1977
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Table ! Composition of the erythropoletic pocis fo the bons martow spleea and Rver of
10 MF patienty, 15 CML patients and In the bope moxrrow of 17 hea¥thy controls (Agures
‘within pareithescs ars based on only $ patkmts)

Bone marrow Spleen Lher

G G G @ @ G
Erythroblasts (% of precorsor cella)
ME 161-359-613 CXSTRE 73 2373630
oML 3163116 6109179 60136174
Norzak AA424473
Aftwecs (% of all exythroblasts)
MF (152620 L3335 151827
oML 3331541 212530 23629
Normals 282933
Burxphitic ey hrobdazts (% of afl acyttroblasty)
MF Q44316430 3183771457 37.9453-50.6
oL 126373430 306384403 329400472
Nk 25305319
Mewioblet (% of #3 erythroblesty)
MF T UTE..P) 7085197 175243
an JEETET 39336 221842
Normb 121123

marrow the spleen and the [iver of the patients compared with the booe
marrow of the notmats (p << 0.01). There were more megaloblasty in the
spleen than in the Hyer of the patients (p < 0.02 table T).

Dlscussion
My MR b by m hadk of the bone
mmmﬂmmdmmmmmm
clated with 1l A amrount of extra-

mcduﬂuycmhmpokﬁcdﬂ:mymtpmcnuh:mdﬂcw
ment of anemiz, however Mamy different factors scem to contribute o
this sually refraciory ancmis. Thus, hemodilution and spleen sequestra
tion are prominent {actors especially in cases of MF with pronommced
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Material and Methods

Patfents. 10 untrested patients with & recent diagnosis of MF were examined.
There were 5 men and 5 women with a median age of 62 (mnge 44-82) Soms T
tinent hematological data were B-Hb&1-13 7 g/dl, Ery-MCV §7-100 I, WBC .8~
214 % 1091, platelets 63-672 X 1091 B-histamkne 0.4-7.2 gmol/1

Controls. (T} 15 untreated patients with o recent dlagnosts of CML. Detalled d&-
scriptions havo been glven ehewbere [11-13]. (1D 7 male and 10 female probasdd
without percelvable hematologic disorders and with clinical diagnoses such as spoe-
dylolisthesis, cervical disc prolap diposi pfyd!.h'.ntho:dﬂ'!lnd\m"!ﬂﬂtd
hypommdhmmzwcdnnormahl‘hdrmed]ul:emsoymn&m!ﬂ-
16.6 g/dl and WBC 2.2-83 X 1001

Morphological Investipations Bono marrow was obtained throogh sternal per
taro and materfal from the liver and the splcen through fine-needle blopry &3 &¢-
scribed by SOpDXsTROM [15] Aspirates from the thres organs were obtained on tho
same ocoasion aod the smears were stalied with May-Grilnwald-Glemsa. In order 10
redoce the § of d admixtare of peripheral blood the proportions
of erythroblasts wero determined by examination of 1,000 precursor cells, Le, mye
fobiasts, myelocytes, erythroblastz and megakaryocytes. Neither cells belongiog 10
zhelrv:fpucncbymn.ﬂnrp!mklwupbocnnmdpﬂptcmpofmmlmmmﬂ
were thus included In these calculations. In all emears, except 5 bone marmow
mnwhkhmmohypoceﬂnhrlopermhmm(anndlao!thtd’ﬂhmﬂd"
1000 erythroblasts were examined and divided into pormoblasts and megaloblastt
sccording to criterla given by FFmsoyT and Beamures [4] Procrythroblasts sed
basophilic erythroblasts were then pooled Into ono group aad denominated basph!
c erythroblasts. All differential counts were made by the author It proved Impos
ble to carry out & blind analysls of the smears from the bone marrow the spleen
and the Ihver t{nce(b:tplenlcpulpcelbnndlhclherparmchmceﬂxrmkdlh‘
origin of the smeary,

Statistles. Tho rewults are expremed as medisn (Qp) and Interquartile range
(QQy) The Wilcoton matched-paires tigncd-ranls test and the Mano-Whimey U
test were used to aasert significance of the resulty,

Results

There were significantly more erythroblasts among the precursor cells
in the spleen (p << 0 05) and the liver (p < 0 02) compared with the bor¢
marrow of the MF patients and elso with the bone marrow of the pormals
(p<001 table I) The mitotic actrvity was subnormal in the hver of the
patients (p <001 table I) The proportion of basophilic erythroblasts
was significantly higher in the liver than In the spleen of the patients
(p <005 table I)

The percentage of megaloblasts was significantly higher in the bone
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forma of myeloprollferative disorders [10-13 15 16) The development
of megaloblasty thus confirms the other morpbologle signs of an ineffec
thre erythropalests,
Bcamcnltbep’utnﬂlbtﬂrydlhﬂhhm!oﬂcpcnmhdnbmc
marrow of the MF patients the Jusd from marrow ought
tobnpmd:nﬂnl[&ﬁ.lﬁ]Thncm-mduﬂuycryﬂuqxﬂ:ﬂ:Mlm
phologie L ¢ prodoction of erythro-
Hmdbnomnhomh\ﬂﬂmbemmcwmwdﬂmolths
splecn and the liver erythropok The same tendk tthough not %0

bave formerdy been found in CML and the discrepancies de-
scribed in this investigation may well be explained by emrviroamental d&if
ferences. A seeding of more or less defective precursor cells from the
‘bone marrow fnto the Liver and the spleen, as proposed by others [6] can-
not be ruted out, however
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splenomegaly [1-3] A rather high incidence of megaloblastic anemia doe
to folate deficicncy among the MF patients has also been reported [5]
Studies of red cell kinetics have shown that the splenic erythropolests
MF 15 considerably insufficient [3 9 14 18] and often combined with &
striking hemolysis. Pare morphologic investigations of the splecn erythro-
poless have also given evidence of an Ineffective production of erythro-
blasts in MF [15 16] and in other myeloproliferative dusorders such a3
CML [10~13] and polythemia vera [15 16)

It has previously been demonstrated that the proportion of erythro-
blasts wathin tho hemopoletic tissue Is Iarger in the spleen than in the bone
marrow of the MF patients [8 16 18] and thls }s venfied in this investl
patlon There are also more erythroblasts among the precursor cells in the
llver and the same results have been found in CML patients [10-13] The
higher proportion of erythroblasts 1n the Liver and the spleen could be due
to sampling errors, becanse erythroblasts may bo more readily aspirated
{18] and/or the true prevalence of myclopolesis may be underrated due to
rupture of the myelocytes [16] There is some experimental cvidence that
the splenlc stroma may favor the differentiation of the crythrold cells |7
17 19] bowever and that the discrepancies observed nre caused by eom
ronmental dilferences

Previous investigations of CML patients [10 12, 13] have shown low
mitotic Indices of the erythroblasts in the extramedullary hemopoletic tis-
sue and the differences were more pronounced in the early phase of the
duease In MF the hemopoetic tissue in the liver and the spleen s not
dominating and the function of the organs remalns normal for a long tme
[8 16 18] In the present investigation the mitotic indlces of the liver et
ythroblasts were found to be very low A pronounced immune response
and/or an unfavorable microcnvironment may possibly cxplain the low
indices observed [10 13]

A ralsed frequency of carly erythrold precursors, Le., basophilic ery
throblasts was found cspecially in the liver aspirates. There could be 8
maturation arrest of the erythroblasts but it rs also possible that there Is 8
destruction of the later stages as in Ineffective hemopolests,

Although megeloblastie anemia due to folate defictency is not uncom
mon [5] this was not the case In the patients of this Investigath
Megaloblastic changes, indicating a disturbed DNA synthesls, were con
stont findings In all the smears, however

The highest {requencies were found In the spleen which is In agree
ment with previous observations In aspirates from patlents with various
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Imtroduction

The origim of sickic cell ancmia have been nvestipated by both his-
torkal and medical-anthropological methods, A receat synthesis of these
stodies [1] concindes that the bemogiotan S gene probably appeared as m
alated motaton Lo Equatorial Africs, and spread 1o parts of Southern
Europe and the Arabun peninsida as a resalt of popul movements,
the spread of falcipermm malaris, and intersctioms with certan other
genes. It fs Fely that the inhabltants of tho Arablan peninsula played 2n
im rok in the jon of sickle cell syndromes, and that
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Introduction

The arigins of sicklo cell ancmia have been fmvestigased by both his-
torical and medical anthropological methods. A reeent synthests of these
stedies [1] conclodes that the bemoglobin § gene probably appeared &3 an
hdlmdmumhﬁqwmhlmh.mdmdtopamofwm
Europo and the Arabuan p =% a result of p
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e role in the of sickts cell syndromes, and that
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Talbde I Hemasolope vahues for Galilee Araba and Afro-Americans with eikls cell ancmia and siclle trast

(mean  SD)
Hb, gl HbF *~ AMCV @ MCHC, % ATP amclyHb  Sh Reticolo-
stnlt ety %
Amb controls
Make( =%) 1545
(IR
167 362 N EE - -
056 44 1047 +0.45
Fezle (n = 5) 1284
+044
Anb Hb 58
Mak( ~3) 30
+ 2
L0 e N4y 413 - 7
#2187  £82  E135 +073 51
Fomale ( =3) (%]
+09
Anb S+ran
Make ( =d) ur 14 8o N £ 40 -
163 043 &3¢ +056 +026 £33
coatrol
Made (2= 11) 1542
1y - ” M pA )] -
+3 +2 +040
Famie ( =1) 1nn
117 - - -
Afro-Ametican Hb 53
Mk (= 13) 4 i1
+181 k49
9.0 133 a4 92
+90 +235 +0.70 +38
Fonl (a=11) 76 a0
09 42

= Normal vabun (rom Couker Counter Co.

Kage of bolsted #-chuzns wers mada by csiabiabed methods [11 171 aad pepides
were amlyrad o & Jeako Model JLC-6AH smino acd soalyrer A [mited physical
aamination oo sach mbject wa performed, &3 was  roview of bogrial records
orr  16year pemod and letmiews whh e bjects, Thess Arsb ratieats wers
comparad whih Afro-Amerkans with sickle call anemia Ertag 1 New York Cay ay
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slave trading bronght hemoglobin § to the Arabian peninsula and then s
for east as India, and by congnest, 1o Sonthern Europe.

It has been observed that in non-Afnican populations with sickle cel
anemue, the disease has a milder course than the same illness occurring i
persons living on the Afncan Contirent or in America [2, 3] Thus findme
has often been atiributed to relatvely hugh levels of fetal hemoglobin
However the vanation in fetal hemoglobin levels does not explain the ex
treme vanability of symptoms found in many individuals who possess the
same chemical abnormality of hemoglobin structare mnd very similar kv-
els of HB F This enigma applies both to patients within the same ethnrc
group and when comparisons are made between geographically distinct
groups. In short, the pathophymology of benign sichle cell ancmia re-
mains unknown.

This study is concerned with a non-Afrcan population with smelle cell
disease and sickle cell trait living in Northern Isracl and who were fint
reported 1n 1955 [4] In 1974 this population was restudied for the cor
relation of hemoglobin S with blood group phenotypes considered to be
speafic for Afnean ancestry [5] The disease was clasified as benign be
cause of the relatively rare occurrence of vasculo-occhismve-lnfasete
crises with paln, hemolytle crises, sequestration syndromes or hypoplastic
cnses.

The present study was desigoed to extend the onginal observations by
physicochemical analysis of the hemoglobin S present in this population,
to farther the clinical studles and, in particular to evaluate possible fac
tors to account for the beaign expresmion of sickle cell discase in this pop-
ulation.

Methods

Heparinlzed and clotted whole blood specimem were obtalned from inhabitants
of the village of Wadl Hamam pear the Sea of Galilee. Aliquots for 2,3 diphospbo-
glycerate (23 DPG) and red cell ATP were immediately precipiated in cold trichlor
acetic acid Determinations of 2,3 DPG and ATP were made within 24 b ming Sif-
ma Kits No, 366 UV and 35-UV (Sigma, St. Lonls, Mo.)

Aliquots of the samples were used for routine hematologleal studies on a Mode!
S Coulter Counter te counts and blochemical proffles (SMA 6).

Lysates were mads according to the method of Drabkin [6] and starch-gel [7)
and citrate agar [8] electrophoresis were performed at pH 8.6 and 6.5, respectively
Mislmum gelling lons (MGC) and mechanical stability stodies of ovy-
hemoglobin were performed as described previowly [9 10] Solubility stsdies of
wholo blood were performed using the Ortho Labaratories Slchledet kit Peptlde
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Fig 1 Mechancal precipiation rates of Hb S from Gabikce Araby and from Af
ro-Amerscan. Coatrol mmpic = & fymw of sormal blood, Hb S-A heterorypota
wre [uncl Arsb wsmrples wnth percest Hb S from 36 so 49 o Bamples were agitaied
o drscribed previownly [10) e 015 % KPO buffer pH 735 ot 24-26 *C.

significant at the 0 1 /edevel (t=6 4 d.f.=11), and for females, significance
latthe ™ kel (t = 286 df = 13). Within the Afro-American groap
the mean 2,3 DPG level in makes with sickie cell ancmia was significantly
Higher than In the control group (p<<0.01 t=31 df. = 18) However
for females, the difference was pot sigaificant (¢ = 11 df. = 18). These
data indlcate that the Arabs from the Wadi Hamam village have approxk-
mately a twofold incresse fo red cell 2,3 DPG levels, whereas the skekle
cell patlents [rom New York Clty bad an increass of about 20/ in maley
and, perhaps, none in females

Discursion

Inspection of the affected of the villepe of Wadl Hamam
revealed only sight pellor and  ery minimal scleral keteria. There wit no
evidence of healed or actwve kg weertion. None of the patkents offered
any history of freqoeat epitodes of pains or need to seek frequent medical
attention. A revhew of bospitallzations since 1960 revealed occasional

tons for typhcal synd. cl with sickde cell anemia.
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Table I Red cell 2,3 DPG Jevels in Galike Arabs and American Blacks pormals ead

Hb SS patients
Age n 23DPG
(mean + 5D) ol Hb
Normal Arate
Males 254 98 5 nyLes
Females 5 [T>ERE
Arnab Hb 5SS patients
Males 167+ 68 3 3033 2308
Females s S4 E7
Bhack Hb §S patients
Mals 3.4 9t 12 1823 .47
Females 10 17.51 £ 240
Normal Blacks
Males 7210 s 1509+ 137
Femalks 10 163 18

seen fn the Heredity clink of the Albert Elnstein College of Medicine. Comparisom
between various groups were tested for aignificance nsing tho Stadent’s ¢ (est with
BesseI's correctlon for small samples [13)

Results

The MGC of hemoglobin S Iysates fram the Galilee Arabs was jdentt
cal to the MGC of Iysates from Afro-Americans 248 & 1.2 v
237 + 07 g¥e. Complete identity between fhe Arab and Afro-American
samples was also seen in the following studies electrophoresds on starch
gel and citrats agar solubility mechanical precipltation (fig. 1) pep-
tide mapping and amino acid analysis, Hb F levels and the routine hema
tologlc studies (table I) The penpheral smear of the Arab homozypotes
revealed many irrevernibly sickled cells, polychromatophilia and Howell
Jolly bodres and rescmbled smears from American patients. The reticulo-
cyte counts 1o the Arab patients were not significantly different from those
of Afro-Americens. 9.2%/ + 3.8vs. 87 + 51,

The 2,3 DPG levels for the control groups do not duffer between Isracli
Arabs ond Afro-Amercans (table 1I) Sigmficant differences were noted
between the two groups of sickle cell patients. For males, the difference I8
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spect, 83 well, the Galllee Arabs differ from the Shitte Arabs in whom
Perrine found a 2.3 DPG elevation of about 25%/s over the control valucs
Our data for 2,3 DPO red cell levels In Afro-Americans are quite similar
to other recent reports (15-17] The Wadi Hamam village i located be-
fow sea level, and the controls had pormal kevels of 23 DPG In sddition,
blood cb disclosed no ab of renal function or calclum-
phosphate metaboltxm.

The allosterke effector 2,3 DPG has been shown to lower the mimmum
gelling coocentration of Hb § which Indicates that it favors the polymerl
ation reaction [18-20] This findrmg was ininally interpreted s proof of
2 conformational effect mediated by the binding of this arganic phosphate
{20] in mddition to fts well known stabllization of the T state [21] More
recent data seem to indleate that .3 DPG might favor polymertration ex
closively by a pH effect [22] Morcover high kevels of 2,3 DPG have
been shown to Increase the red cell MCHC and lower intracelladar pH
[23] AN these effects would be Likely to enbance sickling and contribute
to the frequency or severelty of crises. However the ovenall effects of 23
DPG on sickling of red cells i vivo is still a matter for further investige-
thon, and no definitive description of the effects of 2.3 DPG o at hand.

The resnlts of this sty sapport the previous concioion of RAGHILE
WITZ et al. (5] that this group of Arabs derived thelr genc for Hb § from
African sources. The identity of the Arab and Afro-American Hb 5 In all
piysicochemical studics support ths contention. The presence of African
blood gronp markers m these patierta, the finding of Hb C in a ncarby
village of northern Iurscti Arabs [24] and the present stxlics, all indlcate
with reasonable certainty that an admixture of African genes has occurred
in these Levantine popalations.
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These eplsodes ranged between 0 and 4 per patient over a 14-year period.
No patient required chronic transfusion there was no gross evidence of
ocular or neurological domage onc female patient delivered three chit
dren without complications other than a bout of pyclonephntrs dunng one
pregnancy Thus the label of relatively benign sickle cell disease scems
to be appropriate to this group of patients.

It 18 of interest that although the Hb F levels in these Arab patients are
similar to Afro-Amenican patients 1 New Yorh City the levels of fetal
hemoglobin differ markedly from previous studies in Arabs with sickle
cell anemua. PERRINE ef al {3] riported a mean Hb F level of 18 9 L}
Saudi Shiite Arabs, and GeLrt [2] who studied the same population, ob-
taned o mean value of 10% with a range of 14-24 7% The low levels of
fetal hemoglobin exclude this as an amehormting factor In the discase of
these Galllee Arabs These patients, therefore, stand as & drtinct group
from the Shiite Arabs of the Saudi Pernsula

The present studies strongly suggest the identity of Arab snd Al
ro-Amencan hemoglobin § on the basis of several physical propertics 83
well as their chemical analysis Hemoglobin § from both groups of pa
tients has the same electrophorctic mobility at two different pH valucs
and on two different support medin as well s the same solubility mink-
mum gelling concentration and oxyhemoglobmn precipitation rates. Thus
it is not surpnsing that peptide mapping and amino acid analysis should
also yield 1dentical results However these studies do not necessarily €x
clude the presence of an electrophoretically silent substitution elsewhere
In the fchamn. In oddition a silent mutation might also have eccurred In
the a chain. Indeed, mutations at two g-chain loci have been reported
[14] but these are excecdingly rare In the instance of Hb Criuptemr
(p6Glu—Val and A73Asp—~Asn) both the gelling and mechanical pre-
cipitation propertics have been altered as a result of the second mutation
[10 14] In the remote case that a silent substitution exists in the hemo-
globin S found among the Amb patients, the mutation docs not modify
sny of the abnormal or normal erythrocytic propertics that we have €%
amined.

Identity between Afro-American and Arab Hb S homazygotes s also
observed in routine hematological studies 1n which total hemoglobin Iev-
els, red cell indices, red cell ATP and Hb F levels do not differ signifl
cantly

At present, the high red cell 2,3 DPG values found in these patients I
the pnncipal distinguishing feature elucidated by these studies In this re-




Benlgn Skckte Cefl Anemia 243

bla and dolclbng agents by falimg ball viscouty J Lab  lia Med &0 257 290
asmn

19 Bapm, R W and Ewmar S.. Effect of pH 2.3 DPG and mlts on pelation of
sichle coll dentyhemogiobin 1 molec Blol. an: 445438 (1973,

mNm.l_LndBoc-Du\R.H Mechanmum of hemoglobn § pelation
Siroctoral tnoudets of the paly of Hb §
hmmw«umwmmmmnu(m
Prest, New York 1979

21 Br~esca, R, end Bercsci, R E The offect of organc phohates from the ho-
man erythrocyte oa the allodtenc propeies of bemoglobra. Blochera. bophys
Rer. Commun. 26 162 167 (1967).
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Waldeustrdm®s Macroglobalinnemia Prescnted a8
Pleurisy of Unknown Origin
A Case Report

ANTHONY Simos, P Asseo, G Hapipputriou P GARZONIS
and D Corovos

Medical Unit of the Chest Hospital of Athens, Athens

Aey Words Waldenstrdm's Macroglobulinacmin  Pleural effuston  Ascites
IgM  Immunodlectrophoresis Bone marrow aspiration  Bone biopsy  Pleural
blopsy Peripberal nemropathy  Proteln electrophoresis

Abstract This report describes an unusoal case of Waldenurdms maqos

globulinzemls, in which the sole d clinica! tons were pleural
cffusion and ascites. Bone marrow aspirates and bone blopsy revealed no increas
in lymph The case to a therapy of melphalan,
yeloph and prednisct

Introduction

Since 1944 when the fimt description of the conditon of
Wald 8m s macroglobalil sct forth, a number of reports with
special emphasis in chest findings have been published

In the present report s describe the climcal course of a patient with
WaldenstrSm s macroglobuli whose sole f »n of the dis-
case was related to pulmonary involvement without any demonstrable
bone marrow inflitration or involvement

Case Report

M. A, a 67 year-old male, previondy in good health, poted for the furst time
in November 1974 weaknem and dyspnoea of progresdve character In January

Received. March 15, 1977 accepted. July 13, 1977
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1974, ancies deretoped and the patsent win sdmutied to - Gemera] Henpital Accord-
o %0 eoquines, lver fosction westt, Irver biopsy booe owrrow asporates and bLver
Can, were pegruve. Symplomslc ratmest was grven sad the panent was dis-

mitted 10 the Bowptal Chest X-mayy reveaked fres fiokd b the plexral cavity which
wis awirmed sad the pathemt win dncherged agato withowt asy specific trestment.
Ever wace, the paizent bes had multphe adoemlom beame of dyspooes, sad each
timm the reproduced flind was sxperated o before,

Ia Joly 1976, the patwnt wes sdmitted mto our medwal ot beorows of  eroller

mation showed TgM ~ 4 40 mg  (sormal bevely 50-267 mgth) The SIA text was
#roogty poxtrvs. Blood conat, Liver foactxm tests, sefimn trammmnanes, blood wea
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Waldenstrém’s Macroglobulinaemia Presented as
Pleurisy of Unknovwn Origin

A Case Report

ANTHONY Sntos P AssEo, G Hapnpnarriou P GaRzONTS
and D CoLovos

Medical Unit of the Chest Hospital of Athens, Athers

Aey Words. Waldenstrdm s Macrogiobulinaemia  Pleural effuslon  Asches
IgM  Immunoclectrophoreds Bone marrow aspiration  Bone blopsy Pleunt
blopsy Peripheral neuropathy Protedn ¢lectrophoresis

Abstract This report describes an unusual case of Vaklenurdma KT
globulinaemia, I which the sole o ble clinical toas were plearsl
effusion and ascites. Bone marrow aspirates and bone biopsy revealed po Increae
in lymphocytes. The case responded to a combination therapy of metpbalan,

1onh and

Y

Introduction

Since 1944 when the fint description of the condwon of
Weldenstrdm s macroglobulingemia set forth a number of reports with
specinl emphasis in chest findings have been published.

In the present report we describe the chinieal course of a patient with
Waldenstrdm s macroglot ia whose sole manifestatron of the dss-
case was related to pulmonary involvement without any demonstrable
bone marrow inflltration or involvement

Case Report

M A. a 67 year-old male, prevsously in good health, noticed for the furst fime
in Navember 1973 weakness and dyspnoes of progreseve chamacter In Jamuary

Recelved March 15 1977 accepted July 13 1977
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nitrogen, blood sugar calcium and phosphorss, BSP retention in 45" were wiba
the normal limits. The ESR was high > 100 mm. The diagnods of Waldenstrian 3

lobull ’I-um.ldc“'“' "l‘l J.Mr"‘
were given. The combination therapy for 4 days was repeated every 3 weels and
there was progressive clinlcal foprovement. The pleursl flnid and dyspnocs dinp-

peared, the peal of yglobulin diminshed progresstvely (fig. 1)

Discusnon

The diagnosis of Waldenstrdm s macroglobulinaemia was based in Ahis
case on the physicochemical and Slogrcal properties of the atmor
mal protein.

Plenral and pulmonary manifestations of Waldenstrom s discase 21¢
unusual and very rare The first report of pulmonary lnvolvement hn
Waldenstrdm s disease was by Noacn [1956) Since then, the occurrence
of pulmonary infiltration during the courss of the discase has been mxn
tioned by others [FURGERSGN ef al., 1963 STRUNGE 1969 BolLINTLU &f
al 1970 NenuaN eral 1973] Chest findings may be subdivided a3 fol
lows Infection manifesttions, including bronchitss, pncumoniss, cle
Parenchymal involvement Bronchial infiltration producing atelectssis-
Pleural effinfon. This may be unilateral or bilateral and may coexist with
ascites or pencardial effusions.

In our case, several of the above mentioned pulmonary findings werc
observed. It 13 worth noticing that, when the ascites appeared the chest
X ray was normal and the hver function tests and the liver bropsy »ere
within normal hmats.

The neurological examunation revealed penpheral ncuropathy which is
supposed to be one of the most common neurological findings It is of 1n-
terest that the patient had no bone marrow mvolvement and pulmonary
infiltration was the sole manifestation of the disense. The only arca in
which [ymphocytic infiltration could be found was in the pleural specimen
obtamed by biopsy and in the pleural fluid

Using melphalan in combination with cyclophosphamude and sicroids,
we obtamned progressive symptomatic smprovement and a reduction in the
amount of arrculating macroglobulin The main fenture that we wish 10
stress 15 the response to # combination of melphalan cyclophasphamid
and prednisolone This fmpro however indi clearly that the
above therapy reduced the number of the abnormal cells. On the cont
trary the symptoms of penpheral neuropathy were aggravated.
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Axsologows

Homologonrs.

Anologoa red cefl stroma

Homologows red cefl stroma -
Autologoes scrwm -
Awtologon phesms

Aciciogous suhos mepension of hred plockets -
;:m-h-m«m\:dm -
Hastanbee

bBotooe: sxlne

sodes of painful oa kh sincs 2 years. The ec

chymoses wers proceded by jocallred para, buraleg, tcking asd seestion st the of
fected ute He hus bad epistath 00 th  ocomsions and melens aad  symcopul atrack
ocecs durlag the sppearines of pemfol ecchymoses H abo suffervd trom sexwal
knpotence smce 2 yean.
There was wo pethological fdwg 0o phytcal cumeaton on admmamon. Oz
acmrotic

Tod plaque developed at tha wis of lpection withm 1h. The red plaque tarmed into
ccthymosss m 24 b (flg 1) The tkan reaction scduced with bemoylobin solution wis
Cnch Lurger than that mducwd with whole blood aad washed red ceits

Peosion of lyzed platehts and mokowc saBme 50 reaction octorred (tabla I)

Discussion

mmmm.h;fmumhuﬂ:pummbdn;-mhmd
baving sutoerythrocyte due to b This
has ontil now only occarred bn women {1 3] Tud.nc,wcwcmmlble
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A Male Case of Autoerythrocyte Sensitlzation Syndrome
due to Hemoglobin Sensitivity
NURAN AKMAN GOLTEN AKTUSLU ENGIN EXER and SUNGUR CTVOA

Department of Medicine and Department of Pychiatry Cerrabrag
Medical Faculty of Istanbul Univenlty lIstanbal

Key Words A male case  Autocrythrocyte sensitization syndrome  Hemoglotin
sersltivity

Abstract The clinical history of a 33-year-okd man suffering from an autoenythe
rocyte Y ductoh tobi Hy i presented.

The rare syndrome of cutoerythrocyte sensitization was first described
by GARDNER and DiamonD [1] In 1955 The main clinical feature Is e
spontancous appearsnce cither singly or in proups of painful ecchymass:
They are commonly sssociated with gastromtestinal intracranial, gent
touninary bleeding, epistaxis, sbdominal paln diarrhea, nausea and vom
iting chest pain hendache fever and syncopal attacks. This syndrome
has occurred only in women [1 3]

In the majoritv of paticnts similar ccchymotic lesions can be reprod
uced by the Intradermal injection of autologous and homologous whole
blood saline suspension of washed red cells, red cell stroma, or even
phosphatidylserine obtained from red ccll membranes [1-3] A positive
intradermal test obtamed with hemoglobin has been rarcly reported [4 5]

Case Report

O F (ProtNo. 9 19771 A 33year-old techrician 1n a hospital from Burs 0
the wert of Turkey was hospitalized on 311977 with the maln complaint of epk

Received. May 31 1977 ccepted July 25 1977
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browiag 1ymdrome). Report of te  cases and revew of the lneratwre. Br J
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Fig I Ecchymosks Induced by intradermal injection of autologous hemaoghobm
utien

to find any reported male casc with this syndrome in the hterature The
autoerythrocyte sensitization syndrome due to hemoglobin sensitivity ¥3%
also rore and reported only & few tmes [4 5] In this patient there was 2
close relationship between the occurrence of cechymotic lesions and s
vere emotional stresses due to sexual impotence
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Der Amtor beginat das Bach mit emner amgertichncsen Ubcrmcht der Grundis-
nwﬂmam_d&mumlmm

wd G Fbrhdylr,Thl'vmhmcw' Nu:hh:r

'!rdc-.n:! ot und thre
mmwmmmmmmmm
der Th der G k wnd dey fTbrino-

Tythchen Systeme. In emenn werteren Kaphel werden dle Nebewmirisapen der an-
Ghnkbarachen Therapw anf den Genmoongunechanome bebandelt. Sebr got pek-
mmmwmwummaw

ese bel K wnfamen neben
M-mwm-ﬂnmmmmﬂmwm
wad eine grome Zahl cigener Arbemm Das Bock mt sowoh! fur hlimeto-onkolo-
fiach wis priasmppiymologhich thtige Arrts e emplehlen. B % Barel

Q. GumTon end X Y suxat Pregrem i Hisechosistry sad Cybechemistry
vl 9 No. 1 Quastative Cytochermstry of Glycogen ia Blood Celle Mathods
sad Clinxcal Applcatoss Fucher Stottgant 1976 V1 + 31 pp, DM 76
15BN 3437 10443-8
Thmnpndhup@hmd—hrﬁh&ttchtdndm“-

pects of sycogen dry moss detrmios-

ton by nu:nudby ond
photomctry of PAS roaction. A krsear corfehaton between the tolal axtimction and

iag mors thea $5% of the PAS-posttrre material The mme methots art sdepted 1o



Varia

An Advanced Ingtitite in Methods of Immunotogical Dugnosh  coaducted
under the auspices of the World Health Organization Collaborating Laboratory for
the Serology of Autoimmune Disexses et Wayne State University School of Medscroe,
will be held June 18-24 1578 Tho courss i1 (0 be held on the wooded campen of
Cranbrook Educational Community in Bioom{ield Hilla, Mich,

The course will present an up-fo-date survey of current immunological methods
applicable to the diagnadds of human immunclogical diseases.

Category 1 credit for pasigraduate medical education bas been approved, Desd-
Une for receiving applications is April 15 1978

Further information can be obiained by writing to Nott R Rose, MD, FRD,
Department of Immunology and Microblology Wayne State Univenlty School of
Medlcine 540 East Canficld, Derroit Al 48201 (USA)L

4 Internationale Arbeltstagung fber Lymphk
Wien, 20-22, Mirz 1978

Organisstion und Ausklnfter Dr P Hocxew, Ludwig-Boltzmann-Tasing fir
Leuldmleforachung, Hanusch-hrankenhaut, Helnrich-Collin-Struxe 30, A /147 if7ew
(Osterreich) Tel 942151/466, 4 41 80

Erratum

In the article entifled Acquired Aplastic Anacmia tn Adulty 1 A Retrospective
Analysis of 40 Casex: Single Factors Influencing the Prognovis by H L Hask, G A
turtornx-Gromvtvilo, | G Ermesse B. Srrcx and J 1 van Roob, publisth
ed in vol 38, No. S pp. 257 277 (1977), on pages 266 and 267 the begends of figures
1 and 2 were not publithed completely They shoukd resd

Fig 1 Survbal curve for 40 patients suffering from aplastic anacmua (including
11 bope marrow transplantations) =~ solid line Survival curve for 29 patients gven
conventional treatment (groups I nd If) = broken line

Fig 2 Proguostic parameters In aplsstic anaemia The initia) reticutocyte {ndet
and granalocyte level of groups 1 and 11 are uatistically not different. However 1 3
months after db s they show a iy (p < 0.05) The counts in
group 11T were obtalned prior to the BMT attempt.
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Ar Advanced [astitite {n Methads of Emmunotogical Diagnosls conducted
under the ausplces of the World Health Organization Collaborating Laboraiory for
the Serology of Autoimmune Duseascs st Wayne State University School of Medidne,
will be held June 18-24 1978. The courso is to be held on the wodded campat o
Cranbrook Béy 1 C In Bloomfield Hills, Mich,

The coutse will present an up-to-date sucvey of current fmmunological mxthod
applicable to the dlagnosis of human § feal diseases.

Category 1 credit for postgraduate medical educution has been spproved. Derd-
llne for receiving applicatiom ls April 15 1978,

Further (nformation caa be abialted by writing to Nort R. Rost, MD T
Department of Immunology and Microblology Wayne State University School ot
Medicine, $40 East Canfleid, Detrole AfJ 48201 (USA).

4 Internstionale Arbeltstagung #ber Lymphk
Wien 20-22. Mirz 1978

Ocgraisation und Auskllafic Dr P Hocxew, Ludwig Bolzmano-lostitat fir
Leuldmicforschung, Hanusch-hrankenhavs, Helnrich-Collin-Strasse 30, A-1140 Wiem
(Osterreich) Tel $4 21 S1/466, 9441 80

Erratum

In the article entitted Acquired Aplastic Amacmla In Adoha, § A Retrospective
Acalysts of 40 Caser. Singie Factors Infloencing the Prognosis by H L Hasx, C A
Haxreatic-Grotneverd | G Epmvsst, B. Seecx and J J van Roon, publih
edn vol $3 No S, pp 257-277 (1977), on pages 266 and 267 the lepends of frgures
1 and 2 were not published completely They shoukd read

Fig 1 Suvival curve for 40 patients suffering from apiastc apaernia (Inchuding
11 bone marrow transplantations) =~ solid line. Survival curve for 29 patieats §ves
convent/onal treatment (groups [ aod 11} = brolen line

Fig 2 Prognostic parameters in aplastic  naemfa. The initla) reticulocyte index
and granulocyte level of groups 1 and 11 are matistically not different. However 1=
moaths after they show » ik difference (p < 00G5) The counts in
group I were obtalned priot to the BMT attempt.
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Bone Marrow Transplantation Between Mixed
Leukocyte Coltare Reactive Siblingst

kG Bune, K. ] Bross R k. Cuniax, D O Foiotey
G Orerz, R. R.PALADUOU D SHARKOFF and J A, WARNERL

Crty of Hope Natonal Medical Center Dwarte, and
Depurtment of Surpsry Unbvensity of California, Los Angeies, Cahif

Key Wordr, Bons marrow transplanistion  Acvh bokemia  Mued lewkecyte
cohmre Graft v, bow drexwe

Abgirert. Bone martow tramplastauom from ea HLA awdentical MLC reactrve
beokemba

froag
CUITERCS or persistencs of heuleosia wan fonnd at the tme of desth.

Introduction

Bone marmow trumsplantabon (BMT) from HLA A B D locus identh-
cal ¢ibllngs [nto patients with aplastic ancmm or acute leukemtia has be
come 2 rather frequently practced treatment duriog recent years (7 9]
However 2 cases with acute leukemia have been reported in the past in
which BMT from HLA-A, B locus identical siblings was done in spite of
a poaitive MLC reaction (D locts nonddentity) 1 patient died 38 days at
l:erwhhncpﬁmmumdl:ukmﬁA[S] wheteas another patient 1

1 free of cEsense and climeally
nthhm-mﬂcukmhmnmm[z] We report here & further case in
which BMT was done between HLA A, B identcal but MLC-reactive
siblings.

This work was made possible o part by sepport from the Thomes | Thorky
research fend,

Recervat: Avgast 19 1977 acoepted, Scptember 19 1977
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the quantitative determination of glycogen droplets In normal leucocytes afier PAS
reaction

The sccond part deals with the application of the {tative cytophotometly
for glycogen in blood cells of normal indlviduals, of patients with nun-hmnwi(\r
Ical discases and of patients with diseates of the haematopaletic system (in the lest
group for example, active CML. low plycogen content of granulocytes with por
malization In rembssion)

In fact the data scom somewhat drappointing from the clinical point of vics
and do not seem to bring a better diagnontic tool than usual quantiative o st
quantitative cytochemical analysis of blood cells,

In n:mnnry this publlc-lion deseribes very intereating methods for the quanti

tive cytoch 1 determi: of glycogen n blood and bone marrow cells whek
may be useful in many research fiekds but scem hitherto of limited clinteal interest.
P Comnu, Resd

N R Rost and H FRIEDMaAN (cdy) Msnual of Clinleal Immonolon Americas
Soclety for Miroblology Washington 1976 XXV +932 pp, US § "0~
ISBN 0-914826-09 3
This manual is a jolat effort by members o( the American Socicty for Mk'mbk“

ofy and the American Antociation of | gists  The 185 authoritat

butors describe laboratory tests dealing with both humoral and cellular lm“m“’d‘

cal responscs of patientt. The contents thus includer (A) Tests for humoral compo-

nenty o! the immunological response. (B) Testa for cellular components of the {m-

1 © ys. (D) | mycotic and parashlc ’”"
munology (E) Viml rickettsial and ch il )f [(3]

logy (G) Laboratory exsmynation of patients with allergic and lurmunodeﬂ*""y

diseases. (H) Autolmmune discases. (1) Tumor immunology (1) Transplsatation im-

munology (k) Licensure and certfh programs in clinical I ot

tories.

Theso sections comprise & total of 124 chapters written by competent imvestiga
torw. It deals with the practical mspects of the subjects. The general plan of cach
chapter fs usaally the following: introduction, cl nical Indications, test procedares
reagents requlred, interpretation, and references ated. Though short and limited to
essential m tters, the varlous chapters of this comprehentive manual should give &
cesy to the necemary information that | y directors, ists and many
others may need for performing immunclogical test 1n the clinical laboratory Tt s
a nseful contribution

A. MiquELL, Genévt
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n sprte of the reactive MLC, becauss of bncresung cufficulty bn comtrofling ber dn-
ke

Pretrunsplant proceduces bocloded Broviac cathater placement {1], booe marmow
rapiration which showed replacement with bixsts contalrmg Awer rody, asd lombar
WMMMMMMMEWW&IEN
25 oy of metbotrctat  was mshlled i prior 10
infoded cyclophosphammide 60 mg'ky on tw mmlﬁlmrﬁlﬂd—
Ko tiwmc doss tofal body fradiaton (varhidon of dowm 970-1,050 rad along the
Joug axh) with 10MV X-ays from  Loear sccelerttor o day O Bone marow
celh (7.0 X 104/1x) wery infused thereafier (%),

Early nctoded beart faBure
hh poimonary edema, ehectrolyte bmbalincs, bemorthagic cysttn and graft v
bost drmsaw (GVHD) A panch slun byopsy of  dffmac macwopepolar b on day
§ sbomed intruceflular edema of the besal calf fayer coumputibic with grade [ GVHD
(5] Comeneutant Bver funchom sudscs wers normal. Jotermitem drrbes ocorrred

00¢ &t po time durmy the coenc td GVHD cirucally severs esough o0
josufy trestment with watithymocyts giobwla A day 14 bows marmow sspuaie wn
cellalar with XY kanotype b /33 cell cvatuted soccrmful eagraf-

od on cay 16 with Thalne phbosphatase 187 B-LIU total biluwhn 2P o, SGOT 107
RF U, S0PT 175 RF U On day 23 several ephodn of mmppropriate behsvior

total bilrubin 2 7 eglly, durect biobm 1 7mgY  SGPT 5 RF U 3GOT 36 RF
U A boos marrow swpints o day 28 wis agais celinlar withowt Hakemc blests
wd 22 of 25 cells wralyzed wers of XY baryorype By day 30 she was dusordented to
wdf and sorroondings but arcombl  Ammones level was 1200 x3/100 ml. sotal -
Fubie 43mz% o, direct bulwnbm 24m3*  SOPT 47 R-F U SGOT 30 RF U alks-
koe phosphatase 22 B-1TU Clotung screen snd clotumrg factor esalyls were nor
mmmmﬁmmm‘wumnﬁmmnmu

encrpbalopathy

mtabolc
mmmﬂmmmAmuwm
w vel afier 24b was 600 w2/100ml T und alkalme phx ™

Antopsy revealed grade 111 GVED 0 akin asd Lver, while the small irtesting
ihoned sctire emows commrarst wih grade I GVHD The Iymph modes wad swpleen
showsd endence of hymebowd trophy aad m the booe cuarrow tymph nodes, esd
spleen focal beubemes sggregates wore detectad. [n maltiphe orgam, baclindmg Ihve,
kidaays, splecn, and g, spores and prendohyphat of candwde werv fousd. Post-
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Case History

P S.T a 32 year-old Cavcasian female was [nithally dizgrosed as having scute
yel leukemla in Ni ber 1974 M1 {sslon was achieved with eytod-
ne-arbinoside, daunomycin, and oncovin followed by monthly maintenance therapy
with cytosine-arablnoside and 6-thioguanine. Her fint relapse occurred o July
1975 Subsequent chtmo(h:npy resulted in moderate coatrol of the leukemia bot
not Ission. Multiple h were required because of recurrent fofee
tions and rising blau counts. She was found to be HLA-A, B identical bot
MLC-reactive with her male aibling The results of four MLC experiments per
formed n two institutions between January 1976 and June 1976 using widely »
cepted techniques (4, 6] are summarized in table I We Interpret theso results as ie-
dicating that the patient and her sibling were HLA D locus incompatible, probably
due to a genetic crossover at the D locus. Unfortunately additional siblinga were
oot available to paaliively prove the crossover BAT was clected fn Septermber 1976

Table 1 Mixed lymphocyte cubtures with ceils from the recipient, donor and uprelated

controls
Respording celt Ex  Stmulating cell (Irradiated)
perl- A B [od
ment R
No CPM SR™ CPM SR CPM SR CPM 5
A Recipient I 4350 10 17658 41 22659 52 1143 26
HLA 2, W77 WIS 1,388 10 3668 27 4175 31 4618 34

3 1472 10 1000 69 184913 (29

4 24 10 4757 162 4575 156 1049 36

B Dooor 1 5176 28 92 1o s28 89 11919 Ol

HLA2,WM/T WIS 2 2,140 230 93 1o 9425 1013 902 970
36965 48 1457 10 11450 79

4 4362 86 519 10 9959 18§ 1976 151

1

C Controls 1 8356 113 8798 (19 42 10 13,008 175
2 4951 135 9746 265 368 10 10015 -
3 37724 613 6412 493 16 10
4 4 5194 626 12,726 1533 83 10 3736 432
D Controls 3 1 8348 167 12605 M| 420 182 33 10
6 3698 116 9970 314 18777 SHI us 10
3 -
7 4 589 713 11,218 1476 7,816 1024 % 10

Expertment I and 2 were performed foflow ing the method of Senaar and Tiaazant [6L
cxperiments 3 and 4 were done according to HARTZMAN ef o/ [4)



Boos Marrow Tramsplantation k=
in spite of the reactive MLC, becatse of bcreming difficolty In controlllng ber db-
cxse.

mctoded Brovise catheter placement (11 booe marmow

Hoe tems dose total body hradmtiow (variabom of doms ¥70-1,09 rad wlong the
loag a1h) with 10 MV X-mys from  linear sccrierator oo day 0. Bows mamow
celh (7.0 X 1044g) were infoued thereafier (8]

Early

8 1honed fmtracellalar edema of the baml crll layer compenible with grade I GVHD
[5) Cowcomitant ver funcluos stodses were bormal. Iotermitiont diarrhea occmred
from day O throogh day 21 GVHD therapy coomsted of methotremtc end prodol-
woac &t 0o tune cemg the coune dd GVHD appear clinkally severs enoogh

ent, the remadang four cells wers inmadenunts for karyotype whestification. Parl-

«d on day 16 with alkaline phosphatess 187 B-LTU tonl bilrsben 27 SGOT 107
RF U SGPT 175 RF U Og day 73 scvemil cpuodes of imappropemse behavior
wery cberved, Lombar poncture, arterinl blood grss, slectrolytes and reaal fonc
thon kindms were normal. Blood ammons bevel was 300 £/100 ol (sormal 18-43),
total bilirgben 2.7 mp* direct buluvobm L7 my? SGFT %9 R-F U SGOT 3 RF
U A boe marrow sspirase on day 28 wes agam cellolar withomt kewkemic blasty
sad 12 of 25 ceih esatymed woe of XY karpotype. By day 30 sha was disoriented o
self and sorround oy but arocsable Ammoows lovl was 1200 /100 mi. total bl
robla 43 mgt/e, direct bilirubin 24 myd/  SGPT 47 RF U $SGOT %0 RF U alia-
Lme phospbeisse 22 B-LIU Clottmg screen and clotung factor ssalyss wow mor
mmmmmhﬂ-ﬂnm!-mﬁwm-mu

with s or membolc encephalopaty
memmm A repest blood smmaon-
b bevel afier 24h was 600 wg/100ml T and wfiabme e

organe,
idorys, spleen, and lusgy, spores and pscodobyphes of candide were foomd. Post-
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Case History

P ST ad2yearold Caucaslan female, was jnitially diagnosed a1 having wwe

1 Jeakemia in N ber 1974 M1 remislon was achieved with cytost-
ne arabinoside, daunomycin, and oncovin followed by monthly maintenance therey
with cytosine arabinoside and 6-thiogusnine. Her first relapse occwrred n Joly
1975 Sub h resulted In d control of the lenlemin bt
not remission. Multipke h " were required because of recurrent lafec
tions and rising blast counts. She was found to be HLA A, B identical bet
MLC-reactive with her male aibling The results of four MLC experiments pef
formed in two Institutions between January 1976 and June 1976 wing widely 8¢
cepted techniques [4, 6] are summarized in table L We Interpret these resulty 23 -
dicating that the patient and her aibling were HLA D locus incompatible, probably
due to a genetic crossover at the D locus. Unfortunately additional siblings were
1ot avallable to positlvely prove the crossaver BMT was elected in September 1976,

Tabde I Mixed lymphocyte cuttures with cells from the reciplent, dontor and uprehated

controly
Responding cell Ex Stimulating cell (frradiated)
pertl A B c
ment N SR
CPM SR CPM S8R CPM SR CPM

No.

4350 10 17658 4l 2659 52 11243 6

A Rediplent
34

J698 116 99 4 13777 391 s 10

1
HLAL W/ WIS2 1358 10 3668 .7 4175 31 4618
3 1472 10 10000 &9 18913 129
4 24 10 4757 162 4575 156 1049 36
B Donor 1 5176 88 592 10 s381 89 199 20l
HLA2,W247 WIS 2 2140 230 93 10 9425 1013 9021 570
3 6965 48 1457 10 1140 79 -
4 4% 86 S5® 10 9959 188 7976 151
C Controls 1 1 £3% 113 8T 119 742 10 13008 175
2 2 4951 135 SMs 265 8 10 lops 72
3 3 774 613 6212 493 136 10
4 4 1M 626 12726 1533 0 10 311% 453
D Controbs § 1 8848 367 1,605 S31 4230 (B A 10
2
3
4

3890 775 11218 1476 7816 108 76 10

Experiment 1 and 2 were performed following the method of Senaar and TERatakt (6
experiments 3 and 4 were done according to Hartzaan of of (4]
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A Hurnus, R T Seaar, M Baow M L, and Bacw, F H.. Hhtocompatibiliy
mxiching. VI Minkturzaton of the mized lealocyts st A preliqaioary report.
Tramplastation 17 268-173 (1971)

S, b G huo, G R, Stoms, R, Bucoas, C D Cior LA, and Two-
sus, E D Histopathology of graft-rs-bost resction (GrHR) in hmman recipleats
of bone marrow from HL A matched siblmg dooors. Tramplantn Proc. 6
367371 (19741

6 Sewoan, DL P S, od Tewasam, P | A semimicro mised lemkocyts cultms test.
Treowplutation 11 260-267 (19711

7 Stoms, R, Thosias, EE D Wrmex, P L Buexser, € D Cior R A Frrme,
A, Fouusoo, L P Gmwetr E R, Gooerr, B W Jowaow, F L, Linaae,
L. O, Neokax, P E., and Sawnexs, | E- Aplaetic anemm treated by allogeneic
booe murTow tramsplantanon. A report o 49 mew cases from Sexttle. Blood 42,
BI7-841 (1976).

€ Teomus, E D and Stous, R.. Techniqus for bemss marrow grafiing. Blood 3
S07-518 (Y70

9 Tacsias, E D Bueram, C. D Bawun, M, QT R AL Frrx, A, FLooxnor
N QGoopert, B. W Hxodax, R. O Lo, K G, Nrpux, P E, Sur G
E, Suoes, ] E Srvon, ] Strvioa, M Stoes, R and Weooe, P L. Ooe
bundred patients with scute kenkema treated by chemotherapy total body -
dntion, and allogesck marrow tramplatation. Blood 4 511 533 (1977).

K G. Bunr, MD, Department of Booe Mamow Traneplaniston, Cy of Hope
Natowal Mudscal Cener 1300 Exst Doarts Road, Dawrte CA 91010 (USA)
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mortem cultutes of brain, Lidncy lung and splecn grew vanous bacterlal orpmmisoe
Including staphyl rurens 1 qatlve), Enterobacter axplomensas,
Psreudomonas acruginota and Flavobacterium sp Cultures of the Broviac cathetet
for bactena and fongl were negative The immediate cause of death appeared to e
progressive coma cul ing In respl y and cardlac arrest.

Discussion

A bone marrow transplantation has been performed In an end stage
leukemia patient from an HLA A B identical MLC reactive donor
Chnieal signs of GVHD werce discrete whereas histological findings 02
postmortem specimens were more pronounced The fact that about 9Qs
of the bone marrow cells were of donor type but residual patchy leukemia
areas were found at sutopsy can probably be interpreted ss engraftment
of donor bone marrow and persistence of focal leukenc tissue a recur
rence of leuhemia in donor cells Is theoretically possible.

Because this patient succumbed to overwhel septicemia rather
carly in her posttransplant course the ultimate role of a posiive MLC re-
action cannot be fully eviuated from this case although our findings are 1t
agresment with those of others (2 3] that engraftment can be achieved in
spite of an MLC barrder It may be that o posluve MLC docs contribut¢
10 an increased suscepubility to infections. However septicemia and
GVHD are also frequently obscrved complications In MLC-identical
transplants.

A noteworthy feature in this case is also the finding of pursistence of
recurrence of leukemia 1n the presence of MLC incompatbility and mod-
erately severe GVHD  showing the 1ack of a graft v leukemia effect even
across an MLC barner
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A Nen Case of Gamma Heavy Chain Disease

M TERESA GALLART Josep CaNALS, ENRIC CARADELL, Lou CORTEZ,
AugusT MORAGAS and SD1ON SCHWARTZ

Laboratory of Brochemistry and Departments of Medicine and Patbology
Clodad Sanitsria de la Seguridad Soclal ‘Francisco Franco Barcelona

Rey Wonds Franklins disease p-Heavy chain diease p-Heavy chain :JW
protelns 1 b 1 blastic sarcoma  Mall ymp
Monoclonal gammopathy

Abstrace The first case of pheavy chaln disease described in Spaln fs here re-
potted. The patlent, a 36-year-old woman, presented fever enlarped regional Tymph
nodes, and hepatosplenomegaly withoot bone marrow abnormalitles bat with e
phopenis. Serum electrophoresis did not disclose any M-component. The ai
y<chaln protein had an a, ghobulln mabflity and was Immunochemlically related 0
the Fc fragment. It belonped to the 1pG 4 subclass, its molecular weight was about
60,000 Proteinuria was minimal but tho clectrophoresis of concentrated urné
showed a homogeneous peak of a -globulin mobxlity comtituted by the y<haln frag
ment. Biopy of an axillary lymph node disclosed features of immuncblastic 82t
coma The course was malignant, resulting in death in 8 months.

Introduction

The heavy chain discase (HCD) concept erose in 1964 when FRANK
LIN et al [15] and OSSERMAN and TAXATSUKI [24] published, in § patients
with lymphoproliferative processes, the finding in the serum and the urine
of & new type of paraproternemia consisting of the presence of a homoge-
neous population of ycham fragments being devord of light chains and
immunochemically related to the Fe fragment produced by papain diges
ton of IgG

In 1968 SELIGMANN er al [32] published the first case of the a-HCD

Recelved Janoary 31 1977 accepted Auguat § 1977
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type which seems to be rather more frequent than the »-HCD for since
then il now more than 63 cxses [17 18 28] have been described.

In 1970 the »-HCD vanety was also described in 2 patients with
chroaie lymphatic leokemia [1 4 8, 12]

The & and -HCD types have not been described yet. The »HCD s
rare oaly 30 cases have been described from 1964 until 1973 [13] Ac
cording to our information, at lesst 6 more cases (3 19 21b, 25 31 32]
have been published from the former date. It sceras to be clear that the
clindcal features, althongh commderably drvense, generally belong to the
mafignant lymphoma pattern.

On the otber hamd, the climeal diagnosis of the »~HCD s, by defintion
impossible snd most be always based on a meticulous stody of the serum
end urlne proteims, with the idea of detecting the presence of y-chatn frag-
ments lacking light chains snd immunochemically related to the Fc frag-
ment of IgG

The purpose of this report Is to present the clinical, pathological and
immimochemical features of the first case described m onr country

Case Report

Cleice! and Paskologpscal Date

J Don  3yexr-old housrwife, marmed, crildlem, without aoy particolar per
soval or fumly Bussory of the disesse Sbe was admotted ty the Departmens of Medt
Cme On Mxy Sth, 1974 &3 & remit of bavmg woted the following mgns sad rywptoms
15 dayy prior 10 sdmdtance bift side faczal end corvical mmefaction, dyrphagia, i
tiiaring coogh, dyspoce, sdema of the laft arm, frver asthenis, anorerl ssd weight
lom of 41y She wan abso mffermg from sphonza which had begwn 2 months before.

Phytical and raceologacal exmmmation reveaktd swollen axillary end sopracivi

mediagtionc compresion wih tanefachon of te face, seck and ket arm, fachal ey
wmosht, fugalar dhstenbon, orthopocs, tachycardin (130 bpm) withost mermars, tem-
Pty 348 °C, modersw There wer
80 outeotytic kemors Thers was 0o wmeling of the ovuls ead palaia] edeme.
Laboratory data (tabje I 1700ml of serohematc Lgwd wero extracted from

(e feft plenral cavity
exsmiasiion asd coiture wery semative. Criologiaal
of plewral lquid revesled the presesce of nemeroos colh, atypical,

SO0 was withra the sormal Hmets. Ax axillary lymph mode blopry revealed that
the aormal archecture of the harph mode w23 effaced and tbe parenchyrae was -
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Table I Labomtory datx of paticnt J Dow.

15t sdmbssd nd admisst Ird adoid
(10-5-74) (15-2-74) (251029
ESR mm/h 40 67 123
Hematocrly, % 36 36 4
Hemoglobin g/l 140 1o 90
Lewscocytes/ st 6,500 5400 4,500
Neutrophils, 4 ] 80 Ld
Lymphocytes, 4 8 (344/u1) 18 (P ph) 0 (900D
Monocytes, / 2 2 2
Platelets WNL WNL WNL
Bone marrow WNL WNL increase of
Coagulatlon texta WNL WL enythroid series
Glucose, mg/dl 68 86 ]
Urea, mg/dl 7 30 L4
Uricernba, mg/dl 48 27 -
Creatinine, mg/d1 0.93 0% 0.82
Total lipids, mg/d! 623 518 L3}]
Cholesterol, mg/dl 168 135 130
Biltratin, mg/d] 0.50 040 a.%0
5GOT URF 7 40 56
SOPT URF 23 39 40
Alkallne phomhatese, mUmt 30 3
Total senum protein, g/l (3 61 s
Serum electrophoreshs
Albumin % 524 50.0 “r
1-Globulin, % 49 53 72
su-Globulin % 86 07 n9
A-Globalin 47 145 143
+Globulm A L3 95 93
Urine proteinuria, g/24 h 017 013 016
Electrophoress of concenirated vrme
Albumin % 3o 100 140
+-Globulin % [ co 00
ex-Globulin % 850 20 Do
AGlobulm % 20 40 EX)
*Qlobalin, ¥ .1 00 a0
Rbeumatic werology negatrve
Syphills scrology negative
Pak-Bunnell test nepane
Tovoplasma téxts mgative
Antlbodea to erythrocyies negative
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Table ! {contmsoed)
st actmession Ind sdmbmion 3d
{10-5-74) -1 (23-10-74)

Antinocioer aatsbodees negathe

Astrmiochoodrial wsttbodkes bepine

Astritsous antrbodics negties

Colduggiutinkm nepatire

CnoglobuBen nepath

Chromacenes stodses oormal

WNL = Wihia sormal kents.
vaded by ghly ceflular issee with of large celh

with pyroatsophilc cytoplesm, hregular anchel snd mecleokes Some blancleated
cellt were discernfble. Thers wis en imwportast vescOlar componest. Nenbs with
rwollen endothalnl cefs The capmic and pornochlar tmoe wat ot mvaded. The

celly,
Tha petiaot died st bome on Decermber 20th 1974, whh  cBuical panern of +
spimtory nsffioency As  mopsy coukd mot be carrked ot

Proten Stwdies
Materiel end methods Tha werem (winch bad matriers acd sdded 10 1t) wae kept
ia cold morsge 5t tempensture of 25 C wntl B wes weed The 24kowr artae
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Fig 1 Histological pattern of axfliary lymph node Immunoblastic sarcoma. HE
X 430

Flg 2 Electropboresis of serum and urine. PU = Patients wnoe PS = P+
tient's serum. An M-component in the aglobulin region is observed In the electro
phoreais of urine, but not in the serum.

Iyses were doue on 1/ sgarose-gel (Miles Laboratories) in barbital butfer (Fonk
strength 050 pH 84) with some personal modifications to tho classical Grabar
method. The whole ih antiIgG ific to y-chaim) ant-IgQ (con
taining & ubodses to both heavy and light chains), ant-Fab/IgG anti-Fe/igd and
anti-FA/IKG antiserums were obtained from Behringwerke. The aau Ig G+1gA +18M
anti-x and mﬂ-l urdserl were obu.ln:d (rom Grenlab.

Q serum were carried out by sm-
ple adlal immucodiffuston -c:u-dhu 10 the M panl method, uing M-partigen
(Behringwerke)
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4

Fig 3 4 Imomreoslectrophoresns of petant  serwm. Wikh ant-IgG and amtb.Fe/
e oo clear doxble arc 1 observed doe t the preseacs of y-heavy chaln
fragments. With ant-x, ann-/ amt-F&/I50 a3d ant-PabvTgG the double arc did not
ppesr 8T = Nowmal serum, PS = panest serom 10 = anthgGIgA-IM G =
entlgG- M = axttig K = antk L= nt-l FAB = antiFatVIgQG: FD = sath-
Fd/1gG FC = ao-Fe/1sG

The subctam of [5G waa typed by Francoms Danaw MD (Laboratory of L
nockemistry Prof M Sfisrwasor, Hopral Semt-Lowks, Park). Gl fitration chro-
mat of the patwmt’ seTUm and WrTee, wny porformed oa 23 X 0 em cob-
mc'w.mmmwmmmaﬁwm
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Fig 5\ ity for 130 d inati fing 1o the Mandrl meth-
od. A clear double circle i+ seen In the precipltin area of the patient s serum du [0
the presence of y-heavy chain fragments Wells 7 and 8 = Patlent's serum, wels
3-6 = pormal seruma.

macia Fine Chemicals) cqullibrated with 0 1 Tris-HCl -ontaining L NaCL, pH
/0.

The protetn content of eluates was checked In » Zeiny Spectropbometct
(280 om). The eluates were concentrated by dyalisis through Collodion membrancs
{Sartorim) agalnst vacuum

Resulis Total protein concentration (u the serum was 66 ¢/ (table ) In the s
rum electrophoress the presence of any h peak (M-c was pol
dnsclosed, but an increase of ay globulin and a decrease of y-globulin were wen
(fig 2).

Proteinuria was 0 17;/‘1 (table 1) The clectrophoresis of concentrated urine
showed the presence of a b peak (M-c ) which had an ekectro-
phoretical mobility of a -globulin and llgn[ﬂcd more than 804 of the toml protein
content (fig. 2 tablo I}

Immunoelectrophorests of the serum revenled the presence of an anomajous [T
cipitin arc for the IgG and thk could be seen with an antl 1§Q 1A Tgh 21 well a1
with & menospecific anti IgG antiserum

The 1§G preelpitin arc appeared with a double ar with a partial ientity reac
tion the abrormal arc had an  -globulin mobility and the cathodal arc corespond
ed to the normal IgG The nomalous precipitin are was not reproduced with
ant x, soth 4, ant-Fab/Ig0 ant-FA/TgG antiserum, but t did appear with an ao-
thFe/TgG antiarum (fig. 3 4}

Tmmunoglobulin levels in the swerum were IgQ 480 mp! IgA 2mp/l, Ieh
10mg/ The precipitin arca of 18G showed a clear double circle ({Tg. $). The small-
€r was als0 more intense (which wonld correspond 1o the normal IgG) and valoed
individually this supposed S8 mgA (The quanttatlve value of the abormal y<chain

can v not be a$ N ewct amoa t but only 51 an indica
tive figure of its high concentration since an IgG fragment is consdered here and i
does not have the same diffunon abil ty as an inwct immunoglobulin which ks used
as standard in the Mancinl method )

The urine wnmunociectrophoretis rerenked the presence of a cousiderably homo-
gm0 precipitin arc with n ant-IgG antserum which comresponded ta the

detected by el b




Flg & Urlae The M by
rhwchnrmm-mmmmﬁmmmmmmm
with axti-x, axtrd, aotr-Fab wsd ant-Fd antere.

As occurred with the scrum. thm wt wat sol reprodoced with axti-  anti-l,
b Fab/IgG axtv-Fd/1gG bot 1t rescted with an wanrFolpQ extheoum (g 6).

of
that the mormal TgQG was eloted 1o the peak called F2, correspoodiog to the sob-
sances whh  molecutar weight of 73

were the mame (be Mcomposeni was eloed s the three sobfrachoms calied FY
F¥ F3~

The F3 chronsatogrephocal [ractons oa Sephedex G-200 of (be scrwum and wrina
were rechromatographed oo Sephader G-200 and Sephadex G475 W varily the =
v uich ibcaed that the abwormmal rchain fragment kad  moleculsr weght of
about 60,000,
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Fig 7 Column gel chromatography on Scphadex G *00. Patlent s scTam.
Fig 8 Column gel chromatography on Sephadex O 200. Patlent s urioe.

Comments

In order to compare the chnical biologieal and pathologleal data
found in our patient with the data of other cascs, we include a summan
of the clmical and Iaboratory features of 24 patients with ~HCD carned
out by FRANOIONE and FRANKLIN [13) (table 11)

In the right hand column the presence (yes) or the absence (o) are -
dicated for patent ] Dou from each onc of the listed data

The lesions described in the different paticnts may be classified Into
three groups. The largest group consists of those in which 2 smultancous
nfiltration of lymphocytes and plasma cells existed very oftcn accomps-
nied by comnophis and reticulum cells without Sternberg cells [6 9 10
21a, 35] This histological pattern wns difficult to classify

In some cascs no features of malignancy existed In several of these
cases the diagnosis was given as an atypical Hodgkin s discase One could
wonder if such descnptions are morphologically within the so-called im-
munoblastic lymphadenopathy {23] or even whether there is any connees
tion. In the smallest group, those cases in which histological atypia was a
marked characteristic, ie  with the diagnous of reticulum cell sarcoma
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Tabdr 1] Clinical end labocatory festures of 4 patients with »-HCD smeaned by
FPrangaong and Frasanr [10] in 1973, and of the patest J Doa

Faarcaona amd Pabest J Doa.
Frasgam revision
Sex I9M ITF F
Racr 21 Whoe, § Plack Whie
3 Jupancss
Ape, 13-36 years (fowr under 3
17 18,21 3
Cldcud fewtures (24 patwents}
Omet
Intidious 4 o
Rapid 10 e
Lymptadenopatly 17 re
Asernla 1 2o
Bepato and/or eplenomegaly o yo
Fowr nn o
Lymphadenopathy and frver o Yo
Coore
Lymphadenopatiry 15 yes
Locat 321 =
Ceneraized 14721 DO
Winng and wemmg s )
Spicnomeply o ouly radiological
Hepatomagaly 1623 ™
Swolien erythomaioos pakes m o
Frver 1520 ]
Infechom 220 oo
X-rays of bomt pegutrve w0 yauo
Case of death
Sepen 19 no
Mabgrancy 4 yo
(M or sk s
Dorauon Seekatod yen £ mootts
Laboresery fearwres (21 piscots)
Elcvated E3R feid ™
Ancam »m no
Lenkopeoss with retathve
yphocysous nal b mphopeads
Phexa cell kenkems. 21 -
Thrombocytopets 2 o
Eotmophis (L] o
Hyperuneoma Lo oo
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Table 1! (continued)

FRANGIONE and Patient J Do
FrANKLIN revishon

Bone marrow
1 Plasma cels 1 no
Lymphocy tes no
3 Eosinophlls in addition to 1 and 4 o0
4 Eoalnophik only 1 no
3 Normal 4 Y1
Serum spike
~1gd 9
<1gdl 7
Negathe 1 -
Not known 7
Hypo-r-gtobulinemia nne ye
Urine proteinuria
~1gP4h ¥
~1gP4h 7
Trace 8
Not Lnown s
Bence-Jones protein negative 2374 yet

[20 21] would be classified It 15 probable that these cases correspord t©
immunoblastic sarcoma like the case we handled [22)

If we take 1nto account the possibility of transition from an jmmuno-
blastic lymphadenopathy to an 1 blastic sarcoma [23] it becomes
sigmficant to weigh the possibulity of a chronological relattonship betweest
the two groups mentioned In this way it is interesting to comment that 1n
vanous cases the diagnosis was carned out fn patients who had previowsly
been subject to so-called disease rh d arthrins [14
35] Sjsgrens syndrome [13] myastenia gravis [21] hemolytic ancmia
[34] lupus erythematosus [30]

This could be considered somewhat more than sheer chance, especially
if one takes into account the clinical observations which would make one
sugpest a possible relauonship between a prolonged antigenic stimulation
and the development of a nc plastic lymphadenopathy and the transt
tron from this 10 a lymphoplasma-reticulum proliferative mabgnant dis
ease [23 27)
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A third group would consist of those cases in which a predominent in-
fitration of plasma cells were found, lacking in atypla or even without It,
but with malignant features duo to cffacing of the normal tymph nods
ftructure (24 26] It shoald be noted that 2 patienty died from plasma
cell leakemta [30 34]

As regards the & homical diagnosts of the ab 1 protein, it
mhmmmwdmmmmﬂmmm
of the scrom did not discloss amy M-component, becams the abnoomal
r-protein had an a,-globulin mobility and was confused with the nsal as-
pect of this traction, although it way i L The tosafficd of elec
tropboretical methods exists in the majonty of a- and ~HCD cases [1 2,
4 8,12,17 18, 25] However in all the yHCD cases, cxeept fur o few
[6, 30) the serum electrophoresis gave the to tho disclomre of an M-com-
pooent of & #/7 mobility or an aboormal broad band of A/y mobility [13]
The elimation of the abnormal protein throagh urine b virtmlly con-
stat, pot withstanding a sfight proteinurla, 23 i oor case, and thus the
opposite of o~ and #-HCD cases. Immumoclectrophoretical amalysis of
protein Don. showed that this protein anly cartied antigeric determinants
o the Fc fragment of [gG Iacking Fab, Fd, » and 1-chain determi-
ot From 27 of 7HCD proteims typed, protein Do constitotes the
sccond IgG 4 »-HCD protein which we know [13 19]

The chromatographic behavior of native protein Dow. indicated that
the molecular weight was around 60,000 The molecular welght of the
other #-HCD proteim studied in thelr pative state vades from 20,000
[19] to 80,000 [34], although it is gracrally around 50,000 [11, 15 21,
«4 34] In the cases where the y-HCD proteins were reduced and alkylat-
ed [11 15 26, 34] it was demoustruted that the pative protein coostitot
ed a dimer of two Fc fragments whether [inked by disulfide bonds or not.

1t has been shown that ths abromml proteln B not a prodoct of an ex

tracellular proteotyss, but a product of an abemational end incomplets
synthests of the p-chains from tho profiferstion B cells which, at the same
time, are tnablo to symtbeszo light chamn (S 11] The structural studies
of some 7-HCD protetns bave disclosed that the molecular snomaly coa-

aisted of an internal duletion of the ychain sequencs {7 11, 14 16, 33]
m“mhmnmdnumdmdsmupmmunhﬂnomydm
different -HCD proteim = regards fdar weight, physh
properties and inmmunochemical featnres,

Obviomly the Yedpe of the of these abny ! proteins
B of conuderable theoretical interest since knowing (he mechammm of
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their deletion, as well as the mability of the hght chaln synthess in the
cells which produce the abnormal protein, new 1deas and hypotheses may
be conceived on the normal genenc control of the immunoglobulm 51
thesis.
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Acty kaemat 9 271284 (1578)

Acquired CT Tuhibitor Deficlency In Essentlal
(ZryoglohnllnunlnmdMncmcryoglobanunh

P Casair P Bosxow, P Proctr, F Inverszzs snd C. Zanwoss
4th Medical Clinice, Undvershy of Milen, Milan

Key Pords, Compheoent  Acqedred Cl-inhibitor defickeaey  Ewmxthal cryoglob-
winemis  WakdeostrBm'y dhests  Immmse complaxes ™I Clg binding activhy

mwmmmmwmmamwh
1 patisat anly CS end C9 wers bormal or slevated 1 patiest with Waldenstrom
disesgs s 1 whb erennal spbodes of aogl

Clreulating townme commplexes wire found o all patiants’ sery by the ™Lradio-
labetled C1q binding sctivity (C1q BA) test The valuss of the C1q binding actvity

complaeat
mhmnhmmmm

Ammhﬂdeﬂdﬂryddx!nhibhmd\heﬁxnmplmcmm-
ponent CY inhibitor (CT INH) h ch o of haredi

(FIAE) [6] Unil now mlyl(!vmau(l:qdndcl-mﬂdeﬁ-

mmmwhm&mm%m

jobulin ab e sod in tystemic tu-

pm erythematotos (1 4 5 l.10.17] lntlxnpni:nuﬂn:ﬂnkﬂpu

mdwmhmmmﬂmmhm

mmwaum&gmmrmmm
Switrertand.

Raceived. Febrosry 3 1977 scoepted. Tuoe 3, 1977
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consumption of the carly components of the classical pathway with zor
mal fevels of C3 and C5-C9 Frequently a low molecular welght IgM (75
IgM) has been suggested as the basts of such data. These findiogs shoold
be strengthened by the evidence that the 7S Igh-containing sera ca
deplete the first complement components whea incubated with normal
serum [1 8]

It is the purposo of this paper to investigato the correlation between
the CI INH depletion, the scrum 7S IgM and the level of circulatng
immunocomplexes in 5 patients with mixed cryoglobulinemiz and
CI INH deficlency 3 with Waldenstrdm s disease and 2 wath the 7
drome of MeLTZER and FRANTLIN [13]

Materials and Methods

Patients Tablo T shows the clinical data of our patients. 2 of these experienced
ephiodes of angloedema. In no case was there a family history of HAE no were the
symptoms present Io youth,

Serologle studies. Only one specimen of blood from each patient was avallable
except for the case 1 who was followed for 4 months.

Cryoglobulins. Blood was collected fnto plastic syringes prewarmed st 37°C
Serum was separated at 37°C and the cryoglobulinemlc fraction was precipitated

Tobde I Clindeal dexcription of 5 patlents with CI INH defickency

Case Patient  Age  Scx  Diagnotls Cryoprecipitate  Clinical features
(cxyocrtt) of angloedema
I SM 57 M  owcroglobolinemia  IgG k2 -
IeM k (77%)
2 Cg@a 35 M macrogiobulinemis IgG kA -
IgM & (30%)
3 CM 3 F  cuential 156 kA attacks involving
cryoglobulinermia IMk (37%)  the face and lips
4 CB 57 F matroglobolinemty  1gG k1 attacky frvolving
IsM k (31 4)  thotongueand
laringeal prucoas
membrancs
s z.a 2 F essenthal IsG ki -

cnyogtobullnemix IsM k(20 4)



I Inhfhor Deflclency k1

a2d recowered according to MetTrm and Fusmioe [13) Dolated and washed

cryopreciphtate,
;t;:n;ﬂtrcmﬂnnﬂmul'chlodnum;dﬂnmmnl‘c

Immmacelectrophoresis was carried oot following the microescthod of Sammeo-
oux (18]

Cowplom et stwdlcr. Blood wis allowed to clot & room temperatury; serem waa
sither exxmbned directly o kept st 70°C. Total hemolytic activity
W1 determined sctording fo the method of Licreduoe ef of. {11] Frech sormal ko
Tan serum (NHS) vabaes ranged from $00 to 1400 bemoiytic U/ml (HUAmI.
C4, CS and properdin factor B{CIPA) activity was estimatsd by the Tynis platey’ ;-
my [11] and CY was thrated by  fiod phase method [11] Clq O and CIINH

were determined by stmpls radial immanodiffodon tn agarose 15%,

‘=1 (Rediochemical Ceatre, by
Calif) {9 14]. The specific activity was 1 xCUpg. Tho ™1 Clq binding acthvity test
‘was performeed ia the scra &3 described [24].
Low racleculer 75 It were by dooble of sarn
fa 44 polyacrytamids gal [1).

Resmlts

Complement Assays

The resolts are shown in table IL The lovels of the total hemolytic ac
Iivhylm!dlhetndiomﬂqmdﬂmmnt:d}ymdnﬂ:dhuﬂp.—
tients, while the scrum coocentration of C3 was normal or elevated in 4
aod diminished in 1 properdin factor B wan markedly reduced in the 1
patient with the lowest level of C3 C3 was low or normal C9 was normal

or significantly clevated in 1 patient (case 2). CI-INH was abways ro-
duced. in 4 patlents it was severely depleted.

Clg Binding Actlvity

Thhmmpodﬂmhlﬂmptﬁm(uﬂummclqmn{nch
sampls was closely redated to the depletion of CT INH and the rednc
tion of Clq and C4 No relation was shown between the Clg BA and the
level of C3 C5 C9 C3PA or the total bemalytic activity Fgare 1 shows
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Tuble II Serum y valnes and cireplating Immume Xexes {C1q BA)
Cuse Paent CHSOCIQ G4 €3 C5 €9 Properdin CHINH  ClgBA
fector B
1 SM. 476 0 24 95 S0 130 8 0 &
2 CG 400 24 22 85 57 IM 6 10 n
3 CM %0 4 14 175 S0 110 84 2 a
4 cp €0 S5 25 6 S0 10 & 5 25
5 ZG 20 24 0 18 & 8 M &

” —_

CH 50 = HUJm! (normal devels $00-1 400 HUfmD Clq C1INH, G4 G3 G4 O

Properdin factor B = percent valne compared with fresh NHS (pormal vahe >&

Clq BA = percent vahwe compared with TCA pesitive control (where all the protein
acid precipitated) ~ normal valoo < 6%,

Tibke [IT Circulating 7s IgM fn 5 patients with positive 15 L-labeicd Clq binding scthilf

Caso Patiemt  Diagnosts CIINH Cryorit  ClgBA 7IM

1 S.M. macroglobulinernis [} 7% 64 +

2 ca macrogiobulinemia 10 0% 7 +

3 M. essential 28 37% 6 -
cryoglobuftnemia

4 CB macrogiobukinemta LY % 503 +

5 pA <] exsential 28 20% 61 +
cryoglotalinemia

the relationship between the levels of CI INH, C4 the anticomplemen-
tary activity (C1q BA) and the cryocnt in senal specimens obtained in
case 1 doring the follow-up when the patient was treated with plasma-
pheresis. The greater the anticomplementary power is, the lesser the
CI INH level These characteristic data suggest the hypothesis of an #c-
quired C1 INH defidency

78 IgM

In all the patlents with Waldemstrim s diszaso and in one with essen-
tlal eryogiobulmenmis, low molecular weight IgM (7S IgM) were found
these same patients showed the highest cryoprecipitato levels (table 1T)



C1 Inhibktor Defidency w1

Ph i

Clgm

-

sysassasag

ce

March Apri Iy Jure
Pl Patient S0 (cxte 1. A=CIINH [J=0Cf pacent valme com

Mrwd with freeh NHY O = C1qBA. percont valoe compared with TCA positive
tootrol. @ = ayocrht valoe; Arrows = cicles of

Dusaussion

The complement profile fomnd in onr patients, Le., severe redoetion of
the fevel of CT INH, mnption of the carty comp and rede
o the toal hemolytic sctivity (CHS0), with sparing of the Iater ones aod
occasional engmentation of C9 and the absence of clinical sigm of HAE
both fn the family history and fn the youth, are Dkely to indicste
acquired C1 INH deficiency [1 § 8, 10, 17] In this regard it i important
© siress the reduction of Clq found m all onr patients. This feature i

with the HAE where the Clq concentration and the whalo

C1 actfvity ars atways pormal
Onfy In ecase S was & reducnon of C3 detectable and this parallels o
of din factor B A 3on of C3 was been pravh

Wm}yhlmﬂdmmwﬂm'hhcddm[ﬂ
The tmpairment of C3 &ad properdin factor B could be fustified by the
trggering of the C3b amplification loop however a direct complement
activation via the sltermate pathway could not bo excioded. The presence
of 78 IgM in our patients with WaldenstrOen & diseass is not an nocom-
on finding (2, 19] More interestng is this result in 1 of the 2 patienny
with esmentlal ery ia with IgM K, ako In
cold aggtutintn disease low moleculsr weight M have been foand [2]

It hat been previoosty demonstrated [1 8] that normal sera, when in-
€abated with abnormal 7S IgM, dispisy a0 scquired C1 INH deficiency
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This suggest a C1 INH depletion subscquent to the Q activation,
through an unproven mechanism, IgM 7S dependent {1 8] However
some data do not scem to support this hypothess HAuPTuAN ¢f ol [§]
found an ncrease in C1 INH leve] durmg a postiranstusional hepatits de-
spite the presence of the aboormal immunoglobulin at & steady titer A
lowered hemolytic activity of purified 19 S cold agglutinims, after reduc
ton to 7S subunits has also been reported [3] Furthermore, in our stody
case 3 displayed a CT INH depletion In the absence of Jow molecular
welght IgM

In onr patients serz, t plexes were d d by 191-rodio-
labelled Clq BA this test allows the direct quantitation of Clq fixing
complexes in native serum and it is highty specific [22] Tho Clg BA w3
correlated with the depletion of the early complement components, partie
ularty with the Clq and CI INH level It scems possible to suggest that
this pattern is indicative of an immunologic mechanism for C1 fixation due
to arculating complexes the CI INH reduction is probably sccondary to
this activation Positive results with this test in all patients with Iympho-
proliferative diseases were also obtalned by HAUPDUNN ef ol [8] on the
contrary CALDWELL et o! [1] did not find circulating immune complexes
by 8 varicty of techniques (Clq or th id factor precipitation, a2
tytical ultracentrifugation, immmunediffusion analysis of fractions from
sucrose density gradients) whose sensibility is of a lesser degree when
compared with the Clq BA tost.

The seram complement monitorng 1n the patient we could follow over
a 4-months period during plasmapheresis treatment, scems to confirm
this hypothesls: cvery time that Clq BA was clevated, CI INH and C4
levels were low on the other hand, when the anticomplementary activity
failed, CI INH and C4 were raised m:be!mvioruindepcndcmolﬂ?e
continnous 7S IgM presence Considering the positive 91 Clq BA test a3
evidence of circulating immune complexes, our data support the hypothe-
sis that the observed pattern of interaction in the studied sera is deter
mined by the antigen-antibody nature of the mixed cryoglobulinemias.
Furthermore, ROTHER ef al [16] and MOLLER et af [15] came to the con-
clusions that mixed cryoglobulins sctivate the first complement compo-
nents in the same way as immnne complexes and aggregated 1mmuno-
globulins do

Our results are, finally in agreement with those recently reported by
DAY ef al [5) who described & patlent with chromie lymphocytic leukemia
and lating cold precipitable im pl isting of lym-
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phocyts membrane entigens and IgM antitymphocyte sotlbody suffering
of epbodes of angoedema with the typkal complement profile of sc-
quired CT INH defiddency
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Abstrect. B nnd T hyorphocytes wers separaird by masne of the rpontansows
wmmummmm:mmmm

ing ackd n--vlnudl!md'l‘h-rwb—
cn-:-dd S ,' £

ltde“)mipH!.D
Mmmamumam inctnding scd phopin-
e and wore foomd to be elightly decrwsed ta B lymphocytes
when compared to T hymphocytss. However e-memtosidem activity was foood to
be ign higher ta the B thaa In (he T hymphocytes and offers

the pomihility of oang thhs exzyme 53 & B hymphocyte markey,

Introduction
In spite of thelr relativel
lympmcymmbod}videdinmmm}ormbpumhﬂom,BndTm
the basis of certain of 2

(mtpnnﬂma{lnpnnmbcdedelme

pormal blood [1] had made it possdble for oy to eximing soms of the bio-
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Xey Wordr. Acid Hydrol B and T hyep!
Ay

431
A

Abstrect. B and T hrughocytss wers soparated by means of the spontansous
heep rrd biood cell rowstin fhrmsation techrique from 3 parme! dovors. The 2000w
dor acid were uul:vlnde-adT}ym::bo-
cn.:-dd h P

P
A

lndeUlndeS.D
Mmmamdduwmﬂmmmwm

hwmhmuwmhmTWmm
B pomibiity of meizg this saryme 21 8 B lymphocyle macker

Introduction
In spito of their relath bological
bmﬁoqmanbodivtdcdinmmmjambpopummBdem
o basty of certsin tmmunologh of &

mn‘qummﬁmdhrpmb«uledlempb;cymbom
Dot blood (1) had mads it possdbe foe ns to examing some of the bho-
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chemical charnctenstics of these cells. Of particular interest has been the
activity of cerain acid hydrolases such as acid phosphatase (ACP) md
p-glucuronidase (§G) Using biochemical techniques the activities of these
enzymes have been reported to dimnish in the blood Iymphocytes of pa-
tients with chronic lymphocytic leukemia [3 4 6 7 12, 14 16] a moac-
clonal proliferation most frequently composed of B lymphocytes [2, 11
15 23 26] Acd phosphatase and f-glocuronidase have also been used
2t cytochemieal markers in distinguishing B from T lymphocyte malig-
nancles [8-10 13 22, 27 28 30] In the present study we wished to de
termize whether the already demonstrated differences in actmity of ACP
and G are m fact characteristies of the B or T nature of the normal -
phocytes, or whether they are dus to an abpormality of the malignant
Iymphoid cells. For this purpote we prepared lymphocytes rich cither in B
or T cells on which biochemical determination of ecld hydrolases was car
nied out, We hoped to demonstrate a blochemical difference between oot
mal B and T Iymphocytes that would be wseful as a marker for clasn(ying
the lymphocytic cells mto B or T category

Materials and Methods

Leukocytes were obtalned from 3 normal donors tulng tha Aminco ‘Celltrifuss’
continuons flow blood cell separator (Amerfean Instrument Ca, Silver Spring%
Md) [29] Platelets were as has been fbed here {3}, while mopo-
noclear cells were fsolated wiing the Ficoll Hypaque techolque (1)L After counting
cells wring a stand 1 P ly 2.5 X 104 cells wero resuspended 1
RPMI 1640 medium, contstnlng 5% sgamms human serom (Biocell, Los Angelen
Calit) st a concentration of 15-2.4 X 104mL In order to remove moaocytes the
cdlnpmdoumpmdhmﬁkoupluﬂcpcmdlmmmmmcﬂd
to etand for 2h Ln  $/s CO, 954/ air atmosphere at 37 °C. After gentle swirling,
1ymphocytes were pipetted off and thelr recovery was determined, and the cell pam-
ber was adjusted 1 X 107 celle/ml for the purpose of the rosetting procedure.

Preparation of B and T Lymphocyte F

The procedurs of AXDoU et al [1] was employed. Cells were allowed to foma
spontancons sheep red blood cell (SRBC) roscites (B roscttea) by Incubating aliquots
of 2ml cells, 2wl 1% SRBC and 1 ml humsn AB serum (absorbed with SRBC) fa &
15-ml plastic tube for 15 min at 37 °C. The suspension was ceatrifuged at 250 g fof
10min and placed in u refrigerator (4 °C) for 0min. The cells were then ress-
pended gently and 4 ml of Ficoll Hypague (0-10 °C) was underlayered. After cen-
trifogation at 700 g for 35 min at 10 °C, the cells in the interface (opper layer of the
gradicnt) and tho cells fn the peliet were collected sepanately Cells from the pellet
wers treated with 0.84% NH C1 for Smin at 37 °C In order to lyzo the SRBC. De-
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terminstion for E rosctts-forming cells and eacface immanoghobitint wars carried
oot in both the cells from the intrface liyer and the pellet.

Asrays for B and T Lymphacyier

E rorete formatien, The techxique of PoTv o ol, [29] was aopiored. A vol-
ome of 025ml of 1.5 X 10% hymphocyter trom tho peliat wers placed into Sml
plastic tobea separately snd wars miced with 02 ml 1Y SREC jm RPAMI madia and
0.1 m] AB-posittrs human srum (Mascrobiological Amociates, Bethesda, Md). The
mixture wis incabaded for 15 min ta S CO, atmosphers a1 37 °C aad centrifuged
for Smin st 250§ The tabes were placed In  refrigerator for 1815 et 4 °C. After
carefxl rermapension of the pellets the percent of E rosette-forming calls was dater
mined,

lotaltnt, Tho colls wory sained for smriace

terfuce layer and the pelict, in ardar (0 detormise the cootamisation of the hympho-
crts popalatioos with mooocytes
mhﬂwmhdm;—dmm

e-gincosdase snd [ 40 od pH 5.0 £-giocoddxse were carried oot 0 the mpbo-
cytes of both the laterface Layer and the peflet. Enzyms scifvities wers determined

waing 4 = mbetrate 1 y dexcrlbed [51 Ac
mmwmmmdupummum-wanm
sor. Actrvines foc §. acid phos-
phatase, 5 od were measred ot pH

«mdhndmdhu-:m?md-mmwmmdm
o al (15} The acid ydroiee activitics were cpressed o3 milloedurmTigrae of
provein

Results

mEm{mmin;lndhmmmﬂmpmpuﬁudm
cytes of the interface layer and the pellet are summarized in tabls L The
cells of the interface layer of B lymphocy
(79-90°1 ) 0 (o cells of the pellet of T ympbocytes (89-84.5v ) Tho
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chemical characteristics of these cella. Of particular interest has been the
actwvity of certain acid hydrolases such as acid phosphatase (ACP) ard
B-glucuronidase (§G) Uslng biochemical techniques the activities of these
enzymes have been reported to dmminish in the blood Iymphocytes of pr-
tients with chromic lymphocytic levkemia [3 4 6 7 12, 14 16] a mooo-
clonal proliferation most frequently composed of B lymphocytes [2, 11
15 23 26] Acid phosphatase and f-glucuromdaso have also been used
a3 cytochemical markers 1n distinguishing B from T lymphocytic malis-
nancies [8-10 13 22, 27 28, 30] InmEPrumtnudyWeW'ISth'oe‘
termine whether the already demonstrated differences in actvity of ACP
and £G are in fact characteristics of tho B or T nature of the normal lym-
phocytes, or whether they ars due to an abnormality of the malignsnt
lymphold cells. For this purpose we prepared lymphocytes rich exther i B
or T cells on which biochemical determination of acid hydrolases was car
ried out. We hoped to demonstrate a bochenucal difference between nor
mal B and T lymphocytes that would be useful as a marker for classitying
the Iymphocytic cells into B or T category

Materials and Methods

Leukocytes were obtalned from 3 normal donors wing the Aminco ‘Celltrifuge
coatinuous flow blood cell separator (American Instrument Co., Sitver Spring
Md) [29] Platelets were removed a3 has been described clsewhere [5), whilo mood
nuclear cells were fsolated tring the Ficoll Hypaque technlque [1] After countlas
cells nstng a standurd ! PP 1y 2.5 X 100 cells wers respspended 1o
RPMI 1640 medinm, contsining §/ agamma human serom (Blocell, Los Angelch
Calit), at a concentration of 1.5-2.4 X 104mL In order to remove moaocytes 1o
cnllnqulonmpouredmnFﬂmpluﬂcpdﬂdlﬂmﬂwmﬂzmuﬂmd
to stand for 2k in a 54/e CO, 95 air atmospherc at 37 °C. After gentle swirling.
lymphocytes were pipetted off and thelr recovery was determined, and the cell pom-
ber was adjosted 1 X 107 eclle/m! for the purpose of the roseiting procedure.

Prep of B and T Lymph »

The procedore of AXDOC ef al [1] was employed. Cells wers allowed to form
spontancous sheep red blood cell (SRBC) rosettes (B roseties) by incubating aliquots
of 2ml cells, 2ml 1 /s SRBC and 1 ml buman AB serum (absorbed with SREQ) [n &
15-ml plastic tubs for 15 min at 37 °C. The suspention was centrifuged at 250 g for
10 min and placed in a refrigerator (4 °C) for 60 min, The cells were then ress-
pended gently and 4ml of FicollHypaque (0-10 °C) was underlayered. After cen-
trifugation at 700 g for 35 min at 10 °C, the cells n the ioterface (opper layer of the
gradlent) and the cells in the pellct were collected separately Cells from the peliet
were treated with 0847 NH C1 for S min at 37 °C fo order to lyze the SRBC. De-
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trmdnations for E rosstie-forming cells end surface immnnoglobnline wero carrisd
ot tx both the ceity from the taterface layer and the pellst.

Arys for B and T Lymphocytes

E resctts forsurion. The tactmique of Porvs of ol [25] was employed. A vol-
o of 025 ml of 1.5 X 104 hympbocyses from the pelet were placed into Smi
Po tobes separataly and wero mixed with 03 m! 1 4 SRBC in RPMI medfis aad
O1m! ABpositive human serum (Macroblological Anociatss, Batheds, Md). The
mixtnre wer Incobeted for 15 min fn 3 CO, Mmopbers at 37 °C and cantritoged
for Smim 6t 250 g, The tabes wer placed m  redrigerator for 180 at 4°C, After
curatal resrpemion of the pellets the percsst of B rosctis-{ommrg calls wan deter

Swrfece tmmmomopiobuitnt. The cells wers stamed for earface tmmenogictalin
2 4°C by the method of Prvm of &, [24]. Polyvalent rabbyt antthmman fmmwao-
Pobolin labelad with (Cappel L orles, Downingtos,
Po) W mied. After staining, the cells wers washed thiws tomes for 105 1t 4 °C
f Hanky' iom end respepended in buffered giycerin (50% ta 00134 phosphate

Pryuntioa) was moupted on  glsme alide and wi jemedlately obeerved oder &
Leztz Ortholnx I fluorwscent microscops. In ol crses 200 cafls werw counted paing
X34 fucridy oll kermersion Obpective, both wnder phaw coutrast and epi-Tlomiased

Cytockeuicsl smiler. Peruxidaes, Sodan bhck (FBH) and e-naphiiny] acxtats @-
St (3 NA seseresc) renctions (15, 311 a1 well g1 May-Grimwald-Giscta (MGQ)
aine, wery performed ou smears prepared o glsm dxdos from the cells of the In-
tertace bayvr and the pellet, b ordes to dchrmins the cogtrmnation of the lympho-
€Tt popalations with mosocTieL

Asseys for ecid hydrokses. Asay for acid phosphetass, f-glocuroaidise, f-g1-

A e A

[
eataconidess eod pH A0 and pH 5.0 A-glocoskdase wers carried oat on the Jrmpbo-

derveves ;s u described [S1 Ac-

Cririeg for f-ghcoskiess wers measmed st pH 40 and 50 with whole cell mapen-
Son. Acthviies for esabinoridase, ackd phos-
[ dese, wad wero measred st pH

Resulis

The B rotette-forming and immunofloorescent properties of hympbo-
qﬂdthnhmd-cnuyamdtbspeﬂctmmmdmdinnthm
el of the interface layer comsisted predomimantly of B
(79-50%) and the ceils of the peliet of T lymphocytes (89-54.5% ). The
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Toble I B and T lymphocyte marker studics from 3 pormal donors

Donor  Cell E roscttes Immunofluorescence
No preparation binding  noa- lymphocytes  noalymphocyies
% ofcels binding  positive negative positive negative
% ofcelb o % %
1 interface layer 9 91 10 4
(B cell rich)
pedlet 8 11 [ - 0 0
(T cell rich)
2 Interface layer 10 90 » 11 5 s
(B coll rich)
peliet 945 55 3 92 0 0
(T cell rich)
3 Interfaco layer 10 %0 90 6 o 4
(B cell rich)
pellet 4 [ 3 97 0 o
(T cell rich)

Toble II Acid hydrolases (mU/myg peotein) in B and T fymphocytes of 3 normal doooct

Enzymes B lymph

1 2

Acd phosphatase 1392 224
£-Glocuroakdas 0982 1.010
e Mannosidase 0797 0914
A-Galactosidaso 294 276
SHexonminidase 1475 2041
a-Arabinoskdase 0594 0.794
«Calactosidase 0342 0.561
«-Glucosidaso 0701 0613

3

2116
0.800
0.695
1

1142
0.387
0.453
0474

T 5
1 2

1403 2308
1418 1251
0351 084S
g 335
1604 2177
o787 0878
0443 038
0699 0646

BT
(mean1 SE}

0,850 £ 0.0%0
0.816 + 0.074
1423 20191
0.904 = 0.089
0934 & 0.007
0.857 + 0,051
0907 + 0.08
1.051 + 0076

AGlucosidase pH 4 0.0179 0.02999 0.02265 0.0380 Q05313 005345 0.486 + 0.041
AGlocosidaze pH S 0.0501 008516 0.05008 0.05060 0.07308 0.05052 1.049 + 0038

monocyte contamination of the B lymphocyte-rich preparation was low
(2-11%) as determined by & differental count after MGG stain and per
oxidase SBB and o-NA esterase reactions. Monocytes were practically
absent from the T lymphocyte-rich preparation. Viability of the cells was
a3 high as 95-100%s as determined by trypan blus staining.



Add Hydrolses in Normal B ssd T Blood Lympbocytes pd

The activity of scd hydrolases incloding ACP and G was found
sightly lower in B lymphocytes than in T lymphocytes (table II). The
musxd;uiﬂumdlﬂmobauvcdmnlnmdwlhea—mmmm
mdedOp—glncoddmncdvhy(ubleﬂ).Th:n—mnondascn:ﬂﬂty
was higher in the B lympb d with the T
lympbocyterk:hpopulmnn,whﬂclhepH40ﬂ-ﬂnmﬂdnelmﬂtym
found kower in the B lymphocyte-rich popalation than fn the T lympbo-
eyte-rich populations. In additian, pH 4 0 g-ghacondase activity was found
to be significantly lower than the pH 5 0 g-glucosidase sctivity in the B

population (table IT).

Discussion

The activity of most of the scxd hydrolases studied was found to be ap-
proximately the same or slightly decreesed m the B lymphocytes when
compared with T tympbocytes. However a sigmficautly higher activity of

ldase in the B lymphocytes as compared 10 the activity of T
Iympbocytes was observed. Whether this finding can be imed s a bio-
chemical marker for the B lymphocytic proliferations requires further in-
vestigation.

Add pbosph actlvities were conzistently
bntrlnﬂ\ean:phocﬂo—rh:hpupuhﬂon.Mﬂmﬁnﬂmhkuﬂng
onumhndmhthempcnrdcymd:cm}uloheruﬂomdnﬁ;hdym
doced ACP and g-glocuromdase activity in the normal B
compared with T lymphocytes of the same Individual (19 21 30] '.bne
o the other hand arc m drsagreement with the results reported by Mev-
=33 et dd. [20] These authon found by bsochemical means an incressed
ACP activity m the normal B lymphocyles snd they suggest that ACP
might be vsed us a marker for the B lymphocytes. The reston for this dd
ference regardmg the ACP scthity in the B lymphocytes between our
stody and MEUSERS et of [20] i3 not clear It is pomible, however that

thit Is doe 10 a different of the B lymphocytes with mono-
€ytes, which are rich in ACP {5]
The lack of « significant differenco on the ACP and 4G activity be

tween B and T lymphocytes in the present study indicates that the report
ed cytochemical findingy of an merexsed sctivity of ACP or #0 in certaln
T lymphocytic malignimcses [8-10, 13 27 28, 32] and a redoced ACP
andior §G wctl fty m CLL [3 4 6,7 12, 16] and cclls from lymph node
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Toble I B and T lymphocyte tarker studies from 3 normal donacs

Dovor  Cell E rosettes Immunofioorescence
No.  preparaton binding  noa- hympbocytes  ponlymphocyies
% ofcells binding  positive negative posfivo BeREe
% ofcells o % % %
1 Interface layer 9 91 n 10 4
(B cell rich)
pedlet » 1 6 ™ 4
(T cell rich)
2 interface layer 10 %0 ™ 11 s
(B cxll rich)
pelict 945 55 3 92 0
(T cell rich)
3 Interfaco layer 10 %0 90 6 0 4
(B cell ich)
peliet 94 6 3 97 0 o
(T cell rich)

Table If Addh?dmhsa(mU[ﬂ\lpmldu)lnBlndlemphocymaflnormlw‘

Enzymes B bymph

Acid pbosphatase 1392 2234
£-Glocurontdese sz 1010
« Mamnosidase 0797 0914
A-CGalactosidase 294 276
FHeaomminkdase 1475 2041
a-Ambinotidese 054 074
a-Gahictorkdase 0342 0561

T lyoph
1 2 3 1 2 k]
2116 1403 2308 298]
0300 1418 1251 0843
0.695 0551 0845 0399
1 347 338 17
142 1604 2177 1209
0387  0.787 0878 0424
0453 0443 0363 0473
0474 069 0646 0395

«-Glucosidese Q701 a6t

#Glocosidase pH 4 00179 002999 002265 0.03%0
F-Ghcosidase pH S 0.0501 008516 003008 005060 007305 0.05052 I 049 £ 0058

BT
(mean+ 1 5F)

0.890 £ 0050
0816 & 0.074
1432019
0.904 £ 0.0
0.934 + 0.007
0.857 + 0.051
0.907 + 0.069
1081 + 0076

0.0531) 003343 0.485 4+ 0.041

monocyte contaminatlon of the B lymphocyte-rich preparation was low
(2-11%s) a3 determined by & differential count alter MGG stain and per
oxidese, SBB and o-NA esterase reactions. Monocytes wero practically
absent from the T lymphocyte-rich preparation. Viability of the cells was
es high 23 95-100%s as determined by trypan blue staining.
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cal wndla of rossttrformung celbh. Z Imman Forsch exp Ther 143 462

asrs).

20 Murwxa, P Kowmea, £, Fra, U and Burreoex, G Lysoscmal acid phos-
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1 Pamaunm, G. A Waosin, S R and Rarraroet H- Cytochemical fmdmgs on
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Path. (In prew).

2 Panaum, G A Y sguoas, X, and Fisess, Ph A Glocorooidsse activty oo
hrmph node Emprints of malgnant hymphomus and chromse mpbocytc Lenke-
mia ] cin Puth 30 812-816 (1977)

D Parvacrun, M Baowx, J C. and Horsomow E J  [mmanoglobsisss ou the
sorface of hmas hymphocytes Lancet  830-252 (1971),

24 Poom, B, Foung, L and AMNTL, L Immanogioballn spots on the erface of
rabbrt tymphocyses ) @xp Med. 732 1017 {1570).

15 Porvor, C, Tanmtry 1 L., and Crxrnen, B_ Thymms-dertved hmpbocytes In
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imprints of non Hodgkin s lymphomas (22) are not related to the Bor T
nature of the cells but are n fact properties of the proliferatng malignant
clone

In summary although the number of cases studied 15 small, the results
of the present work revealed that there 1s a slightly decreased actvity 1
the majonty of the acid hydrolases in the B lymphocytes as compared to
the T lymphocytes of normal individuals, with the exception of a-manno-
udase activity which was found significantly higher in the B tympho-
cytes.
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Key Wonds. woctarmal Scannimg electron mxrov-
copy Complemcat-scomtivs erythrocyto

Albrrect The SEM study of PNH arythrocytes winch sorvived ocobanont whth
decrensing dlutioms (from 1:640 t 1.20) of freth comgruble serom b uotoak: soc

In such

wwolien red ccfls are closely followed by the anbroos and prited erythrocytes. A o
Tabosstnp haa becw found between percentaga of the swolken el and frequency of
NH bacmolytsc bouts. these are most likely to ocomr whem apbarocyres and wpber
osomxtocyses are above 40/ of el On the coutrary SEM cvaloation of rwallen
erythrocytes does pot allow 10 €IPTTW any lowg-sctTn prognows sbout the severity
23d the comrse of PNH, owing to the constantly variable marrow prodmecton of ab-
sonmal arythrocytes.

Pa 1| (PNH)ud\xwlh:omd:
variable
‘hﬂhtrn:hll)dcmmhmhwdbythednw:(mnbody-mcdhud)
or the alternate (antibody
pathway AbtmmlPN‘Hrtdc:ﬂ.nxhr!tbnpmpmyo(bmAmSJ
times more C3 than norma! [11]

Within the abnormal PNH red cell pool, two populations have been
recently distinguished [12] according to ther different membrane com-
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Sarvival and Significance of PNH Erythrocytes
a Scanning Study

Groxgro Zavaaly, GIoVARNI DEGO Grusovmy and
Gux PiETRO GUipemn

lomitote of Medical Clusac, Ungrersity of Ferram, and

Ressarch Conter of Moatedoon, Ferrara

Key Wonds. pocturmal Scaaning ehectron mcros-
copy Compheracut-smnitive srythrocytes

Abstrect The SEA{ nndy of PNH erythrocytes which sarvrred mcubenoms with
decreasing dihctons (from 1640 o 1 20) of fresh ciappatible scrom m rosonic sac
oM kay {ndirectly endencad that spharocytcy and mberottomatocyses arc the oost
momitive popriatim w0 the complemt fybe sctior swellmg 1 L0 CANOLC COaM-
qoance of tir bty In emch the
wwollen red cefls are closely followed by tho cribrom and prited erythrocytes. A re
bitiooship kas been found betwees percestagy of the rwolles cclh and frequency of
PNH baemolytc bouts these sre moxt Ukely to ocenr whan spberocytes and spher
OMOmEOCYIes e above 40% of cels On tho costrary SEM evahmtion of swolea
aythrocytn doca aot  Tlow 1o expres a3y loag-icrm prognoms sbout the sverity
«od the course of PNH, cwng t the consiantly varlable marrow prodection 6f sb-
soranl erythrocytes

Py 1 1 b u(PNH')th:meeansﬂa{l
nrhbl.:pmputmnnl
‘hctbnmchl})uc:ymh-a:mtdbyﬂndmac(mnbodymdhmd)
of the wltermate (antbody-independent sctivation of C3 proactivator)
pathway Abtoormal PNH red cells share the property of binding 5-7
times more C3 than normal [11]

Within the abnormal PNH red cell pool, tso populations have been
recently distingutshed [12] sccording 1o thelr dfferent membrane com-
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plement susceptibility Depending on the amount of fresh serum required
to 1nduce antibody (ant I}-mediated hacmolysis, the complement hyper
sensivity is intermediate in the so-cafled PNH I red cells elevated in
the ‘PNH III red cells In fact, although both abnormal populations bind
the same increased amounts of C3 the complement hypersensitivity of
PNH II red cells is 3-5 times greater than normal, while that of PNH 11T
red cells 15 10-20 times greater

The nature of the PNH membrane defect has not yet been ascertained
exactly Almost constantlv low red cell acetylcholinesterase activity levels
do not constitute a sufficient finding Also extensive biochemical Invest-
ganons have failed to detect mignificant abnormalities in protein and/or
phospholipid red cell membrane contents.

Electron microscopic investigations have provided conflicting results.
According to some authors [4 9] no difference has been found between
normal and PNH red cell membranes. On the contrary in the studwes of
others [2, 10] PNH erythrocytes were shown to possess an unusually pit
ted and patchy surface with several clefts.

Avoiding as much as possible membrane artefacts due to low fonle
strength exposition in a vanable percentage of PNH erythrocytes the
above-mentioned membrane alterations were able to be confirmed [7]
whereas other cells had quite normal appearance On the other hand re-
cent scanming electron microscope (SEM) studies [6 8] reported the pres-
ence in PNH erythrocytes of (2) marked variations in cell sze due to the
high reticulocyte counts (b) numerous thalassaemia like target cells, with
2 prominent protuberance raising from their concavity and (c) pits and
deep craters, on the surface of most deformed elements However no cor
relation could be stated between frequency of aliered erythrocytes and se-
verity of the haemolyuc disorder [6 8]

By means of the SEM the 1deal tool for mvestigating cell surfaces, in
the present study the problem of PNH erythrocytes has again been cons!
dered, 1n the attempt to evidence nature and degree of red cell alterations
ns well as the occurrence of a possible relationship between such deforma
tions and seventy of the haemolytic disorder Such problem may
be tackled (a) by inducing PNH red cell haemolysis with mechanisms sim-
flar to those occurnng in vivo (b) by testing different complement-sen
sitivity of red cells with progressively decreasing scrum dilutions, and
then (c) by evidencing wath SEM the features of the cells which survive in
any dilution. Such 2 procedure will allow the indirect 1dentification of the
different complement-sensitivity degrees of the abnormal PNH red cells



Sarvival and Significance f PNH Erythrocytes -3
Materials and Methods

Case Repovts
4 adolt (28 o 43yrar-okf) PNH pathenty, cqually distribated between both sex

jaxt 1 month befors tho SEM Investigatiom. Thelr harmoglobm levels  veraged
emnuwm.-/

4 spparcntty healtry volentesrs (1 fermale end 3 males, 19 to 36-yeur-okd) with
el hacmatologc fodioes served a3 controbs.

Hermolysis Tests

Both control snd PNH erythrocytes were examined with SEM ender besal coo-
drfont. Secoraivaly FNH red celb, obtalsed from fretly drown otrate blood, wars
acubated a2 room terrperatare for Lh with frosh compatible serwm dibeted b fso-
tankc mcroac (Bethh Drwg Honses, Pools, Eagland), at standard (1 20) ea well o3 ot
bigher (140, 1.80, 1160, 1 320, 1:640} serum dihtions. Control erythirocysey wers
Incubaed culy with the bowest (1 20 ud 1 40) serom chinfioms.

The secrosc hytc sysem was prefecred to Ham  test, althoogh the Iatter hes
proved t be  Litthe more specific for PNH daguosis, becanee ks (e sDCTose et ( )

1 30 e Soch velmes were thes cxprewed 3 pocentags of comphete (100%%)
harmotysts Sarviming erythrocytes wore recovered  flar ahght cestnfagation, riesed
th7ve trmes bn Eaglc  sohetion &1 room keaperaturs, and prepared for SEM
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plement susceptibility Depending on the amount of fresh serum required
to induce antlbody (anti I}-mediated haemolyus, the complement hypet
sensitivity Is mntermediate in the so-called PNH II red cells elevated
the PNH III red cells In fact, although both abnormal populations bind
the same Increassd amounts of C3 the complement hypersensitiviy of
PNH 11 red cells is 3-5 times greater than normal while that of PNH 111
ted cells is 10-20 times grenter

The nature of the PNH membrane defect has not yet been ascertained
exactly Almost constantlv low red cell acetylcholinesterase actity levels
do not constitute a sufficient finding Also extenmve biochemical ipvesti-
gations have failed to detect sigmficant abnormahties in protein and/or
phospholipid red cell membrane contents

Electron microscopic investigations have provided conflicting results-
According to some authors [4 9] no difference has been found between
normal and PNH red cell membranes. On the contrary in the studies o
others (2, 10] PNH erythrocytes were shown to possess an unusually pit
ted and patchy surface with several clefts.

Avoiding s much as possible membrane artefacts duc to low lonie
strength exposition 1 a vanable percentage of PNH erythrocytes the
above-mentioned membrane alterations were able to be confirmed [7]
whereas other cells had quite normal appearance On the other hand, re-
cent seanning electron microscope (SEM) studies [6 8] reported the pres
ence in PNH erythrocytes of (2) marked varations in cell size, due to the
high reticulocyte counts (b) numerous thalassacmia-like target cells, with
a promnent protuberance raising from their concavity and (c) pits and
deep craters, on the surface of most deformed elements. However no €or
relation could be stated between frequency of altered erythrocytes and se-
venty of the haemolytic disorder 6, 8]

By means of the SEM the 1deal tool for mvestigating cell surfaces, In
the present study the problem of PNH erythrocytes has again been const-
dered in tho attempt to evidence nature and degree of red cell alteratons,
23 well as the occurrence of a poasible relationship between such deforms-
tions and severity of the haemolytic disorder Such problem may
be tackled (2) by inducing PNH red cell haemolysis with mechanisms sim
Mlar to those occurnng in vivo (b) by testing different complerent-scn
sitivity of red cells with progressively decreasing serum dilutions, ond
then (c) by evidencing with SEM the features of the cells which survive In
any dilution. Such a procedure will allow the ndirect identification of the
different complerment-senutivity degrees of the abnormal PNH red cells



Fig I PNH pdted erythrocym retatamg o3 sormal morphology (topy arfbrons
dhement (coater), typical spherocyte (bottom). X 4,800 10kY 10° tht
Fig 2. PNH phicd deformed eythrocyte « 15,100 181V 10 ult.

On the other hand, under the same basal conditions, SEM mvestga-
tion of control crythrocytes evidenced oaly discucytes or very rare arte-
Lects doe to deficient cell firation.

In order to detect an cventual relatnomhrp between SEM observed al-
terations and different complement-sensitivity degrees of PNH erythro-
Cytes, the latter and control cells were incubated at room temperature for
1h with decreanng (resh normal serum dilations in Fsotoake sucrose.

In all investigated PNH patrents, SEM study of hysbs-surviving eryth-
rocytes provided overlapping resalis: (1) higher than 1 640 serum dilo-
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SEM Methods

The method suggested by Brsns and WEFD [1] was med two red cell fixation
stages (1% glutaraldehyde for 30 min and then 05 /s osmium tetroxide In Eagitt
solution at room temperature) were followed by progremive dehydration throuth
a serles of cthanol solutions of graded comcentratlons, up to 100%. Finally
the red cells were dehydrated with propylene oxide.

After mounting on aluminiom stubs, erythrocyte specimens were coated with 2
thin layer of gold-platinum, using a Galileo V7 vacuom chamber at 4 X 107 Torr
at an Incidence angle of 45  Erythrocytes were then cxamined with & Stercosean
Cambridge Mark I A scunning electron microscope, at an accelerating volmge of
10-18LV with 200 im diameter flluminating apertures and 0.5 amp lene. Photort-
crographs were recorded on llford FP4 125 ASA/3S mm filma, at direct magnifica
tions varylng from 4 800 to 15 100 dlameters.

Results

The patients had not been receiving blood transfusions for 1 month
before the SEM study Under such conditions the following conclusions
may be drawn from the SEM studies (1) PNH erythrocytes present
marked varlations in cell size and shape the cell outline is often waved,
crenated (2) & varying percentnge of discocytes, averaging 32 8 & 4.3%
(mean t SD) of cells, may be observed (3) a part of erythrocytes pre-
sents a pitted surfoce pits are distinet, sharp sufficiently spaced and are
about 10-20 nm large some pitted cells retain normal morphology (fig 1
top) some show pronounced deformations, which consist mostly of
marked protuberances arising from the peripheral outline, from the inner
border (fig 2) or form the center of the hollow such deformations may
appear single or associated The former group or unaltered ptted eryth-
rocytes 13 less represented, averaging 7.3 £ 32 /s of cells. The latter
group or deformed pitted erythrocytes is about two times more numer
ous, averaging 149 + 56% of cells (4) a part of erythrocytes presents
on their surface deep craters and depressions, as well as losses of mem
brane bits, so that a cnbrous riddled-lke aspect results (fig 1 center)
such surfaco alterations are often assoclated with an imual or alresdy
advanced spherocytic deformation such cells, or cribrows crythrocytes
avernge 187 + 5 2% of cells (5) n varying froction shows a marked
spherocytic (fig 1 bottom) or spherostomatocytic deformation due to the
marked increase in thickness on behalf of their diameter such erythro-
cytes appear similar to hereditary spherocytoats cells their Incidence av
crages 258 * 9 4%/s of cells.



Fig 1 PNH prited erythrocyte retaray rin normad morphology (top); oribrons
clanwrat (ceater) typheal spherocyt (bottom) X 4.800- 10AV 10 bt
Flg 2. PNH patad deforored erythroeyts. X 15,100; 181V 10 il

On the other hand, onder the tame basal condittoms, SEM nvestige-
hon of control erythrocytes evidenced oaly discocytes or very rare arte
facts due to deficient cell fixation.

In order 1o detect an eventual relatiomhip between SEM observed al-
trations and different complement-semminity degrees of PNH erythro-
Cytes, the latter and control cells were incubated at room temperature for
1 h with decresying fresh normal serum dilutrons in Botomc sucrose.

In all investigated PNH patients, SEM study of lyus+urvhing eryth-
rocytes provided overlapping results. (1) higher than 1 640 serum dilo-
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tons falled 1o cause any vanatons n the above-mentioned red cell
groups (2) a 1 640 dilution reduced the spherocytic population to about
half (3) a 1320 dilution resulted 1n the complete disappearance of both
spherocytes and sphercstomatocytes, as well as in a decrease (by about &
fourth) of the cribrous group (4) a 1 160 dilution was followed by the
disappearance of the cribrous cells rnd by a reduction (by about 2 third)
of the deformed pitted erythrocytes (5) a 1 80 dilution resulted n the
complete disappearance of both deformed and unaltered pitted erythro-

es.

Following lower (1 40 and 1 20) serum dilutions, the supernatant hae-
moglobin contents were found to permst unchanged while recovered cells
appeared to be formed exclumvely by discocytes. The complement by
persenntive fraction averaged from 68 to 774 of the PNH red cell pool
Finally in each patent the spectrophotometrically evaluated percentage
of the lowest dilutlon-resstant erythrocytes (from 23 to 32%s of the cells)
was found to agree significantly wath the premcubation SEM assessed lev-
els of discocytes.

SEM invesugation of control erythrocytes incubated for 1h at room
temperature with the lowest (1 40 and 1 20) serum dilutions, failed to cv-
{dence any morphological abnormaliues. Spectrophotometncally assessed
haemolysis levels were constantly below 2.8%s of cells.

Discussion

Present SEM Images of PNH red cells resulted quite sumular to those
previously reported [6 8] although the past studies had not paid too
much attention to the presence of swollen cells in the PNH erythrocyte
pool Likewise sny relationship between percentnge of PNH abnormal
erythrocytes and scverity of the haemolytic disorder was stretly refused
[6 8] On the other hand, graded serum dilutions could demonstrate the
exstence within the abnormal red eell pool of two distinet populations
(PNH II red cells and PNH III red cells’) according to their different
membrane complement susceptbility [12]

Incubation of PNH erythrocytes in progressively decreasing dilutions
of fresh compatible serum in isotonic sucrose and successive SEM study
of the recovered erythrocytes did indirectly show the most complement
sensiive PNH population to be formed by spherostomatocytes and
mostly by spherocytes. Even the shghtest lysis inducing event will there
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(mc:us:tbdrd]nppnmﬁmﬂm PNH 111 red cells must be mor
ically identificd with the tes and sph

Innmdhldylo'umumdiluﬁomtﬂdznctd!hn.mthzmlngof
the bility to the 1 the swollen
wﬂ:wmdosdyfuﬂundbytbeuﬂbmmemhmcytnsmmhpfe
seated on thelr surfaces craters, depressh amd lotes of b bin.
Ths it may be deduced that the PNH 11 red cella have their morpholog-
kcal expresion In the cribrous erythrocytes. In such groups the deformed”
md‘mnmdptmdmmrmn should be included s well, althongh
their fun b abnormalities were shown
lubeknmxkcdthlnlndbmcrythiocy\u.

In sucrose fytic tests, however only a part of the cribroas and patted
erythrocytes was found to undergo lysis at the corresponding serum ¢lo-
tion, whereas the disuppearance of the remainder octurred at the mmedi-
siely lower ditution. Such 1 the behar
jour however only teem to be as such, since they mmt be accoumted for
Dot by a different complement susceptibility degree among cells of the
sme population, but rather by spatial causes. Only those C3 molecules,
which are in close approximanbon to C42 sites, may Ln fact have a share in
CS cleavage [11)

In conclonen, in PNH patents only discocytes bave shown to present
2 normal membrans ressiance to the complement scticn. Thhs statement
has been confirmed by the finding that the proportons of the dboncytes,
=wemed electron mi under besal ‘ and sp
tomctrically after lysis of the most complement-sensitive red cells, were
tignificantly overlapping. This means that, cven at the lowest scrum dilo-
thons, discocytes mmdergo 0o lysis.

As far & the ciinleal wsefulnems of the present SEM results i con-
cerned, tnlike foregoung repotts (6, B] a relationship between proportion
of swollen erythrocytes and tendency of the PNH patients to develop hae
molytic bouts may be sugpested. Although it cannot be assumed as a fast
Tule, in pur experence a hacmalytc sceess was most Hkely to occur if the
level of the swollen cefls was above 40% o. The proporbons of cibrous and
ledcmhrocm‘m:ﬂmﬂy:hownmphylmkormmuupon
woct: in inducing and i

On\bzodwrhlnd.dnnn;mcrcmbﬂonptrbdalhek\eho{nukn
erythrocytes were usmally found to persist betow 1015 of cells.

Such findingy would indoce m 10 comader the complement lytic action
a1 nearly constant  ts meemsily it then modulated by the kevels of clrenln
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1ng swollen red cells and consequently by the vanable marrow delivery of
such elements. Of course this assumption does not exclude that sudden
exacerbations of the complement activity may occur following immune
rcactions, mnfectous occurrences, and 50 on

In relation to the levels of the swollen red cells and, to a Jesser degres,
of the cribrous and pitted clements, SEM study of PNH erythrocytes 8-
lows to state only a short term prognosis about the impendence and prob-
bility of haemolvtic bouts. No long-term prognosis may be reliably ex
pressed owing to the well known constantly varsable marrow production
of abnormal erythrocytes
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Absract Enzymatic studies were performed on erythroblasts obtalned from

marrows of 2 patlents with untreated ery lenkemia Cytochemically t'zju’”"‘
blasts ahowed abnormalities of several enry nvolved in carbohyd:
as well as abnormalities of specific and ific horetic amaly

us of esterases extracted from predominanily erythroid marrows showed strong
moderately fluoride resistant nonspecific esterase activity with a-naphthyl scctate,
and weal activity with a-naphthyl l:rulynxo. Isoenzymatic patterns of speciftc ester
aso actlvity In erythrol were i hable from those found In myelo-
blastlc leokemin. The results are comistent with the concept of the DiGuglktlmo ‘Y“‘
drome In which a preleukemic erythrodd disorder may precede the emergence of
ncute mycloblastic or myelomonocytic keukemia

The present report describes enzymatic studles of erythroblasts ob-
tained from marrows of 2 patients with untreated erythroleukemia.

Materials and Methods

Marrow was obtained by sternal puncture in & beparinized syringe from 2 p2

dents with untreated erythroleulemin [1 6, 7 9 15] Flims of marrow flecks were
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made betwern methanolcteaned glem corelips asd stamed with Wright' saadn for
couventional Mgt microscopy Marrows wery composed largely of erythroblasts
B0 3 xnd most of the remadoimg cells w ere myeloblasty.

For cysochemical stadss, separat marrow coverllps were stabaed for won waing
e Promisn bine reageat (3] and glycogen wsisg the penodic ackh-Schulf (PAS) re
moext with diastase Egestion (7] Crtochemical testy for enzymes incloded phospbo-
Mlase [131 poronadass [5), and specafc and Bompeafic eiterase ming  combmed
tainiog technique [24] Separsic covenlips wer abo stamed for poompecli exter
3¢ In the presence of sodkem floonce {3, 24] Additional separats covenlips wers
ained for Jectic debydrogeomse (LDH), esbx dchydrogeness MDH), sucanic de

L GDH), $ («-GFD-5),
phaty delrydrogenase M (.-orn-m. giwcose-6-phorphate debydrogenese (G-6PD),
wd 6pb (6-POD) wsmy the method of STUART

coutrol for cach of thess cazymo

In the case of specific and moespenific extcrases, mOCRIYIUNC Amalyyis of estares-
nmmwwuwwmwm-
Be washed particles by oltrasome brocwds
Ilﬂh\mmmmm marrow wampha with the ow of
traclacithin (Sigma, SL Louit, Mo.) accortng 1o extablnbad sechniqoes [23) Murrow
Oterams comtained m thess exiracty were sbyected 0 electropboress m polysaryl
tmide pd and etalnad for specfic and mompectlic craes [16] Separam electro-
rﬁkm-mmﬂmmnmhmmdmb

15,16

Reuls

As thown in figure 1 Wright-stained films of marrow demonstrated

hmly procrythroblasts (60% ) and megaloblastold intermediate macro-
300/ ). Many cT bl were ppantic and

b‘“"‘*‘wﬂrhgwﬂhmulﬂpknmlnﬁm:crythmwdpfcmxmhld
abundant cytoplasm with multiphe yacooles, perhaps indicating that these
were degenerating cefts. Most of the remaimng cells were

Remults of cy1 studies are m table I As found
trequennly in cases of enthroleukerma (8, 15 18] Prussian bloe stam
demonatrated numeroas ringed wderoblasts, and the PAS stam for glyco-
Tn wa lntemely positve in the majmty of the erythrosd precursons.
CunchASponﬂ«hywnobsmed(nqml}y(ﬂgh).Dmme
PAS positivity was scen p 1y n lste )
macronormoblasts. PAS posittvty disappeated after diastase

Phosphorylase acthity was umtense in crythroid precutsors at afl stages
of maturation, especially in ghant mulumucleate erythroblasts (fg. 2b). In
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Toble 1 Cytochemical abnormalities of marrow erythroblasts in erythrokukemb

Prusslan bive (Iron) ringed aideroblasts

PAS 4+

Phosphorylase 44

Nonspecific csterase 4+ (diffuse stalning, ncompletely
Inhibited by sodirm fluonde)

Specific esterase I+

Peroxidase -3+

LDH 4+

MDH I+

SDH 0

&GPD-M 0-1+

a-GPD-S 1+

a-6pD 2+

6PAD 0

4+ = Coarse abundant granularity in the majonty of erythroid precursors 3+
punctate granularity in most erythrold precursors . + = occasional granules i som®
erythrodd precursors 1+ = rare granulbes in some erythrold precursors 0= no grapuks
vnible.

tense nonspecific esternse activity was observed in most of the erythro-
blasts [20] and was especially conspicuous in large multmucleate celé
(fig 32) Using e-naphthyl acetate or a-naphthyl butyrate the nonspeaf
esterase activity in erythroblasts was intense, and incompletely inhibited
by sodlum fluoride. Speaific esterase activity was also detectable in most
of the erythroid precursors at all stages of maturation (fig 3a) and in

Fig 1 Erythroletlemia, bone marrow showing giant maltinncleate erythro-
blasts, megaloblagtord intermediate macronormablests and scveral myeloblaste
Wright s stafn. X 1,500,

Fig 2 g Glant maltinucleate erythroblest smained with PAS reagent Large
coarse-appearing depotits of glycogen are seen In the cytoplasm. X 1,500. b Biow-
cleate erythroblast showing intense cytoplasmic phosphorylase actinty (black)
> 1,500

Flg 3 a Gisnt multinucleat erythroblast stained for both nonspecific esterase
(n-naphthyl acefate) od speafic esterase (napbthol ASD-chloroacetate). The dark
gy cytoplasmic coloration represents intense nonspecific esterase actfvity that ap-
pears bright crimion unde the Iight microscope. Black punciate granules scattered
throsghout the cytoplasm indicate specific erterase activity ~ 1,500, » Glant mul
tinucleate erythroblast stained for peroxidase ming o-tolidine, The arrow paints to
a cluster of perovidase-positd ¢ grunules in the cytoplasm. X 1,500
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Jobl Qostens of idase-positive granules could be observed
hmdmmmmmmmummﬁnwmm
(fig. 3b) and In mycloblasts.

Of the varlots enzymes demonsirable by the formaran techmqoe, lac
e dehydrogenass showed the hughest activity in erythroid precunsons
(flg. 4) Malic dchydrogenase sctivity was also stroag, and activity of
G-6PD was moderate. Scant activity of -GPD-S was observed. Activity
o!mcdnicddrydmgcnne,o—GPD—hmeDcwldm(hednrdcd
in erythroblasts.

Inmuﬂ;uo(muwobtdmdﬁumlmrmﬂp«mmu{ﬂx
enzymes or other sub ble m the eny ery
throblasts could be detected in nonmal erythrosd precursors.

Eﬂmmﬁ:onucpnnrrmo(lpcaﬂcmdnmcﬂmmmobuimd
from Iy erythroud d m figure 5 In the
FimhedlwlpmﬁcmmcuﬂngmpmbolASD-chlomc.ﬂn
bands could be seen. In the gel containmg esterates extracted with cetyl-
trimethylammonium bromide and stined with o-oaphthyl acetate for
mnspedﬁautcrue,mbandswm ble. In the gel '3

four
w'hmamphmﬂnumwnmdntbemmm
ﬂiﬁbntyrnlemm:dumcmhmm,memkiynnncdbmdm

m the cetyhrl : bromide cxtract, and three
htnd:wmnmlnthnlymkdlhlnexmhdﬂdmo{mdnmﬂmﬂdelo
the incub mixture esterase in all

WMmmmmmlwmmmﬁm
tate, activity was inhibited but not obliterated.

Discusgon

Inﬂwprcwmnndkt,wvcﬂlmzrmﬂclhnomumh‘mmdh
ety ery Marledly incre: activities of lactic and

malic deh as well a3 i actl ity of G6PD m erythro-
mwm\mmhmdmmm\xw
and pentosc—p stunt pattr of carbolnydrate metabolism fn

usoed with #-s3phtyl aceists D Esterme exiracted wih ortyl
brounds sad mamed b e-apbiln] bunat 1o demorraie noopecific esteress
sctraty Ewm‘mhwmw‘nmmlm



Fig 4 Intense lactic dd’lyd.ronm\e acthvity (hbck formaran granules and dif
fuse bla L deposdty) in a giant multis ery N1

Fig 5 Pclylcryhmidc disc electrophoretic p ttermy of apecifi amd nanspeafic
esternses extracied from the marrow of patient with erythroleolemia. A Cterase
extracted with cetyltrimethylammonium  bromide and stained with naphthol
ASD-chloroscetate to demomtrate specific esterase acti ity B L terase evirated
with cenyltrimethylammomum bromide and ma ned w (h a-naphihyl acetate 1 dem-
onstrate nonspecific esternee  cti ity € E termwe extracted with lysaleatun  od
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lobl. Clusters of p positive granules could be observed
in many of the erythroblsts, particularly the largs multinucleste cells
(fg. 3b) and In myeloblasts.

Of the vanom enxymes & ble by the fo hai lac
tic dehydrogenase showed the nghest activity in erythroid precunors
(fig. 4) Malic detiydrogensse activity was also sirong, and achwity of
G-6PD was moderate. Scant setivity of @ GPD-S way observed. Activity
of succlmic dehrydrogenxte, o-GPD-M, and 6-PGD could not be detected
in

erythroblests.
lnmnﬂpic(mmowobulutd(mlwrmalmmo!ﬂw
entymes or other sub bie in the ery ery-
throblasts conld be detected in pormal erythrold precurnsors.
Electrophoretic patterms of specific and noospecific esterases obtained
from erythroid wre T in figore 5 In the
gel stalned for specific esternse wsng maphthol ASD-chloracetate, five
bands coald be seen. In the gel containing exterases extracted with cetyl-
trimethylsmmoniom bromide and stamed with o-naphthyl acemate for
namxdﬁccsurmmbmdswm bie. In the gel i
with lysolecitn, four csterase bands were
ohcrvtdwhmﬂ-mpmhﬂmmmmcdnmcmbmuc.‘vbma-mph
thyl butyrste was used s the substrate, one weakly sained band was

1i: ln the cetyitrt i bromide extract, and three
hn&\mmhlklym&uﬂunnmmmdw&umﬂwddem
the incub: mixture ly inhibated cift ﬂmwhlﬂ

Lmumcslndlnm::eh.pumcnhﬂytmm}nedwhha—nlphﬂxylwc
tate, nctivity was intubrted but not obhiterated,

Discussion

lnd:pmlanundh.wvrnlmymm:bmrmnnammt:dh
er ety Markedly | actvitles of lactic and
malic dehy o owell d actrrity of G-6PD m erythro-
blasts sapgest that there may be aboormalities of both Embden-Meyerbol
and penty shimt peth of carbob: t in

phosp Y

Wuned with s-aaphiin] acetnts D Estersse eviracted wnh cety Rrmetiny|
bromide aad semed with s-wapbiby] batyt to demouxrate porpeafic
activity Ewm\mmmw-mmlm



Fig 4 Infeme lactic dehydrogensse activity (black formazan granules and dlf
fuse black deporits) in » glant multinocleate ervihrobla t X 1,500,

Fig 5 Polyscrylamide disc electrophoreti  patterns of specifl  nd nonypecific
eterases extracted from the marrow of patient with erythroleokema A LCeferase
extracted with cetyltrimethylammonium  bromide and  tained w th naphthol
ASD-chloroacttate o demonstrate ipeaific esteruse nctlvity 5 Calerase ¢ tracted
with cetyltrimethylammonium bromede and dalned with a naphthyl acetate to dem
onuytrste nonspecific eiterase activity € Estermse ¢ tracted w th lysolecith o and
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erythroleukemia. Fusther cytochemical evidence for abnormalities of car
bohydrate metabolism may be reflected by unusually increased phospho-
rylase activity As in other abnormal erythroblasts that contain abundant
glycogen |10 11] increased phosphorylase actwvity in erythroleukemia
may reflect reversibiity of the plycogen depradation reaction favonng
brosynthesis and deposition of glycogen [2 22)

Using a-naphthyl acetate or a-naphthyl butyrate nomspeaific esterase
actmity found n monocytes is particularly sensitive to inhibition by fluo-
nde, whereas nonspecific esterase 1 cells of granulocytic origin is rela
tively fluoride renstant [10 24] In erythroleukemia, nonspeaflc esteras-
es were incompletely mhibited by sodm fluonde ns are granulocytic
type nonspecific esterases Electrophorctically nonspecific esterases ox
trocted from predorinantly erythroid marrows i erythroleukemia
showed a different electrophoretic pattern than those 1n myeloblastic keu-
kemia [14] These observations suggest that soenzymaticatly erythroleu
kemia nonspecific esternses differ from those in mycloblastic leukema
although both show a similar resistance to inhibition by sodium fluonde

Speafic esterase is a marker for cells of granulocytic origin [24] Eryth
roblasts from patients with acute erythremic myelosls [10] and erythro-
leukermua [12] contaw specific esterase activity suggesting that these eryth-
roblasts may have a common myeloblastic stem cell as demonstrated
cytogenctically 1n chrome erythroleuhemia [17] and chronic granulocytic
leukemia [19] On isoenzymatic analysis, specific esterases extracted from
predominantly erythrold mamows in erythroleukemia show electropho-
retic patterns indistinguishable from those in myeloblastic leuherma {14]
Accordingly the results obtmined are consistent with the viewpornt that
erythroleukemia is part of the framework of the DiGuglielmo syndrome
[4 14] in which the final common pathway I3 sometimes acute myelo-
blastic ar myelomonocytic leukenua
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Case Report

A 56-year-old frmale was frst edmutied n March 1971 wuh gencralized weak
acw aad carpal spesms. Thers » 0o famly hitory of amy note. Froom 1943 she
ka1 bern trowbled occamomally by loose sioods severs] trmes  day 2 weeks prior to
et admimion, she developed severe durrbes and on admrsion wat wesl, pale and

probably Y to scquaed
recnlocytes L7%, amd buuobse 09 mg 100ml  [memmogliobale
thowed 15G S0my/100 ml and no detectabl 153 or TgA The Coombs’ test was
sepative. The booe marrow sspirate showed  total lach of plamma cels In addlon
% a3 abscocs of tron grasules and  oomber of glant bends Followmg treatmest
with folic scid asd fron, e bemogloba kvl rose t 10 g 100 ml

The patient was pven 6.0 g of SZN daily All the objectrre snd sobjecirve sgm
of malebsorplon regressed sad the patrent wws docharged o dauly SIN treatment
The paticxt wis well matil Septerober 1972 when weaknew, oarmociated with dier
rhea, recmred On admbalon she was pals without pew phymcs! findwgs. Hemoglo-
bin lewel wns 63 3/100 ml. reticulocytes 60 asd methyl vols! mamiag revesled
typical Hairz bodies 0 most of (be erythrocytes. The kesbocyts count and differen-

for mmanoglobalim wers tatally ahecxt from the scrwm. The bore merrow shawed
prominent hyperplaws of the erythrosd sency with mild dysrythropoketsc chasger.
Apatn pleama celly were oot seen Thtlclnr\'yol;hcut&-ph,whhddrydru‘m-
e, 6 reductase and
oxkdase was high The gintathione kel and its stability mw‘l’mjn‘dmpﬂ.hr
logical or kaat-hibnie hemoglobse 13 fonmd Owmotic fraplily and aoiohermolysh
were marhedly mcreased

Hetnz body bemolyt apem was dugnosd  od the SZN therapy was gopped
The bernogichm kvel gradually rose it paralled redwction 1 the pumber of reti-
culocytes. Whinn 3 days of comatom of trestment, the Hemr bodes dwappeared
from the red cefl O descharge. the palicot  hemogioba =t 11 7g 100 ol wkh
315 rencalocytes, and retormed to oormal levels 2 weeks later ARl the earymate.
oanotc, and eroaly e sbpormablscs dexcribed ahove droppeartd

Discurnon

Hemolyne anemma assoctated with Hanz bodsn in the cf)lhrqu
may be caused by the presence of & hok unstable b

which undergoes denaturubon and preapitanoa {3 11] or when red cells
uT submutted 1o an owudall ¢ stresy The latter stmton is particularly
common i erythrocytes defictent m one of the enzymes smocuted with
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Salicylazosulphapyridine-Induced Helnz Body Anemia

N RArLINSKY and O FrANKL

Department of Medidne F Chaim Sheba Medical Center
Tel Hashomer and Tel Aviv University Medical School, Tel Aviv

Key Bords Salicyclazomulphapyridine  Hemolytlc anemia  Heinz body ancmia
Mal picn A Tobull

Abstract A 38-yaar-old patient suffered from severe malabsorption doe to
apammaglobalinemia. Treated empirically with salicylazosulfapyridine 2-6 g/day
the sobjective and objective features of malabsorption regressed. About a yesr after
this she developed a 1 weakness withoot renewal of the dar
thea the diagnosls of Heinz body ytic anemia waa blished In our patient,
bemolysis began many months after the commencement of treatment and no deft
clency of G6PD or other erythrocyte enzyme or pathological hemoglobln were
found

Introduction

Salicylazosulfopyndine (SZN) has been widely used in the treatment
of ulceratve colitis mnee 1942. There is no proof that the drug changes
the microflora of the mtestne in any way and its mode of action m, in
fact not known [14] The drug 1s effective m at least a proportion of p2
tents with ulcerative colitis. The mde effects described include nausea,
vomiting skin rash fever jont pains, agranulocytous [22] pancreattis
(4] and yellow pigmentation of the skin [24] Only a few cases of hemo-
tysis have been deseribed [5-7 9-12 18 20 22] In these cases, the an¢
mia appeared soon after the commencement of treatment and m those p2
tients examined a deficiency of red cell GEPD was found

We present a patient who developed a hemolytic anemia with the ap-
pearance of Helnz bodres in the erythrocytes about 14 months after the
wstitution of treatment with SZN

Received. July 22, 1977 accepted Septemnber 19 1977
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Case Report

A 56-yearold frmak wa furst sdmutted 1 March 1971 with penersBzed weak-
men a0d carpal spaumt Thery was 50 family butory of any note. From 1945 she
bt been trowbled occadonally by loowe stools scveral umes  day 2 weeks prior ko
et adminion, she developed severe diarthea o o0 wdmmion was weak, pale and
cachectic Phyical sxemination revealed clobbing of e funpers and carpopedal
wpeant. There wan ro tymphadenopathy or splenomealy 1 the cowrse of  lengthy

and detalled syndrome was revesled
probably secondary W acquired apammagiobehinemia Hemoglobin was 9 /100 mL,
retartocytes L7, and Hlunba 0.9mp100ml  Jomisoghbolia  determination
thowed 150 S0 my/100 m] wnd so detectable (M o IgA The Coomba toit was
mcpatree. The booe marrow  sprat showed  olal lacl of plawsa celb 1n sddition
10 an abwncy of mom prareies esd  aonmber of glant bandy. Followng rextment
with {oflc ackd and ron, the bemoglobm krvel rose t0 10 g 100 =l

The pancnt was prven 605 of SZN duly All (he obrectrve and sobsective sigos
of matabuorption regrersed and the panent wey dcharged om duly SZN trestruent,

fevels were normal Direct and mdirect Coombs tests wére oeqatiee. All dires mw-
Jor imarenogiobaline were (otally absynt from the serum. The bone marTow thomed
Pronalrent hyperplaus of the crythroid screes with mukd dyscrythropoichc changes
Apda plasma cclh were ot seem T}nmkyuummmmwn-
i, b reductese and
ouldesc w mmdmnnmbdndmmbﬂnynmmlmdmp-mo-
logical of beatdabue hemoglobm wa  found Owmoix frapbity and autohemolyvs
cre markedly focrewsed

Hrelnz body hemolytsc ascmes w a3 diagnosed and the STN therupy was stopped.
The

from the red cellL On descharge, the pabamt's hemoglobn was 117 /100 mal with
32 reticulocytes, and reremed 0 sormal beveh 2 weels later Al the enzymuatic,
oumotlc, and hemoly tic sbpormabities described sbov  dimppeared

Discusvon
Hemolyne ancmia wsoctated whth Hemz bodlies fn the erythrocytes
tay be camed by the presence of & pathologl unstable hemoglob
which undergoes denaturation and precipitaton {3 11) or when red cells

are submlited 10 an oxlday ¢ stress. The latter situation $3 partiedarly
common in erythrocytes defikeent in one of the enfymes sesoclated with
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Salicylazosulphapyridine-Induced Heinz Body Anemia

N KAPLINSKY and O FrankL

Department of Medlcine F Chalm Sheba Medical Center
Tel Hashomer and Tel Aviv University Medical School Tel Aviv

Kev Words. Salicyclarosulphapyridine  Hemolytkc anemia  Heinz body anemh
Malsbsorption A Tobull

Abstract A S8-year-old patient suffered from severs malabsorption due to

b Treated idcally with salicyl Wive 2-6 g/day

the sobjective and objective features of malabsorption regressed About a year after

this treatment she developed & generalized weaknaus without rencwal of the diar

thea the dmgnosts of Heinz body b ytlc anernia was blished. In our patient,

hemolysls began many months after the commencement of treatment and no deft-

clency of G6PD or other erythrocyte enryme or patholopical hemoglobin were
found

Introduction

Salicylazosullapyndine (SZN) has been widely used in the treatment
of ulcerative colitis since 1942 There is no proof that the drug changes
the microflora of the 1ntestine 1 any way and its mode of action is, 1
fact not known [14] The drug 1s effective in at least a proportion of pa
tients with ulcerative coliis The side effects described Include nausen,
vomiting, skin rash, fever jolnt pains agranulocytosis [22] pancreatits
[4] and yellow pigmentation of the skin [24] Only a few cases of hemo-
lysis have been deseribed [5-7 9-12 18 20 22] In thesc cases, the anc
mia appeared soon after the commencerment of treatment and mn those pa
tients examined, a deficiency of red cell G6PD was found

We present a panent who developed n hemolytic anemia wath the ap-
pearance of Heinz bodies in the erythrocytes about 14 months after the
institotion of treatment with SZN

Recelved July 22, 1977 accepted September 19 1977



Rarraxy/Fraa n
Case Report

A S6-yearold female was {irt admitted in March 1571 with groeralized weak
e and carpml wawm There was no famuly bratory of asy note. From 1945 she
bxs been trombled occamonally by Jooss stools scvaral times  day 2 wawks prior to
her admisslon, she developed serere darrben and on sdmrvson was wesk, puke and
eachectic. Physical examination revealed clubbag of the fingers and carpopedal
weumt Thers w 3o hymphsdenopathy or spknomegaly 1 the coone of  lengthy

mvestiptionm,  melbsarption syndrome

probably y w scqumed was §9100 ml,
reticndocytes | e, and blrobin 0.9 me/100mL Immmnogicbalis  determinanon
showed IsG 30 mg/100ml and b0 detectable T3M or IgA The Coombs tert was
megative. The bone marrow mpirat showed  total lack of plasma codbs m addition
10 an sbwence of bron graxnies and  member of glant bands. Following treatment
with foBic ackd and kron, the bemoglobun level rse to 10 /100 mL

Tha patient wars pven 608 of SZN dauly All the obgective and subjectres mgmm
of malsbsorpton regrened and the patcnt was deachurged on daily SZN tatment
The patient wes well motll September 1972 when weakinew, coxmocuted with duar
Thes, rcorred, On admemion the wes pale without new phypal fodmp Hemoglo
bm bevel was 6357100 ml, retcalocytes 60%  wad methy] vioket stunmg revealed
typheal Hemz bodms 10 most of the erythrocytes The kenlocyts coamt and dffares-
fial wers normal Platelet count. total asd darect rescting burribe, and heptogiobia
bevele were normal, Direct and mdirect Coombs sty were negative. Al three ma-

Apsin plxama cell ‘mu-x-um.ﬂn-mvﬂyoldnmx-o-phmphn:dchydxwm—
x4, 6-phomphy redoctase and
m-ummmmmmmm-mm-ﬁmpm
bogical or heatlabilc hemoglobm was found Owmotic frapiny exd aosobemolyss
were marksdly nereased.

Henz body bemolytic asemm was dagnowed and the SZN therapy was sopped
The hemogiobin kevel grednally rose with  parafiel redocton m the aumsber of rad-
Culocytes. Within 3 dayr of crymtion of treatment, the Hemr bodhes drmppearsd
from the red cell Om descharpe, the patnt’ hemoglobis was 117 /100 ml whh
3P/ retcrocytes, aad retureed { normal leveds 2 weeky later Al the enzymatic,
oMot 2nd henrolytxc aboormalities deacribed #bovo dumppeared.

Duscussion
Hemolytic anermia sasociated wnth Hduzbodbﬂlnll::tryﬂlmcy‘tn
mxy be camed by the presence of a fr unstable b
which und, and [3 11) or when red cells

mmhmhwdlonnoudu}vomrn.ﬂwhunmmumhptmcuhﬂy
common In erythrocytes deflaent in onc of the enzymes amoclated with
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the hexosemonophosphate pathway particularly glucose-6 phosphate de
hydrogenase, when they come into contact with certamn agents. These
ogents such as the antimalanals and sulphonamides, react with oxyhemo-
globin in the red cell and produce hydrogen peroxide [8] In normal
erythrocytes the peroude radicals are broken down by glutathlone peroxi-
dase which Is coupled with the glutathione and hexoscmonophosphate
pathways In situatons where this system is defective a as result of genet
1c deficiency as well as 1n situations where the oxidative stresss over
whelms the ncutralizing abnlity of the red ccll the peroxide radrcals act on
the hemoglobin and brning about the production of Heinz bodies which are
precipitated nnd denatured hemoglobin aggregates [17] These precip
tates usually become attached to the sulfhydryl proups of the cell mem-
brane and by an unknown mechanism possibly by cauning ngidity of the
cell membrane and impairment of its deformability cause their trapping
n the reticulocndothehal system and removal from the circulation [16,
21 23]

SZN is a sulfa denvative and a number of cases in which this drug
gave mse to hemolytic anemin have been described In 1958 Srrioos ond
Oxon [22] reported 3 cases of Heinz body hemolytic anemia in paucnts
wlth ulceratine coliis who were treated with SZN The ancmia and the
Heinz bodies disappenred on of {22] Red cell G6PD
levels were not studied m these patients In the same year KRELLERMAVER
et al [18] described hemolyms of erythrocytes deficient in G6PD by SZN
amongst other apents. In 1968 CoHEN ef ol [9] described 2 cases of he
molytic anemia associated with SZN and in both patients a G6PD defi-
ciency was demonstrated. Recently DAs et al [12] described the adverse
reactions during SZN therapy n 133 patients. 5 paticnts had evidence of
hemolytic anemin 2 had Heinz bodies present. The dosc vaned from 3 to
8 g/day and the hemolysis was noted after 2-3 weeks of therapy All 5
patients were slow acetylator phenotypes, but no G6PD estimations were
carried out Our patent differs from most cases deseribed 1n the hterature
in that the drug caused a Heinz body hemolytic anenua m the absence of
a pathological hemoglobin or enzymanc deficiency A similar case where
sulfadrazine caused Heinz body anemin has recently been published [1]
Tt 13 rensonable to assume that the hemolysis was the result of overloading
and overwhelming of a normal enzymatic system by the drug The second
unusual aspect in our patient is the latc onsct of the anemra 1n contrast to
most reported cases where it appeared scveral weeks after thernpy was
started. One can only speculate that some unknown oudatve nsult as a




Sulkcy bazosalphapyrdime Iadoced Hewz Body Ascma a3

Iatent infection, triggered the acmic hemolytic cpisode It is also possible
that & compensated hemolytic process antedated the patent s admissica.
SZN is given a3 a treatment for varjous intesunal disorders, particolar
Iy ukerative collis and Crohn's dsease In the patient described, SZN
wa3 given as a of ption
finemia 2, 13 15] Anemun 1 often a feature of the mentioned discases
3 a resadt of defickency of iron, folkc acd or viamin B ,. Hemolysls may
alo be a feature of the disease itsclf [19] It 18 therefore mportant to em
plusize that those patients treated with SZN may develop snemia also as
a resalt of the treatment, and 1t » advisable to perform regular blood
counts 10 these patients,
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Key Words. Thromb Pregmancy

Abzrect. 3 axses of in ary dexcribed.
Splemactonty was followed by return of the platclet count s0 sormal m ol Therw
WS w0 meaterua) or fotal denth.

Hypertmmune (HTP) in a
hnrdmbmhmmhermdlem?ndnhooehm:unmto(chdm
but may be Ineffective when HTP occurs in pregnancy Splenectomy of
fers an early alternative 1n seVere Cases.

Case Reports

Caw I

A D-yearold woman who bad  previows normel pregrascy presested at 20
weeks peatation with severs episiarn and porpwn after rebella expostre. Hacmoglo-
ben was 9.5 p/dl and the plateiet COONT was 4 X 10%] Incressed rmmature megaker
YOCYte ware sen on MArOw rpUraton Robeils HAIL tire wo 320 asd subec

op thrombocytopera wa lnter delrverad

Caw 1T
A 37-yoar-old  oman with esght prvious pregnancees prevested et 36 weaks g
tsbon. Her plateiet count was 12 1001, heemoglobm 12 5431, esd sbe had wade

Recelved: Jume 23 1977 accepted: July 29, 1977



4 RarLraxy/FRANKL

10 Couting, J R. Adverse reactions to sallcylazosulphapirydine In the treatment of
ulcerative coliths. Southern med. J 67 354-358 (1968)

11 Dacte, J V., Groaes, A J and Mesten, A Hereditary Heinz-body anasmis
A report of studies on five patients with mild anacmia. Br J Haemat If:
388402 (1964)

12 Das, A M Eastwoon, M A, McManus, J P A and Smeus, W Sallylaro-

idine. Adverse reactions and relation to drug metabolism. New Engl. )
Med, 289 491494 (1973).

13 EmEDdAN S, Davis, S. D Lamgunore D and Ruary, C. E.. The relationship
between Intestinal plasma cell and serum immunoglobulin A (IgA) In man. J
chin. Invest. 45 1003-1004 (1966)

14 Gommaa, 8. L., Namas, L., Praur A, Wrnarnmy, Lo Pattoson J F o oand
Lovitan R Studles of fatestinal microflors v fecal microbial ecology in uleers-
tive colitis and regional fleltls. Relationship to severity of discase and chemo-
therapy Gastroenterology 34 S75-587 (1967)

15 Hemuans, J F and Cuumss, P A IgA deficlency Genenal sed
relation to human disease. Birth defects immunological deficiency diseases fo
man, vol IV pp 298-307 (1968)

16 Jacos, H S. Mechankm of Heinz body formation and attachment to red cell
membrance. Semin. Hemat. 7 341-334 (1970)

17 Jawoy, J H, Excte, L. k., and A, D W Ovddative hymolysis and preciph
tation of bemoglobln. 1 Heinz body anemias a3 an nccekeration of ted cell agios.
J clin Invest. 39 1818-1836 (1960)

18 RErLiERMTYER, R. W, Tantov A R. Scure, S. L, and Arving, A. S. Hemo-
Iytle effect of commonly used drugs on erythrocytes deficient in glucose-6-
phosphate dehydrogenase 1 Lab clin. Med 32 827-%29 (1938

19 Lomare, M Schwaxtz, L. 1 and Wassemux L. R, Awociation of antibody
coated red blood cells with ukeerative colitix. Am. J Med. 19 887-8% (1955).

20 Mmievicz, 1 ] Lovwaro Jowzy, J E. Canntl, A M Baron ] H and JoNIs.
F A G lled trial of sul zne in therapy for ukerative
colitls. Lancet L 185-188 (1965).

21 Rrrxed, R, A, Helnz body smemiz An ultrastroctarsl stody Il Red cell se-
questration and destruction. Blood 26 433448 (1965)

22 Srawoy, A. 1 and Oxov D M Heinz-body anemia duc to salicylaro-
sulphapytidine. Lancet ¢ 1039-1042 (1958).

23 Werp, R. T and Rexp C. F - Membrane alternation leading (o red cell destruc
tlon. Am ] Med. 47 681698 (1966)

24 Yo, J Sinr, G D and Ubatr, P R Unusual cawse of yellow kin. Br ned.
T iv 452 (1968)

Naost hartesty MDD Secuon of Rheumatology Albert Eindefn Medical Center
York and Tabor Roads, Philed Iphia PA 19141 (USA)



Correspondence

Acta bacmat. 39 317-M8 (1579

Therapeutic Response of Blastie Crisis of Chronic Myelold
Leukemia (CMIL.)

G Casmmota, G Irrours, R. INvERNDZZY and G. Marre

To the Editor

It has been observed for some time that in the cotre of blastc crises
of CML, two types with different reactivity to therapy [1] can be distm-
gubshed, ooc being cytochemscally lymphoid. The constant presence of
drhlmmmmnmmmelmpbddtypc,twdﬂnntm
doe to p the and b of the gr
line [1 2] Nevcn}ul:u,rtcrmupcrhncuhld.-ulﬂdwm:mﬂwnm
sceept thetr lympbatic nature {3 4]

In the past 3 years, wo observed 20 patients who, according to gener
ally aceepted criteria [2] suffered from blastie criss of CML. Chromo-
soenal anatysls was performed both oa peripheral blood and bane marrow
by meam of the Q-banding techmque 17 cases, where mitoses could be
analyzed, chearly show the constant presence of the Phl chromosome one
case revealed double and tripke Phl chromosome. 4 cases out of 20 pre
wented cytochermeal charactersies of the lymphold type and were treated
by the therapy proposed by CAre1Lo9 ef al. [5] 3 of them reached com-
plete remimmon for 6 months after treatment with VCR and predorsoac.
Of the 16 nonlymphatic 1ype cases, ooly 2 reached complete remistion
with daunorubicin, cytosme arabinoside and G-thloguanine, wheress 4
resched only partial rembisbon and 10 were Insensitive to the therapy em-
ployed. The differenco in respomse to therapy togethet with the particular
senutrvity 1o antiflymphoblastic therapy of the first type, encourags us to
beficve that a clasification of the cytological type may fumnh helplul in-
dications of the most cffective therupeutic approsch,
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spread purpura. Antibody screen was negative. A marrow aspirate showed Increased
immatare megalaryocytes. Despite prednisone 60 mg/day her platelets fell to
6 X 10%/1, accompanied by severe ephtaxis over the pext § days. The splenke pedicte
was clamped with peroperative platelet transfusion and & 3000 ¢ infant was deliv
ered by Cacuarian section A splenectomy was then performed. Cord blood platekets
were 11 X 1041 The baby s count was 95 X 10%1 which fell to 30 \ 101 on the
3rd day after delivery but returned to normal 2 days later The mothers platelets
were normal 7 days post-operatively and have remained so since

Care HI

A 30-year-old woman who had two previous pregnancics presented with purpuna
of her lower limbs at *0 weels gestation and a history of rubella exposure. Her pla-
telet count was 66 X 10°1, and a marrow aspirate showed increased immatare me-
gakaryocytes. Therapy with prednisone 80 mg/day was initiated. Her platelet count
steadlly decreased and she presented 3 weeks Iater with severe purpare, epistats
and gingival bleeding, her platelet count being 1 X 10 /1. A splenectomy was <t
formed under platelet cover and her count returned to normal over 2 months. She
gave birth to twins at term who had stigmata of congenital rubella.

Discussion

HTP may present or worsen in pregnancy It is a rare complication
and reports are anecdotal Corticosteroids alone marely achieve remission
[1] and represent a small theoretical hazard to the fetus [2] As splenec
tomy has become safer with the availablity of platelct transfusions, it has
become an early alternative 1n severe thrombocytopenia

Thrombocytopenia results i a tigh fetal and neonatal loss although
maternal mortality 1s low [3] Elective Caesarian section may minimize
fetal trauma and in extreme circumstances may be combined with sple-
nectomy as descnbed
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N ) Earaxr An Imirodwction e Im Sa; Semsders, Lowdow 1976.
X000 + 255 pp., £975 ISBN 0-T216-2170-8.
I tw fiot part of this book, the baws of B

preseoied bn concise wry A ahort but clear sccoant of genetscs amd peneral m-
manology b followed by more detalled dscomion f the vamous blood groop
yHem. A very bocf mchon n devoted o the haemolytc drmexser. In the second
peactical part methodology of dooation of blood, production of blood component,
sorege of blood wsd biood groaping reageuts and the we of vanows materiah in
blood tamfosion 1 oatlined. A huge scciom on techodques follows with moch
vahable practical advics.

The theoretical part inclodes  great number of informatrve iDwtratost. How
wer some fihese seemn  nnecessarily

Ench amall chapter o followed by ‘typacal cunmmbon questoss  Althoagh
these qoestians are specifically designed for candidstes of the ‘Camadian Society
of Laboratory Technologiss they wul certmnly be osefall o many other undenh
of this field, The book ends with an exteomre glossary and an exhawsifre bst of
od coll antipers. [t may be regreted that the HLA eystem 11 oot Incloded ar pot
o mentioned At lesst this would havs been Decesmry in coosechon with the
chapter on platelet tramsfunoos. Or else the tithe of the book should make 1t clear
that ki restricted o red osf] Immmmology

On (he whole tha 1 very warfal ntrodoctory text whch will certalnty serve
Dot only sindents of medwcal technology a3 o modertly onderstased in the  wbor’
preface, bot also medn! stodents and phyuciam Interested ia hsematology end
Imenology u Berm

R E Corrom (ed) Histepaihslogy Offxcal Joursal of the Brthh Drvinon of the
Internetoml Academy of Pathalogy Blackwall, Oxford.

Rimapethology mp-ml-hﬂ-mbopbmdnmnhum
tobe  fornm for

¥ory and Edetoral Advisons reprosent asunnce thet Hivoparbelogy
eets the promme ‘1o be different’ and beromes  xgnificast rowmal ba ity Gedd
M. W Hrm Berm

B DUrovT aad R A GooD lasacmasbisiogy of Boms Murew Trassplustafies,
Grose & $tatton, New York 197%6 XVI+346 pp. USS 2875 ISBN 0-308%-
o2 7

Imnuciokssy ¢f Bome AMarrow Trenspiacaon 1 the hardcover edition of the
Sapwmber and Devember 76 wowes ( ol VIS sud 4) of the Traowlaxtation Pro-
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Double Test of Spontaneous Rosettes with Sheep and Momse
Erythrocytes

Statiaica) Sindies and Ustfulnom fa Malirmest Erelnttre sad Nestroletire
Lyxpbegreliferatire Discanet

M. L. Beauataxiagr and C. Focan

Laboratoire &' Anatoests Pathologsque (Prof E- EL Bern), and
Diépartement de Cllxiqoe et do Pathologie Midcales (Frof. FL vax Cabwnazeaa),
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Key Worls. Rostis forming cath  Lympboprolfentten Sserses  Chromic
Iympbold lewkermes 1 well

Abstract W have demoortnated the log normality of the distribation of abeep

Dot rowethe-forming cells were kowerrd w0 haif of tho normel valoes a8 coom-
quencs of the indnced by gty

By uiing immunalogical surface markers, it #s postible to identify dif
ferent fymphotd subpopulations in the blood of normal human belngs and
I patients suffering from lymphopeoliferatve discasex. The T lympho-
Cytes, thynms dependent cells, are able to form rosettes with Sheep red
blood ceils (SRBC) [4 12, 28] the B Iymphocytes, borma equivalent deny
ed, bave specific surfaco markers [2] bound surface tmm
ghobulins [24] and reccptors for the Epstein-Bare virm [13]
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ceedinge. Presentatrons at the firmst Internationat Bone Marrow Transplantation Con
ference of November 1975 at Memonal Sloan Kettering Cancer Center New Yorl,
are summarized in a comprehensive manmer A large part of the bool fs dedicated
1o m[l w:mu—bonmcuan (GVHR) one al the central problem in bone mamov

Biologlcal factors ng GVHR, the relative importance of
hluocommlibilhy determinants a3 well us different in vliro models for the peners-
tion of GVH reaciive lymphocytes are discussed by several authors. One paper sum-
marizes the pathology of GVHR In a second part, retults are presented on several
experimental animal models Investigating problems such as the phenomenon of #¢

netic resk to hemopoictic stem cell f the influence of preceeding
blood tramfusions upon graft rejection, autologous bono marrow recomstitutian al
ter ALG dut for I ible marrow | ton and graft ver

sis-leukemnm effects. Finally In a third part, clinical application of bone marow
transplantation (bonc marrow aplasia, leuhemia, scvere combined immueodefici-
ency) including several papers on immunologic reconstitution after bone marmow
transplantation a3 well as diagnoss and treatment of infection complication. are
presented Al articles are accompanied by a reference list The book b an excelleat
help to hematologuts and cliniciams working in the ficld of human bone mATO¥
trunsplantation, ] Guln

J F Davipson, M M SaMausa and P C. DIsnovras (ed) Progress b Chemiesl
sh aud Tt i, vol 2. Methodol, Raven Press, New Yotk

1976 212 pp. US$ 16.50. ISBN 0-89004-136-9
This second volume 1 exclusi ly ded cated to analyt cal procedures in fibrino-
lysis with some closcly related asay methods, the esumation of salubke fibrin
monomer the ethanol gelation and the protamine sulfate tests involved [a the
detectron of disseminated Intravascular coagulation whih frequently precedes a
fibrinotytic state in vivo The classical methods euglobulin Iyss time the fibrin
plate, the assay of plasminogen ard inhibitory, the assay of evsel wall acti ity
and the fibrin slide method ha c all been conudered Unfortunately one does not
find any description of quantitative ayay methods for the activators urokipase and

streptokinase.

Thewe methods are well described, and the difficulties and pitfall commented
upon which maker their use directly posuble without further informatwan. The 2
uthors (strangely epough 2 of these have been forgotten iIn the st of coatnbutors)
glve the metbods they mie in thedr omn laboratory However each chapters complet
ed by references. This book of f brinolyttc methodology b very wmeful for the
laboratory F Duckrrr Bas |
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Pphocyts smpemion (410% celivml) was mixed to SRBC or MRBC ta cqeal volumes
n HBSS sdded up with 125 of fetal calf serom (Glixo Blo-Colt, Pshley Scot
land) neing ratio erythrocytes/shite cells =~ 30 (4] Two incobatioos, the firet at
37°C for 10min and the second at 4 °C for 1306 h wero separated by centrifega-
don &t 20 ¢ Sar 10min. After punhr-wudm.tborwatu.deﬂmdnlym.
phocrses which boand thres or mors tex, were

duplicate semples jm Bwtm:hmbmeuch-wh.ukmmhknqm
‘wers comnbed. The cootrol tabes, with RBC aloos, perer contuised any chaters

mdmw”ihiu‘mhmmm"-
mindon after the olated »ot coly
wmuhmmmmmhmmmmm
swtts of RFC wers caxpressed a1 percoatage of the hymphocytes Bsolated sad in
absoluie xmbar per cublc milimeter of blood. A SREC/SRFC + MRFU ratke was
extablishd for each snbject.

By cumwlailve diinbotion of the eadied parameters oo & probit scale, [t was
posible %0 detarmine whether the two pathological popalations obsyed
mo-normal law o in the control subjecty Mortover wo compared the peomatric
meen of the different groops (comtrols, patiests In clinoical progremion, and pe-
thents m rembecn) by the Siodemt's t tast. The knmnne-adherence propertios of mer-
«rul patisats wrs also regoiarty followed op and their modification compared with
The varketions of the blood hympbocytous.

Resudts

In afl the groups of normal (group A) and sick (groups B and C) b~
Jects, the percentage and absolute number of the two types of rosettes s
well a3 the SRFC/SRFC + MRFC matlo were distributed aloog 2 loga-
rithmo-normal corve.

Figures 1 and 2 which represent the Individusl dats obtained for the
absolnte numbers of SRFC and MRFC dlearly show that the cates of
LLS had the same distribrbon as those of CLL

In the patients with cvolotive CLL and LES (group B), the SRFC pro-
portian was d whereas the p iges and absolute oumbers of
lymphocytes a1d MRFC were haghly 1 (tablo T IM). Ne
the absolnte pumber of SRFC was either normal or moderately high. In
a0l cases, the valney of the SRFC/SREC + MRFC rato were diminithed
(table L, IT).

5 of our patienty had different RFC petterns in spite of obvions mani-
festations of tymphoproliferatrve cusease (table IIT) 4 of them, who had a
reduction n the SRFC percentage wath efther normal or low absolate
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It is known that in chronic lymphocytic leukemia, the percentage of T
cells forming spontancous roscttes wath sheep erythrocytes is decreased
[9 12,23 27 29] on the other hand, a high proportion of Iymphoid cells
form rosettes with mouse erythrocytes [25] According to STATHOPOULOS
and Eruiorr [25] the mouse rosetic forming cells (MRFC) which are
less frequent 1 normal subjects than m leukemic patients, probably re
present B cells.

In a previous paper [5] we reported that the modifications of the im
mune-adherence properties — sheep rosette-formung cells (SRFC) and
MRFC - were not only observed 1n cnses of chromie lymphocytic leuke-
mia (CLL) but also in patients wath malignant lymphomas of the well-
differentinted lymphocytic type m stage IV Qur present observations com-
plete this preliminary work by a mathematical npproach of the immuno-
logical statos wung SRFC and MRFC in patients with CLL and lympho-
cytic lymphosarcoma (LLS) of this particular type. In scveral patients,
the influence of chemotherapy on tumor cells and cell-mediated immumty
was also studied.

Material and Methods

The d sisted of 135 pormal subjects — (63 men and 67
womeu)d]ﬂdcdlmodxnppmdnuldycquﬂnm;mnp-tmm?ﬁmmelhﬂnm
ynn(mmmwxyun)-lndlnﬁpaﬂenh.udlhtmmﬂmdfmmmlﬂ!
nant ic proliferations with bone marrow infiltraton (35 CLL
nndlonn-dlﬂmnuuedus mean age: 619 years) and 12 were in rembsion af
ter chemotherapy (1 CLL and 11 LIS, mean age: 632 years). The casca of LLS
were deflned according to the following criteria, (1) Proliferatlon of Iymphocytes
Unt-ppu.rlobcmmvithmdcnmnﬂluomhtbenndurdulndlblpe

b well d lymphocytic, fn Rarraronr’s (21) classfl
c:ﬂm).mEnhmmcmolndn;lenodeoﬂymphnodemhlhﬂaﬂ!lﬂﬂd
the disease. (3) E: of the mal b to other lymph nodes and 1o

different sites including mainly bono marrow spleen, liver and the gastrointestinal
tract. (4) Hematologic flndings such as anemis, normal or moderate increase of lev-
Locytes with a high percentage of lymphocytes in the blood.

The Iymphocytes were holated from 10ml of venows heparinired blood (either
Liquemine, Roche, or Calparine, Chony 10U/mD) by centrifogation (500g for
20 min) at room temperature on a Ficollsodiom metnizoate (Lymphoprep, Njegaard
& Co Oslo, Norway) gradient. The isolated cells were then washed three times in
Hanks balanced salt solntion (HBSS) at pH 74 and spun at 200 ¢ for 10 mbn. The
nucleated cells were counted after lyas of the smpemion in a mixture of Cetrimide
{ICT) 20%s (4 parts) and acetlc acid glacial (1 part) and the cell viability was deter
mined sfter conventional trypan bloe stalning (5.3*  + 0.3 of dying ceils) The Iym-
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Fig 2. Distribodon of MRFC per mm? In 135 bealthy subjects (corve A), ba 40
cawms 0f cvobtive CLL and peoeraland well diferentrated 1LS (cwrve B) and in 12
Caass 0 reminion (corvs C). Abcisex: logarithmuc scale, member of rosciizs per
mm' ordinte: probet scale, cemudsive percentager. Sl dots = Cantrohs,
-l A-LlS

Disrustion

Our method of solating lympbocytes snd preparing the sheep roseties
from the normal blood gives results lower than those observed by severa!
other anthors [2, 12, 14 26] who have studied the total or late E rosettes.
There arc also similar differences between our data and thase of STaTEO-
ProuLos and ELLIOTT {25] who imvestigated SRFC and MREC tn CLL pa-
tents. On the other hand, our results (BF) looked similar to those report
ed by Wysaan end Fupenszro (WF) [29] ming the ‘active or carly E
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s W 2 & b 2 4 b

Fig 1 Distribution of SRFC per mm? in 135 healthy subjects (corve A), in 40
cases of evol CLL and well-duffy fated LLS (curve B) and In 12
casen In rembion (curve C) Abcissa. logarithmic scale, number of roscties per
mm'  ordlnate: probit scale, comolative percenmges. Small dots = Controls
@90 = CLL (groups D and C, respectively) A = LLS

numbers, showed 2 MRFC percentage in the range of control values with
« normal absolute number and a normal SREC/SRFC + MRFC ratio in
two of them. On the other hand, the fifth case (G F) presented & nignifi-
cant increase of the SRFC level

In the nonevolutive patients (group C) tested at least 3 weeks after
cessation of chemotherapy the proportion of the two types of rosettes re
turned to the normal range, whereas the lymphopenia caused a 50%e de
crease of their absolote number (table I II fig.1 2) The
SRFC/SRFC + MRFC ratio rose to the control values. The follow op of
the paticots demonstrated a progresmve recovery of the RFC absolote
number to normal levels dunng the subsequent months.

Flgure 3 {llustrates tho variations of the lymphocytes, SRFC and
MREC in 2 paticats suffering from CLL, the first 1 in relapse and the
second 1 entering remission under chemotherapy In each case, the
MREC changes followed the modifications of the lymphold cell numbers.
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Fig 3 Vanatoos of Iympbocytes, SREC and MRFC per mm? {o 2 patients whh
CLL. Ou the Icft side: patent m relepa; oa the right sde: patiant extering remis
slom vader chemotherapy

Teble I11. Romtiing paitern of 3 peceiur cases of malignent ympbocytic protderation

Padlert Diagnords Ial.adLymz:l‘.nQ!a,’!.lFC, SRFQ N.RFC. )JRFQ’RFQ

e om SRFC+

MRFC
GF L § 56 342 2 13931 03t 185 a9
LL aL 2 36 WA 1285 028 51 ose
PA 13 & 51T 17aH 031 ” 08 112 0419
TE L s 4 5213 148 0 04 n omy
YA 1L 3 M 2B64 19 3L oss 15 060

awnabic to conclode that the two subpopalaboas tsolated by both methods
are jdentical. STATHOPOULOS and E1tiorT {25] o formd MRFC valoes
higher than ouns, but in more recent papers, GUPTA ef al [11] reported
that the maximum of MRFC wat obtained at temaperatures between 24
and 28 C. The ponible resson of our Jower valoes could be doc to the
choice of the incubation temperature (37 C).

It is well known that tho CLL s characterized by an fmportant prolif
eration of B cells, which can be i by surface i b o}




Branuxar/FocAN

Tuble 1. SRFC and MRFC valucs in notmal subjects and in patients suffering from eftber CLL o %

BRFC, 4

MRFC, 4%

6
Group A (135 controls)
peometric median
mean value
+8SD (confidence
{nterval
95 4)
pad ns
(20.3-41.5) (142-58.6)
14 14
©631) 0368
LI 13 750

SRFC/mm

SRFC/SRFC + 054

MRFC

mm?

(4435-1285)  Q58-2,179)
MRFC/mm® 36 33
(1535 (6-200)

094

(090099  (086-1.03)

2,610

2,592
(1719-3,961) (11156027

differentiated LLS
Group B (40 evolutivo cases)
geometric median
mean valoe
+8D (confidence
interval
95 4)
43 50
(1.6-14.5) ©.7-H)
209 203
(10.6-41.5) (48-26.1)
79 ™m
(352-1766) (186-3197)
3259 Jmi
(®50-1,500) (20544590
0.16 0.15
(0.05-0.54) ©.01-2.2)

16,490

15,630

QGrouep C(12 pon-
cvolutive casey)
grometric  medun
mean valoe
*SD {conBde
Interval
95%)
20.7 193
(106400 (8563
1.0 ()
@43 @13D
306 273
(126-731) (37 208
15 9
4-58) ©4-38
0852 08

©7-1.06 (8710

1479

1,246

(622243710 RIS1-113,600) (540-3418) (W33

Tabde I Statistical compartacn of groaps A, B, C. (Student's t fest on peometrical vatoct)

SRFC, %

MRFC, %

SRFC/mm*
MRFC/mm*
SRFC/SRFC + MRFC
Lymphocytes/mm?

obtained by the two
regression equation.

Groups A/B Groups A/C Qroups B/C
t P t P t P
452 < 0.001 PR, < 0.01 246 -~ 0.02
1325 < 0.00) 9.81 < Q001 263 <o0a
039 NS. 53 < 0.001 150 <00!
32 < 0.00t 31t < 0.01 1 < 0.001
17.06 < 0.001 13% NS, 494 < 0001
1733 < 0.001 408 < 0.001 7714 < 0.001
hniques was esti d by calculating the following

Log SRFC BFY = 1.03179 log SRFC WFYs + 004363 (r = 0.83, p < 0.001).
it seems rea

Since the regression coefficient had n slope of almost 45
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Fig 3 Vaxistions of lympbocytes, SRFC and MRFC per rmm? {n 2 pabents with
CLL. On the left side patemt [n relspse oo the right side patient entermy rembs-
on woder chemotberspy

Table [TI. Rosetting pathern of § pecnimr cases of mabgmnt hmphocytic profiferaton

Pt Diagnoshs Scxaod Lympbocytes/ SRFC, SRFC/ MRFC, MRFC/ SRPQ/

o mmd % om % mom SRFC+

MRFC
GF ar R 56 MAT2 22 1351 031 185 0
LL av 9 56 20458 €1 113 018 51 09
PA LS & 57 17am4 as1 91 063 12 o4
TE w3 3 & sus 346 130 044 B o
YA Ls 3 T B84 13 Y R L Y- )

sonabls to conctode that the two subpopulations fsolated by both methods
are identical. STATHOrOULOS 2nd ELLrOTT [25] also found MRFC valoes
Egher than oun, but in more recent papers, GUPTa o af [11] reporied
thet the maximum of MRFC was obtained at temperatnres between 24
&0d 28 *C. The pouible reason of our lower values could be due to the
choics of the Incubation temperature (37 C)-

Tt hs well known that the CLL is characterized by an mmportant prold
eration of B cella, wiuch can be fied by surfecs n
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6 16 19 24 27] We tried to find out whether immunoglobulins were
bound to the cytoplasmic membrane of the MRFC. The results obtatned
in 3 of our leukemic patients show that a high number of lymphoid cells
lsolated by the MRFC methad, then subjected to a short lysis in distillated
water stll fixed a polyvalent heterologous fluorctcein labelled antiseram
directed against human immunoglobulins [22] These observations con
firm the recent results of GUPTA ef al [11] who identified the presence of
merabrane-bound IgM on lymphocytes forming rosettes with MRBC.

In nlmost o}l the casea studled, when the lymphoproliferauve disease
was in cvolution, the relative and absolute numbers of MRFC rose,
whereas the percentage of SRFC and the SRFC/SRFC + MRFC ratio
dropped although the abtolute number of SRFC remained normal These
modifications were reversible after an efficent chemotherapy In certain
active cases, an increase of the absolute number of SRFC was found with
a percentage lower than the control values, Thete observations confirm
those of RABIN and WHITESTDE [20] LANG ef al [15] and AUGENER ef el
[3] emphasizing the importance of expressing the results in absolute val
ues to appreciate correctly the iImmune statos of the patient.

This it exemplified by the behaviour of SRFC 1n untreated and treated
CLL and LLS Our results show that in most cases, there is no real celle
lar immune deficiency before the institution of a cytotoxic treatment. In
deed, the absolute number of SRFC is identical in controls and untreated
patients (respectively 756 and 789) This number drops alter chemo-
therapy (306) Thus alteration of the 1mmune capacity persists for 8 more
or less long time after completion of the treatment.

Consldering only the percentage of SRFC could have led to a misinter
pretation of the cellular immune status In fact this percentage depends
upon the number of blood lymphocytes which varies as a comequence of
the treatment. Simultancous decrease of the absolute number of SRFC
ond of blood lymphocytes can pive an nlmost unchanged percentage of
SRFC (29*/s in controls and 20 7% ¢ in treated patients)

In a healthy subject, the whale population of blood B cells is able to
aggregate the erythrocytes of the Macaca speciosa monkey [18) but only
1 4-8 6% of the blood lymphocytes form rosettes with MRBC [7 8 10
11 25] This proportion is greatly enhanced in most cases of CLL and
well<ifferentlated LLS with bone marrow lnmu-nllon pou{bly as a con
sequence of the duapy of a inhitating the
expression of a clone which has a llmiled growth in the normat uuh}cct.

The alterations of the rosetung tests which we have described were
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obserred in the great majority of the pathological cases stedied. Never
theless, [n some cases the absolute MRFC number amd the
SRFC/SRFC + MRFC ratio were normal or moderately decreased. Four
b cn y explain the drssociation between the leuk
mdmmmmmﬁydﬂnmmwﬁm
The leukemic lymphocytes could be either (1) B Iymphocytes with bound
surface immunoglobuling related to other classes than IgM snd winch are
mmable to form rosettes with MRBC, (2) B lympbocytes with bound sr
faco Immunogiobulins of the IgM class which hxve no receptors for
MRBC, or havo Jost them, or masked them (3) T cells which bave po re-
ceptors for SRBC, or have Jost them, or musked them in one of our pe-
bexts (G F), the T origin of the CLL can be smpected becanse of the
high number of SRFC — this type of leukemla was observed four times in
lleﬂcsofGOpuﬂennfoucwdbyNawu.de[U]oru)uun"lym—
phocytes which have no recep O €Ty ytes and no
surface immunoglobulins.

In conclosion, 1t appears that in the patients suffenng from lympho-
profiferative disorders, such as CLL and well-fifferentiated LLS the dou-
bic test of rosettes with sheep and mowss erythrocytes may be a simple
test of some disgnostic vatoe. The test seema to be most weful m (1)
quantifymg the prolferative capacity of the tumor cells (Z)mhnnnltbe
posdble cellalar immune (3) sppreciath
dmnthﬂlpymdu)fcdbﬂn:&:pmmdmln;dxrvmndcnpeﬂod
and perhaps predicting the relapse.
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Heterozygous f-Thalassaemia with Normal Haemoglobin
Pattern
Hi bin #0d Bloxyatbesls Stedy of 4 Famfliks

Ez10 SILVESTRONI 1DA BIANCO BRUNO GRAZIANT CLAUDIO CARBONT

Center of Microcythacmia of Rome, Institute of Hygiene University of Rome,
Rome

Key Words Thalasmemis Haemoglobin pattern  Genetics  Blosynthetic stodics

Abstract Thalasmemla with normal levels of Hb A, and Hb F and with an o/
ratio higher than 1 is described in 4 families. 3 of these families show direct or indi
rect signs of the presence of the d-thalasaemia gene along with the S-thalassacrnia
gene. The fourth family leaves the question as to wbcthcrﬂtmhlﬂn;le mutabon
of the 38 tract or & f + & fa In d. The mecendty of
Lnowtn]of!hee@moeo{lhhlhdamemhvhlchconcnhxhapmeoll
fhalassaemia gene, h strensed, above all In view of the danger that mating between
a carrier of this thalagsemia and a carrier of classlcal #-thalasaemia could result in
the birth of children with Cooley's cisease,

The dg-thalassaemia described by ZUELZER er af [17] is characterized
in the heterozygous state by a hacmatolagical picture typical of thalassae
mia and s hacmoglobin picture with a normal level of Hb A, and a level
of Hb F of 5-10-20% and in the homozygous state, a mild Cooley s dis-
case with only HbF

Another kind of thalassaemia charactenzed by normal kevels of Hb A,
and Hb F occasionally reported in parents of subjects wath Cooley s dis
case, has been considered by vanous anthors as a 4g-thnlassperma with
out the characteristic increase in the Hb F level [2,9 13 15 16]

It is knrown, however that a form of thalassaemis with a normal hae-
moglobin pattern can also be the phenotypical manifestation of other
thalassaemic genotypes for example, a-thal in, the ciation of

Received April 27 1977 accepted. October 28, 1977
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fibal ia with 4-thal In dr or trans and p-thalarssemia
L by severe iron
Thedammlnlﬂonofwrumhmlmllnimmtwhhi:mmﬂy
discriminats the latter condition. The sindy of haemoglobin synthesis in
Vitro permity a-thal to be gnired, except fn latent
cases. Vice verna, the fi of g+ & is still difficult
todey Fanily studies make ft possible, in fact, to recognize this condition
if the two mutattons arc in repulsion and cases of sepanute tremymission of
the two genes arc observed In the descendents, but this is not possible if
the two mutations are {n coupling [3] In this latter case, in fact, the two
canditions segregate together because they are very closely linked.
Further genctical events, which have been sugpested a3 & possible
cause of thalasesemia with normal Hbs A, and F kevebs, are a displaced
crotsing-over between 8- and f-genes whose recombinant product —
though hybrid In structure — exiibits the same electrophoretic behavionr
of the normal g-chain, and a deletion of both &- snd f-genes [12]
In the present study 4 families carrylng thalassaernia with these char
acteristics are described, 3 of which show evidence of carrymg 3- and
A-thalassmemis penes and the other of which s more difficult to account

Materials and Nethods

3 famifies came 10 our obeerTabon &3 the Toalt of the presence of - member with
Cocley's dlarsse. In 1, the probend wxy womply  A-falensemia carrier On the
‘whale the jevertigations concerned (table 1 fig. 1) 29 contactable relatives, amongst
ot w ere the most sigruficant memban of each famidy

Routing barmmtological methods wers wxed for tbe determimancn of aemoglo-
bin, haemetocrt and red cell cownt Red cell fragiity wes tested on 0.3 salme ac-
Mmmmdumnmmdmm

smalysis way wd by mitro o cellogel b
iycioe-NaOH buffer at pH 86 Hb A, a0d Hb F were estimased by demisoetric
domys carned oct oo the cellogel strip AficT clectrophoresia sccordmyg o the tach-
nkqee deacribed by Bumco et oL (11 Hb F was messorcd by the method of Soom
aa (11,

Globla chsin synthess was mexmred by hacobetion of peripberal blood ja the
Presencs of TH-leocme (perchesed from the New Eagland Corp., Boston, Mes) sc
cordg W the techaique of Wiarweratl. of o [14]. Tha totel radwoectivity mcorpe-
Toied bxto each globta chara was calculated s the sem of the radioactivity of all the
eflment fractions of the globin chain prak o/f or w/f+7 or e’ ratios were calculst
L. The parmal o4 matio found n oor isboratory besed on 21 determisstions per
{ormed om different sbjects, was 1.00 + 0011
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Fig I Pedigrees of 4 families carrying thalassaemia with normal haemoglobln
pattern. In 3 familles members with Cooley’s disesse are present. The first nomber
below the symbol of healthy subjects represents the percent of Hb A, the sccoed
number represents the o/f matlo. Below the symbal of the patients the percent of Hb
Ay and a/f4y or a/y Tatio are reported.

Results

Cart family The p QM1 is & 2.y 1d baby dan, paflid and
picnomegatic from the ape of 6 monthy. Since then, he is In the care of the Centes
of Microcythsemnia of Rome, for ansemia, and receives periodic tramfustons. Hae-
moglobin clectrophorests thows a bigh percent of Hb A, but tho stody of globia
wmbcd:;hmthnuomplmnhcmo!wly!«mluﬁ-chﬂm(ﬂgnmw
enta (111 and 11 2) are both carriers of cvident thalasmaemia, and show a high o/
ratlo dmilar to that of f-tbalatsacmics (1.56 and 1.81) Haemozlobin clectrophores
Is, however reveals (table I) that the father (11 2) bas a normal level of Hb A, 25)
and Hb F (11) An examination of the famfly of this subject, resident In Sassari
(Sardinla) whote blood samples were flown to Rome¢ showed that the motber (12)
s & carrier of A-balagsaemia with high Hb A (47" ) and a bigh o/f mtio (153%
Vice versa, the father (T1) and a slster (T1-3) have a normal haematologlc pcture
and globine chain synthesis, but both have very low Hb A levels (11 and 1.0).
Rib family The proposites (111 1) is a 14-year-oMd girl from Venctin, in the care
of the Center of Microcythaemiz of Rome from the age of 3 months for anacmia
with splenomegaly Slace then, she recelves tramfmions st intervals of 20-30 days,
desplte the fact that at the age of 8 yean wplenectomy was performed. The parents
are both carriers of evident thalasaemia, bot while the father (T1 2) hay a high Hb
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Tabde 1. Hacmatologic, bacmoglobin and chain synthesis deta in 4 femiie pomessing #- and -t lemmerra.
eoos

Fmly  Am, RBC, Hb, wuw umnmh.HbA.,m;F Globin chatn

membey ywrs 104 gf100 RBC % In036% % synthesis ratios
mm ml  ehertioms alm of ediren

Fau, Cart

23 @ 0 M4 -~ 1 11 19 100

o] STos52 16 ++ n e a7 15 13

I B os2 116 ++ 3 a 41 15 156

m 3 54 s 4+ T ® 25 1to1m

3 n 4 12 - 7% 10 11108

%] 235 97T 44+ "9 17 ms m

Fam. b

1 6l 41 144 -~ % 12 s 101

12 6 A3 116 ++ noH 44 L 13

bind 3 52 126+ & 15 20 14 149

o2 a3 19 w4 @ 37 21

3 7T 6 128 ++ a © 45 12157

M M2 93 ++ nou 20 152

Fowm. Pacw.

H ™59 122 ++ (1IN ] 41

1 0 65 128 ++ n » 37

o2 47 34 130 ++ L 23 15 180

oy 49 42 1Ky - 7 15 22

o3 © 51 100 ++ 7 © 33 28

o 19 54 16 v+ T 6 43 15 15t

m2 17 47 123 - L ] 23

Faw. Tas,

H 0 46 129 - 10 » 20 12 112

o] & 47 120 B9 23 1 14

o I35 49 M7 - 1w » 13 11 100

o2 n s0 123 - " 9 19 a2

3 1247 13 ++ 7T © 4s 14 138

o« 2 43 106 + [ T 22 15 14

I3 7 s0 1o 0 » TR ]

Lo 2 47 16 - LTI ] 19 11 1o

I 1 S0 s ++ % o [T 250
The pasiexts recelve frequent

tranfusoot.
The patient was ghon two rumfusions, 008 3 morhe and the other | month befors the sbovs examing-
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Flg 2. Distribution of radicactivity in the a- #- and ychains of a whole red
blood cell lysate prepared from Lhc patlent with thalasssemlia major of the Cart.
family g-Chaln is pot & ble, The floactive peak of S-globin ks
totally of transfusional origin. The g-chains are synthetized in a Jargo excem over
the pchains, — o Absorbance- = radioactivity

A, level @7, the mother (11 1) has always shown & normal Hb A, level 2 oo aver
ag¢) on repeated cxaminations, Recently a study of this woman's family revealed
that the mother (1 2) and a brother (I 3) arc carriers of A-thalassaemla with a high
Hb A level and a high /8 ratio, while the father (1 1) bas a normal baematological
picture and &/8 ratio, but a very low Hb A, level (1.2).

Paon family This family has already been dealt with in a previous publication
by Swvesroxnt ef ol [10). The study is now completed by the stady of globin sy
thesls in vitro

The proband s & 19 year-old youth, a f-thalarsaemls carrier He has a high Hb
A level (4.8) and rn o/f ratio of 151 The father (11 3) and a brother (TT1 2) are ot
mal The mother (112) is a thalassaemia carrler with an o/f matlo of 1.80, but con-
stantly presents pormal Hb A, values (the mean of repeated examinations b 2.5}
and Hb F levels (1.9). The study of this women's family reveals that the mother
(1 1) and 2 brothers (11 1 and 11-4) are carriers of A<thalarsacmia with a high Hb Ay

Tav family The propositus Is & 1-yearold child from Puglia, pallid from the
ape of 2 montht. He had already recelved two transfusioms, one 3 months and the
other 1 month before the present examinations. An clectrophoretc dludy of the Hb
Teveals the presencs of & bigh quantity of Hb A which docs not, bowever all come
from the tramfused blood. The study of globin synthetls in vitro in fact, revesh
that & notable quantity of fchalus arc synthesized by the patient s own reticulocyta
(fig.3) The father (11 3) of the child Is an evident A-thulasesernia carrier Vice ver
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Meacroaces 290 ren

Fiy 3 Distrfoution of radicactivity = the o A and ychuns of & whols red
blood call Iysate preparsd froca the panem whh thalrmecmis majr of the Tay
fanily A notable gchain sysibctis can be sten. A lurpe excem of  cham over com-
bined #+p-chain o praaLl — = -

=, b the mother (11 3) the are aimsost
«ntirely abeeot, the hecmoglobls pectory » sormal snd oaly the stady of giobra fys-
Geats reveah  deficit s e-chuns (o/4 1an0 = 140), simlar 10 that of A thelesmas-
mia carriers The mother of the mbject (1) aad  brother (11 5) prasent dextical

beemoglobrs and globia synthests Charscteristics, while the father
0-1) and esotber 3 brotbers (1 1 2, 6) are parmal.

Duscussion

In the 3 femilics baving a member with Cooley’s disesss (Cart, Rib.
and Tav ) 1 of the 2 parents b o thalasszermia carner with & high Hb A,
and the other a thalansemia carricr with pormal values of Hb A and Hb
F but with o/f ratiot quite siclar to those foumd In beterozygons f-thal
*uacmicy, The finding togetber with tho fact of there belng a child with
Cooley s disctac reveahs the presence in these 3 subjects of a g-thalassae
Tha gene, or better given the abseoce of an icresse In Hb A,, of » thal
Tusemic mutation at locus 2 and at locus 8.
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Fig 2 Dintrfbution of radicactivity fn the == £ avd pchains of & whole red
blood cell lyrate prepared from the patient with thalassaemia major of the Cart.
family §-Chain symthesis Is not d ble. Tho dloactive peak of A-globin b
totally of transfusional origin. The a-chaim are synthesized in a large excess over
tho ychains. — = Absorbance: = radioactivity

A, level (3.7, the mother (11 1) has atways thown a normal Hb A, level (2 oa aver
age) on repeated examinations. Recently a stdy of this womans family revealed
thn\hcmmhcr(l’l)andlbrmhcr(llmmunimofﬁ-dn\mamﬁn\'hhlm
Hb A, level and  high a/ff ratio, while the father (I 1) has & normal hacmatological
picture and W/# ratio, but a very low Hb A level (1.2).

Paon, family Thbh family has already been dealt with in & previous publication
by Swvestrae et al (10). The study is now completed by the study of globin 57+
thesls {n vitro

Tho proband is a 19 year-old youth, a £ thalamacmis carrier He has a high Hb
A level (45) and an o/ff ratio of 151 The father (1 3) and a brother (IT1 2} are pot
mal. The mother (11 2) 15 & thalassaemin carrier with an a/g ratlo of 1.80, but con
stantly presents nofmal Hb A valoes (tho mean of repeated cxaminatiom i 25)
acd Hb F levels (15) The study of thls womens famlly reveals that the mother
(1) and 2 brothers (11 1 and 114) are carriens of #-thalastaemta with a high Hb Ay

Tar family The proportus b & 1 yearcld child from Puglis, pallid from the
aps of 2 monthe He bad alresdy recejved two trsnafustons, one 3 months and the
other 1 month before the present examinations. An electrophoretic study of the Hb
veveals the presence of a high quantity of Hb A which does not, howerer all corae
from the tramsfused blood. The study of globin synthems in vifro in fact, revesh
that & notable quantity of #-chainy are syntbesized by the paticnt s own reticulocytes
(fig. ) The father (11 3) of the child s an evident £ thalswsemia carrler Vics ver
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o result in offspring with Cooley s disease. The present case material
clearly fllustrates this danger 3 of the familics dealt with have come to
our observation after the birth of & child with Cooley s disense.

This all points to the necesuty of thoroughly studying every case of
thalassacmia with a normal haemoglobin picture, above all if marriage
with a g-thalassaemia carner Is m vicw and abso indicates the necessity of
including in these inventigations the sindy of globin synthesss in vitro
which f1, at present, the only investigation which makes 1t possibie to ds-
mlthllmmm\nmounlocmpmoulh:ddmwmlnlhenb-

scnce of sny other h ghcal or b charac
terlude.
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Even in the third family with a Cooley s patient (Tav family) a g-thal
assaermia and @ compromussion of the d-chains synthesis (3-thalassacmiz)
are present but m this case these two genetle conditions arc in coupling,
snce they are transmitted together by the double carner (either none of
them asto Il | 2 6 or both of them as to 1I-4 5 and, according to the
here proposed genctic interpretation 111 1) The basis for such fallure of
both # and d<chains synthesis by the same non a-genes cluster remains,
however not identified the present findings beng In fact, compatible
both with n single genetic event responsible for both the abnormalities (3
Lepore gene electrophoretically indistingmsheble from a g-gene or a &
ond p-genes delection see Introduction and Mobiavo et af [6]) ond
with two independent mutations n ¢is one responsible for the # and the
other for the J-thalassacmia

A more remote possibility that should be considered 1f a single genetc
event 13 at the basis of the simultancous g- and -chains synthesis com
promussion with no increase of y-chalns synthems (as m the typical
d~thalassaemias) is that of a displaced crossing-over between the left
test of the ; genes (a 9p-gene sec Ricco ef ! [7]) and the f-gene such
that the resulting hybrid gene would produce globin chains electropho-
retically identical to f-chalns but in a reduced quantity (= f-thalassae-
min) This hypothetical cluster would consist only of that hybnd genc
and it would thercfore produce only thosc globin chains electrophoret
tcally indistingwshable from the f-chalns The phenotype associated with
1t should then be p-thalassaemin during the fetal hife and no HPFH dur
ing the extrauterinc life (while, when the Ap-gene 13 the one involved in
the displaced crossing-over with the § gene an HPFH phenotype of the
Cp-type ensues [5]) -thalassnemia and insufficient production of g-chains
(= p-thalassaemia) dunng the post-natal life A form of p-thalassacmia
(high o/y synthetic rmtio) which after the birth, gradually became a ) + f-
thalassacmia wis Indeed described [4] Tt might have had this ongin
The d- and f-thalassacmins in coupling of family Tav may also be due to
this type of displaced crossing-over but, in order to consider this explan
ation more likely the finding of an associated p-thalassaemin would be re
quired.

Along with the theoretical aspect of the knowledge of this particular
form of thalassacmia, another important practical point 1s to be reported
that 19, the necessity of knowing that the § thalassaemia gene can also be
present m a thalassaemia camer with a normal Hb A, value and that

mating between a carrier of this thal ia and o ji-thal ia carner
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oan resalt In offspang with Cooley’s disease. The present case matetial
clearty [llustrates this danger 3 of the families dealt with have come to
our observation after the burth of a child with Cooley’s discase.

This ull points to the necessity of thoroughly studying every caso of
thalassaernia with 2 pormal hacmoglobin pecture, abore all if marriage
with & f-thalasssemia carrier fs in view and abo indicates the pecensity of
inctuding in these investigations the study of globen synthess in virro
which ns, at present, the only investigation which makes it possible to de
tﬁldlllmmmmﬁoullbunﬂmmthdﬂmcvmm&:lb-
sence of amy other h or hal. is charac
terkstic.
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Ky Words. Hb A, lndesrms § Thaltsmenzia HbE

Abxract The bmmasologica! fadisg reolting from the intecaction of Hb
A Indegut, tradt with f-thalassserna tralt and HbA, (4 trait with Hb E trak are do-
comed. A persom doubly Bateroaypos for Hb A, ey od ftbalimacaia had mild

smlar to those found m persoos with
Fthalereemia traft alone. A cartier for both Hb A, 1ae trut and Hb E trat bad &
wthally norrmal haemaiciogacal fundoigs.

Abwrm\hmo;\obh\smdxhlnn:mhhobecnmmbtm
important canse of dl Malaysia and in
mmmmthﬂl}{meﬂ{bA'h‘)ﬂl
&-cbadn variant in which the ghycine residoe in position 69 1 replaced by
m arginine residue [5] This haemoglobm has been observed In
ble frequencies in Indonesians from Sumatra [3 4] and it bas also been
found in Malxysia (1 2] among Malxys, particularly among descendimts
of migrants from Sumatrs, and also among the West Malayslan aborlg
ines. In this paper we report the hacmratological findings resultmg from
the Interaction of Hb A, 1, trart with g-thalasssemia trait and Hb A, 1y
trait with Hb E trait.

Thss work  a¢ sepported wa part by the Univermty of Catiforem International
Cextrs for Medical Revewch (UC ICMR) throogh rrscarch grast At 10051, sad is
Part by research grant HL 10406, both from the Natiomal Intitries of Health, US
Poble Health Servece

Recerved Apnl 18, 1977 scceptet October 18, 1977
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Methods

Haematological examinations were cartied cut according to standard methode
Haemolysates were prepared from washed pached red cells by the addition of 1 vol
of water and 0.3 vol of toluene. Haemoglobin F levels were mensured by the meth
od of SNaER er al {7] Electrophoresis of haemoglobin was done on starch gel wlng
Tris-EDTA boric acid buffer at pH 8.6 and discontinuom Tris-borlc achd buffer at
pH 95 Cellulowe acetate clectrophoreshs was done In Tris-EDTA-boric acid buffer
at pH 8.9 Haemoglobin A and other b lobl) were d by
the cellulose acetate electrophoretle method of Mumoo-Rm'r_ (3]

Case Reports

Tamlly A

A 1 year-old female Malay child wa sdmitted to the General Howpital of Ser
emban with a history of palior cough and fever that had lamied for 1 weel On ex
amination this child was found to be -mcmlc with w slight tinge of Jaundice, The
spleen wat jost palpable. Hi } and h globln analysls
showed that this child had g-thal la major Subsequently the parcnts of thiy
child snd other siblings were examined. The father was a Malay from Johore and
the motber was also & Malay but she was not sure where her parents ordginally
camo from. Unlike the ¢hild the parents had no ponitive clinteal findings. The haes
matological find'nge for the child (the youngest in the family) und the parents are
thown in table I The peripheral blood film of the child showed moderate hypoch
romia and anhopoililocytods of the red cells with some target cells and normo-
blasts (97100 white cells) In the peripheral blood film of the father the red celly were
fairly well haemoglobinised bat showed mild anlwpoikilocytods with some target
teth and microcyter. In the periphenal blood film of the mother the red cells
showed mild hypochromia and ikilocytads with many elliptocytes and some
microcytes and tarpet cells. The total while cell count, the platelet count and the
Motulsky + teat for GEPD deficlency were normal in all 3 persons. From the find-
g shown in tablo I it can be seen that the father had fthalavasemia trait while
the mother had Hb A, 154 in addition to £ thalevaemia tralt Seven other children n
this € tlly were alaa cxamined and four of them had Hb A 140 tradt only while the
otber 3 had only f-thalasacmia tralt. The hacmatological findings for these children
are not glven fn table 1 became several of them had superimposed mukd [ron defi
clency The starch gel electrophoretic patierns of the whole family at pll 86 are
shown in fgore 1

Family B
This Mawy { mily lived in the Ulu Jempul distriet of huala Pllah Like most of
the Malays in the Utu Jempul district, the family descended from Minangh baa mi
grants from Sumatra The you gewt (fourth) child in this family was invest g ted for
naemia at the Dustrict Hospital wusla P lah. Subsequently all members of the { mi-
Ty were examined. Several of the { m ly members had Iron deficiency (conf rmed by
serum iron estimation) and some alwo had megaloblastic anaemia. Clinically cv ept
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. GCoSo
Ang A2 £ A
vt 1
¥ - —> Youngest chiid (A+F+Ag)
& — Father {Atincraned Ag)
F - —— Mother (A+Ag Ageed
f ——» Chlld 1 (AHincressad Ag
= —p OO 2 (A* AT+ A
PR - Control (A+Az+Ca6o)

¢ —p ChI3{A AztAmng)
e ChIl) 4 {Atincresesd Ag)

— Chlid B (A+AztAzved
—— CHI 6 {A Ag+Aznd
C =t Child 7 (AHncressad Az}

Fiy I Surchgd ekectropbocess w Trs-EDTA-bonc sod baffer pH 36 thow-
0 the baemoglobe patieres of the mambers of (auly A

for the palior there  1e 8o pomtrve findings The members of the fumly were grv
w0 orat fron and fobe acid, asd sebsrquextly 1 of them %ere re-cxamuned. Degte
Teatmant the mother % ey aull won-deficaent the bt e she came for follow-op
The lext evaslable heematologics! fracgs for the motber sbow o table L showed
muld abnormalives shich ure mow probably the resoht of wom defiocacy The bae
atolopcal findmgy for the father and the oW 3 cholirea sre o shown m table
T Tha permpheral blood film foxdrgs of the father and thess 3 clukiren were eman-
thlly within mormal bouts Starch gel ekectropborce patterns of this famly st pH
36 are thow 1 figure 2 It can be wem from table 11 and {pmre 2 chat child 1 m
thes family bad both Hb E trai and Hb Ay [p4 trait. The fourth cheid 1 thrs famuly
mot Irsted e tabe 11 Thn cduld aho had Hb E trot and Hb A, ley trast (fig ™) bot
thh cakl, ke the mother sull shom ed some roa deficuncy the lagt tome the cane
for follow -op hence, could mat determne the bacmatolopcal findmgs afier ber
won deficrency correcied

Pucanon

In famuly A the (ather had g-thatassaerma trait whike the mother had
Hb A, ., tralt 1n sdchnon to g-thalswsacmia tran. The findingy mn the
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Methods

Haematological examinatrons were carried out according to standard methods.
Haemolysates were prepared from washed packed red cells by the addition of 1vol
of water and 0.5 vol of toluene. Haemoglobin F levels were measured by the meth-
od of Stvam et al [7] Electrophoreds of haemoglobin was done on starch gel wiag
Tris-EDTA boric acid buffer at pH 8.6 and discontinuous Trisborle acid buffer at
PH 9.5 Cellolose mcctate electrophoreus was done in Tris-EDTA-bore acld buffer
at pH 85 Hacmoglobin A, and other h tobt were Itated by
the cellulose acetate electrophoretic method of MarmNoo-RowE [6)

Case Reports

Family A

A 1 year-old female Malay child was admutted to the General Hospltal of Set
emban with a history of pallor cough and fever that had lasted for 1 weel. On ex
amination this child was found to be anaemic with a slight tinge of jaundice. The
spleen was joxt palpable. H 1 investigations and dobin analyts
showed that this child had f-thal Ia major Subuequently the parents of this
child and other siblings were examined. The father was a Malay from Johore and
the mother was also & Malay but she was pot suro where her parents originally
came from Unlile the child the parents had no pasitive clinical findings. The bas-
matological findings for the child (the youngest in the family) and the parents are
thown in table I The peripheral blood film of the child showed moderate hypoch-
fomia and anisopoililocytors of the red cells with some target cclbs and normo-
blasts (9/100 white cella). In the peripheral blood film of the father the red cells were
falrly well haemoglobinised but showed mild anjsopollilocytosis with some target
cells and microcyter. In the peripheral blood film of the mother the red cells
showed mild hy and ani 11 with many elliptocytes and some
microcytes and target celle. The total white cell count the platelet count and the
Motalsky’ test for GEPD deficlency were normal in all 3 persons. From the find
Inga shown in table 1, it can be scen that the father had f-thalasaacmin trait while
the motber had Hb A 14y tn addition to # thalassacmia trait Seven other chuldren in
this family were also examined and four of them had Hb A 1y trait only while the
other 3 had only f-thalasssemia trait. The haematological findings for these chlldren
are ot given In table 1 because severnl of them had sperimposed mukd lron def
chency The starch-gel electropharetic patterns of the whole famly at pH 8.6 are
shown In figure 1

Family B

This Mas y family lived in the Ulu Jemput ditrict of Kuala T sh Like most of
the Malays in the Ulu Jempul dntrict the family descended from Minanghaban mr-
grants from Sematra The youngest (fourth) child in thi family wa in estyated for
anaemla at the District Heapltal huala Pilah. Subacquently all members of the fami
ly were camined. Several of the family members had tron defleiency (conf rmed by
scrum {ron estimation) and some 130 had megaloblastic naemin Chinrcally except
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hasmatologhcal findings 1 that person were ot reported, although
lnlmmmum:hehldcﬁmmthnﬂngmelorﬂbmm,u)m
mmwm{mwmgmmmﬂdm
lopcal abpy The loglcal findings in our sabject doably
beterozygous for Hb A, 1,y and p-thalassaemis abio showed mfid hacma
tological abnormalities, but these wre no more severs than those found in
persons with simple f-thalassacmia traxt alone

While Hb A, ;,, Is dus to » point mutation m the 8 structural gene,
which s closely Jinked to the f# stroctural gene, the molecular bals for
f~alavsacmia b not yet been cluadaied and It is chear that there are
different types of S-thalsssaerma.

In family B child 1 bad both Hb E trait and Hb A, 1, trh, but this
double heterazygous state for Hb E and Hb A, ;.4 caused 1o basmatologh-
cxl changes In the child,
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A2ing | Az0rE A

—»= Mother {A+E}

— Normal adult (A+Az

—p Father [A+Ag+Azmd
- —p= Child 3 (AtAs+Aztnd

— Control {A+Az+CoSp)

= Child 1 {A+E+Agind

== Normal adult {AtAz)

—= Child 2 (A+E)

—p Normal adult (A+AZ}

—m= Child 4 (A+E+Agind)
—p= Normal adult [A+A2)

L .H‘>

Fig 2 Starch-pel electrophoresis 10 TrisEDTA-borc acld boffer pH 8.6 show
ing the bacmoglobin patterns of the members of family B

mother show that 1n a person who has Hb A, ;o trait in addition to
A-thal tralt, the h logical findings arc essentially simlar to
those found In patients with 4 thalassacmia trait alone A point of diag
nosuc importance 1 that when Hb A, ,, trait is present in addiuon to
p-thalasseemin troit, the diagnosit of # thalassserma tralt must not be
missed. As ducussed by LiE In0 er al [5] in persons heterozygous for
Hb A, 14 the percentages of Hb A, and Hb A, ., range from 13 to 2.1
and 10 to 14 respecavely But n our propositus who had / thalassae-
mia trait in addilon to Hb A, | , heterozygosity the percentages of Hb A,
and Hb A, | 4 are roughly doubled and together equal the value of Hb A

n A-thalassaerma trast Thrs finding supports the relationship of allelrsm
that must exist between Hb A, and Hb A, ;.y s shown to exist betacen
Hb A ond other 4-chain vanants, e g Hb A, or Hb B,. Lit Injo report

ed finding a person who had Hb A, |, In addition to f~thalossaerma trait in
whom the values of Hb A, and Hb A, |, were also roughly doubled com

pared to the levels found in persons with Hb A, y,, trait alone (5] The
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Eenkocytes of paticnts wath congenital methemogiob . with-
oat ncurological symptoens [1 10 11 16]
The present report describes another case of NADH-duphorsse defi-
dlency d with & progr and tevere gical discase tn a
fpamith gird,

Materials and Methods

Materials and methods have been described i detsl befors [10L Braelly the fol-
lowiag methods were med” Van haWPEN  nd ZILSTa [21] for Methemoglaban de-
‘emaination, Hrczen of al. [4) for methcmogloben rednctase activity m both erythro-
Cyser aud bembocyter, KaMan and BauTLex {12) for electropharesn of NADH-dis-
Phoress 0n sarch-gel, and BETTLER [2) for the other red cell caryma determms-
Homs. Leukocytes ere homogenized m 0 5% sodimm deoxychotate and eseayed for
NADH-cytochrome b, redoctam 1 descnbed by Mmtaas and SaT0 (18], The redue
Gow of 10 e cytochrome b, was followed &t 55 0m o the presence of 180 un
NADH, aad the activity exprevwd s the fust order rate coasmant (war ) per milh-
1 protox.

Case Report
The propositus wis  2-year-old Spansh pri She wa borm after as wseventtel

Pregmmacy At berth, cynrows of ber Lpt, mail beds and and mecote s noted At 3
:&dmﬂwmmmmmmmmmmu

reflaxes, and sttitode m oprthotooos. Oces-
Wona! athriond movementt of both extremines sae aho noted Oxygen sdmmesire-
Gom increascd the discurbancer. Nekber cardiac pOr respinory m-

¥ pH 8.5 wes mormml ead alkaimc-remitent hemagiobla (HDF} w0 presem: i dor
tnal amounts. No hemoglotan 3 was fownd on spectral wxatyns of the kemolysats
\ad by bemoglobus lectrophoreas 1 pH 7.2 0o acemale ceffutons stripy

Al the g of 2 years. the gl bematologacal dats thowed mo sbsantal  boor
walitiey (table 1) Therefore, (he dagnom of congontsl methemogiobincmas wi e
tablchued, The metabohc defect i (he proposius &y foond w0 De en absencs of
NADH diaphorese actmity m her erythrocytes sad leulocytes (b 1)) Traces of
NADH-dowphorase  sh sormmad mobadily wens foosd by dectrorhorer of
the hemotysates from the propoutwn. The sctiviiy of some erythroayt glycalyts en-
Tymars w erg found tn be slerated i accondance with the age of the propowim

Prc was trexted with #scorbec sad (500 mg onily ead duty) sed morbs lose bhue
(1-2 rag iy onally and dady). A marked reioction of mudemogiol comtent (99 to
*  of norrral) and oy aeosh orcurTed, B bet poirological 1y mptems peraested



Acta haemat. 39 348-353 (1978)

Congenital Methemoglobin Reductase (Cytochrome by
Reductase) Deficiency Associated with Mental Retardation
in n Spanish Girl

J L. Vives-CoRRONS, A PWADES E VELA J M CORRETGER,
A Leroux andJ C. KaPLAN

Py ch School of F Farreras Valeni” Hospital Climeo

Clinlca Universitaria Pediatrics, University of Barcelona, Barcelona, and

Institut de Pathologie Moléculaire Inserm U 129 Faculté de Médecme
Cochin Port Royal, Parls

ey Words. Methemogloblnemia  Mental retardation Cytochrome by reductase
Enrymopathy

Abstract Methemoglobinemls and mental retardation associated with NADH
diaphorase deficiency was found in a 2 ycarold pirl of Spanish ongin She
showed no NADH-disphorase activity in cither erythrocytes or leukocytes, but elec:

horetic studies of the y showed traces of an enfymo with normal mo-
bllity Cy(o-:hromo b, reductase sctivity was abo found to be absent in the leuko-
cytes of the I duate NADH. h ectivity was found in enyth-

rocytes and leukocytes in her parents and her sister in accordance with the aotoso-
mal recessive mode of inheritance of this enzymopathy The relatiombup betneen 8
seneralized cytochrome b reductase deficiency and the progressive newrological i
volvement in our patient is discuveed briefly

Introduction

D:f'clcncy of red blood cell cnzy-rnc NADH-diaphorasc (methemo-
globinred ) leads to lob la [8 20] In some
cases the hemoglobinemic synd is nnocinlcd with a progressive
neurological disorder retardation and death at & young age [1 3 5 8-10
15 16] Some of us (J C. k. and A L.) found NADH-diaphorasc defl
clency in the leukocytes of path with ¢ meth fobl
and ncurological discase whcreu: nearly normal levels were [ound in the

Received Augmt § 1977 sccepted October 14 1977
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Farully Studles
Both parents and the 3 year-old sster of the propowtes bad decressed erythrocy
NADH-Gaphorwse actirity (table (1) withoot clirucal or hematological aboormal

acirTity of the keukocytss stadled ocaly in the propoutes ad ber mother 1t shown 1
whie L

Discussion

C NADH-dispb deft also cafled hereditary met
hemoglobinemm, 11 & relatrvely rare dsorder In most cases, it i a benign
enrymopathy characterized by cyanosls, a vanable degree of methemo~
globmemia and compemsatory polycytemua (8] However in about 15/ of
the canes the syndrome i assoclated with a progressive neurologscal dus-
order and severe mental retardanon [1 3 5 8-10 15 16] Ascoriac acid
of methylenc bluc pven orally are effecthve therapeutic agents for the rev
duction of methemogloblnemia and thin cyanosis, but they have 1o effect
on the neurological discase In the present case for example, cyanoss and
methemoglotunerma were markedly reduced by onl sdministration of as-
corbic acxd and methybene blue given together However neuralogcal
discass wes progresmive and at the tme of our stody the propositus conid
ot maintain her hesd crect and & geoeralized hyperrefexia with byper
tonla was obiened. Comvubsive attacks of spastreaty with athetosd mane
ments were also frequent. Recently some of os reporied a case of met
hemoglobinermia atsoclated with severe mental retardabon o a 6-year-old
boy of Spanish onpua [1] The neurological syndrome was very smils to
bat obterved in the case reported here. The frequency of methemoglobin
reductme deficsency in Spain bas not been studsed, but there appears o
be a higher ocrurrence of this dretse in populations ongmating from the
med terrancan basin (hAMAN et ol unpubd |

Although no obvioms comanguinity between the parents, both hetero-
nygotes, counld be found, it 1 possible that the propositus 13 homary goms
for a single abnormal allele

The iamship betwern L and severe
tm was poorfy undk ‘mlﬂlhcﬁmﬁnglhailbe!cukocﬂﬂ
from such patients are also deficient n dlaphorese 1 10 11 16} That
the defect s mdeed peneralired was recently proven m 1 case [16]

To date including the present cxse the leukocytes were foand NA
DH-dlaphorue-deficknt m 8 cases of methemogiobmemia with peurolog
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Table I H ical data of the propodius at the age of 2 yean

Red blood cels 56 x 10131
White blood cefls 1725 x 101
Platekets 2700 % 10°1
Retlcubocytes sL.x1of
Hemoglobin 113 gidl
Pached red cell volume 038 am
Mean red cell volume 6son

Mean red cell hemoglobln opg

Table 1i NADH-dlaphoruse activity of erythrocytes and keukocytes In the proposhtus, her
family and in pormal subfects

Erythrocytes Leuvkocytes

Propositus [} 0
Mother 171 61
Father 150 -
Sister 105 45
Normal values 839 T0-110

Erythrocyte NADH- acthvity b expressed as dez of reduced sub-
strute per gram hemoglobin at 37 C. Metbhod of Hmm etal 4]

Leukocyte NADH b activity ks expr bes of reduced substrate

per milligram of protein at 37 C.

Table Il NADH-cytochrome by reductase activity of the leulocytes

Subject Activity
(first-order rate constant per my of prodein)
Propositus not detectable
Mother 162
Controt 204
Nocmal range 120+ 080
The activity was in d b ted ay described an the

text by wsing cytochrame b as a fimal electron acceptor Thh method precindes any d rect
measurement in red cell hysates because of the interference of hemoglobin On the contrary
it can be applied to crude keuhocytes extract.
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Famuly Shedies
Both parests end the 3 year-old mster of the propomtos had decreased crythrocyts
NADH-duphorsse actinity (table 1) withoot climcal or hemmtological absormsab-

mal slectrophoretc by
mdhmwwmmmmmmmhmm

Discustion

Ce NADH-d defs also called Y met
hemoglobloerma, is a relatrvely rare disorder In most cases, it Is a bendgn
enrymopathy charscterized by cyanosis, a varlable degree of metbemo-
;!oblncnﬂ.lmdcumpcmnorypolycy!mu[s] However mlbclullS o!
the cases the nyncirome fs d with a v
order and severe mental retardation (1 3 5 B-10 15 16] Asmrhcldd
or methylene blue grven orally are effectne therapeutic agents for the re
duction of methernoglobinemea and thus cyanosh, but they bave po effect
on the peurological discase In the present case for example cyanosit and
methemoglobinerma were markedly reduced by oral admindstration of as-
cottac ackd and methylene bloe gnen together However neurolopreal
discase was progressive and at the time of our study the propositus conld
oot mamtam her bead erect and & generalzed hyperreflexia with hyper
tonla was observed. Convulshe attacks of spusticity with athetold more
ments were abo freqoent. Recently some of o reported a case of met
hemoglobinemia assocrated with severe mental retardation in a 6-year-old
boy of Spamsh origin [1] The ncurolopxal syndrome was very similar to
that observed 1n the case reported here The frequency of methemoglotn
reduoctase defictency 10 Spain has pot been sidied, but there sppeans to
be a agher occurrence of this disesse tn populations engmating from the
mediterranean bash [KAFLAN er ol unpubl.]

Although no obvious contangnity between the parents, both hetero-
Tygotes. could be found, it 13 posable that the propositus s homory poos
for a single abnormal aflele.

The fip between and severe fogical
m wat poorhy ontyl the fiing that the leolocytes
(rmnnjch;\:mnulr:dsodcﬂckullnﬁl{w(l 10 11 16] That
the defect n mdeed penerahred was recently proven in 1 esse [16]

To date, mcluding the present case the lcukocytes mere fornd NA
DH-duph defl t m 8 cases of with newrolop
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ic involvemnent [13] All these patients displayed a similar chinical pattemn
with cyanons assocated with athetosis, microcephaly and severe mental
retardation In contrast in 10 patients with the benign type of congemtal
methemoglobinerma only red cells were found defective with normal or
subnormal levels of NADH-diaphorase in leukocytes [13]

Actually the so-called methemoglobin reductase or NADH-diapho-
rase 18 1dentical to NADH-cytochrome b, reductase (EC 16.2.2) [7 17]
Subjects with red cell NADH-diaphorase deficiency are also defective in
NADH-cytochrome b, reductase [10 14 16] Therefore it is now clear
that there are two chimical types of disease type I in which the only symp-
tom 15 a well tolerated methemoglobinemia, and type II in which the
methemoglobinemic syndrome 18 assoclated to a progressive encephalopa-
thy

The enzyme defect in type I Is o deficiency of red cell soluble cyto-
chrome b; reductase In type 11 there 13 a gencrahzed defect of both solu-
ble and microsomal cytochrome b, reductase [16] The present case be-
longs to the type II category and as expected, the leukocytes were found
deficient in both NADH-diaphorase and cytochrome b, reductase [table
1I 1I1] The impact of generalized cytochrome b, reductase deficiency
upon the broin metabolsm #s still not elucidated. However since the ¢y
tochrome b, system plays a major role in the desaturation of fatty acids
{6 19] the neurological symptoms observed in type IT disease might be
due to & defective metabolism of hipids 1n the nervous tissue
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ic involvement [13] All these patients displayed a similar clinical pattern
with cyanosis associated with athetosis, microcephaly and severe mental
retardation In contrast in 10 patients wath the benign type of congemtal
mcthemoglobinera only red cells were found defective wath normal or
subnormal levels of NADH-dlaphorase 1n leukocytes [13)

Actually the so-called methemoglobln reductase or NADH-diapho-
rase is 1dentical to NADH-cytochrome b, reductase (EC 162.2) [7 17)
Subpects with red cell NADH-diaphorase deficiency are also defective in
NADH-cytochrome b, reductase [10 14 16] Therefore, 1t 1s now clear
that there are two clinieal types of disease type I in which the only symp-
tom is a well tolerated methemoglobinermia and type 11 1n which the
methemoglobinemic syndrome 13 associated to a progressive encephalopa
thy

The enzyme defect in type I is a deficiency of red cell soluble cyto-
chrome by reductase In type II there is a genernlized defect of both solu-
ble and microsomal cytochrome b, reductase [16] The present case be-
longs to the type II category and as expected, the leukocytes were found
deficient 1n both NADH-diaphorase and cytochrome b, reductase [table
11 1I] The impact of generalized cytochrome b, reductase deficlency
upon the braun metabolism 13 stll not clucidated However since the ¢y
tochrome b, system plays a major role in the desaturation of fatty acids
[6 19] the neurological symptoms observed mn type II discase might be
due 1o a defective metabolism of lipids in the nervous tissue.
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A 13-Years Remission in Chronic Myelocytic
Leukemia after a Single Course of Busalfan
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and J PINKHAS
Department of Medicine ‘D Beflinson Medical Center
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Abstract A patlent with chronic myelocytlc lcukemia In whom a clinical and
hematologlical remission occurred after a single course of busalfan i deseribed. The
runiniouluudfornpcﬂodufl)yunmdduﬂngthnhpuo{dmc.lhﬂﬂ“
birth to a healthy child. Afterwards, acute myelobl ia was
Following treatment with rubidomy and arabinoside C another frsion was
achieved, latting already for 18 months.,

Prolonged remission in chromc myelocytic leukemla (CML) following
a single course treatment wath busulphan 1 rare [1] We here describe &
patlent with CML in whom following a single course of busulphan, a re
mission of 13 years duration has been achieved.

Case Report

In May 1962, & 27 year-old housewife, mother of & 2-month-old infant was re-
ferred to our hematological clinic becamse of weakness and leukocytonis, Her past
hittory waa hrrelevant. The pregnancy was oneventful and she gave birth to &
healthy child. Shorly afterwards she started to complain of vague joint palns and
fatigue. On physical the only phath finding was a firm and
nontender spleen, felt 1 em below the costal margin. Tho hemoglobin was 122 g/dl
the white blood cell comnt Imyl v{lh 2*/ metamyelocytes, 4% myelocytes, 4%/
band forms, 65/ poly 1 3y 4/ monocytes

Recefved. May 3, 1977 accepted October 28, 1977
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-:dl&‘l hympbocytes. The platalet connt was 300,000/al. The bono marrow aspirs-
revesled marked hypercelldarty with  myviold-aythrold o of

complets clinical and hemmtological remisdon. Repested bood cousts
o aspiration bome marrow biopeier were within normal kmnits. The scrom viamin
Byy Level was hetwoen 640 and 700 pg/ml and the Descrophute phorphateee

LOM00ul, The NAP scors was 304 serum B Jewel 747 pt/ml The electron m-
cToscopic exmmuastiom of the peripheral white blood cells confirmed the prosencs
dwmmmmmmwmndm-wumnﬂ

m&mw the hermatological valwes pradually remrsed to
warmal and the patient eotered (nto remimbon. She was drcharged while oo thics-
waring 80 mgfday and to the present day e 1/ years Luter the pethent bs will in
Tembson and fres from paire The periferal blood counts and bome merrow exami-
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nation are normal. The X-rays bone survey and the #aTcy bono scan are similar to
those found 11/ years ago.

Discussion

The diagnosis of CML, established in 1972 in this pauent, was based
upon the findings of splenomegaly leukocytoms and the characterisic
morphological findings in the penpheral blood and in the bone martow
The achievernent of a remisslon Iastmg for 13 years following a single and
relatively short course of busulphan treatment 1s unusual The normal
NAP scores and serum vitamin B,, levels found 1n our patient at the nu-
merous follow up examinations during this period of time aro zlso in fa
vor of the fact that she was 1n complete remusion. It is to be noted that
thesc parameters were not examined m 1962, when the diagnosis of CML
was cstablished Prolonged busulphan-induced remissions have been re
ported in CML [6 8 10 14 15] however similar results following a sin
gle course of busulphan treatment are rare. DIALDETTI et of [3] described
a 42 year-old woman 1 whom complete remission of 7 years duration
was achieved following a single course of busulphan, Another case of 13
years remission was reported by WinTroer [20] but no menuon was
made ns to the duration of the treatment.

Conventional drug treatment of CML generally fails to Induce true re-
mission since the bone marrow cells remain Pht-positive [8] Busulphan-
induced bone marrow hypoplasia 1s frequently irreversible and even fatal,
and patlents who survive this phase usually do not remaln in 2 long-last
ing remission [10] Gavrox and Sriers [10] reported a few Phi-posiuve
CML patlents who survived a busulphan induced bone marrow hypopla
sia and later on entered 1nto an unusually prolonged remussion lasting up
to 14 years in these patlents, the bone marrow hypoplasia was induced
by rclatively small doses of busulphan, and while in remission, their bone
marrow became Phi-negative. It has been suggested by GavtoN and
SpmEms [10 cf 16] that in such patients the Phi-positive cclls were un
usually sensitive to busulphan and a marked reduction of the mze of the
Ph positive population might be instrumental for the relense of the nor
mal Pht pegative cells from a homeostatic suppression caused by the
mass of the proliferating Phi-positive cells [10] On the other hand, it may
happen that the of busulpl dministered to CML
paticnts can eluninate the relatively small population of Ph! negative cells
and thus be responsible for a fatal bone marrow hypoplasia The possibll
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ity of deliberately inducing & ‘planned’ marrow hypoplasia, thes convert
ing the bope marrow to a Ph -negative state has been conndered by sev
enul anthors [4 9] slthough this procedure b not atways szccexsful [17]
and not without harm (16)

The presence of Ph -chromosome, which is a major although not obls-
gatory disgnostic finding for the establishment of the diagnosis of CAML
wm searched for on several occastons in our patient, but was not detect
ed. Since thls examination was not performed when the diagnosis of CML
ws established, onc may specnlate that the bone murow was sctually
Phipositive at that lapse of dme, snd followwng therapy it became Ph?
oegutive, This possibility seems tifikely mnce In previomly deseribed pe
tients who wers in prolonged remiznon, and coaverted into a Fh
pepative marrow some Phi-positive cells conld always be dstected durmny
the course of their disesse {6 16] Patients who bave the less common
form of Ph! negative CML, bave generally a poor prognosis and a short
sarvival (5 13] In this respect, the clinkal coune of our paticnt s disesse
s rather outstanding.

The excesvive hypercalciuria detecled prioc to treatment was apparent
ly emociated with the bone lestons. Hypercakemia and osteolytic lesions
aro fonnd in 2.54.5 / of patients with scute leukemia (12, 19] bat are
relatively rare in the clronic forms of the disease [1] CrAweR o of. [2)
reported 6 patients with CML in whom the fmrtial mam{estation of blastic
trosformation was the sppearance of destroctive bone Ienom. STECarI0
et al. [18] reported another patient with CML in whom bypercaleemia a3-
sociated with skeletal lesioms closely preceded trapsformation into scute
grermulocytic leukemis. As observed in our paticnt, hypercalciuria may be
mﬂthomhypﬂulczmh.lhhﬁnﬂn;pmb-biyh:hgdmm-cml

Following treat
ment, the hyp ,” d y related to the decreased
bone destruction.

Remisuon in CML patients with blastic tramformaton b schieved in
only 2045 of them [7 20] and, according to CANELLOS ef af. [1] the

medhum murvival was 10.5 months, wheress m pauents resistant to treat
ment It was 2.5 montht. Fouey ef al. [7] sopgested that following kong-
tagting cytotoric treatment in patients with CML their bane marrow re-
®1ve b decressed. When blastic oo occun, they fall $o enter into re
misdon beeavie of a lack of bone marrow reserve. If thiy hypotheshs Is
correet, it might be that the 12/ yearong interval without treatment,
which preceded the blastic transformation in our patient played an mmpor
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tant role 1n the achievement of the present remission. The question
whether our patient has been cured” from the CML and after 13 years
has succumbed to acute myelocytic leuhemia remams open.
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F Ruzncxa. Elekfroncamikroskoplsche Hitmatologle, Springer Wien 1976, XIII+
251pp LS fig. §1090./DM 158 ISBN 3211813918,

In dlesem Buch behandelt der Autor pkht nur die elehtronenmikroshoplsche
Untersuchung von Blotzellen mit den herl Mecthoden der Ultradd
schichttechnik, sondern anch die Oberfiichennntersuchung im Rastereleltronen-
mikroslop und die Zelldarstellong durch die Gefrleritztechnik. Nach elmer schr
detafllierten Elnflhrung fn die Methodik werden die cinzelmen hlmopoetischen
Zellen, die Blutzellen samt Thrombozyten und fhre Ulrastrukior systematisch be-
schrieben. Besonders swsfilbrixh ist die Darstellung der abnormen Zellen bel den
verschiedenen Lealdmieformen ond bel malignen Lymphonten, Neben den hRufigen

lotsch und lymphatischen 1 len werden anch seltene Bilder wis die
Hnlry Cells-Lenkkmie tnd das Sézary-Syndrom berflcksichtigt. Dic Abbildungen
snd vortrefflich und die entsprechenden Legenden Bosserst informativ Sowohl der
Klinisch wie der wi 4 thtige HE loge oder Onkologe Lann sich in dies
sem Werk Ober dlo faszinlerenden morphologischen Aspekte und dic prakibsche Be
deutung der zelluliren Ultrastroktur bestens orientieren. P Fucs, Zirich

O Proxor und W GORLER. Die menschilchen Blutgroppen; 4 nengestaltete Anf
Iage. Fischer Stottpart 1976, 290 pp., 37 fig,, 73 tsb. DM 29~ ISBN 3-437-
104554
Dic 4 Anflage des Bandes Dle menschlichen Bhlutgroppen von Prokor und

GBarer bringt eine Lonzentrierte und Llare Darstellung den aktoellen Wissens Ober

dle genetlsch determmierten Marker des memschlichen Blutes. Dle Antoren beschrel

ben die durch AntilBrper definlerien Erbmerimale der Erythrozyten, Levkozyten
und Thrombozyten, die erythrozythren Enrympolymocrphismen sowle die Serom
merlmale und geben auch, sowert bekannt, die chromasomale Lokalisation der bor
respondierenden Genorte an. Abachliessend werden noch cinige Probleme im Zn-

h mit der A dung der Erbmerk dex Blutes
fUr Pater (Bewet vonr Vi h und Berechoung
der Vllcndum'lhncbchﬂlchldt) dukndcn.

Neben der th der Ischen S halb der

clarelnen Systeme werden auch zahirelche Detafls dber die Bestimmungsmethoden

der Bluterbmerimale angefOhrt. Avs diesen Grilnden (st der vorliegende Band fur

afle Leser dlclkhubctdic(lcneﬁkunddkbcﬂnh}ondﬂl?:bmeﬂml}oda
fien Blutes wollen, feh

W R. Mavn, Wien

M C. G Imans and L W Drzasone (ed) Ilscmatologleal Aspects of Systemdc
Dbexse. Ssunders, Esstbowrne 1976, X 4 M5 £17.50. ISBN 0-7216-3046-3
“This book s an cxtension of the first volume of Clinics in Haeematology the use

ful teries which started in 1972. All the ¢hapters have been bronght up to date and



Bood Reviews  Buchboprechwogen  Livims moavesnt 361

mmmmmmmm-mﬂm coochs accownt on the

bases of b : on Uttle more then 100 pages,
should be particalarty welcome to the physician wbo 11 pot  rpecialist bn the field.
Ha findy an excellon summary of the modern views oa the varkom mechaniuns un-
dertying alterations in the blood. Whereas the clapter Rad Cell by rather too short,

In the second part, secondary changes i varioos systemic disens-
@ are earefully ootlined. Thers ars particolarty oactel ehaptens on endocTiso dsor
drsease or k diyorders bat abo om mahgrent db-

& b primanty directed. U Bucnre, e

C Poooney (ed) Lewiemin amd Lywphema b toe Nerrows Sysirm. Thomws,
1917 XTI + 229 pp., US § 23.50. 1SBN 0-398-03558-5
Tncreased frequency of central pervors sywem manifesations following coccem-
1o centrol of peripheral discess bay led ¢ extensive ciokcal and experimental trials
10 better understand and trest this scrioos of brukemia and
CONS levlenis and fympboms prescots wif ;. versty of cliskal goadroce.
15 differential diagnosis ks &t trna difficnit and requores knowkedge of infections
commplications snd segrotone wde effects of drogy wsed in the treatment of benkemin
wd hymphome. Grewt progren @ the trestment of CNS lralemis snd hymphoma
bas tnacta thry ares of ressarch an  votimg and mthfying ooe
It h therefors brportant to the physkaoy treaticg patienty wrh keokema snd
h-vhmntallvlnh:nd book which goides mio the wspects of CNS lenterms
with

pathology
Mdmhwmmdﬁmw oty
eatmunt of the discae 0 great
anphyuhmdpgnnwu The book, well writsn, with sbuadent illostrs-
Goma, fhpurey #0d refereaces, i highly recommended Q. A Nuoxt, Bared
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Ausschrelbung des Georg-von-Hevesy Prelses

Bel der Erdffnung des Welthongresies fur Nollearmedizin am 17 September
1978 in Washington, D C, wird der Georp-von-Hevesy Prets fir Nuklearmedizin [n
HBbe von US$ 10000 crneut verlicher. Der Preis glit dem Gedenken an Geoma
vax HEvrsy dem Plonler der Nullearmedizin, der 1943 mit dem Nobelprels amge
zcichnet wurde.

Flir den Prels L8nncn unverBifentlichte Arbeiten ans dem Qebiet der Nullear
medizin el {cht werden, vor iso o Engllsch, aber auch In Deutsch oder
Franzdelsch. Dic Autoren diirfen das 45 Altersjahr am 17 September 1978 noch
nicht vollendet haben, Das A ipt darf 9 M ften nicht Oberschreiten
und mow bis zom 1 Joll 1978 bel Prof. Dr W Homst Unlversititsklinik fir Nu-
Mearmedizin, Rimistrasse 100, CH-8091 ZRrich (Schwelz), cingetroffen seln.

Die Georg-vo-Hevesy-Medallle wird am 24 Oktober 1978 anlkslich der Ers{{
nung des  16th International Annoal Meetings der Gesellschaft fiir Nollearmedizin
{Buropa) in Madrid an Frau RosaLyw 8. Yarow PhD verllchen, dle 1977 den No-
belprels fOr Medizin erhielt Der Titel Thres Festvortrages, der Georg-von-Heve-
sy-«Memorial Lectores lautet: Radicimmunoaseay” Past, Present and Potential

Advances in Heematoloy
Jume 12-16, 1978

This Specialist Short Course by organized by the Royal Postgraduate Medical
School, University of London. Applications are Invited from Consultants and Senlor
REd:n’In.. Toples inclode: D'hofdtnoflhnrtdcelk;}{mrhx:lc disorders and

b and Le: h and allied disorders. Course organizers. Dr
S M Iocwoand Dr S M Wmcuﬂmftc:ﬂﬁsﬂndndlnlwtﬂnﬂ.

Application forms may be obtained from The Deputy Secretary's Office (SSC)
Royal Postgraduate Medical School Hammersmith Hospital, Du Cano Road, Low-
don P12 OHS (England)
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