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The Value of the Platelet Adhesiveness Test
fn the Assessment of Abnormalities of Platelet Function

A G Paravanas and M C. G ISRafLs

Univeruty Depariment of Climcal Haematolegy The Royal fafirmary, Manhester

Abstract A 3l ghily mod fied Salzman techmgue  Key Words

for platelet achenvenen iy descnbed and 2 sorrmal  ADP in plateles

targe of 330, to 650 4 hat been establ shed There by Glanrrmanna disease

1O vana on with age of sex But Imostgation showy  Plarelet adbeuvenesy

that thi fype of tectmique B serunive to vanatons  Platelet funcuon

in the pa Led red<cell volume of the blocd, a2d that Yoo Willetrand's ¢ seare
fot comparable estimates the POV rrust be between

3 and 470, The platelet adbct venens test prves s low rescht i von Wille
Brands d sease and Jow results have also been frund i & syndromes characterized
by defect ve plateler aggregation. The reasons for correlation of plavelet adbhouve.
per and platelet sgpreganon, the 1 mitations of the uwie of the platclet ad™eure
60 01 8 acreerang feat ard the pos Hle role of a plavma famtor are duscuned

Introduction

Dy the wrm ‘Platelet adhesiven~s' (PA) 14 uswally seant the dffer-
€ae 1n plarelet count before ard after natne or anucoagula‘ed blood
Fas been 11 cortact with 3 glass surface The dufference 13 woslly cx-
Fressed as 3 percentage of the platelet coust before the contact.

Wrieit [31] was the fint who introcduced & Method for the measure-
et el the PAd she uied atooagulaed Moot placed o2 glass flank
®hah was rotated, MooLTIN 3nd \kouas (16 Lied 2 co'ema of glass
woel ay contsct wurface drecad of the flasl 1 1960 Bruswe (9] re-
$132d the erdumn of glacs oot by one of plass beads (shaes bead e}
A ied & nnepe pump by meams of wh b smnctaptated Baad mas
FoBed theeugh the 1061, ORars s techmigoe [20] & Mery from that of
Hrin sy becane Mood w o bowt amncospulact b oweed Laver



2 PAPAYANIS {sAufLs

Sazyan [27] replaced the synnge pump by a vacutamer, he also used
natne blood and a glass bead fulter

The prnesple of the method 15 that the platelets when they come
contact wath glass surface adhere to - However, the PAd test does not
only count the pitelets that adhere to glass Herresm [8] and SALzMAN
]27) have obsenved that after the passage of the blood through their fik
ter, numerous platelet agpregates are found stuch on the plass susface,
ndicating that the PAd also counts the platelets wiich particspate 1 the
formauon of these apgregates The hypothetcal explanation of the for-
raation of these aggregates is that dunng the blood flow through the G-
ter platelets adhere to the glass and sooner or later other platelets stick
to the fuxed ones and on each other and finally the platelet acgregates
are formed A sumilr sequence of events 1s hnown to happen 1 o
when a blood vessel 1s transected platelets from the crculating blood
ndhere to the damaged surface of the vessel sathin 2-3 sec and soon
other platclets adhere 1o those already there, finally a platelet apgregate
1s formed, which 1s farge enough to stop the bleeding from a small ves-
s¢}

Although there are simfanties between the e sitro PAd test and the
catly phase of i vno hiemostasis (sdherence of platelets to a ‘foreign’
surface, and formaton of platelet agprepates) there ave essenuat differ-
ences ns well, the man one boing that s varre the glass s the formgn’
surface where the platelets instially adhere instead of the collagen {ibnls
of the damaged vessel wall Therefore 1t 1s not certam to what extent
factors which snfluence the 1 suro test represent those operating i
3o Howeser, the PAd has been used by many workers i the fast dec-
ade for the mesugation of bleeding disorders and hyy gulabl
states It appears that it ss reduced 1n von Willebrand s disease |15, 22,
27, 28, 33} and n other platelet functional abnarmatwes {3, 7, 9, 11,
21, 24, 27, 29] and ncreased 1n hypercoagulable states [12, 14, 18, 23,
32] Excellent reviews of (he chmscal signsficance of the PAd have re-
cently been pubhshed by Fartvany {8] and Herrew and STORMORKEN
{10]

In the present study problems 4 with the technique of the
PAd test are descnbed and slhight modidications of Satzsan s onginal
techmque are proposed The resulis of tlus test i a group of normal
persons and of patients with vanous kinds of platelet functional aboot-
mality are presented The relationship between the PAd and other plate-
fet function tests and the {actors influsncing the PAG arc discussed




Platelet Adbeviveness aad Pla‘elet Fuaction 3

Methods

Plaseln Adheriveness Ten

Sanas oripral techngoe was g™ty mod.fied. The glass bead filter way
crepared a1 follows A winy! tubing 255 em fa Jeagthn 1D 3mm {Becton-Dislumson
< BD = est. No 6235) way sealed at ore end bty & douMeLuer plastic sdaptor
(ettaned (e ducarded Capon Heaton gnag wen, €at No 102, cach set haviog
2 wuch adagton one at exch ¢nd of the rubber tuting) A nylos mesh (Henry Sy-
men 144, mesh 25T1) was cemered wath Bostick 12 the end of the adaptor fac-
irg the beads. The tutung was filled with glass beads (Jencoms No 8, waded ac.
couding to Hrtaes (5]) by means of » glass funnel, and then a rotasuzer (Hook &
Tocher 11d) was Ged for 10sec to pack down the beads The other end of the
tehing way stoppered by & Vacstuner Luet adapter (BD cat. No 5731) alwo sealed
by pylon meh The total weight of the glass beads In each filter 53 found to be
23401 To the outer £ad of the Vaculuner Luer adaptor & Vacutainer Holder
(D cal. Na 4179) war screwed A Tml Vanutuner was oud (BD cat No 4139
cortuning 9 mg of dry TOTA (The \acutaners were supplied in uas of 50; from
b tn, when opened, 2 of 3 Vaiutaners mere tested to chesk the volume
sughed in, which ought to be 7405 ml, if the yacuum was faclty the mhole tin
war d }anfed)

The procedare of the fest was a1 folfows. A 20 G needle (BD) way connected
to ¢ outer end of the double-Loer adaptor of the filter Cuffed veacpuncture
wat teed and a vein with freely Nowirg Hood war selected Immeduaely af*er the
venepuncture the Vacuta per was pressed to release s vacuom and & stop-watch
ttarted At 40sec the tourmiquet war peleaned and st 43 sec the filer was d won-
rected from the peedle and 3 plattic syninge was connected {nstead, §n order to
chag 3 umple of Hood to serve ar control A platelet count was deterruned
fiom the tlood ef the control vample snd apother from the Vacuta rer, and the
¢ fference between them, etprevnd an percentage of the cortrol coust was the
PAd

The glans bead fltery are esuly prepared, Lept of room temperatare and used
aually within 3 ewvethe afier tels prepasation, Tauh flter it used only once

The { P'oming are the map™e Methed lotical facton atfectisg the resulys

Srandard pltee st proceducr The seed’e must be 20G, a parromer of wider
Coe g ver orrel sty b gh o low ol pepestively A standand filver b of timont
R ptance 8 tabieg boeger of Pantower Eees Riger valuen and rice veria The
Ratery and wre of the heady ln aho importart (ahen boads saller fa sue were
el P b TAS valors wery piusedl An sdequste vacutaser vasoa by alo e
se=tisl when les thas 60, very b valoer were elazad, when we tned to
FEATAITLYE he YRIEL 0rs 198 BrS's were wartlaMe,

n'um« A dlran venrreastore from a large vera with & frev Fow of Mood s
L1 ol

The Asrmar iz (PCEL 13 Cpare 1 the moeas ol the PAL of 151 perwrs (ks
shoet B Pl et drdoaction wan preseet) provped accved g to POV Tevels ds
shewh Ot ey cheene et e tend of Ux resasy of the PAJ f1ows 2 53
eond v 1a par colar the mran ey Comnazt 19 e e of POV bee
T 5 400 0 k) 1N M orece of the Pueas b Bt LR




4 mr.un\rs Israryg

23

40 50

Fip 1 The Means an, Sp he pAy 2 Varioy, Tevels of hxmalocm (PCy
31 the fange of PCv ¢t een J-LlG'p o obscnanom are 8roupeq in inte,
92 i]

€200, whyryy 1t fisey g falls Yhen gho PCy 4y more thap 46 or feyy than 39% re
IPectivery For (he fange of Pcy Betucen o3 ¢ Where ghe mean pAy rea.
fonably close 1o the nop Sanape Oney o Made the louaumg corre,

TTectiony
For pcy, Increaye of the PAg Value of

33.34¢ .

33360, 4,

37-3g¢ . 2,

Tty Lnowy, that Varaton, m the bloog Pcy and the bloog Mscouty ape corre.
h b

Iateq, Niequeny, > A high g, ood pcy resulyy jy 2 slon blooy flow througs, the
filter and (here!orr a r’ehﬂvel) small ¢ Aty of bl 1 caly, od n the Yacuty;.
Ber at the eny he ey, Volume in CUlainer ¢ Quute constang
(l.‘LSOml) tels (3gv, * PUL therey becomes ;vronnmrly
Maller gy ] O%ever, yf ¢ 3500 (hyopy Poy TOW semn, un
Succesyfyy Venepyg, € 0, Tainer o ) um olume lood i th
Acwaney 1 ey, A 30 my the Value 4y unnh.zb!y high %e ipnore the
fesalt of g, L

The Simarey 7 of the PAg way 27g, %hen the Platetey County Bere
Fer; ed i duple it way iS00,



Plarelet Adhesiveness and Platelet Feacton s

For the plalelet Counts, phase contrast mIsTosSOrY was taed.

The grethonts of esurmating plarctet aggregauon, ADP release from platelets,
glitelet facter 3 availabitiry (PF32) ard clot retraction (CR) are deschbed lse-
where {24] For (he bleed ng tme (BT) 197s methad was wied

Cann

Normal peesant Staff of thu department, stodents, atients of our chme who
tad na bleating fstary aod ther nermal relatives were tested over a perod of 18
morth total 133

Platelst fumerion abaormslitier Ferty séven patiers wha had vanous unds of
platelet dyafunction were tested They were clasufied as followy

1 Von Willebrands dncae 27 paliests. Diagnostic cnitena of s disease
were {a) &) fe long haemorrtaps dutdeuy, (b) sutosomal deminant pattern of ia-
Beriance (where faruly hstory ewsted), (¢} & prolorged tleeding tre found st
Seant on ofe sccanom, () a Tow Jevel of the plaama factor VINL, (o) tedaced PAS,
and (N platelets porrtal fn nomder, Morpbology and fusction &t tested By the
Fethods of argregabion, ADP releave, flatelet factor 3 availatahity and clot fetrac-
thon

2 A muld baemorthage d atheus charsctensed in virro by prolorged IT, re-
daced PAJ, snd sl by delayed adterence of platelets to collagen fidnils, s™eace
of atprepanion with collagen, abnorma) aprrefation with thromtin and yeduced
ADYP releare Trom platclere, in the B1aed film atnormally darge platelets are seen,
Fire panients wieh thay & atteus Fave been seen, 4 of them belonpieg 10 one Gamile
Ty w fyurname Wndle, sa we refer 10 this d atheut a1 “Windle defect’,

3 Al lmg Paemrerbage datheut ebanctetued In viva by prolorged BT,
ateret of refaed ADP release from the platelets, shvence of the second wiave of
prerepzuen wirh ADP ftut nerral aggregatios sich 10M £ ¢ of ADP), rormal
£ part af aggtegation wah collipen, pormal adterence of platelets to collsgen G-
Peily ard ecoaual'y Impa red PF 3s Ten pacicsts wi % thiy & aheus Fave been
seen, § of them Melong eg 1o one faeuly et sorame Hopher', w0 we refer to
on dartens 0y Hughes defect”

4 G anrann's d seane tuo Tat eres Sescnbed Cuenere [25),

3 Sprowaon ancesly (i gomdt va Bert b & ) felorg Meed op teadency,
the plavelets show akocrmal aggrepasi® wi'h ADD (hey do not champe shape amd
s mot Quggrenate (Qowing G sl tom of 1m2'] amcunts of ADE) asd there b

tmpeond ADP rPesse We Pase neen 00y Cee P00t 40 [ar, yod 1!l deos s ase
£ ven ehawtere {30)

Regals

Neemil Ferronr

Onc Pradnd ard thenn three Bormal (enons sy teved, §6 fomaley
and 27 ma'el Fiptee 2 Mavnres e @ atnbenes of the PAA roauts
The mean valur for hoY yeaes wan $79%, (3D 937 for malny
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Placclet Adhenvenens and Platelet Fuacton
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In Glanzm'mn's disease both Patients g Wice very Joy, PAg
Spmnsan anomgly the Patieny hag 3 times Jo,, PAg and 3 one
rmal

Relallorx Bey cenpyy nd BY 1y I'larc[rl £ Wnctiongy Abnormalllj
e 15

18ure 4 4 13cram sho. S th 1S an lion be
fWeen g P, d th BT anous ppa, let Ysluncyop Cases
Aumber of pars, S, ¢ =-07 In cases m whiey the tosys Wwere repeat.

ed the hndmg of g higher PAg Was usualyy, 8ssaciateq With o shorte, BT
In Dormap Persong there y, as np correlatioy between BT ang PAg

RclallorLr/up Bepy, cenp gy Wd Othyey [’Ialclr! £ Uncuon Tests
'ormals Broups of normq; Persons, one (19 €ases) wyp PAd >
55, and the Other (19 €8es) wypp, PAg <400, “ere testag for 2Lgrega.
tion 4 ling} ADp ccnccntrat:ons of 19 and 29 O/M/ml, With Collagep,
adrenqyy, SO/N/mI fe and (hrombm 10 U/mp ¢ € for the Telease of
M Platcless after aggrcg:mon, for Pr.3; and Cp The resuly
roups

I’Ia/rlrl /unc/mnal abnarmal//) In ‘on yy tllcbrand S disease the Other
Platele funcucn r) 1ests were Normay Vm:mon of PAg I the same
Patient y o not assoenrey “ith apy change PF ge5s

one cage of Windje defecy on ope Occasion when (he PAd Was
foung ormal 4 veny Weak nggrcgauon With collagen Wwas Preseny and
the ADP. Was Withiy Wer s, the s foung
cn loy Patieny 3 4, Whe, 88regang, w ollagen
Was and ther, Was np Dp Release gy all 1y the o, Cases Vanatiop
of the PAdy fed gy h ts

In the Hughcs defecy 1t scems thay the Pag 1S relatey (o the fmoung
of Abp Which , cleasey from Plateleyg One Pateny chmca") Unaffoct
PAd (70, ) ang - i

DPp. A Wity the loy,, ormal him.
2 i\ S who hag < at g ad g foy
PAG i ! them h CSts werp, d g thougy, the App -
lease %25 apan Zero, PAg wa highey _ but gy below the
o, ~and gha Ter In g 1C rest qp Telease as 1,
low ¢ " d d from o, Al s alyes (usua"y
Within the ) af i, is)

Hughes defeey “Ome othe, abnormalmcs are occ;monally foung 4
2 °st, p, w1 nd duaggrcgnnon
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followsng the aggreganon with ADP 1 a final concentration of 200 v/
ml, (wtich never occurs normatly with that amount of ADI) The PAd
showed po sigmficant change mn the same patiests when, on different oc-
casians, these tests were found noemal of abmormat

In both cases of Glanzmann's discase the PAd was twice found very
fow and the spzregations were alwavs abnormal

Tn the case of Sprowson anoraly, whea the PAd was found low, the
response 10 and release of ADP were abnormal On one occaswon 1n
which the PAd was ligh the platelets were found to release a normal
amount of ADP (2 0), 11 the agrregation with 100t ml of ADP they
showed a normal change 1 shape ard a very weak disaseregation was
present,

Ducusuon

The Methad

The Salzman technique has sereral advantages the use of natse 1n-
1tead of anticospulared tlood means that the test 1t carred out 1n con-
dors closer to normal 1t alw provides 2 bne! contact time of blood
with the glats 30 that carly changes m 8! ¢ blood are revealed, and the
r3pid flw of bload through the fil o1 enables a poad differentiation be-
tween normal and pathological states: The technique 1s easy and simple

The modification we we differs from the onginal Salzman method
rainly in that a greater amount of flass beads (27 g1nstead of 10 ¢) and
& lomger filter are wed These difleterces have the followine sequences
(1) A grexrer plaw surface (1) A lonper comtact tme of the blood
wrh the glas which gesthts in a higher PAd figure (4], our noc-
mal faape wan 3269, carpared with 26000 of SaLnan's (3) A
shighely slower ra'e of flow of th¢ Mood through the filter This pules
our erod fiaat en compaced to that of SN Mote seoutive |1 derecte
fag & ffererces of 1cressed PAd {1] but Iows sesaive in differontiating
the noretal from vor Wil Mand's ¢ sease [22] avd prohably from other
cond ne wah decreated PAL Hlomeacr, 1n ous tohod 3 quite Bpd
Hlaodd ow 1 provadal men! e 1n pood d Mereenaton between the nore
mal and all the Linds of placelet funcuen abewalivy imctod a3 o
Wt & wave

13 our Bt natsen the PAL 18 vt inleenced by the POV wben the
ferer o betwee 39 ) 300, (wb Ot Encindes the greatsr proporioen of
G nermal popaanom) bt it as pradaah redoced when e PCV ée.
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In Glanzmann's disease both patients had twice a very low PAd,
In Sprowson anomaly the patient had 3 times low PAd and in onc
occasion normal.

Relation Between PAd and BT in Platelet Functional Abnormaliy

In figure 4 the diagram shows that there is an inverse correlation be-
tween the PAd and the BT of the various platelet dysfunction cases
{number of pairs, 45; ¢ =~077) 1n cases in which the tests were repeat-
ed the findig of a higher PAd was usually associated with a shorter BT,
In rotmal persons there was no correlation between BT and PAd.

Relationshup Betv eens PAd and Other Platelet Function Tests

Normals. Two groups of normat pessons, one (10 cases) with PAd >
55% nnd the other (10 cases) with PAd < 40% were tested for aggrega-
tion in final ADP coacentrations of 1.0 and 20 0 t/ml; with colfagen,
adrenaltn $ 0 go/mi £, ¢, and thrombin 1.0 U/ml £, ¢, for the release of
ADP {rom platclcts after agpregation, for PF-3a and CR. The results
were sumiar in both grovps.

Plaseler junicional abnormality In von Willebrand's discase the other
platelet function (PE) tests were normal. Vanation ol PAd in the same
patient was not associated with any change in PF tests,

In onc case of Windle defect on onc occasion when the PAd was
found normal a sery weak aggeeganon with collagen was present and
the ADP-release was within the Jowes normal limuts; the PAd was found
«e1y Jow int the same patient 3 times, when the aggregation with cotlagen
was mud and there was noe ADP-release at all In the other cases vanation
of the PAd was not assocated with changes in PY tests

1a the Hughes defect st scems that the PAd 1s refated to the amount
of ADP which 15 released from platelets One patient, chnscally wnaffect-
ed, with high PAd (707 ¢} and ADP-release within the lower normal kan-
sts (1.0 ) Theee cases, who had no ADP-release at alf had 2 Jow
PAd, 1 2 of them, when the tests were repeated, although the ADP-re-
lease was agamn zero, the PAd was found higher ~ but sult below the
rormal - and the BT shorter. In olf the rest the ADP-release was very
low (0.5 pv) and the PAd saned from low (0 rormal values (usually
suthin the fower normal hisus)

1n Hughes delect some other abnormal arc ily found i
the aggregation test, parual aggreganon with collagen and disaggregation
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following the aggregation with ADP 1o & final corcentration of 200 st/
ml, (which pever occurs pormally with that amount of ADP) The PAd
showed no sigmificant change in the same patents when 01 different oc-
canom, these tests were found normal o¢ abnormal.

1n both cases of Glanzmann's disease the PAd was twice found veny
fow and the nggreg: were always ab 1

1n the case of Sprowson anomaly, when the PAd was found low, the
response 10 and selease of ADDP were abnormal On ene occasion in
which the PAd was high the platclets were found to release 2 normal
amount of ADP (2 0M), t1 the appregation #ith 16 pv/ml of ADP they
showed a normal change 1n shape ard a wvery weak disaggregation was
present.

Discussion

The Method

The Salrman techmque has several advantages the use of natne -
stead of anticozpulated blood means that the test 1s camed out i con
ditons closer to normal It also provides a bref contact time of blood
with the flasy, so that carly changes 1 the blood are revealed, and the
r2pid flow of blood through the fil er enables a pood differentistion be
taren normal and patholopical states The techmque 1s easy and imple

The modificaion we use duffers from the onginal Salrman method
matnly in that a greater arrount of glass beads (27 gsstead of 10 g) srd
2 longer fiter nre nied. These d {lerences have the followne seque=ces
(1) A preater glass surfsee (2) A longer contact tire of the blood
with the glast which rosults i a higher PAY firure [4]. our nor-
mal ramge wa 32-65%, corpared with 26-600 4 of Satzains (3) A
shighdy stower rare of flow of the bload through the fil'er This males
our modification compared to that of SUzMas more sensitive 1 detect-
fng & fercnces of increased PAd (1) but e sers uve 1n differennaung
the rorenl from voq Wil'cbrand s disease {22] a~d probsbly from other
cond qom wi 'y deereased PAG However, dn our method a quore rapd
Blood flem i prowsdad rou! ne 11 pood & ferentiation between the nor-
al and a' the hinds of plaziet funchon abeorenaliny, tclod.og vor
Wi eheand's diseaw

Tn our Pod amen the PAD 13 £31 1aPsmnoed by the POV when the
a2t betwern 39 10 200, (w% Y itudos the prester proportion of
e maemal populates) B gt kogeadaatly redaced when the POV de
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creases from 3% to 33%s and 1t 1s unrehably low or lgh for a PCV less
than 33% ¢ or more than 46%, respectively A correction of the PAd nc-
cording to the PCV was made 1n the range of the latter between 33 to
384 YWhen we used a shghtly different technique, 1 which the blood
was passed 1n 2 faster rate through our filter by means of a dnven syr-
ange, the PAd was related 1o the PCV throughout the range of the latter
n a lincar manner

With Salzman’s onginal method we found very low PAd values in
normal persons who had a PCV just below 40%, we found that this m-
itation could be overcome by lengthemng the filter

Application of the Results in Platelet function-Abnormalittes

The results obtamed 1n patients with vanous difects of piatelet aggre-
gation show that the PAd 15 also reduced 1n all of these defects, so PAd
reflects the whole process of the formation of the platelet apgregate Re-
duced PAd has been reported 1n von Willebrand's disease by many au
thors who used the Salzman’s techmque Others, using techmques which
provide a slow flow of blood through the filter did not find any dilfer-
ence between normal and von Willebrand s disease [5, 9, 20] Low val-
ues for PAd have also been reported i Glanzmann s disease [10, 27)
and 1n other cases of abnormat platelet funcuon [3, 7, 11, 21, 29]

Another test which 1s abnormal 1n all the platelet functional abnor-
malities 1s the BT We found that there 15 a correlation between the BT
and the PAd, which 1s casily explained by the fact that in the course of
the BT, platelet aggregates are formed and seal the bleeding capillanes,
thus, any defective platelet apgregate formation results in a prolonged
BT Many other reports suggest that there 15 a correlation between PAd
and BT {2, 6,9, 13,17, 27}

The finding of a prolonged BT or reduced PAd indicates that a pla
telet defect 1s present, but does not tell us the nature of the defect, for
determining the particular defect the platelet aggregation tests must be
carried out Used together the PAd and the BT provide a useful indica-
tor because cach gues a quahitatinve of f not covered by
the other Thus the PAd test is not mnfluenced by a low platelet count,
whereas the BT test 1s umnfluenced by vanations in the PCV It 15,
however, important to recogmse that normal results with both tests do
not exclude the possibility of mild abnormal of the platelet aggrega-
tion tests, consequently the aggregation tests must be carned out of there
1s elintcal evidence of an unusual bleeding tendency
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The Place of a Plasma Foctor in Platelet Adhesi eness

1t 1 now estab! shed that 1n von Willebrand ¢ disease the PAd s re-
duced, but other platclet funcuion tests are normal {30) Wee have found
that r1ild sanations in the other platelet function tests do not nfluence
the PAQ resul s, only gross vanations of platelet aggregaton tests, such
21 oceur in the syndromes described 1 this paper, are accompamed by
feduction in the platelet adhesneness This particular reduction may
well be due to failure of that part of the platelet loss dunng the passage
over the glast beadt that depends on the formation of platelet aggregates
01 the beads In von Willcbrand s discase it 15 known that there 1s &
plarma factor that influences the BT test smee infunion of pormal plas-
ma will correct the BT {19 26 and the low PAd result (15] 1t s posa
tle that it v vanation in thie playma factor that produces the vanaton
w plareler adhesiventss tncountered in notmal persons, rather than in
the platelets theerselves 23 shown in the vanous other platelet fusction
.

Tt appears that a reduced PA4 represents enther a Jow PAA plasma
factor ar a plaselet defect a PAd within the norm3l hmts andicates that
the plyclet appregate 1 normally formed (but a mild platelet functional
abnorma? ty Is not excluded) 24d finally a hugh PA4 probably represents
an elevared PAD plasma lactor

Aclacwindremen t We thask Mz ARt Sssstaas for the statn. .l aradyu of
out ton L Mu M Sostock for techtinal swistanee and Ce Hlntranon De-
Fartmert of the Laled Manches er Hwpitale,
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Hemoly tic Anemin Associated with Decreased Concentration
of Reduced Glutathione in Red Cells

S$ 8§ Lo H R Martrand W H Hmmzie

Department of Pediatnes (Director Prof A Prantn), Unnersty of Zinch,
Zirich, and Department of Mediaine (Director Prof H R Maxm) hantonsepital
Aaray Asrau

Abstract ‘Three cases of hemolytic anemua  Aey W ords

with decreased concentration of reduced gluta  Glutathione of enythrocytes

thione 1n red cells arc descnbed They all have  Fnzyme enythropathy

had sigms of hyperhemul)m from early in(:mcy Haemolytic anaerma

and 2 exct had to be p fleinz bodies

in one of them In 2 of them smmn\ucﬂc« are  Heredutary anaemia

present in their blood smears and in one of them  Stomatocytes

tugh sodiusm sad low potassium in the erythro-

cytes is obsenved Tamuly studies feveal several apparently healthy members wuh

the same defictency and presenting evid. of mid to 3 hyyp

Genetic was The phenotypic expression seems

(o differ grn\ly In 1 case who prncmcd with gallstones ot the nge of 19 yean
fictally snfl 4 the intensity of the hemolytic protess.

Glutathione 1s present 1 high concentration 1 human erythrocytes
The man part of this tnpeptide 15 hept in the reduced form whereas the
fesser part 1s found as oxidized glutathione Although there ts an in-
creased susceptibility to hemolysis 1n reduced glutathione delicient red
cells, the sigmficance of the low concentration of reduced glutathione ot
self as a possible factor in the hemolytic process 15 largely unknown We
have recently mmesugated 3 unrelated famiies m which a hereditary
diminution of red cell reduced plutathione has been repeatedly demon-
strated

Methods

Routine laboratory snvestigations were carned out by standard conventional
methods. The methods for the determinations of glycolytic enrymes in hemolyrates
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have teen described elsewhere (4] Reduced gfutathione was assayed sccording 9
the method of STEVENson [0} and 3 stabiiny wss determined by the methed
of Brunun et of (2] Methemoglobia was measered by the standard method of
Tyityw 1nd Mattov 16, Reducell sodiom and potssuum weve esumated by the
methods of Zangowsky asd Os 117,24

Case Reports

Case I 15 & pird, born 1950 She had pervstest anema dnd jaunduce dunag the
fiest 2 years of ber Lfe tut remained 1 good health wince 1952, There 13 1o tusto-
1y of taling drugs except oceasional aspirtn 1969 galfstones were removed and #t
the same bme splencctomy was petformed She 1 currently well, Results of pre.
and postoperative bematclopieal as well as family studies are summamsed in table
] Prioy ta the splencctomy the paticat had hemolytc anemia. The reduced plota
tuone was dimimished wheress other earyme actmiues (G-6-PD, 6phosphoglucon-
ate dehydrogensse, plutathone reductave, and hexolinate) were withm normal
e, Postoperauvaly, the fevel of teduced glotathione remuns low but there is
89 enidence of bemolynt, Her mother and her younger uster have fauly well
compensated hemolytic anerma and they too have diminnhed reduced glutathuone
but normal activiies of o1ber enthrocyte enrymes. After incubanon with ace)-
rhenyinydrazne the reduzed glutathions m the red cells of the panent and her re-
fativer appean 1o be stable Fiomever, they thiifer from normal erythrocytes by the
formation of 1lanz bod es Metheroglobin levels are withie normal limsts. No
strking ahnormalities are prevent fn the tlood smears, the d rect antrglobulia test
h nepative wnd cunotic (s lity aad sutoherotyun tests, a3 well as Lver function
1ests are pormal ia all of them The genealopial tree (fig 1) sowa that her father
wnd one other younger suter are not atfected. Untontunarely we had Bo opporsmnie
17 10 fovenigate the vest of the family

Tublr I Results of imvestigation from case | and ber relanves

Paticet Mother  Younger Normal values
preopens post fuster
e Toetative
Bemogloter, g%y (1] 145 m 123
Remoud xytet, ¥ 160 os 19 54
Serum W rota, gty 23 s L33 10
ToMogtotn, gty 80 159 3so R3] 40-190
GSH g 100 rd eryth 4X0 8o 49 @0 093
GSH{a%er ACTH
100 menth 4“0 450 ALU) >80
Heanr bedy ieny + + +4 Betatty
Mebenogiohg ¢, by s ¢ 5038
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pr
precp 42° 410
postep 46°

B © geduced Glutahave 1 Erythrocytes € mmished
B @ Reduted Clutatueee w Erytheocytes tormat
0 O Nt evemined

* GSH ng/100 ml Erythrocytes

Tig 1 Pedigree of the family of case ©

L4
Ld

Case 2 13 a 9)year-old gl She was jaundiced after birth and required 2 ex
change tramfusion At 11 monl)u old shc was readmitted because of snemia,
jaundice and spl y 1 y showed b 11 g, retc,
20%, eryth 33 mill/mm? Serum bihrubin 2 1mg%e (manly ;direct) Direct ants
globulin test negative Incubated osmotic fragiity increased Autohemolysis & 8%
and with added glucose $.2% after 48 h incubation at 37 °C. Red ccll life span 14
days and 91Cr half Wife of red celly & days Bone marrow showed fncreased erys
throporesnis (B3° 5 erythroblasty)y The findings were in favour of a congemtal non
spherocytic hemolytic anerma However, after reviewing the hematological Investi-
gations and 1 particular the senial blood smears dunng the follow up persods
from 1962 to 1969, a diagnous of congemtal hemolytic anemia with stomatocyto
11, high sodium, low potassium, and low level of reduced glutathione in erythro-
cytes was made Relevant findings 1n 1969 are shown in table If In the blood pic-
ture typical stomatocytes are seen and the majonty of the red cells are macro.
cytes {fig 2} Famy study (fig 3) reveals that her mother hay shightly diminnhed
redused glutathione 1n the red cells but without evidence of hemolysis No stoma
tocytoss has been detected 1n other members of her {amily

Case 3, a 4 month-old male infant, was found to have a hemolytic anemia
with stomatocytosts The hemoglotin was 9gbe reticulocyles 535" There were
about 280, tes (fig &), 3% 1 d red celly, and some basophific stipe
rling 12 the entbrocytes The chuld had im addison multiple deformaties (congeni
tal heart defect, mucrognathy  Ayphoscolions, klinodactyly, syndactyly, snd con-
gemtal dislocation of the hupy) and died soon after admivion of resparatory fan
ure In ths family (fig 5 low level of reduced glutathione has been found in his
father, brother, paternal surt ard 2 paternal cousins They are otherwase in good
Pealth and hematologically, no abnormahities are present
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Tahle 1 Results of investiga 1on from case 2

€ icut

Pallor sl ght jaundece splenomegaly

(4 cm below gontal marg nk, hesaromegaly
{1 ¢ below contal marg n)

Hemotologe of Normal values
Hemogloun g*s 98

Retroylocyte count *o n

Y1 natecTt Y. 15

MOy gt 123

MCH o2 58

MORC. e 3

T rythrooyiey dameter gy 618

S omat ytes *o ns

Redcell st om migl 652 (135223
Red cell pentastum migl ne 1385530y
S-tum T'e yg*s "9

taptashitee mgts 38

Serum bl ruten (manly ind rect) mgta 22

1) rect art globu®  dest Negatve

Incutated pamotia frag Lty mcreased.

Aut hemolyus modetately increased and enly
s th ty reduced by the add ton of
Paowindtha 3t ©

Aut Temolywvat s C

Redwed g atath o< mgte n» (%95

€ wrne-fgtunnha edehadrosense 1L N am
Glutathenredictae 1t 2 @y
Eptorheghaona e dehdrogenase 1U b ) (10-16)
Heudanase 10 74 08 20)
Phonph sghycernerutae St 0 {20681
Tynaate Liane 1L 105 23 363
Hemsgt bn ¥ 0y ‘5 ©23.0°%
Hemeg dn Ay 0 13 HEID

Pogus om

Hered tan hemalytie disorder aswoniated with seduced glutatone
dehareney has been reported 1n 6 different fam bes 1 Holland [16 19)
Germamy (12 23] Trance [ ard LS\ [18] (13be 1) Combuned wuh
Mertovv s at has been dewenbed 1n one case by Mk o1 of 11
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Tohle Il Hemolytic anemma assoviated with GSH-deficiencsy

Authors Number Sesenty of  Glurathione
of cases anemia *eof  Stabday B
normal
Qoxt et al {I(] 5 mld 1o - +
Lonr eral (12} 1 moderate 10 unstable +
father - 50 unstable  +
2brothers - 0 unstable +
W atetr and Gizron [23] 1 severe S0 unaable
1son - 60 unstable +
Bowvis et al (3] 1 maoderate 10 - +
1 moderate 0 - +
Noinar ef o (15} t mid -~ 10 unstablz +
Case | 1 mederate 70 stable +
mother mld 70 sable +
1 sister mid 70 stable +

# HB= Heinz body test

Table I} Hemolytic ancmia assocrated with stomatocytosss and fow concentraton of

GSH
Authers Numbar Saventy of  Glutathione
S
of cases anemna *.of Sably Hy?
normal
Niser et of [14] 1 moderate (0 unstable +
Cax 2 [} moderate 45
Casc ) 1 maderte ”

' HB =Heinz body test

USA [13] (table IV) Our cases are the first to be documented 1n Swiss
families

Aspinn has been claimed to accentuate hemolysis tn G-6-PD defi
cieney [21] and 1n reduced glutathione deficient red cells, hemolyvsis -
creased after inpestion of fava beans or prnmaquine (16, 19} In case |
and her relatnes, no oudant drugs or their metabolites other than occa-
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rglutamyloysteine

ot +ATP
(1) Lglutamate + Lcyste nc + AT PoTverT

» Lrglutamykystans + ADP + P

plutath one
+ ghang+ ATP | e »Lglu 2th one + ADP+ P1.
{3 Ly glutamyleyste ne + ghanc+ A’ Prerrmeren B

g 6 Synthews of glutathione

swonat aspinn 1o case 1 have been admumstered and clear cut relaton-
ship between drug ingestion and hemolysis could not be established
Compared with those descubed by Oort et al (16] Low er ol (321,
Bon er of (3] nd Momgr er af [15] the level of reduced gluta
thiane 1 our cases and 1a these of WarLer et gl [23] 1 somewhat high-
cr than SO0« of normal Yet the degree of anerma reported seems to be
mversely propornonal to the tevel of reduced glutathione (table 151) Ja-
con and Iasbu [8] have observed that the pluathione content of red
cells can be Jowered to 10* o when thes are treated wath Necthvimaleim-
wfe without affecung thewr metabolium ur suro and thewr sursinal ume
sho 1t appears therefore that other unlnmm l::cmr nx factors may be
imolied in the process of hemolvsis m glutath v Further
more glutathione abnormahtes has bcen desenbed 10 vanous hemato-
fopieat dicorders {1, 7, 10 16, 18, 22, 25] and 1t 1< possible that low
concentration of glutathione 15 not the primary defect, but secondary 10
certam metabolic disorders of the red cells However, our observations
provide further evidence that this dicorder 13 a heterogencous one

1t has been shown by different authors {3 15, 16] that 1n glutathione
deficient erythrocstes the plutathione syntheus 1s disturbed Tt could e
dimonstrated that the red blood cellt were lacking 1 glutathione-
synthetace but not in ¢ glutamylesstene synthetase (fig 6) In casc 1 and
her refatves, the plutathionereducing svstem in the abnormal red cells 1s
mtact Thie s sepported by the fact that the aciuny of plutathione re-
ductace Is arther normal or mcreased The normal glutathione stability
sugpests that abnormal destruction or degradation 11 not imsolved
Therefore, 1t 18 most probable that the pnman disturbance 15 one of
Touradmme svivhcas

The mode of inhentance has bheen claimed to follow an sutosomal re-
ceunve pattern [12 16 23] Our investigations on the contran, supeest
Wat the reduced fluathione delicreney as inhented as a domant trasg
s n the cave desenbed by Bo s er ol 3] splencctomy seers 10 bne
had benfiaal effect on our case 1
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In case 2 and 3 the metabolic abnormalty w the red<cell membrane
plays an important rdle in the process of hemolysis, There is no defimte
correlation between reduced plutathione deficiency and stomatocytoas
Not all reduced glutathions deficiency cases have stomatocytosis or vice
yversa, slthough stomatocytosis has been observed in other hemolytic dis.
orders ($, 9, 11, 13, 17, 24]. The sigmficance of decreased concentra-
tion of reduced glutathione here is unknown, Case 2 appears to be simi-
lar to the onc deseribed by Mittrr et al [14] with the cxceprion that
the enythrocytes in our pauent are not susceptible to cold hemolysis in
vitro The value of splenectomy in stomatocytosts is open to <peculation
The cases described by MitLer, ZARNOWRSY and Osx1 [14, 17, 24] have
shown clinical improvement after removal of spleen inspite of persistent
abnormal hemolysis and alter red cell abnormatities
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Enzyme Cytochemistry of the Encrgy Metabolism in the Cells
of Normal Human Bone Marrow

D Zurwenwg, H O3 Mirzeat and B, Dovvrs

Sevtion of Hematology, Pepanment of Internal Med cine,
Medial Highschoo! Hannover, Hannover

Aburact Uang a gel [ilm technique 11 hey enzymes Ay Words
of the encrgy were h h Iy demon  Bone marrow
atrated in the bone matzon cells of healthy persons or  Tnerpy metabolinm
patents suffeting from non haematological disarders  Enzyme cytochemistry
The enzyme activity was assessed by a senuquanttatve  Gel film techmque
scoring method A reduction of all enzymatic activities
could be seen 1n the enythropoicus dunng maturabion Do huistochemially visible
change of enrymane actinaty was observed with inereasng didfferentiation of the
granulopoicass in the LDH, GAPDH, MDH, ME, GLUDH, GDH and HK How-
ever, the enzymatc activily ancreased in the PGLUM and G&PDH whereas the
SDH and GPOX activity diminished with the maturation of the granulopoiens 1*
was concduded that the gel film techmique may reveal increasing or dimunishine
alterations in the enzymatie puttern in diseases of the bone marrow

1t 1s difficult to draw conclusions from expenments on bonc marrow
homogenates because of the heterogenerty of the matenial This is also true
for discases of the bone marrow, for example permcious anemsa becauce
there are always left different parts of the normal cell population which
come under conuderaton 5. 7] So far the enzymatic pattern of the
indimdual cells can only be ascertmned by the use of Wistochemical
techmiques, such techniques which can also reveal changes in the enzymatic
cell pattern in the case of bone marrow diseases

However, before carrying omt istochemical expenments on haema-
tologically diseased cells the enzvmatic pattern of the dilferent ccll senies
n hacmatologically healthy people must be known This paper will thete-
fore deal with the histochermeal demonstration of eleven hey enzymes
of the energy metabolism 1n formal, human bone marrow cells
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fie 1 Scheme of the enerpy linbed metabol sm with glycolyvis Fexosemonn-

rhwphae shont and it acd @ude The histachemially demonstrated enrym=s
are drannn

Marenials and Methods

The gt 11m teabaque renly dael ped by 11T and Bropat J10) was
taed The prnuple of ths method depends on the redustion of the tetrazal um 3t
th the dnwlutle alwred frmaran Bilicen martow samples were talen from
Bealthy perv os of matents suffenag from bon haematol vpeal daesves. The o0
shem afly dem o nurated ensymey are shown ta [gure 1

Tre f Nming abbreviatune afe el GAPDH - glucoe &P dohydropenase
HRA et Lnase POLUM - phonphe slucomutase GAPDH = glyueraldchyde 3P-te
Fadrsgerane 101E- famnate devydrogerase SDIT suacinate dehydrogenane MODIL
ealste detesperase ME=pul. ernme GIUDH  gluas cdchy dropensse
GO~ gl er T VP Schadevperase GPON = plycerol 2P0t dase

Aftet (M€ prepara en the smicans were & edned and [ el 18 pure ol aoetne
P3O Lo eva thy 60 sl Theanaba wn o f the smeary 1N L place Vi 2
afice the bt marrvw apraton Al the 1 Jex mere 47 med at the ame L e Lp
s e tte o tad been e walat L1 C

Dheta lo 1t b € comemrnations tiad 1n the appl ed tebe y ¢ may he fwnd
"t prmens of Prrtr and Praanat PO ang Gcre and Prar 110 Asav e
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Talle 1 S.heme of the SCOnng \
\Mode of reaction Reactionelass
No reaction o
Fain! crrcumsenpt reaction 1

Weak diffuse reaction or moderate CIrcumscript
reaction (« %0%. of the cytoplasm)
Moderate diffuse Teaction or intense tircumscnp

(%)

reaction (2 50°, of the oytoplasm) ]
Intense diffuse reaction 4
Strongly postine diffuse reactton s

GLUDH MDH, GDH, GPO\ and ME were incubated for 3 h all the others for
1 h When usung multtple step reactions (Hh, PGIUM) we did not add G6PDH
the enzyme catalyzing the indicator reaction, but refied upon the cells endogencous
enzyme Phenncine methosulfate (PMS) was vsed as a redox mediator Aseyy with
out substrate served as controls

Followsng the incubation the shides were fixed agun in 4%e formahin and
were counterstuined with nucler fast red for 5 min [11] Subsequently they were
cxamined with a high power ol immersion leas without coverslide

Fyiluation was semiquantitative, using the data in table I Twenty five cells of
each desclopmental stage were evaluated consecutively and the strength of reaction
Judged according 1o table T The index of each cell type was obtained by mult
rhying the sum of the cells counted for each reaction class with the grade of the
reaction class

Results

1n contrast to Pritr and BRANDAU [10] and SictL and Pryme {13]
who studied enzymes 1n tissue sections, we worked on entire cells although
with dimaged membranes We therefore tnereased the substrate con-
centrations up to 4 times the amount reported 1in the onginal papens
However, despite the nccessity for membrane permention, there was
proportionility of ncubation tme and substrate turnover cven at the
ongnal substrate concentrations ginen by PeTir, Braspau and Siori.
Therefore these cc s were subsequently used

The substrate free assays used as controls never exhubited any rexction
Incubation 1n a mitrogen atmosphere did not increase the colour tntensits

Incubatson times varying from 15 min to § h were checked for all
ennymes The ume after which no funther formazan preamiation was
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T s §1 Srrrquast 131 16 st 31 09 0F the 8 Tesent e7ysheoposetn stages (VM 203

Enythrotlasts Farly Intermeduate Late
:“(“:L\)\K 9+2 MES 491
Garoit 5342 643 3942
GAPDIt 6722 $242 Hi2
init [SES] 42 M2
sou 7341 64t 47%1
uoK 1) 5143 242
\r [L13] 47122 EIES]
GLuoh - - -

crox W3 A0:3 el
ooy pLES] 4724 Mis

noted even when the incubauon was of 2 Jonger durauon was vsed for
the assays

The formazan precipitanon appeared diffuse and heht to dark blue
Only rarely 2 the microcrystals aceregate 1o form ungle coarse granules
which appeared supetimposed upon the diffuce stzn No certamiy was
obtaned about demonstration of enzyme actnaty tn nucler Occasionat
cucumseript areas of nuclear staming may be attnbutable ta cytoplasm
averlying the nucleus

The erythtoblasts were judged as carly, mtermediaste and late, since
the counterstam vsed did not alwavs permut exact classificaton The
tewhty of the actany count are shown in table 11 {17} A sigmificam
decrease of al) ennme actavies from proenythroblasts to orthochromatc
nermablasts 4 esudeny (fig 23-.¢) k- snd GLUDI actinities could not
fe d monaraed with certamty - normat ervthroparetie precursory In
sartiat discdie en'ies. howeser an ancrease of these canvme sctivtics
could be shown No geuvity eould by demonstrated n enthrocytes aith
thas method Some dehvdropenases were o evidence at the sute of the
fetrazolium reductates when PMS wys orut od from the assays (fie 2d)
7]

Reaulty concrrmng Laudopo e staces are summenzed 11 ble M
(35] The mitenuity of the reactidn was almont the same for each eryme
w1t a pen el ypmental yoage (fg 1) Som= o the ennmes dutectey
10 the £1anV a0 3008 11 ot er%el besva hetries] fletences betwten
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fie 2 The dimtashing enzyeme activty o the crythropo oss shown by meany
of the SDH a Pronormoblast & Intermediate normoblasts ¢ Tate pormohlae
¢ TDH actingty an the erythrooytes at the ute of the NADH tetrazol um red s tase
{the platelets show anntense reactin
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Tokle S Semaantative seored inde of the fewopoicus (M £6)

v 2 3
"y [LER] @033 [SE2]
POLLM EE3] 3213 1009
GePPH 2042 8642 10020
GAPDIL 1520 510 7540
1Dt 510 820 15+0
sni (22 842 5320
DR 1520 7520 520
Attt Wil @id [3E2]
aruny Qe 00 320
GPOX he P2 "0xs FLE2 ]
om 15+0 7820 1540

1= Fromyet ytes
2erheixyten
3= Metamvel xytes and polymerphonufear neneoph Iy

725 GAPDU 0 9 (1wl ruteated prand ~aytee

e sagey frem prornelocytes o mulimueteated granvlocytes These
wnclud- 1D GDIE \iDR ML GAPDH, GI LDH, and HA

Wne bt grood in wh b the et increasss 3y the LR ITINLY
rrodeads compnses \DH 37d GPON fhichent CININCY were omened
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Fig 4 Demonstration of PGLUM 1 the granulc poetic cell senes Lighter reac

uon 1n the promyelocyte (upper part of the picture) than in the myclocyte (tower
part of the picture) and the more differentiated stages

n promyclocytes However the heterogeneity of the promyclocytic group
15 reflected, 1n varations of colour inteasity 1 these youngest culls of
normal leuhopotests There were also cells with reaction grade 3 and
others with reaction grade 2, which s the same ntensity as 1n the more
advanced phases

A 3rd group compnsing GGPDH and PGLUM showced decreasing
acumty with mcreasing maturation (fig 4) This merease in activty s
alteady discernible i some of the promyelocytes Irom the metamyelo
cytes on, the cell populrtion 15 homogencous agun when judged by s
cnryme activitics

The costnophulic senies 1s readily recognizable with the stasming proce
dure we used (e 63) The enzyme content 1s below that of the comre
sponding developmental staces of the neutrophils since the cosmophilic
granules occupy only a part of the cell avtoplasm Only for G6PDIT and
PGLUM were higher actities detected i cosmoplhuls than in neutrophils
\egakanocytes feature an enzvme actmaty patiern of greater intensity
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Fig ¢ Sem guanttative esvmation of the reacuon grade 0 the megalanjocytes
Amean and twofald tsndand deviation)

than the other eell senes (fig 5) There were considerable differences in
enzyme activitics between individuat pant cells

Duscusuon

The histochemical demonstration of dehydrogenases 1s related to thewr
talytic actnaty However, topically cuncct formazan precipitation can
only be expected 1f the cndog: which serves
as hadregen neoeptor, 1s present 1 selficent quinuf) at the locatization
o( the cm\mc :\m\rdmg 1o out observations, the N ADH- and NADPIL-

te S are d ble 1n the granul

\crm with small amounts and uneven distnbution only I’\!S as c“do-
falor mediator overcomes the heterogencous distnbution of the dus-
thorawes s the limuting step in the chain of reactions This warrants
maural eanmate acan at the ute of reaction which represent the
e of the enmvme |, The histoch te of dehvd

nates tang the soluble away minture entails the leakaze of soluble extra-
mitcherdnal ennme sctniies into the ancubation redium Usag
eryeatat dectioens of mat lner PErTe and Braspat [10) were aMe to
derematrate that S04 of toral LD actiity perctratss into the tncuhation
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Feig 6 aiDHa an connophilic myclocyte b GPON it a plasma cell ¢ SDH 0
a promyclonyte o SDH m a megakanonyte

medium dunng 15 min of sncubation These artifacts are prevented by
uang the gel tner techmque, since the diffusion of the refatnely farpe
protein molecules 1s presented mechamically by the structure of the gel
An augmentation of formazan precspitation following ncubation 1 a
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Fig 7 SDH activity in 3 retiulum sel

nittogen atmosphere as compared to mcubation 1n air €an not be expected,
since the hydrogen uptake of mtro blue tetrazolum occurs at 3 lower
fevel of the tedox potental than that of oxsgen For this reason, Avr-

new [2) detected no differences between zeroe and anaerobic inco-
batonn o

I I ol mtro blue . reduced by
GoEDH

According 10 Santiot ef af {12], the enryme diffusion through the
damaged celt b 15 pumanly dependent upon the

gtadient and the molecular werght Dunng perfusion of rat Iner under
hypauc contditions, these authors obtained a stow release of GEPDH into
the perfuvion mediom which was still insigmificant after 1 h We used
the cells endogencous GEPDIH an reactions where GAPDH was needed as
the indicator ennyre. GAPDH has 1o be conudered as the imiting memter
i the chan of 2%y reactions for PGLUNM which 14 present with hagh
2¢ NS Partculatly m leuoates

One mapor obtacle remairs in the e of a fixatine Acctone accom
by densturstion of proten by breakanz up hadrozen bords {3]
Mrgsic (8] when companeg 2 nurber of finatnves found that pare
N acctone yilds Bt pesil's a2 comptem ¢ between ennme
atndon and Mma ~eeance of ol merphotopy  Apart from the mamte
Pance of cculat apixananee the acctone fitaton 1 adianiatrons, unte
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the extraction of hipoids from the cells reduces formazan precipitation at
cnzyme frec | through absoption at hipd ¢ structures
{4,6,9,15,16)

Conirary 10 our expectations, we thd not find a granufar distnbution of
the formazan pattern for mitochondnal enzymes In the case of GLUDH
a finc and diffuse formazan precipitation was present even i feuhoporetic
and thrombopoietic celfs SDI and GPOX featured a locahized confluent
cloudy preciputation which 1s partcularly pronunent 1n plasmna cells,
promyelocytes, megakaryoeytes (fig 6b-d) and reticulum cells (e 7}
In these cascs, we assume that the pattern corresponds 1o mitochondnal
actvaties, even though the mitochondnals are not shown This hind of
intramitochondnal enzyme demonstration right be expluned as a conse-
quence of a diffusion of reduced PMS into the vicinity, stnce the local
amount of tetraizohum 1s imited duc to the hugh local enzyme activities

The subjectve judgment upon which the seruquantitatine assessment
of reaction 1ntensity s based, 15 subject to many mponderables Tiis
disadvantage can be mimmized, 1if only results obtained under identical
conditions arc related to cach other, or i\ quanutatne cvaluations with
the use of cytophotometnic methods are employed, such as were recently
repotted by STUART et al [14]

Acknowledgenment The valuable technial nsustance of Mrs Ch Orsrirrricn
13 acknowledged
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Pentose-Phosphate Pathway of Leucocytes

T Marunanint and O Pruto.a

Depantment of Medical Microbiology (Head  Prof £ Mustanattio} Universty of Turku

Abstract The pentose phosphate pathway of leucocytes  Aev Hords
tested with the transhetolise reachon (TRA) was markedly  Dipheryihydantomn
and strongly reduced in chrone lymphatic leucerma A shight Leulooyte metabolism
er degtee of pathway infubution was noted 15t diabetics, alooe  Lymphatic leukeria
holics and patients with azotemia or mycloma Theplasmaof  Pentose phosphate shunt
patients receving dipheny thydantom was found tointubic the  Transhetolase
pentose phosphate pathway of the leucocytes

Leucocytes have a predominantly acrotue glycolytic metabolsm [1-3]
Pentose-phosphate shunt activity, measured in terms of transhetolaseactine
1y, 15 probably 100-200 times that of red ceils {17, 21] Tn an earlier study
the authors showed that the transketolase activity (TRA) of leucocytes in n
healthy human body remamns relatinely constant for o grven number of
leuhocytes at different hours duning day and mght, and in the same parson
from one day to another [21] As shown earlier, 1n connection with numerous
enzymological studies {4-7] feucocytes ate well smited to studies of pentose
phosphate pathway

Vateral and Methods

Thesenes consnied of 199 persons A detaled distnbution and characteristicy ate g ven
1 tables Tand 111 The group numbers of table [ are the same as those of figure 1

1 Contrels (103} Al mere healthy subgecty in good cond ion 38 were men (age
S004166 years body werght 7832169 kg Hb 137216 £100 mh) and &6 woxen
(692217 6482102129209

+ Grant from the ational Research Counal for Med cal Saences Finfand
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ToMe ] Chamacierntict of the materal studied, the group numbers are the same 23 in

Feure
e Group n Age, years Woght, kg Hb, £ 100 mt
+5D +5D +5D
1 conteoly 104 4155209 ~09%153 133213
2 theuratond srthnus 30 $14£122 610 72 124215
3 diabetes pelbton 12 54177 7352180 120220
) chromic akohotam 10 3882130 $25£176 12232
N bronchual anhma 9 4132202 @2z 84 118403
3 arteria 1 &ailo $632110 99132
7 mult ple myeloma s €62220 6784153 1nix1d

Tadle I The white cell TRA in $ text subpcts treated with d phenylhy dantom

Patent TKA units 10* leucoeytes
Tlama dilution NaCld uon
1 pi %0
b 33 3o
3 2 68
4 3% ts
s 2 153

Inplasma d Wution the mtrecells were & Teted aftet separation sk autopensous plavma
15 the sewnd text the aunopenous whee cell were d Tuted 1n phyuolopal wafine solsticn
The plavra predced 2 2 10 3 130 ek Btoa

S Eavum vt avthor 1 ()] The & sease was dagaosed on the haus of viuble jount
chanpen mentpenckogcal changen thewmatmd werclopy, and el ed ESR (54 ¢ T rm By
The paterty hnd g hatory of chrena, rheumst vt arthetn averapeg 11 yeart.
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:-u Ot an sl et anets oy A mueher of the patienes had Rad Gubet complca

o

4 Chovmrd marhalim (10) The pavients Fad bevn a3 ol Tor aknhol tmroucation
AN reau= el darmg awaleneae Specal nerologaat £Umaton tevealed v
elnear i N ntree e o & Tpanens AlRada bavory of everal years of alobolam.
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Table 111 White cell TKA of patients with blood diseases

Patient DizgnossSex Age Weight Hb, g% Teue /mm? TRA, unite'10% leue
Na sears kg

t cL  f 8 70 14 41,000 29
2 cL 6 1" 21,700 t
3 cal m &1 6 126 £ (00 12
4 Ltk m 65 45 88 24 500 18
s CLlL w6 65 94 10 400 07
6 cL  f (ST 122 18 500 16
7 CtL. m 23 59 83 20 000 14
8 cLt r 78 57 "4 34 €00 14
9 CLlL. m 59 68 123 35,900 13
10 caL r & 57 66 24,200 30
1 oML f 57 48 n7 10,100 65
”? oML f 3’36 130 12,000 106
13 oML m 7 @ 60 120 000 69
14 ML m &7 6 1ns €0 000 k]
1s cML 0 8l 61 100 000 33
16 ALL  f 19 40 96 0 000 64
17 AA m 47 80 70 1,100 13

CLL = Chronic lymphatie levcemua, CML=chronic myvelond leucermiz ALL =acute
fymphoblastic leucemea, and AA =aplastic anemma NI the heavily reduced TRA values
m CLL and AA

6 Azoremia (7} All were patients examuned at the hospital with markedly elevaied
serum creatinine values and reduced exeretion of phenot red

T Muttiple myvelyma (3} Al these patients had been examencd vnder hospital conds
tions Their diagnosis was hased on examnation of the bane marrow and electrophoreus
and on radiography of the bone system

A number of patients with blood diseases pnmanly Jeucemias are assembled in table
11 All had been examined under hosprtal conditions, and the diagnosis was based on the
examination of penipheral blood bone marrow and, in some cases, lymph glands

The ssolatron of leucocstes from fresh blood samples has been described earber [21)
At first the 1solated leucocyte masses were diluted with autogenous plasma [21) Later
craminations of certam drug taken especially those of diphemvihydantonn revealed that
plasma inhibuted the white cell transhetolase activity  Maumum enrsme actinity was obe
tatned when the cells were suspended I physeot 1 saline Subwequenth only phyyo-
Jogrcal saline dilution was used  andat appeared o produce masimum enzsme activity
allcases

Ancther pomnt of the method on which we ¢ gressed from our earler practie [21) was
shat the paraflelred cell sample was excluded The reason was that the frandeto’ase actiy
1ty of a paral'el red cell sample has often been zero or a neghpble fraction of the cnnvex
uni
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auvhof {17233 um ) {5) beonh 2l auhera (982 30 un t5) {6) mrckemua (93423
un 0 I (i e mycloma (668 3 dun )
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The white cell TKA 10 chronic rheumaterd arthritis and bronchil asthma
did not ssgmificantly differ from that of the controls

The TKA i dibetes (1= 4 012), chronic alcoholism (= 2 955) azotemin
(t=2012) and mycloma (=23 704) was sigmficanthy Tower than that of the
controls The confidence Iimst was 5%

Table HI reveals that the white cell TKA n chronic lvmphatic Teucemia
(CLL). 1n every case examined, was distinetly below the range of vanation
m the controls In chromc myclord leucemin (CML) and acute hmphane
Teucermia (Al L) the TKA was below the lower himut of the normal varntion
{6 6 units!10% feue } 1n 3 cases out of 6, most of the values were close to the
Jower mit, and they can, therefore, not be defimitely considered as reduced
values Tnone case of aplastic anermua the patient's white cell TKA had fallen
steeply, to the same level as in chironre lymphatic leucemn

Table If gives S patients treated with diphenylhydantomn The TKA was
determined on white cells suspended i autogenous pfvsma which contained
diphenyihydanton and/or its metabohites, and agun on autogenous white
cells ded 1n phy gical saline not ¢ e the drugs TKA deter-
mined on saline solution showed an activity 2-3 times that of TKA deter-
mined on plisma dilution containing drug metabolites An aqueous solution
contatning 00, 2 0 and 4 0 mg diphenylhydanton per 100 ml was then pre-
pared with stutable test leucocy tes This experiment showed that the addition
of diphenylhydantoin in visro did not inhibit the transketolase reaction of the
white cells (0 mg 107 units/10% leuc, 2 mg 106 units, and $ mg 107
units)

Discussion

The principal findings from this study of white cell TRA were as follows
In chromic Jymphatie Jeucemia, TRA mas be as much as 10 times less than
n the controls Inactination was also noted in the diabetics, alcohohes pa-
tients with azotemia or with myeloma In patients treated with diphenyl-
hydantoin the plasma factor acts as TRA inlubitor, whereas diphenythydan-
totn added in sorro did not inhibie the TRA reaction

It has been recorded that glucose-6-PD and 6-phosphogluconite de-
hydrogenase actiuty in leucemic lvmphoevtes 1s reduced [12 22] and that
Iymphocytes 1n feucemia contam excess gheogen [14] A lowered glucose
tolcrance has been noted i patients with chronic lymphatic leucemia {§9)
The significant!y diminished quantities of 11 CO s evolved from glucose 1-18C
by the Jeucemic Ivmphocites compared with its normal relative, s evidence
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that ths reaplastic eelt baltres proy 1y less sugar through the
pentose phosphate pathway [9, 10} The present results are parallel to, and
constent with the above otwersations The white cell TRA was heavily
reduced in CLL 1n all patients cxamined to date, but not so distinetly and
definstely 1n the other feucermas In one case of aplast anema following
the use of analgesics the white cell TKA showed the leucemic fesel Further
studics are requured to show whether this 13 2 general charactenstic in aplastic
anemua 1f the answer 13 10 the affirmatne, heasily reduced TRA salues in
white cells witl not constitute binding evidence in the enzymotomeal dafferene
fial diagnosis of CLL For later studies 1n our laboratory. the TKA of isolat-
€4 healthy lymphocites equals ThA lesels of other white cells funpublished
data)

Diaheties’ white cells often behase in TRA determinations i the same
%3y as thone of patients with chrome fymphatic leucernsa, even though the
change in the former 1s not so distinct as 1n the leucermics Thus 15 simdar to
the general clinical obseryation, that both diabetics and lymphoproliferatne
disease patients have a predilection to bactenal myeotic and granulomatous
infections 3t has ako been observed that a new immunosuppeessive drug
1C147.776 hag ad snbubiiory actien on the phosphonlation of mitochondna
and on ATP peneration while it also snterferes with the use of ATP 1n glycoly
13 111) 1tmight be assumed that disturbed sugar metabolism in immunologic
white celly 1s perhaps 10 some way associated with the immunologic activty
of these cells Reduced TRA 1n diahetic white cells (total cells) supeests the
same conclunon as the results of Brom and Merur on hmphocytes [10]
Fren though the TRA of Patients with bronchial asthma (fig 1) 1s dentical
with that of the controls the white cell TRA 1n some dermal allergies seems
$o falt remarkath funpubhished finding).

Inthe majonty of the examuned ahoholics the pentese phosphate pathway
of the red cefls 13 insctnated {20] They seem to have the same predilection
twhite el ateo afiborgh the chanpe 1s not particulirs marked Swytemic
cuprurations alo Pate shown that akeebol has marmly an inhibitory action
o0 glecoe tetatol vm [18)

Acconding to the presentstuds a pred spos tion towards the snactnation
€1 penitoss fhoaphiate pathmay seern alsa 10 eustin Fivelora and azoteria
Pateetysith aroteria Bave torg been brown to have a red aced i anologie

teporse (14

D pbrmvidanto n ks deen suspected to mdoce 2 vanety of hypet
antinty reactors [0 fud rg Terphadenopatha, Jomepena thrombee
AMTREE R pamnrers dermatitdan, enthema ry? forme 1250 senm
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sichnesses [8] lupus erythematosus [24] and lymphoestic thyrordits {16]
Diphemlhydantoin has induced blast-hke transformation n patients
Ivmphocytes [13]

The present study revealed that the plasma of a patient treated with diph
emlhydantoin inhibited the transhetolase retction of the white cells A ssmilar
though not so pronounced phenomenon has been noted in the red cell TRA
[unpublished obsenation] Since diphenylhydantom added to white cell
dilutton in surre fuled to produce an intubition, 1t m1y be assumed that it
produced by drug metabolite(s) formed 1 human orgrnism, or that bindine
with plasma protemns changes the enzyme-inhibiting capacity of diphenst
hydantom Since ntubition of pentose phosphate pathway s ivolved here
1t should be recalled that diphenylhydantoin has been reported to have an
mhibitory effect on glucose metabolism ia some studies {26-33] The ultimate
causes of this inlubitory action hve not been established [tis possible that
the present finding inhibition of the transketolase reaction by plasma of
ptients recenving diphenylhydantorn mught be associated with the diabeto
genic action of this drug

Acknowledgement Our thanks are due for technmical help to M Priana M S
B ochemustry)
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Fifeet of RNA Extracied from a Neoplastic Cell Line on
Lymphacyte Cultures

1..C GiaLpo Covtss M [ M CotsrraULR A E. Bachvas~ and
A Paviovsky

Ias 11 rde ! vest gac ones Hematolds cas, Academ a Nacional de M=d cina
Nucnos Aires

ot RNA anftacted from o cell 1ne GHI, derned  Aey Hords
from & pasent with hymphourcoma, was added in varying  Cell culture
amounts 16 hymphovyte cul ures from the patiert and from  Iymphoaytes
normal Blad danote An anh b tory effect of b gh doves an all - Lympbotarcoma
Cuatures and & ot mulaticg effest of tow dotes of e patests  Neoplastic celly
Mures sere obneraed Sesetal hypotheses ate propoved 10 et RNA
13 8 the ety obta ned ard the mechanam of a-tion of the
RNA added

1t s well known that bactenal [4] vepetable [8) znd mammahan
celly {11] can undergo morphological ard functional transformauon un
et the elfect of nucddac acids 1t has alwo been shown that the addiion
of r fonwdae 2ad (RNA) to PHAstmulated hmphocyte cultures leads
toanthnon of Hlastie transformation {1 2 9] and that there 15 an inh
ton # uclear RN A syntheus 1n Lhelich asatex cells ahich have been
1ncubatad sath homologous of heterologous RNALS]

The ohyect of our expenmerts was to determune the effect of RNA
cutractd from a eell hine, GH?, denved from a patent (RDL) wath
hmphesarcoma [10] o1 ir sirro shont term cultares of penpben) hvm

Fhovytes obtained bl from the patient RDL ard from normal Bood
Gomory

etk s

KN man et vad 2l €% € by the mertod of Teavwwre o of [17) rurg &
Froe el Wy pteed el Ol anlom n e o Bl 6 and Cantied b
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small amount of buffered saline solution The quantity of nucleic aad obtamned was
measured by the orunol reaction {3f

The method tsed for lymphocyie culture 13 based on that reported by Moox
neap et af 17) Hepannized Blood from the patient and normal donors were al
lowed to sediment 1n glass tubes at room temperature for 1-2h The supernatant
plasmas wete removed, pooled and samples of 4ml were pipctied into glass bot
tles containing 5.5 ml of TC 199 medium (GIBCO) The basic suspension was var
1wed by the addiion of RNA 1n concentratioas ranging from (00 to 1,000 pg cuf
ture The pitients and normal lymphocyte cultures were subdivided nto the fol
Jowing groups {1) controls (without RNA), (2) low doses of RNA (100-160 sig!
culture), (3) imermediate doses of RNA (300-700 sig culture) and (3) tugh duses
of RNA (800-1,000 seg/culture)

After the 3rd, Tth ond 14th day of incubation, shde preparations of the cul
tures were stauncd with May Gronwald Giemsa, penodic aud Schiff (PAS) and ac
ndine orange 1,000 cells of the fymphocytic population were examined, and per
cent blast cells determined

Results

The normal lymphocyie cultures showed no sigmficant dsfferences in
blast percentage compared o the respectne control group, when lower
and intermediate doses of RNA wete added However, fower values
were obtaied with lngher doses

The pauent’s lymphocyte cultures presented a sigmficantly different
behavior as compared to the control group (P = 001) The lughest instial
percentage of blast transformation (420 o), was obsencd with the inter-
mediate doses of RNA, although there was a marked decrease on the 7th
and 14th day The effects of lower and Ingher doses of RNA appearcd
mainly on the 14th duy of culture. In the former, there was a stmulation
of the transformauon, the percentage of blast cells obsersed being 65%
On the contrary, in the latter, there was mhibiion, the percentage of
blast cells beng 11% Both values differ sigmficantly (<0 01) from the
controls of the same day 38* ¢ The results arc summarnzed in table I

Samples taken from the pauent's cultures with the addition of low
doses of RNA showcd on the 7th and 14th day of incubation gant mul-
tinucicated cells, with shight cytoplasmue basophuhia, and 1 some cases,
preseace of granulations in the aucler and cytoplasm

Smears stained with PAS showed poutine cells only in the groups to
which fow doses of RNA had been added The other groups, mcluding
controls, were practucally negatne 1t must be ponted out that the cel
line GH7, {rom which the RNA had been extracied, was PAS positine
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Toble § RNA added to penpheral Iymnhocyte cu'tures blast el (P 25D) after 3 7
and 14 days of scubst on

RNA sded 3rd day “th day 185 day

L] N 1 ~ P b

3 D v T b N

. . N .
Cortrcd 01y 13303 i0t
w thoe { RANA 25103 13208 152101
Lo s pAFSE] 45303 63408
100 10 g po23 1} 2012 15203
theemetia e dney 42423 22:03 W2
3000wy 3y 1103 10204
Hahdnes 2402 12404 11203
000,y 15e0s 10412 0206

(1) Patient » brph wyte cut ures. (3) Normat blood ¢ wors Ivmphoanite eultures,

Av for acndine orange sidms, i was found that the percentage of
poutise cells increased wath the sddition of progresute doses of RNA 1
cultares {rom the patieat and pormal subjects

Discussion

O~ the bavs of these resulis, 1t can be concluded that (1) the lower
dmes of RN (100-160;55) possess 2 sumulanng effect on the pa-
uents hymptogyte cultures, which 13 apecially marked at the 14th day of
wmcuhation (1) the intermedia‘e dowes of RNA (300-700 4ip) have an
) stirlaning effect on the patient s cultures, which disappears on
the Tt day of Incubaten and (3) the hugher deses of RNVA (S0
1000 8) seem 1o ponsesy 20 tehitwtory effect 0a bo b tyes of cltures,
shahagpam b mae mankad emthe Ltk dav of tcubation

The ¢ fferzves obaenned betmoen vaning dnes of RN and thar
rehisnen ol acim ko et can W enplun Ricey of @ {9) otwened
wppeeu v ¢! bumas hephonts trasformanion i PHA aemetated
e mten ey sdd-g 03 Mg o rote of veast RNA The same of
3t watelvened wa % pulyesad) £ aad when PHA was et addsd 1) the
e uren Wit smader smounts ol RN there wan 39 apparert st ~Ja
i de tands e They conede~d thar God op of seppreasd
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otrhages. Patlent No 7 was a 60-)ear-old male, who died for tiffuse bronchopy)
manitis, fesestant to antibiotic treatment, and final collapse

Patieit No 8 also died following sepsis, tesistant to antibotic treatment Pa
tient No 9 died incidentally following a car acaident a year after the beginting of
the disease,

Pattent Do 10 died following an ungestrmnable gastne hemorthage  Fatient
No 14 died for cerebsal hemorthage after a slow downhill course

Other 2 patients (cases 15 and 16} having a hyperplastic bone marros, died ree
o ly for a pul y 1o dunng a drug induced jaundice and for sep-
sis

The other patients had a favorable course, following treatment with androgeny,
except patient No 18, in whom enpthroleuhemia developed

The following investigations which are important to establish the diagnosis of
aplastic anemia wese carned ot blood cel} counts, Jenlocyte Mifferential counts,
reticulocyte count, bone marrow biopsy, terrohinetics, alkahne phosphatase in neu
trophil granulocytes, and aliali remstant 1 hemoglobin fevel Some of these data
are reported in tables I and {f

The entens on which diagnous was based, were the presence of pancytopema,
reuculocytopema, low red cell iron turnover sate, high level of nikaline photpha
tase 10 neutrophil graaulocytes and bone tiopsy Patients No 1-14 had an aplaste
or severely hypoplastic bone marrow, patients No 15-18 had a hyperplatic bone
marrow und for them a diagnosis of ineffective erythropoiests way extablinvhed De
tly of these data are not guven here, because these features of the disease were
aleeady discussed tharoughly by previous authors (251

Only some data concerming the ferrolinctics of 2 patients are feported in table
11 Patient No 1 having an aplastic bone marrow had a very fow ted cefl fron
turnovet rate, which increased considerably after & months of treatment wih tes
tosterone  Patent No 18, affected by sefractory snemia with hyperplasue bone
martow, duplayed peculiar aspects of ferrolanetics n low $1Te Ty, which cor
responds 1o 2 high plasma iron turnover, but a very low uptake of #Fc by the crythe
racytes, the uptske by the hiver 18 very high, suggesung 1hat the iron svaidable in
he plasma Is rapudly bound by liver tissue

Laver Funcrion
Liver (uncunn has been studied by d of serum tr i th
and scrum yglobulins At
I:n\ 7 of our p:uenu had increased Ievth of nrum ransaminases. This occurved
in patient No 1 in occanon of 2 episades of hepatitis with a parallel {acrease ot
bilirubinernia, and was Dkely due to serum hepantis, as the patient had previously
recened many blood tramsfusions At that time Awstralia antigen test way not jet
caryied out 24 2 toutine test

Orher 2 patisnts (cases 14 ard 17) had inc of e
by stight increase of Bihrubinemia. In snother patient {case 16) & umponry ;MN
tncrease of sceum with a marked fncrease of

serum bilirubin, In these patients ot remaimed sacertun whether hiver Involvemeat
w1dne {0 serur hepatits of androgen toxicity
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14 ancther patient {cave 19) there was an increase in tilirabinemia not accom
panled by an locrerse In transamisases and the was rrobatly the oaly case i
whlh & delave Liver dxmage doe to sadrogen treatmert eccurred.

Orher 6 paniears showed occavenally very ahght fncresses by servm bilraua,
while serur tranusunases were pormal

Lastly, in 2 patients (caten 2 and 3) serum tramsamutases were above rormal
with vanable valces in dfferent timet, but scrom bilenbin was atwayy normal.
Wi regard 10 the poainle refation betweeny kigh transam n3se levels and textos-
terone weatment, it §s to be noted that in thee patierts KTTM tranarpaaes
were b gh befote vartmg the androgen trestment. However, in some phases of
the d seate In which androgen treatment way temporarily wirhdrawn there way 6¢-
caslonatly a fsll in serum tramaminzse levele

Glucase Metabolism

Of oor 18 paeny, 3 were affected by @ shetes {caser 13, 16 and 17) Other 6
panenty developed Pyperghycerna bricfly af'er startng plocecortiond treatmert
Patents No 1.3 and 6 developed hyperglycerua and ghycoruna just after bepn-
wrg ploercertoold trestment and hyTemglysemia pemuted ool gludocorticonds
wiete withdrawn, These pat erty were eot known to be diabetis from the harory
rher 2 paters {cates 7 amd £} hecare hyperglycemic & few weeks slter the bee
rperep of gluoncoticond teatmert, 1n other 2 patier’s thete was octasienally
mld Lyperglycemia and glycovoria (cases 14 and 18). In the remasaieg Patients by-
verelycemia was acver obeeryed

Imrmunolone Conditions

These were stod od ealost ng the tymphonyte tourt, skin Byy y -
voes, fmmunoglobal alevels and the presence of plaseia cat's ia the tone marmow

The & fferertia] Baad cell coarea showed 2 Bigh percert of Dymphocytes par
uintarly {4 the ot froup of Pauests (cases 1-11) w1 % fypieal pancytoren a, This
w2t due o a parted grasniacrtenecla howevet gl the atactote tumier of 1y
£hecyton wanaf phily decreaned

The de'nyed hypersem 'inry reaschony (uherculls Cand'da, Strrptomyees)
ested bn & few pat er*y were negative.

Plateus celfs were always provert B the bome marrow Grmvma globol n values
were la geseeal poresal (1 the tajonty of th¢ patiers Hvwever, they were defi
Py Jow 5 P1nee's Na T Oter 2 1o enty (e 6 ed 1) Bad pglebel o val
oev dower (Man rortal of a1 the bower Tty of e pval Om the contryty,
There ker peemty bavirg wp'etel a Jeveh ety etented, Isdopenderty from
fempoear e prencarnd frfectiont processe £ ent B 7, who 1o had an elenat
o1 Pnionren devel 458 & tendercy £3 fet formas an by the sctnm gt Low poom
el elevared temperitmtes, w8 patict Na 8 snd A 38 N0 €75 te corerlariam

W drrernd 00 Ctved frmme Sechanireg ceu'd be oAt (ed I splaens
anemny

Tearme=t

.‘Y\z WOmert Fas been bn 1 raresy of e zaser e et noval anad a0an
Ringems Pacecertaedy {139, 24 20 A Bond od 2 ghim of e wcpreee
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Tedle §

Case Age  Blood ceff counts per mm? Iym- Rets  Trans. Bl.

No  yeant crythre. Teuho- Platelets  phoeytes culocytes aminases  rubane

cytes cytes x {0 . ®/oa acnua
x It xig

1 13 2040 1825 10-50 40-85 040 + 4t +4+
T ® 1730 j0-18§ 15-50 25-70 0-30 +++ normal
3 27 1530 1.5-30 10-30 30-80 i ++ normal
4 N 085-30 0830 2.28 RISy 2 B 11 normal  norral
5 10-30 1827 12 96-100  5-10 normal  normal
6 26 15-30 32238 18 86-96 26 normal  normat
1T @ 1638 L1122 226 © [ normal  nermal
§ 49 2.5-35 40-54 16 30-63 9 normat  +
L 1437 1830  s$-18 RS 27-41 normal  nonmal
10 $6 2732 2030 B30 £0-8% 5 normal  normal
n 10 10-26  20-38 622 (3] s-1 normal  mernmal

1268 1046 1023 %6122 60 0 normal 4

L2 I 20-40  313-58 200 1253 10 + +

1 ke 11-33 25-50 106~188  30-3¢ 13-26 +++ ++

15 D 2023 30490 168 pa] 030 nomal e+ 4
16 € 2035 1540 BI-119 g0 2 + 44
175 16437 1433 B30 3§ [ + +

18 59 1923 07-115 110 35 16-15 norral  +

1 Themgns + 4+, + 4+, + refer to different extents of increase of tiological values,
occurnng dunng the course of the disease, compared 1o the normal

propionate and 10-40mg of predmsone wete piven daily per or Howeser, in $
fatents, at present under treatmeny, glucocoricods u:rc no Jonger ghen in the
last 12 months and only 3 was

Patient No 1 deserves particular mention He was affected by a severs form of
the disease e recenned about £0 blood umits 1t 6 months, and after hanag been
treated with J00mg of testosterone proponate and 40mg of predmisone duly for
4 months, was a0l in danger of Life, Owing to the appearance of severe coro-
s symiptoms, like hyperglycemia, stnae cutaneac, and finally an enterorthag,
wiich required the transfusion of 5 units of blood in a few hours to safe the hifc
of the patiert, pred: was with and the patient conunued to
be treated with testosterone propionate only In a few weeks not only the enteror
rhapa wopped completely and the hypergiycerua and the ‘stnae cutancae” duape
peared but alo a defim'e hematolopizal improvement occurred  Reticylocytonn
sppeared for the firet tme, a good b tobin fevel wat rur d without reed
of other Bood trarsfusions, (eulocyte and platelet courts improved, the patiert &
row at tore livirg an alrvost aommsl Lfe




Aplastiz Anemus 3

Mo Glyermis Total Serum glotul ny, g%

prote oy serum Py ax ] 2
[ 3 Prete as

(3
36 ++ 4372 024028 040084 070097 067134
35 e 5559 019032 028048 03709 047075
3 + 4 5963 029038 045074 06106 090109
9 nerrat n on () oss 114
9125 normal 67 027 ax ves 15
417 + 5339 020022 OMO4s OG0T 044096
4 + T1-18 26031 06609 095111 138 258
38 + 6778 023032 060-0€8 095097 187167
3474 noeral 1867 045037 095077 101108 034067
< forreal kR an o8 o8 25
¢ nermal 39 o013 030 ass 063
68128  normaf 5963 034-02¢ 03035 119.0R 138150
33 normay 1267 031022 ON0 076035 0NN
) + T1-A6 016028 033043 035509 215397
48 444 4578 01}-038  025.053 Q3610 081-23
4 AR d 63-€9 026 04108 OTI0R2 113127
434 LR ke 016 o o0 133
3942 +4 5847 02002 03103 075.0%3 0709

When 2 vatues [oe 8 09wt are srported these correpand fo the bigher and lower
walued (nnd d st the coene of the & sease

I3 other & patenty, glacovortods Bave cow been % Sdnwn wih & defate
ImprEmert 01 the Bema Ivpnal ¢ 22 .07 4% & & Gppearance of Eyperplyceia

:-.1 thoonzia »t B pen sted lu w B veey low gerdaname doage (3-10 3 du
.

Duscuss on

A low porrts o ghtdeserve o be brelly & seivsed on the baas of the
dara here provented 3nd the daty TN ted e beeratere

Concerm.g liver funcron 1n paucrts affected by pplastic 2nemuy, the
1ame eilnown faten which cane oplawnc anema 19 some pavenrs
© 141 aho be tone For the Liver Tt bas alio 15 be comdered that cises

of Iner dwatunctzen, dae 10 precust 73 hepat - kave been rponsd 10
plan evemas (17]
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Table I Terrolanetics

Patient No 1 Patient
before sfter 6 months Mo 18
of t
treatment treatment
MFe Tafs, min 245 120 [
Plasma iron turnover
rate (mg/24 h{100 m) 402 674 136
Uptake of 3¢ wito red cors
puscles after 7 dayy, *43 X3 85t 132
Uptake of WFe over
sacrum absent high low
Iner early and high tow high
spleen high and late low low

1 The uptake of 1ron into the red corpuscles 15 expressed as a proportion of the
ameount inected

Hepatis following blood transfusions appears 10 be responuble for
the majonty of cases of Iner myohement In dublous cases, mn which
the chimeal symy are not patt the possibility of an un-
common, t ¢ amctene, vanety of hepatiis must be considered The
presence of Au antigen 1n the blood of these patients might help to es-
tablish this diagnosis

With regard to Iner toxcity following androgen therapy, in our senes
only tn 1 case treated with methyltestosterone, androgen toxicity was
considered as certain This patient presented the signs of cholostaue -
terus marhed scrum hyperbdirubinemia, elevated serum alkaline phos-
phatase, wule serum transaminase lescls were within normal values

Concerning glucose metabolism, 3 of our patients were affccted by
diabetes, other 6 patients developed hyperglyecernia and glycosunia fol-
towing shight doses of glucocorucoids This Ted us to consider the poss
bility that in these patients there was a particular sensiwaty 1o glucocor-
ticoid treatment

The lopcat cond of the p were studied particular-
1y cvaluating the scrum ~globulin values A patent had hypo-y-globubi-
nemia. A case of hypo-mglobulinema assocrated with aplastc anemis
was desenbed by DrevEUs et af 6] A few patients had hyper-~globuhe
nemia, 1n the absence of chrome hepatiis infections or other patho-
foprcal conditions generally d with hyper-y~globulinenua In no
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case & monoclonal peak of y-globuling was found The majonty of our
pauents had normal y-globulin values

Several teports have been recently published on the use of androgen
therapy {t, 20, 22, 25] In spite of sore controversial data {20] on the
long term effect, there 13 ho doubt on the sausfactory resvlts of this
treatment 1n the majonty of the patients A mechamsm of action of an-
drogens scoms 1o be an increased secretion of erythroporetin but other
mechanisms of action probably play a tole in sumulaung erythroporesss
17,9, 10) The side effects of this therapy, lner 1ouaty and vinbzauon
in females justfy porary withdranal of treatmert followed by a
tnal with another androgen only 11 ease of iterys Concerming Vinliza-
10n expenments ate now being carned out on new S8 H-sterod metabs
olites devorded of wvinhizing effects, which wll probably be wvsed cur
rently in chinieal practice 1n a near futare {10, 11]

Also a small dose of glucocorticouds 1s genenally assoaiated to andro-
gen therapy 123 25] The chimieal results obtuned 1 our patients do
not seem to justfy this No e of svmy was noted
in sny patient and, on the contrary, severe side effects, like enterorthapa
hypetslycemuia ‘stnae cutancae’, osteopoross and moan face retutned to
the normal after withdranal of flucocorticords Also the hematological
conditons raproned 1 some pauents Otber authors [S, 22] suppest thay
rlucocorticonds are unuseful and even mught be dangerous 14 the treat
meat of splamsc eremia Ths however, appears 10 be a controversial
ot conudeniag the opmions of d Hferent authers [1, 23, 25, 29]

Under th 1 point of view ¢ d would not
appeat to be weeful Aplastic sneema symdrome 1s probably du to many
¢ fferert etiolopic factors, and rught alo have d ffenng pathogenctic as
pects Chloramph=micol 14 a frequeant cawse of aplastic and refractony
aneria 2 24) and 2t least I thus et some conuderations rught be
made on the pathopentus, since the mechanism of scton of chloram
thenicol has been stud ed 2t & Mot~cular Jevel {8 25) Chloramphenioot
M pretem santhews by nteract g wrh fihotwomes In eammaly
r tchondmal profem syntheus 1 speafically ik Wted [18 27]

Glacvcottioend actdn 4 pot 50 definisly known, except perhaps o
brrhars et (1213 15 16 19 6] homever 1t s known that gly
ereottiomds fave m gerenal 3 cataholic effect ofpeite 10 12t of 2n.
Gropm and =h St proteen wmthen, Funtherore 1 R rooesdy been
hman that ghaeoceetioe 4 =k M enytteope o 1 pormal ra 7, 10)
There? 1e @ tse of phcocrrtiosts tn the theea™ of e arem 3
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Modifications de Ia résistance osmotique des hématies au cours
des maladies hémolytiques par nuto-anticorpst

J-F Srovrz, F. StRENFy, C. ViGNEROY, B Genetet et C. Rarroux

Centre régionat de Transfusion sanguine, Nancy

Abstract In patients with hacmolytic diseases due  Aey Words
1o auto-antibodies the erythrocytes show an increased  Aptoantibodies
feagility The authors suggest hypotheteal explanations  Erythrocyte membsane
for these changes flaemolytic anaemtas
Osmotic Tragility

L'étude de Ia fraghité osmotique des hémanes permet, avec certaings
hypotheses, 'approche des propnétés rhéologiques de 1o membrane éry-
throcytare (6] Clest anst que par la comparaison des courbes d hémo-
lyse lente par dialyse et d hémolyse rapide (techmque de Dace), ol est
possible de définir les paramitees d Elastioité et de viscosité de la mem-
brane globulaire [8] Le but de ce travad est Pétude des paramitres
d hémolyse dans le cas des matadies hémolytiques 4 auto-anticorps, ou
1a présence d une moléenle &trangdre fixée sur la membrane, pout, peut-
&tre, en modifier certaines propnétés mécamaques

Méthode

Afode de détection des malad es hémobytiques Ve sang prélené sur ctrate e
adpard en 2 parties plasma et culot dhématies Le culot est 1avé 6 fois en cas
phynologique 3 37°C et dautre part A 4°C, et &3t resuspendu B 5% en can phy
siologique

t Ce travail 3 &té téalisé avee Lande de 1a DRML, section Biolope Contrat
No T0-H-01-00-4%0-75-01
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Le test direct de CooMss [1] seffectne 3 laide de 2 serums artrwglobelme
polyvalent differents S1 le test est posiuf, oz vtilise alors Ie sérum antip-G, ante-
7-M et anti complement, de telle sorte que nous classons les anemes ea 5 cafezo-
nes M+C, avec agglutinmnes froides dans le serum y-M+C sans asglutinmes
fro des, complement, y-G et muxte [5-7)

Mesure des fragilites osmotigues Afin de pouvow envisager letnde das para-
métres theologiques nous avons pour chaque cas étudic les parametres de fragiline
obtenus par hémolyse lente (dialyse) et par hémolyse raprde.

Les courbes de frapihité par chalyse [3} sont obtenues aatomatiquemnent 3 1arde
dun appared automatique appele efragiligraphs, alors que Themolyse rapide est
obtenue par 12 techmque classique des tubes 4 1oncte decroissante [3] Sur chacone
de ces courbes et afin denvisager un tratement statistique des resultats, powe
navons considéré que 3 points qui sont le début Te miltew et la fin dhemolyse,

Résultats

Nous avons compare statistiquement, pour chacun des 6 sewils
dhémolyse la population des valeurs normales (S5 cas) & Iz population
des maladres hémolytiques (12 cas ou 11 cas) (tab )

Le test utihisé est celwm de Student Fisher Apres calcnl des parame-
tres stastiques nous pouvons conclure avec un nsque de 5%, que fes 2
populations sont dufferents ¢ est 3-dire que la presence d un avto-any-

Tableay I Modifications des paramétres d hémolyse au cours des anemres bemolytiques

Début Miliew Fin ombre
dhémolyse  d hémolyse dhemolyse :.sétndz::

Hemelyse lente (fragihigraph)

valewrs normales 483+033 366:040 174405  s5
mafad e bémolyuque 5632093 ANL048 210107  1p
sguficaion statisuque  1=1545 t=913 =40 sgndficanst
(test de Student Fisher) i5%a
>t
Bimglyse rapide (Dac ¢) s
“ieurs normales STIROM A&k 3gp404
& 755
maladie hémolytique TESE2E 69518 gnayzy g
s gufication statistique t=2755 =860 qus3y agadicanl
A5% 8
12196
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corps sur I'hématic prosoque une modification des paramdtres de sésis-
tance globulaire.

Conclusion

Parmi fes hypothéses qui peuvent justifier de telles modifications,
citons (1) la présence d'une molécule étrangre (anticorps) fixée sur la
membrane, et (2) des variations éventuelies de Ia composition chimique
de 1a membrane (lipides en particulier). Dans cette voie, Jes travaux de
Coorer {2] semblent montrer que le taux en cholestérol et en phospholi
pides de la membrane est abaissé au cours des anémics hémolytiques
{environ 10%). C'est d'nilleurs ce que prouve une expérience chez le rat
qui, aprds ['injection d'anticorps incomplets, provoque une baisse de 20
4 30/ du cholestérol et des phospholipides Cependant, Jaree et Gort-
rRIED [4] ont décrit récemment une famille de § membres atteints de
maladie hémolytique ¢t dont fe chofestérol et fes phospholipides totaut
étaient normaux, mais ob 'on pounait noter une nugmentation de 25%
des téaithines.

Résumé

L'étude des paramitres d’hémolyse o hémates de malades atteints de maladie
hémolytique par montre une fragl, de celles-ci Les autenn
envisagent afors des hypothéses pouvant fustifier ces modifications.
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Libri

H Syomer: 1. Athax. Zy phologie, Zytoch und Funshnon der
Zellen von Blut und Knoch k D lung b logisch mchuger Krankheitys
bilder sowie Methodik der helogischen Bluts und K

3, vdllig neu bearbertete Auﬂ.\s: Alademie-Verlag, Berlin 1970 246 Cpl, 190 fig,
19 tab Prenss DM 96,

Die Newauflage des hlm:\xolog\s:hen Atlas von Stonny wurde mit grosser Sorgfalt

berarb Neben den zahl far ph enthalt der Rand
Phasent \; cnige elek roskopische Bilder sowle zahlrewhe,
Gbersichitiche Tabelien und Schemata Dre verschuedenen himatalogischen Kranbherts-
bilder werden in einem meast recht ausfhrhchen Texiterd d dem peuesten
Stand des Wi mem emg:l’nhn ln emem Anhang finden sich deuﬂhme M:\hodm die for
die zytol h Erbrank von b

sind Auch ein Vi hnus der wich h logisch dwerke und Zet
schnfien fehlt meht Dicses qual hen de Ut htswerk dient nicht nut dem

Fachhimatologen, sondern auch yedem praktisch tingen Arzt Die didaktisch geschicktc
Darstellung wird aber auch vom Laborpersonat ausseracdentlnh goschiltrt
E A Brex, Remn

Progress In Medics) Genetles, 30l 7 A G Srrverzo and A G Brax(eds) Grnne 2

Stratton, New York 1970, XI+243 pp , 0000

The seventh yearly volume of Progress in Medical Gencetics once again consists of 22
valusble senes of articles on 8 vanety of 1opics, some of general genctic and others
speatfically of medical genetic intetest

Baxmara R, Mictox and B CHiLDs report on Hybndization of mammatian somatic
cells, D Y Hsia on Phenylketonuna and its vanants, $ Reooy and K T Ausrrvon
tnherited abnormalites of the corplement system 1n Man, 3 K Faceryot and C. Lav-
ryt on the Ps system-nhented vanants of serum a; antitrypsin, M D Mise on Genets
sspects of renal diseases, H E Surtos on The haptoglobns, and W C. Parkrx on Some
Tegal aspects of genetic counsehing

Tach arucle includes extenuve literature lists and there are authors and subject indexet.
The table of contents does not nmply conust of the titles of the seven artxcles a3 by formes
volumes but has been expanded to provide detaled subtitles Tlus makes it casy to have an
early overview of the extent of the treatment of the main tofi and to look up peafic
details, The only enticasm whach the reviewer withes to rasse concerns the contnued c-
usual mode of type settiag of the refcrences, which resul's fn unnecessary efforts in focking
for the hames of authors aited C.Sters, Berkeley, Catf
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Induction of Remission in Myeloblastic and Monoblastic
Leuhaemia in Adults with Rubidomycin

P J ToguiL, D R Ryrie, M K Tannaand R B TATIERSALL

General Hospital and City Hospital Nottngham

Abstract 20 adults with acute myeloblastic, mono  Key Words
myeloblasue or monoblasuc leukaemia have beem  Lenkaemua
treated with Rubidomycin. 6 Patients achieved com Rubidomyein
plete remission and 2 parnal renussion Smaller do-  Therapy of acute leukacaua
sages of Rubidomycin were used than 1n previous se
ries and there was a lowet inadeuce of ureversible marrow hypoplasta Myocarde
al toxicaty was found to be much commoner in the older patients

Rubidomyetn 1s now regarded as the most effective single drug for
the of 1 acute 1 1 adults {14] Earler re
ports from i centres have that mght be
expected 1n about 25% of adult pauents {4, 5, 10] although a remisston
rate of 50% has been reported {2] However, the powerful effects of this
drug on the bone marrow and sts undoubted cardiotoxierty have limuted
its more general use The disappointing renussion rates with other drug
tegrmes Justify its wider use and 1t ss clear that good results can be ob-
tamed using smaller dosages with less nsk of fatal marrow aplasia [15]

We report here the results of treatmem ct 20 adults with acute myelo-
blastic, mono myel and

Patients

The 20 patients were aged from 17 10 77 years and formed a consecufive se-
r et admitted to the Notungham hospitals during the penod October 1968 to June

1970 The details of these patients are shown in table I All were diagnosed as
suffering from acute

and Teukaemia
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e bone marrow examunanons were carmed out and further injections of Rubudo-
mycn given 1n an attempt to eradicate blast cell actvity from the marrow Ina
oumber of patients this was prevented by the associated depression of normal ery
tho-, leuko- and thrombopoiesis 1 the bone marrow After full treatment with
Rubidomycin there was usually 4 phase of marrow aplasia or hypoplauia fasting
from 10 to 30 days dunng which no chemotherapeutic agents were given If re
mission Was not oblamed at thus stage furtber wections of Rubidomycin were giv
en These were not usually effectve m inducing late remussions, although some
partial remissions were obtasmed 1o this way When complete remission occurred
the patieats were mamtained with oral 6-mercaptopunne

Duning the hypoplastic phase of the treatment the patients were barner nursed
in isolation cubicles Naseptn cream was applied 10 the anterior nares routinely
and the patients were given or h 1a the form
of ampicilli, cegh of %
Blood transfusions were given as required and platelet nich bloed admiustered 10
severe thrombocytopemc states Leukocyte infusions were mot given Electrocar
d ograms (ECG) were carried out twice weekly on all pauents before and dunng
‘herapy We found that many patients brcame depressed dunng the protracied
stay in hospital and the majority were allowed home for short spells of a few days

at sutable peniods dunog their therapy No patients were informed of the diagno-
ns

Results

The chincal details and results of treatment are summansed 1n table I
and figure 1

General Haematological Effects

Of the 20 patients treated 3 obtamed complete remussion with treat
ment with Rubidomycin alone and 3 with steroid therapy m additron
The enitena for complete remission were those outlned by HOLLAND ef
al [6] and mn¢luded a normal pcnphcra! blood count, a ncmsal bone
marrow with active erythrop and
wath less than 5% of blast cells present, and no abnormalities cn physi-
cal exarmnation

In all the panents except 1 {case 9) the admmstration of Rubidomy-
on resulted 1n 2 distnct reduction 1n the numbers of arculaung blast
cells and 2150 1n the total Jeukocyte count. The most dramatic effect was
Seen 1n case 8 where there was 2. recaguans fall v the tatal whote g2l
count of 135,000, compnsing 98%s blast cells, 1o a count of 2,800 within
3 days of & single imjection of 2 mp/kg Rubidomytin  Unfortunately, this
Patent did not wish to continue with a full course of treatment and the
full ympact of Rubidomyain on the disease process could not be as-
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EaERmwan 38
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320 A0 430
SURVIVAL, DAYS

Fig 1 ® Duration of treatment with Rubldamycm, B Complete remission following
rubidomyain Results F=failed, CR: PR=partia

sessed Only 1 patient (case 9) showed no response in the whole senes
and the total white blood count rose from 8,000 to 120,000 n 15 days
whilst § 5 mg/hg Rubidomycin was being admimstered The period of
hypoplasia, defined as a leuhopema of <1,500/ul after Rubwdomycin
varied usually from 1 to 3 weehs, but m 1 patent (case 13) the total
white blood count remaned persistently below 1,000 for 8 weeks before
complete remission ensued and it 18 of nterest that thus remussion has
been mamntamed with 6-mercaptopuring for a year without further treat-
ment

One patent was considered to have died from marrow aplastz as a
direct result of therapy but 1t was often difficult to assess the degree of
marrow fafure on exammnations of the perspheral biood and bone mar-
row On occasions when bone marrow biopsy indicated complete aplasi2

bone marrow trephine showed g 1siets of haemo-
potenc tissue
Complete Remissions

Inthe 6 p n whom plete h 1 1 was

obtamed the pentod of remission has been from 6 weeks to a year and 3
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are stil alve and well Usually the patients have been mantawed 1n re~
mission on 6 mercaptopunne n dosages varyng from 50 mg on alter~
nate days to 100 mg daily

1n 1 patient 3 remissions were obtained with uvul:d courses of Rubdomyere
Tn this patent the value of m bone pam
was clearly demonstrated. Case 7, 3 33-year-old farm worker, was adanited with a
6-month hustory of 1ncreasing tredness loss of 64g weight aod anofexia. He had
had tubercolons glands exased from the neck at the age of 12 but had had no
previous sigmificant past history On examisation be was pale with petechal haem
orrhages over bis ankles the spleen was palpable 3 cm below the leht costal mar
gn but there was no showed h bin 828/
100ml total nucleated cell count S000/x1 13% bands, 29%s peutroptils, 19e
KV s 23% v 11%a oucleated red
celis. Boue mayrow examunation sbowed acute myelablastic legkacmia, He was
treated with blood and & and remained
m far health for about 5 months when by haemoglobin fell 10 76 /100 m} and
he began to saffer bone pains. X rays showed muluple lesions 1n lumbar yerte
brae the left temur and the iliac crests, Complete baematological remussion was
abtaned with 4 mgfkg Rebidomycin with # grautymg reducton  bone pua Fur
ther relapse and an exacetbation of the boue pan occurred another 6 months lat
er and further remission was achieved with 4mg/kg Rybidomymn. A thurd and
trapstent remission Way obtaned agam 4 months later with 4 mg/kg and the pa
tient eventually ded 18 mooths after the imtial diagnons At post moftem (Dr
P G Sym) the bone lesions were shown to be duc to leukaemic deposits
In 1 pauent {case 13) the 1nduction of remission after 105 mg/kg Rutrdomyan
was preceded by a probable penod of haemotysis At thus stage, when the haemo-
globin level was only 41¢/100ml there was a reticulocytosis of 18%e and very
many spherocytes were present the Coombs test was negatve Sterod therapy
‘Was 1nCreased to 30 mg predmsolone/day aad the reficulocyte count fell and there
Was a Corresponding prompt nse 1 haemoglobin level At the same tume the total
white cell count rose to a mxmmm of 51000/ul with 58%s neutrophuls, 17, met
1 o b and Ty
thus leukemoid penpheral blood picture reverted to normal

Fatlure to Achieve Remussion

14 of the 20 patents faled to artain complete haematological remys-
sion Of these 2 were considered to achieve partial remussion. One pa
tent {case 11} has now survived more than 2 years with 2 penpheral
blood count often entirely normal Short courses of Rub\dcmycm from 2
o 3mg/kg have caused a red: of the leuk cell p mn
the bone marrow from 70 to 30% which has seemed sufficient to man-
tan her m acceptable health ta enable her to continve her work as a
Bousewafe In spute of apparent {aduce of therapy some steikingly effec-
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Table I Toxwaty of Rubidomycin

Number of pattents 20
Cardiotoxicity 10
Alopecia 4
Stomatitis 2

1

Peripheral neuropathy

tive actions on leuhaemuc shin lesions have been obtamned In case 18, 2
large necrotic ulcerated lestons on the arm, 12 and 8cm in diameter,
healed completely within 14 days although there was no ewidence of
haematological remisston

Toxicuty

The toxic effects of Rubidomycin, encluding those on to the mar-
row, are shown n table II

Cardiotoxicity Patients on therapy with Rubidomycin were hept at bed
rest for 48 h following 1njections of Rubidomycin and were examined
regularly for signs of heart falure Routine ECG were carnied out twice
weekly No death from acute cardiac farlure attnbutable to the dmg was
encountered 1n this senes One patient (case 16) aged 71 years had a se-
nies of attacks of left ventricular farlure after having received 9 5 mg/hg
in ntermittent dosage over 10 days but recovered on standard therapy
with digstals and druretics

The ECG of patients under trcatment were examuned for 3 mamn fea-
tures, these bemng arrhythmuas, vanations in form of the complexes and
reduction 1 voltage Multifocal ventrcular ectopic beats, occurring
more frequently than 1 1n 10 beats, developed 1n 2 patients (cases 5 and
12) Dep of the ST segments with T wave inversion developed n
cases 5, 13, 16 and 20 and generalised T wave mversion was seen 1n
cases 32 and 15 These electrocardiographic alterations were often
promunent after 2-5 mg/hg doses of Rubidomycin and reverted to nor-
mal after 48 k The reduction 1 voltage was detected n simular circum-
stances 1n cases 7, 12, 13, 14 and 20 The most stnking feature 1n the
pattern of cardiotoxicity 1 this sertes has been the relationship to age
Of the 9 patents aged less than 50 years who recewved doses of Rubido-
mycin varymg from 125 to 1,200 mg (mean 425) only 1 showed signs of
cardiotoxicity In the 11 patients aged more than 50 years, 8 showed
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electrocardiographic changes In this group the dosages were sumilar
with a range of 275-660 mg (mean 439)

Alopecia 4 of the pateats, all over the age of 60 years, developed
severe alopecia but 10 those pattents who have remained 1 complete re-
mussion there has been satisfactory regrowth of hair of normal colour.

Neuropathy Routine and detailed examipations of the central nervous
system were not carned out but 1 pattent complamed of paraesthesiae of
hands and feet althongh no objective physical signs were detected This has
continued even though he has recerved no further therapy and he has been
1n remission for several months

Duscussion

Despite 1ts considerable toxicity yubrdomyein appears to be the most
effectve single drug for the induction of complete remussion i adult
ryeloblasuc leukaemia, a disease 1 which treatment previously has
been disappomntingly difficult [12] Complete remission rates of between
15 and 5°/s have now been obtaned 1n adults by a number of wotkers
{2, 4, 5, 10, 15] When used alone or 1n combmation with steroids the
rate of complete remission 1s greater than m other earhier induction
treatments, many of which have mvolved the use of several drugs At
this relatively carly stage 1t 1s dufficult to define the factors which auger
well for remussion but the vast majonty of cases show sensitvty to the
drug and true resistance seems rare BomoN et of [2] have shown the
drug to be more effective 1n the first attack than 1 subsequent relapses
and have some evidence to wndicate that children with acute rayeloblas-
tic leukaem:a respond better than do adults

Widespread use of Rubid m adult leuk has probably to
be bmied by what Scorr {13) has termed as its brutal eHect on the
booe marrow In some of the earlier senes appreciable numbers of pa-
tients died from fatal marrow aplasia and BERNARD et af [1] had 19
deaths due to this cause 1n 61 patients Although transient marrow apla-
$1a seems to occur 1n the majonty of patients treated it does not seem to
be essentaal for the induction of complete remission and as with Sou-
HAMt and PRANKERD [15] we hase found that smaller dosage regmes
have reduced the deaths due to marrow aplasia It seems probable that,
Athough the overall remission rate may be lower, thus may be countered
by the lower death rate from aplasta
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The other serous effect of rubidomycin 1s that of cardiotoxicity Re
ports of this have vaned greatly and there are obviously multiple factors
concerned Tt has been suggested that cardiac accidents rarely occur
when less than 750 mg/m"® have been given [9] but MALrAs and Scorr
[10] showed cardiotoxicity after a total dose of 300 mg and congestne
failure after a dose of 600 mg These latter workers felt that intermuttent
dosage regimes were less toxic BONADONNA and MONFARDINI [3] were
also 1n favour of intermuttent dosage regimes and 1n therr small series of 16
adults death from acute cardiac failure occurred 1n 5 patients with dosages
ranging from 22 to 8 0 mg/kg They considered cardiotoxicity to be dose
dependent 1n children but not so 1n adults The low dose cardiotoxicity 1n
muddle aged and elderly patients has also been stressed by MARMONT et al
[11] In the present series no deaths have been directly attributable to
cardiotoxicaty but the majonty of patients have had atermuttent drug
therapy The ECG changes, recorded 1 detail m all patients, confirm the
apparent toxictty 1n the elderly but do not show a direct correlation with
cumulative dosage

Alopecia seems to be a constant feature m most senies bemng present
1 70% of BomoW’s cases [2] SounaMt and PRANKERD [15] found that
they could eliminate this side effect by the use of occlusive elastic bands
above the ears immediately before and half an hour after the injection
of Rubidomyctn but other workers have not recommended this Other
vanous side effects have also been reported and include stomautis, oral
uleers and vomuting [8], severe neurotoxicaty [11] and cellulitis at the
njection site [8] However, these seem relatively infrequent and do not
pose basic problems 1n the management of the patients
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Clinical Experiences with Cytotoxic Inmunosuppressive
Treatment of Idiopathic Thrombocytopenic Purpura

A M Marmont and E E Damasto

Centro i Ematologia and H Dwisione Medica Ospedal Civil
Genova-Sampierdarena

Absiract After a review of the Iiterature a senies of 21 Key Words
patients with ITP treated with non steroidal d I
sive agents 1s presented The agents were azathioprine ITP
(AZP) meth {MTX) cy hamide (CPH) vin
blastine (VLB) and 1 (L ase) No
n chromc self perpetuating cases of ITP could be obtuned even after splenecto-
my However, AZP was useful in the treatment of chromc cases either alone or 1n
combination with steroids where it displayed a useful steroid spanng effect. CPH
aod MTX were generally Ineffective VLB induced striking temporary thrombocyto-
ses and L ase was followed by an early thrombocytosts but proved too fouc to be
employed consistently Single case reports and renussion percentages are reported

q

Although the demonstration of cell-bound and/or serum antt platelet
antibodies n 1diopathic thrombocytopenic purpura (ITP) 1s ~ dafferently
from anti erythrocyte antibodies — fraught with difficulties, 1t 15 generally
recognized that most cases of the chronic type belong to an autormmune
condition, as evidenced by the existence of {a) serum thrombocytopemic
factors [22] which are 7 S [51] yG-tmmunoglobulins [23] and (b) by the
blastic transformation of lymphocytes when reacted with autologous plate
lets [39] Indeed, when analyzed mn terms of immunocyte (lymphocyte)
population mvolved [43], ITP mught well be classified as a disorder of the
B lymphocytes

Although the majouty of cases respond to corticosteronds and/or sple-
nectomy, 1n the last decade a new approach to treatment has been made
with the introduction of cytotoxic immunosuppressive agents Antipurine

b such as 6 p 1ne (6 MP), 6 thioguanmne (6 TG) and

T Py

azathioprine (AZP) were employed or 1y, but Y
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and stathmokinetic agents such as meth MTX), hosph:
rmde (CPH) and vinblastine (VLB) have also been used more recem!y
Although remussions 1n single cases have been reported 1 the early hi~
erature 1o attempt to cover them will be made here because of space im
Mations and the greater sigmficance of larger chnical matenals In 1964,
DavEsHEK [15) first reported 2 subsequent remussions 1 cach of 3 out of
14 cases shortly after the use of ewther 6-MP or one of 1ts analogues
In 8 other cases ‘some beneficial effect’ took place, while 1n 3 other cases
there were none at all DaMeSHEK [15] commented at that time that the
nconstant effects of the had been hat d
g’ The Boston chimcal matenal was subsequently enlarged by Swa
and SCHWARTZ [55] and more extensively by Barom [3, 5], whose most
recent observations include 16 cases, all treated with AZP, with a com-
plete remission only mm one case Anumetabeme therapy had been re-
served for patents 1 whom {cor
splencctomy) had farled

Ta 1966, CoRLEY ef al [13] reported on AZP treatment of autoimmune diseases
14 cases of ITP were sartsally enrolled i this study but only 7 were considered eval
uable Of these 3 attasned normal platelet levels and one had a partial response Of
the 3 complete remitters one died of pulmonary embolism while still on treatment,
and the other 2 required maintenance treatment
In 1967, Susshan (S4] treated with AZP 8 pauents with chrome ‘refractory
TTP Three of these patients had with no of
their condiwon and all had had lang term corticosterord treatment previously wath
occas onal severe side-cffects (dmbeles 1o 2 instances collapsed vertebra and psychic
1m one resp Tevels of blood platelets were obtained
w7 induction treatment was given 2t a dosage rangiag from 3 to 6 mgkg daily
maintenance therapy with smaller doses was necessary
BouxoNcie and Doax published their first report in 1966 [9] and subsequently
enlarged their clinical material 1 1969 [10] the Jatter figures will be referred to in
tlus review Seventeen patients with refractory ITP, 7 males and 10 females 14 of
whom had been already splenectomized and had relapsed, were treated with the
equivalent of 12-2.4 mg/kg of AZP for penods ranging from 2 to 3 months, The
response to therapy was graded as excellent, good fair and failure excellent indy
cating a complete hematologic and chinical remusuon with no relapse after discon
unuation of all therapy good the same response but with the need of maintenance
therapy fair some defimite wnprovement with subnormal values and wnde fluctua
ton in spite of continued therapy failure no change 1a the platelet level and/or chn
2l mamfestations Five out of 17 patients treated with AP had an excellent re-

sponse 7 had a good response 2 were considered to have made a fair response and
3 were farlures.

Always with AZP 2 improvements out of 3 cases were reporied by Mmsqms
136] and 3 out of 4 by Lo ez af [28) these last having been observed in children A
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b of AZP and d was employed in a pediatnic climcal matenal
by Kuzemkt and KEIDAN [25)

Twelve patients with TTP were treated with 6-MP (11 cases) and AZP (1 case)
by STiEGUITZ ¢! al [53) 1n a report which was published (n 1969, no differences be
tween the chincal effects of these two antimetabolites could be noticed A vanable
increase in the platelet count was obtamned 1n 7 cases but all required marntenance
treatment.

Out of 341 cases of ITP treated at the Hopital Saint Lows of Pans (16, 17] 19
received cytotoxic immunosuppressive therapy, in the majonty of cases these were
persistent cases, refractory to sterords and having relapsed after splenectomy The
drugs utilized were 6-MP, AZP, chlorambuctl and VLB A complete persistent re
misston after AZP could be obtained in one splenectormzed case, while 1n 3 other
cases was or even rel not
withstanding the same In a subsequent report [16] a sigmificant increase of platelets
after one injection of VLB was observed 1 6 out of 10 cases, the chronology and
magnitude of the platelet peak was comparable to our personal results as shown
figure S

Also 1n 1970, MASSDMO et al [34) reported defimte improvements in 4 out of 10
pediatric cases treated with AP

Finally, 11 patients p. ly treated with 9 of which had been
already splenectomized and relapsed, were treated with CPH by Laros and PENNER
(26] The drug was admmstered 1n daily doses of 1-2 mg/kg and the dosage was in
creased 1 50-mg increments every 1-2 weeks to a maximum of 4 mg/hg/day, or as

limited by marrow toxicity When d CPH was gradually tapered
and finally discontinued, the duration of treatment having ranged from 12 to 8
months Seven of these patients had an I p with d remus

sions lasting from 10 to 40 months and 4 had fair responses, according to Bouroy
cLE and Doan s cnitera [9, 10]

Climical Material and Methods

A total of 21 patients (5 male and 16 female) were evaluated for the results of
ymmunodepressive therapy The ages ranged from 11 to 76 but only 2 were under
20 The diagnosis of ITP was made on the basis of history, chinical findings, haema
tologic exammations and bone marrow studies Platelets were cnumerated alf
through this study by the FerssLy LUpmv (18] phase contrast method as modified 1n
our laboratory {32] A mean of 235000 platelets/mm? 1s found by this method in
the capillary blood of the healthy adult, with a coefficient of varation (CV) =
+530

Only patients with the sdiopathic form o[ the discase were included in this study
However, cases 8 and 17 had an h like synd and case 10
had a concomitant strongly positive (+ 4+ +) direct Coombs test (IsG K incomplete
haemagglutimn) with 8 weekly postive (+) antinuclear test these cases were never
found to have a positive LE phenomenon and were not considered to fit — at Jeast
at that time ~ with a defimte diagnosts of systemic lupus (SLE) Eight cases had




TImmunosuppressive Treatment n ITP

-53 219jdwod

AUOW “uols: a191dwod

AN *2anjieg |eInd 4] ‘vojssitual 913(dwoaut paurtiuiEIN UIW ¢

I $p1011S03NI0Y SPIOSASOINIOY arey ig? ¥ sploiasoaniod A1 W 13 [}4

AW $pI0J2}s03I00 §PIOIISOINI0D ampy gIA splosasoanio>  wg 4 9% OC

¥on suou $PI0}S0I1I0Y WX 1A SPIDIANSOII1I0Y wg J 13 61

wn suou Awopaua(ds ‘4ZV 2unjigy HdD SPIOIINOINIOI W Ed 133 8t
s1qEn]eA?

ON dZV ‘SPIOISOIND  JZV ‘SPI0aIIsodn0d ampy gIA SPIOISROINIOI W a9 U
UDN suot Awopdudds gy ATA  O9-T'spIosalsoanson W | Ed ot 9l
N auoy Awoyxualds poos @TA  958-1'pioIasoonod Ko d 1€ H]

Auz0yeua)ds

WA dZV “sploIdisodniod $P10331501L0D anwy XIW SPIOINSANI0I g 4 9% 14
oW SPIOINEONUD SPIOIALAINI0D ey KIW $PI0IDNSOINI0 A1z W [¥4 £
wn suou duou RUEHESTY prasty $PI0I21S0210 we W 91 k1]
RS HTA  dZV 'SPI0SsOdNI0d pood dzv $PI01NS0III0 wg n 0 i
dn moj(oy ou SPIO421SOINI02 pood dzZv $PIOIANSOANUOI wg W " o

UOW  dZV ‘Sprosansonued $[H1033)3031120D pood dzv $PIOINSODNLI0Y At J k< 6

UIN  JZV ‘5pIoaisoaiod $PI0121SOANI0I ) JZV $PIOISISOARIIOD we 4 9 %
A dZV SPIoRISoNed SpI0ISO3MI0D sy dZv MdD spomsoowes kg 4 69 L

uIw dzv SPIOINSOMNI0D ey Fvad splosasodriod Aot J o 9

WIW  JZV “sp1o1ajsonied SPIOIIISOINI0D pood dZV SPIOIAISOIII0D wg E 82 13

Aworauards

won suou “§pI012150311100 ny o Jzv suon  wg 1oz b
A "HD "KIW gy fwopouads

dd  dZV ‘spio1disoanied SPIOAAFAANI0D 03 pood JZV ‘510131502102 AtE d LE £
Awopou3ds

MW dZV 'SPIoIdsoaIod $pto12}5011I00 ey aZV spossoonion wg 4 8

MIN  dZV 'splo1sisodniod $PIOISA|LIOY poos dazv splomsoded K97 J k< [}

Adwiayy 8p aseasip
LSImS (uenwoouad pue) 2X01014 Jouop ow6l)  ON
uasazg Aduaayy Jua2n) Juanbasqng ssey B Aduoyssnonnarg  mng xS 2BV D

I 9oL



78 MARMONT/DAnASIO

Table II Results of 36 cytotouc immunosuppressive courses 1 21 patients with 1TP

Results
Agent Courses  excellent good fair failures
AZP 17 - 62 S@ ey
MTX 4 1 - 2
CPH 3 - - - 3
vLB? 9 1 k] 2 3
L-ase 3 - - 3 -

1 In splenectomzed cases
* Each course composed of 3 to 9 injections

been suffering with purpura for more than 2 years before starting immunosuppres
swve treatment (and 4 out of these for more than 20 years) 7 for between 3 months
and 2 years and 6 for between 1 and 3 months

Before mmmunosuppressive treatment was jmtiated, all but 2 patients had re
ceived corticosteroids, and 2 had been splenectonuzed Other 3 cases were subse-
quently splenectomized and thereafter received 2n immunosuppressive treatment
different from the one listed under the heading ‘main eytotouie drug’ on table I the
result of these are d under the heading ‘present sta

tus'

The agents empl: in this study were AZP, 1n doses com
prised between 1 and 4 mg/hg daly, MTX (30 mg/m? twice or once weekly) CPH
(200mg daily up to totals of 8-10g), VLB (010-0 15/kg weekly) and L ase (an
E C. 2 preparation hindly supplied by Farbenfabrihen Bayer AG) at the dosage of
15,000 1U/m? Following Bouroncie and Doans [10] entena, responses to therapy
were graded as excellent, good fair and failures, as specified below

Excellent lete stable cven after of
Good ) but Fair some defi
nite improvement of platelet levels but no and wide n in

spite of contnued therapy Fadure no change in platelet levels
Finally, the present status of patients way evaluated as maintained (M) or un
d (U), (C) or lete () (R) and/or p tal
ures (PF) A breakdown of the overall chnical material 1s given on table I while ta

ble I lists the single coutses performed and the results obtatned with cach agent

Results

The majonity of patients were treated with AZP Out of 17 cases, good
results were obtamed n 6, 2 of which were previously splenectomized,
fair results 1n 5 others, 2 of which were splenectomzed, while another 6
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Fig 1 Case 1 combined corticostéroid-cytotouc tfeatment of an inoperable

case of chrane ITP

cases were attended by total falures The pattern of platelet increment

the responssve cases was gradual and generally less abrupt than the one
foll

g the ad of ds Toxic effects d 1
leukoperua which 1n some cases obliged to reduce dosage, reversal of leu
kopenra was then prompt, and no damage to g il

poiesis was poticed In addion 2 elderly patients who had already been
treated with corticosteretds for a long ume developed prohubitive gastne
intolerance No patient e¢ver attaned an unmamtaned remission Two
short reports of demonstrative cases (in either sense) follow

Caze I {fig 1) was an obese (95 k) hypertensive (200/120 mm Hg) moderately
hyperglycemic (125 mg¥s) 62 year-old woman who had been suffering with chronse
Purpura and persistent thrombocytopenta for 26 years. She bad not been previously
advised 10 have her spleen removed and when first seen by one of us (AM)
1967 she was considered 48 @ poor nsk for splenectomy She first had 2 good re-
ponse to but devetoped b and glycosuna, She was ac
cord ngly put on AZP in the summer of 1967 she had a good gesponse but
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Fig 2 Case 3, refl y ITP relap after spl and growmg gradual-
ly resistant to all treatments

prompily relapsed on distontinnation of the drug because of a supposed drug allec-
gy She had a second good response after readmimistration of the drug, which had to
be discontinued agmin because of pancytopema She did well again on AZP for
many months, but then developed carcinoma of the cervix and was switched to ster-
oids and tolt de during b. herapy She sub: went 1nto severe
hyp with dep m, and then received AZP all along
1970 but developed again leukopcnxa, which reached a low of 3,000 She was then
put oo a combination of 50mg AP and 8 mg methylpredmsolone/day, and after 4
months of this regimen was found ta have 100,000 platelets, 6,200 Jeukocytes and
41%/y hematocrit, 105 mg?/s fasting blood sugar and no purpura

Case 3 (fig 2) concerned a 37 year old nulliparous woman with severe purpura
and lasting from infancy, who had been splenccto-
muzed at the end of 1967, relapsed shortly thereafter, reacted favorably to steroids but
went 1nto hypercorticism, and then had a nice sustained remussion of almost 1 year
with AZP, but then relapsed while on g mantenance dose of 200 mg/day Her bone
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Fig 3 Case 12, ITP tesponding favorably to intravenous MTX. The shaded
areas indicate the normal range for maximal amplitude and platelet activity as de
termuned thrombodynamically

marrow was repeatedly examined at that time, but no duminution of megakaryocytes
suggestive of a mega suppressive effect of AZP could be detected The pattent was
subsequently treated with MTX, procarbanide CPH and VLB but the responses
were extremely Door when not entrely negative This patient, Who 15 on a perma
nent steroid maimtenance, because she otherwise develops recurrent severe metror
rthages, has been evaluated ss persistent fallure (PF) A study with DFPI tagged
platelets (performed 1n the Isotope Laboratory of the Umversity Medical Chimuc)
showed a markedly shortened platelet survival

Out of 4 patents treated wath parenteral MTX, one experienced 2
complete stable remission, while the others were practically unresponsive
A short deseription of the responsive case follows

Case 12 (fig 3) concerned a 16-year-old male with an ITP who tesponded very
graufyingly to MTX adrumstered at first weekly and subsequently at spaced mter
vals. It could be noticed that there gradually appeared an early thrombocytopena fol
lawing each mjection, thea atiended by 2 tise The early amehoranen of the platelet
cfot retracting activity as by the of the
so-called ‘platelet amplitude 15 also shown on the chart. This patieat went ou to
unmaintained complete remmssion (UCR) and has never relapsed s nce
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Fig 5 Case 11, ITP responding firsily to AZP and subsequently to VLB The
charactenstic see-saw pattern of platelet response to VLB in ITP 13 well apparent.

of 14, and was completely amenorrheic for the last 5 years She was moderately
hirsute, and celioscopy duning thus hospitalzation showed polycystic ovanes consts-
tent with Sten Leventhal s syndrome After a dragnous of ITP could be established
1 Juae 1970 on the basis of blood and bone marrow examinations, she was treated
as an outpatieat wath 8 ;g of methylprednisolone daily for 3 months, with an
erease of ber blood platelets from $000 to 20000-25000 throughout this perod.
The cutaneous purpura subsided She was on 17,
1970 steroids were withdrawn and a shght decrease of platelets started to take place
{fig 4 beginming of chart) She was givea 15000 IU/m? (500 IU/ke) of L-ase for 3
days, after which treatment had to be discontinned because of severe nausea and
vomting, bowever the platelets had already reached 33000 She was then given
8mg of methylprednisolone, and had an additional increase to 58000 Steroids
were discontinted and after 3 days she was given 10 mg of VLB intravenously, pla
telets were 21000 at that tme They dropped brusquely to 4 000 after 43h and ep-
istanis with cutaneous purpura developed. However, these chmnical mamfestations
subsided rapidly and & peak up to 140000 platelets took place, the peak having
been reached 9 days after VLB injection There followed a rather preaipitous fall of
platelets at the level of 27000, another 10mg of VLB were given, followed firstly
by an ultenior fall to 16000 on the thurd day, and sabsequently by a second peak of
125000 9 days after the wjection A leukopensa of 3000 WBC/mm? prevented ul

tenor admumstrauon 0f VLB st this trme. There followed a subsequent fall to
43000, when another 10mg of VLB were given, with a subsequent nise to 112,000

1t way decided to have the spleen removed dunng this ‘rermssion wave  splenecto-
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Fig 6 Case 15, ITP responding subsequently to steroids, L ase, sterowds and
AZP, VLB and finally spl Plateiet after spl was
particularly prompt

my was performed on November 11, 1970, at a time when the blood platelets were
110,000 and was followed by a nise to 215,000 after 24 h, and xo a peak of 625,000
15 days after operation The patient 1s m {UCR)
at present

Case 11 (ig 5) 18 a 60-yer old catholic priest, who started to suffer with ging-
val oozing and petechtac 1n Apnl, 1970 At that time his blood platelets were
15,000, and hus bone marrow was thought compatible with ITP He was treated it
tially with 100 mg/day of prednisone, but his platclets, after attarmng 50,000 after §
days, went back to 30,000 AZP (200 mg/day for 25 days, and thereafter 100 mg/
day for another 7 days) was added and predmisone was gradually tapered off, plates
lets attained a peak of 126,000, but WBC went down to 2,000 The patient was sub-
sequently carmied on with minor adjustments both of AZP and prednisone, unti! he
was put on VLB alone, starting on November 13, 1970 Each of the administrations
was followed by a sharp nise and fall of the platelets, following the pattern shown
on the chart Each thromb was with leuk The latest ad
mumstrations have been, however, attended by a decresing augmentation of throm
bocytes and an increased lowenng of leuhocytes, suggcslmg a progresstve loss of ¢f
{ect on the P and an y pp

The case lustory of a thuird VLB-responder 1s reported with the L-ase-
treated group descnibed below
All 3 patients treated with L-ase (cuscs 5,15 and 16) had a moderate

but extremely prompt of I respectively from
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12,000 1o 55,000, from 15,000 to 31,000 and from 2,000 to 55000 In
all 3 cases the treatment had to be discontinued because of severe diges
tive toxicaty (gastnic and hepatic), while 1n cases 5 and 15 the fall of plate-
let levels took place dately after d m case 16 this
happened still dunng treatment (fig 6} A bnef description of this last case
follows

Cose 16 (fig 6) was 3 30-year-old woman who staried suffenng with thrombo-
cytopemic purpura about oze month before hospitalization. Her blood and bone
marrow findings were consistent with a diagnosis of ITP She was given 23 mg/day
of predmsofone, and had a first response with a high of 60000 platelets, after 2
sant from {0000 Ducontinnation of treatment was followed by 2 wthdrawal te
lapse to 2000, after which she receved Lase for 6 days, when treatment had
10 be discontinued because of severe gastrointestinal and bepatic toxioty The plate-
fets made a steep nise to 55,000, but started to fall at the fisst dosage yeducton, and
failed to wn¢rease even after the angmentation of dosage She subsequently had an
other good response to corticosteroids grew mcreasngly Cushingord had a new par
tial relapse after reduction of dosage and respoaded agamn to the addition of AZP
She was subsequently allowed to relapse and went on to a nadir of 4000 She then
receved 10mg of VLB and a peak of 85000 after & days but thereafter faled to
respond to another two admumnistrations of the alkalowd Her spleen was removed on
December 18, 1970 Her platelets rose from 36 000 to 216 000 atter 6h from sple
nectomy and to 596 000 after 6 days. She 13 now m unmaintamned complete remis-
sion (UCR)

Discussion

Summing up our chmeal matenal it may be readily seen that an *excel-

(o0t reenlt  that ¢ 4 nma nte cad cae o

that, also 1 view of the absence of relapses, we feel 1t should not be con
sidered as a chrome form of ITP In all the truly chromc cases relapses 1n-
variably followed the d of , as already ked by
others  App Y, P m
muzed, relapsing, chrome cases of ITP were observed 1n only one senes
19, 10], Hamenes, wan Shrarenns, SUsseh wits st o tiers 1, S,
15, 16}, do not reflect disfavourably on the TytotoxiC iImmunosuppressn g
agents, since 1t 15 known that thrombocytopema will generally return also
after corticosterards 1 the chromc, self perpetuating forms of the disease,

when the medication 1s withdrawn {3, 14, 31] Sull, even with such Lmuta-
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Fig 6 Casc 15, ITP responding subscquently to steroids, £ asc sterords and
AZP, VLB and finally spl d Platelet after spl wat
particularly prompt

my was performed on November 11, 1970, at & time when the blood platelets were
110 000 and was followed by a rise to 215,000 after 24 h, and lo a pcnk of 625000
15 days after operation The patient 1 in (UCR)
at present.

Case 11 {fig 5) 18 a 60-year-old catholic priest, who started to suffer with gingt
val oozing and petechiae in Apnl, 1970 At that time his blood platelets were
15000 and his bone marrow was thought compatible with ITP He was treated ini
tially with 100 mg/day of predmisone, but hus platelets, after attaining 50 000 after §
days went back to 30,000 AZP (200 mg/day for 25 days, and thereafter 100 mg/
day for another 7 days) was added and prednisone was gradually tapered off, plate
Tets artamed a peak of 126000 but WBC went down to 2,000 The patient was sub-
sequently ¢armied on with minor adjustments both of AZP and predntsone unul he
was put on VLB alone, starting on November 13 1970 Each of the administrations
was followed by a sharp fise and fal} of the platelets, following the pattern shown
on the chart Each thrombocytosis was synchronous with leukopenia The latest ad
rmunstrations have been however, attended by a decreasing augmentation of throm
bocytes znd an ncreased lowenng of feukocytes, suggesting a progressive los of of
fect on the thrombocytopenia and an increasing myelosuppression

The case history of a third VLB responder 1s reported with the L-ase-
treated group described below

All 3 patients treated with L-ase (cases 5, 15 and 16) had & moderate
but extremely prompt increase of circulating platelets, respectiely from
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12,000 to 55,000, from 15,000 to 31,000 and from 2,000 to 55,000 In
all 3 cases the treatment had to be discontinued because of severe diges-
uve toxicaty (gastnc and hepatic), while 1 cases 5 and 15 the fall of plate-
Iet levels took place d after d 1o case 16 this
happened stll dunng treatment (fig 6) A brief description of this last case
follows

Case 16 (fig 6) was a 30-year-old woman who started suffering with thrombo-
cytopenic purpura about one month before hospitalizanon. Her blood and bone
marrow findings were consistent with a diagnosis of ITP She was given 25 mg/day
of predmisolone, and bad a first response with a high of 60000 platelets, after 2
start from 10000 Discontinnation of treatment was followed by a withdrawal re
lapse to 2,000 pfter which she receved Lase for 6 days when treatment bad
10 be discontinued because of severe gastromntestinal and hepatic toxicity The plate
fets made a steep fise to 55000 but started to fall at the first dosage reduction, and
failed to mncrease even after the angmentation of dosage She subsequently had 2n
other good response to corticosterods, grew wacreasingly Cushingoid, bad a new par

Ter a o S L .
respond to lnoth:r two adrmmuranons of the alkalowd. Her spleen was removed on
December 18 1970 Her platelets rose from 36 000 ta 216 000 after 6h from sple
nectomy and to 596 000 after 6 days She 13 mow 1# unmaintained complete remis
sion (UCR)

Discussion

Summmg up our chinical matcml 1t may be readily scen that an “excel
lent’ result — that 15
equivalent to a ‘cure’ — was obtamed i cnly 2 patients (cases 12 and 19)
In these cases the discase had been lasting for not more than 3 months, so
that, also 1n view of the absence of relapses, we feel 1t should not be con-
sidered as a chronic form of ITP In all the truly chrontc cases relapses in-
vanably followed thc discoptinuation of tmatment as already rcmarked by
others  App n
muzed, relapsing, chronic cases of ITP were observed n only onc sencs
[9 10} However, our observations, consisteat with those of others (3, 5,
15, 16], do not reflect dust: bly on the
agents, since 1t 15 hnown that thrombocytopema will generally remm also
after corticosteroids 1 the chromc, sell perpetuating forms of the disease,
when the medication 15 withdrawn [3, 14, 31] Sull, even with such Lmita-
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tions, AZP has proved its usefulness also m our hands 1n cases com
plicated with dinbetes, corticosteroid side-effects and the other situations
outhned by SussMman [54]

A methoptenn (MTX) has perhaps not been fully exploited 1n refrac
tory ITP Although we have obtamned a clear result only m an obviously
self-limuted ¢ase, 1t should be also remarked that the dosage adopted 1n
the other, self perpetuating cases was certainly too low In view of ats spe
ciftc activity on the division of immunoblasts rather than on blastogenesis
[56], 1ts use 1n lugher doses, perhaps also m combiration with folime ‘res
cue’ [7], might be warranted

CPH has recently recetved an enthustastic evaluation [26), having pro
duced long lasting (up to 40 months), unmaintned remussions Although
our failures (3 cases) are too few to challenge thisevaluation, they do, how
ever, scem to request additional climeal evidence

Although a thrombocytosis-producing effect had been already noticed
1 sparadic cases of chrome lymphatic leuherma and Hodghin's disease
treated with Vinea alkalowds [41], VLB was employed for the first tume
the treatment of chronic ITP by DELOBEL ef al [16, 17], who obtamned a
sigmficant nise of platelets after a single injection 1n 6 out of 10 cases, 1n
thetr studies, they found that at maximum peak platelet aggregation, ADP
release and platelet factor 3 formation were normal, but that platelet hfe
span was still shortened A direct activity on the megalaryocytes with n
creased production was accordingly postulatedt

In those cases of ours 1 which a response was obtamned, its patiern
was closely similar to the one reported by the French investigators [16
17], the peak of platelet increment generally occurnng on the mnth day af-
ter the admunistration, 1 addiion, a moderate fall i the fust few days
after admimistration was often obsenved, and was mterpreted as the ef
fect of an early myelosuppression upon the megakaryocyte lincage

Not having performed platelet survival determinations before and af-
ter the alkaloid’s admunistration, we cannot offer a definite theory on the
mechamsm of action of VLB 1n ITP Tt 1s known that the germane alka-
lowd vinenstine has been shown to induce thrombocytosis 1n intrapento-
neally injected mice [42], and to sclectively destroy hyaloplasmic micro-
tubules [57) and the ferential band of platelets [58), thus impaining
therr secondary aggregition [59] and perhaps lengthemng there survival

¢ A normal platelet hfespan in VLD remitters has been however reported sub-
sequently by the same group of investigators [SULTAN Y, DELODEL, ] JEANNEAU c.
and CarN J P Lancer i 496-497 (1971)]
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152] However, such a h though for the
VCR mduced thrombocytosis 1n normal muce, would no! be expected to
exercise sigmficant effects 10 human patients wath markedly ehanced
random platelet destruction and already maximally increased platelet
production [20, 21] Here, the hypothesis that VLB, which 1s already
known to be a potent inmunosuppressive agent [1], by mterfenng wath
the immunocyte mutotic cycle and/or other mechamsms whch have been
reviewed elsewhere [33}, 15 acting by mhibiting platelet antibedy biosyn
thests, sull appears 1o be the most probable In any case, ViB-nduced
thrombocytosts 1o ITP appears significant enough to warrant 1ts introdue~
ton 1n chinical haematology 1n selected cases

The enzyme L ase has been wnvestgated by us i some pilot expen
ments 1w ITP, 1n view of the recent demonstration of its marked mmuno~
suppressive actvity (12, 24, 29, 40 451, a fmdmg which xs m agrcemem

with the houd cells
Thus, 1t could be shc\vn [2, 1, 24 3N lhat L ase strongly suppresses
PHA- and antigen mduced lymph ft reactivi-
ty {8, 27, 46) and other ph of cell-bound but also ele-
ns a sevcm depressxon ol the productton of humoral antibodies such as
and b lytic plaque f 112,29,40,

49] In addmou, adjuvant-nduced arthntis 1n the rat 1s inhibited [29],
and some therapeutic effects on connective tissue diseases were also ob-
served (19] Tn our hands, although 1t was clear that the transient and
moderate type of response obtained, together with the seventy of side-ef-
fects, does not justify the mnclusion of L-ase 1 the practical therapeutic ar-
mamentanium of YTP, it would seem that an appreciable degree of immu-
nodepresston mught have taken place, thus determining a certain augmen-
tation of platelets That this may be a probable mechanism 1s also sup-
ported by the fact that, 1 the nonthrombocytoperuc patents, a vanable
and marked thromb £ y will follow treatment
with thas enzyme {30}, thus making the early thrombocytosis i TTP even
more sigruficant

In conclusion, AZP certainly remains the leading immunodepressive
Cytotoue agent of ITP Its use 15 most advantageous in cases displayig
SoIE ndtEes W torutosteroilts and m dndiRut andjor doese patents
Also for the postsplenectomy relapsing patients 2 sterord-AZP combina-
tion appears to hold most advantages, each drug enabling to ‘spare’ the
other However, AZP 1s defimunely not the answer for the really refracto-
ty cases, which would seem to make up a category of ‘malignant’ ITP
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Our cxpenience both with MTX and CPH 1s meager In agreement
with DELOBEL [16, 17] we should Ithe to put VLB 1n the second place m
the nonsteroidal medical treatment of ITP Its thrombocytosis-inducing
effect, though stull poorly understood, may be stnking and 1ts tolerance 1s
generally good, so that 1t may become indeed useful 1n selected cases

Fnally, the asparagine-depleting enzyme L-ase has been shown to ex-
ert a certain thrombocytosis inducing effect, probably by means of 1ts 1m-
munosuppressive activity, although 1its practical implications remam
scarce, also 1 constderation of 1ts prohibitive toxicity 1 a nonleukaemic

disease such as ITP
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The Haematological Resp to the I ppressive
Methylhydrazine Derivates Procarbazine and Ro 4-6824

G L FroersqemM and K BRUNg

Department of Pharmacology, University of Basel, Basel

Abstract  Blood response patterns, lethality Key Words
and weight loss were compared in skin allograft-  Immunosuppresston
ed mice ftreated with the hylhydrazine d
methylhydrazine  denvatives  pi b and P
Ro 4-6824 These drugs acted on neutrophils stm  Skin allograft
ilar as the cytotoxic agents of the ‘mustard type',
causimg a rapid fall with prompt and overcompensatory replacement In contrast, the
recovery from the severe lymphopenia was slow Thus the methylhydrazine may
affect mature hils, but p of 1 ) The results
provide further support for a particular effect of methylhydrazine denvatives on
Tymphoid tissue 1E both agents were compared, weight loss, lethality and leucopema
were more marked with procarbazine while Ro 4-6824 dimimushed the circulating
erythrocytes and thrombocytes more severely Supplementary ALS added lttle to
the haematological and toxic effects

The methylhydrazine derivatives were introduced ongmally as cyto-
toxic agents [1], but 1t became soon apparent that they impaired m-
mune responses [2, 3] and even belonged to the most effective 1mmuno-
suppressive drugs [4] Their potency was comparable to antilymphocyte
serum (ALS) [S] The immunosuppressive actity of the methylhydra-
zine derivatives 1s consistent with the observation that in the climc, Iym-
phoproliferative disorders display a preferential susceptibility to these

drugs [6, 7}

The expenimental studies on the pp by methylhydra-
zine denvatives were carmed out mainly with 2 represematwes of lhlS
class, namely procarbazine (1-methy)-2-p-1sopropyleart 1benzylt

zme hydrochlonde Natulan®) and Ro 4-6824 (1-methyl-2- p allophanoyl-
yihydrazine hydrobromide) Procarbazine 1s used chmcally for the
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of mal fymph With regard t0 unmunosuppression,
experimental rcsults sugg:slcd that Ro 4-6824 had a slightly more selective
effect, p g, grafts in mce and rabbits
as well as procaxbazme but with less toxaty [8] Moreover, the ratio
was hgher with Ro 4-6824 {9}
As haematoporetic depression may be one of the factors hmiung the
effective 1immunosuppressive dosage of these drugs, the haematological
Tesponses to procarbazne and to Ro 4-6824 were compared

Methods

Expertment A

The drugs were tested 10 a dosage schedule which correspouded 10 thewr use
for the induction of tolerance to skin affografts in mice [10] Accordingly, the
treatmen schedule included two doses of ALS

Reapients were male C3H mice (20-28g) They were grafted by a standard
techaique [11] wath tan skin from BALB/c donors A chrome and an actte sched
ule of drug admumstration were used The drug dosage was chosen to cause equal
gralt profongation with both agents The chronic protocol consisted of 12 doses of
120 mg/kg procarbazine or of 150 mg/kg Ro 46824, mjected every other day be-
fore the grafung aad starung at day <23 Ya the acute protocol, 360 mefkg procar
bazine or 450 mefkg Ro 4-6824 were imjected dady on the 4 days preceding the
transplantation. Control mice were prafted at day 0 and seceived no immunosup-
Ppressive treatment

Both procarbazine and Ro 46824 were dissolved immediately before the ad
munstraon 1n distilled water {(which was warmed 1o about 45°C for Ro4-6824)
and 1mjected by the subcutancous route On days 41 and +5 after the grafupg
(day 0), 0.5 ml of ALS per mouse were applied by the same route The ALS was
prepared 1n rabbits by a standard techmque [12) It was Sedtz-filtered and heated
for Qmm 10 56°C. No absorphion with Touse erythrotyles was camied out.
Blood counts were performed wath groups of 5 muce by sevenng the tal of the
mice and with standard haemocytometer techniques

Laperument B

In this experiment, female A mice were treated with Ro 46829 only This
strain tolerated higher doses of Ro4-6324 than the C3H recipients sad was pre
treated dunng 4 weeks on 5 days weekly with 300 mg/kg Ro 4-6829 subcutaneons.
1y One day before the transplantation, 40X 104 donor (CBA) spleen cells wers 1n
sected intravenously Before the treatment was terminated the dose was reduced
ta 150 mg/kg of Ro4-6324, apphed for 7 days following the transplantanon with
CBA sn This exptnment penmitied to determune the relative contnbution of
ALS ta the haematological responses seen in expenment A. One out of the 5 mice
became permanently toleramt while the athers Tejected thert grafty a1 35-40 days
18] The controls received subcutaneonsly saline and gralts survived for 8-10 days
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Fig 1 Erythrocyte response sn C3H muce 1o a combmed treatment of methyl
hydrazine derivatives (MHD) and 2 injections of 0.5 ml ALS The mean values of
§ muce are shown (a) Chronic protocol 12 mjections of either 120 mg/kg pro
carbazine of 150 mg/kg Ro 4-6824 on alternate days from day -23 to ~1 © Pro-
carbazine ® Ro 4-6824 A controly

Results

Experiment A

Weight loss Figure 1a and b show that 1t was more pronounced with
procarbazine and amounted to 10%/s with the chromie and to 20/ with
the acute protocol Ro4 6824 caused chromcally no weight loss and
acutely one of less than 10% The weight loss — aggravated at day 0 by
the operatve procedure — was recovered promptly after cessation of the
treatment

Lethahty With the chromc protocol 10 out of 44 (22 8%) grafted
mce died during the experiment 1f treated with 120 my/kg procarbazine
and 4 out of 25 (16%) treated with 150 mg/hg Ro 4-6824 (1able 1) As
the additonal treatment with 05 ml ALS on days +1 and +5 did not
affect the lethality, mice treated with the methylhydrazine denvatives
alone or together with ALS ate pooled With the lower chrome regimen
of 120 mg/hg Ro 4 6824 only one out of 44 mice died At this dosage
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Fig 1b Acute protocol 4 daily injections of 360 mp/kg procatbaznine or 450
mg/kg Ro 46824 on days —4 to -1 The weight (n g} s also presented. The mice

were gralied with BALB ¢ skin on day 0 The controls receved sebeutaneons so
jections of saline © Procarbazine ® Ro 46824

Ro 4-6824 alone prolonged grafts 1o 14.5 days versus 16 4 days with
150 mg/kg Combmed with ALS, 120mg/kg of Ro4-6824 were as
effective as 150 mg/kg The admumstration of both drugs on 4 days
(acute protocol) was tolerated without fatahties for 360 mg/hg/day of
procarbazine (40 mmice) and for 450 mg/kg/day of Ro 4-6824 (16 muce )

Erythrocytes and retculocytes The response 15 shown i figure 1 and
2 'The erythrocytes were moderately affected with the chromcal protocol
and shightly more by Ro 4-6824 than by procarbazme This was reflect-
ed by a reticulocytosts attawung fourfald increased walues after 10 days
of treatment with both drugs The acute protocol affected the erythro-
cytes more severely Ro 4-6824 caused a drop of more than 60% The
reticulocytes rose 47 tunes with Ro 4 6824 and 23 tmes after procarba-
aine at about 11 days after the cessation of the treatment
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Table I Lethality of C3H nuce treated according to the chronse or acute protocol with
doses of or Ro 4-6824 Additional admmstration of twice
05 m! ALS did not increase the lethality

Treatment AlS MST?, Lethality, num-
days ber of miceftotal
number of mice
Controls no 112 2/38
Controls yes 293 0/26
Procarbanine, 120 mg/kg % 12 no 166 518
Procarbazne, 120 mg/kgx 12 yes 462 5129
Ro 4-6824, 150 mg/kgx 12 no 164 2{10
Ro 4-6824, 150 mp/kgx 12 yes 383 215
Ro 4-6824, 120 mg/kg x 12 no 145 /15
Ro 4-6824, 120 mg/kg x 12 yes 386 121
Procarbazine, 360 mg/kg x4 no 173 015
Procarbazine, 360 mg/kg x4 yes 563 025
Ro 4-6824, 450 mpfkg x4 no 157 0/10
Ro 4-6824, 450 mg/kg x4 yes 405 06
Ro 4 6824, 360 mg/kg x4 no 139 0/15
Ro 4-6824, 360 mg/kg x4 yes 425 0/15

1 MST, median survival time of BALB/c skin grafts

Thrombocytes With the chronic protocol, the group treated with
R0 4-6824 showed a moderate drop of platelets With procarbazmne, 2
more pronounced fall of 60% was scen (fig 3a) After cessation of the
treatment, an explosive overcompensatory fecovery tooh place In the
acute protocol, the thrombopenia was severe (fig 3b), with Ro 4 6824 a
drop to 5% of the pretreatment value occurred However, no bleeding
tendency was noticed and the recovery was rapid

Leucocytes After the chronic treatment, the Iymphopenia was siight-
1y more marked with procarbazine while Ro 4-6824 led to a more con-
sistent granulocytopenia (fig 4a) A compensatory neutrophilia was ob
senved one week after the treatment was stopped In the acute protocol,
both drugs caused very sumilar changes, 1 ¢ a protracted lymphopenia of
3 weeks duration and a neutrophilia of remarkable intensity {(4-5 times
normal), (fig 4b)

Experiment B
Erythrocytes and reticulocytes The mam drop of the erythrocytes oc-
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Fig 2 Reticulocyte response Mice treated as in figure 1 Blood was taken from the

1l vein of the controls thict weckly as from the expermental mice « Procarbazine
® Ro 46824 contols
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Table I Lethality of C3H muce treated according to the chronic or acute protocol with
doses of t or Ro 4-6824 Addisonal admimstration of twce
05 ml ALS did not increase the lethality

Treatment ALS MST?, Lethalty, num-

days ber of micetotal
number of mice

Controls no 12 2/38

Controls yes 293 0126

Procarbazine, 120 mg/kgx 12 no 166 5/18

Procarbazine, 120 mg/kg x 12 yes 452 529

Ro 4.6824, 150 mg/kg % 12 no 164 2/10

Ro 4-6824, 150 me/kg %12 yes 383 2/15

Ro 4-6824, 120 mg/kg % 12 no 145 0115

Ro 4-6824, 120 mg/kgx 12 yes 386 1727

Procarbazine, 360 mafkg x4 no 173 o/15

Procarbanne, 360 mgfkg x4 yes 563 0125

Ro 4-6824, 450 mg/kgx 4 no 157 0/10

Ro 4-6824, 450 mg/kg x4 yes 40.5 06

Ro 4-6824, 360 mg/kg x 4 no 139 o/13

Ro 4-6824, 360 mg/kg x4 yes 425 o/15

# MST, median survival time of BALB/c skin grafts

Thrombocytes With the chromc protocol, the group treated with
Ro4 6824 showed a moderate drop of platelets With procarbanne, a
more pronounced fall of 60% was seen (hg 3a) Alter cessation of the
treatment, an explosne overcompensatory recovery took place In the
acute protocol, the thrombopema was severe (fig 3b), with Ro4 6824 a
drop 1o 5% of the pretreatment value occurred Howeser, no bleeding
tendency was noticed and the recovery was rapid

Leucocytes After the chronic treatment, the fymphopensa was shight-
1y more marked with procarbazine while Ro 4-6824 led to a more con-
sistent granulocytopema (fig 42) A compensatory neutrophuita was ob-
served one week after the treatment was stopped In the acute protocol,
both drugs caused very similar changes, 1 ¢ a protracted lymphopenia of
3 weeks duration and a neutrophilia of remarkable mntensity (4-5 tmes
normal), (fig 4b)

Experunent B
Enythrocytes and reticulocytes The main drop of the erythrocytes oc-
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Fig I Thrombocyte respoase patern Seelegend of figure ) © Procarbaznge, ® Ro 4
6824, & controls

curred wathun the first 3 weeks of treatment (fig 5) It was accomparicd
by a gradual and smultaneous reticulocytosts In contrast to expert-
ment A (fig 2a), the controls which were bled at about 2-wech mtervals
only displayed no reticulocytosis
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ambuail’ - or ‘mtrogen mustard -type {13], including cyclophosphamide
[14] A less strking neutrophila 1s also seen alter single doses of

sublethal X-rrad; Thus t may share
same of the properties of alkylating agents or radsation Ho\\cver, unhke
the the of the tes 15 d The

lymphopenia 15 both 1n hine with the sensitvity of lymphopmhiemme
disease to these drugs and with the cellular depletion of Iymph nodes
and thymus seen after the treatment with Ro 4 6824 m muce [15] Al-
though the methylhydrazine denvates do not only affect lymphocytes,
the intensity and duration of their depression argue n favour of a rela-
tne It would be to study whether an ndividual
population of lymphocytes (B- or T-cells) 1s speciatly sensitive

The nspection of the blood response pattern allows to compare the
relatne effects of the two methylhydrazme dernatnves The exammation
of the drug-induced haematological response sensu strecti 15 complicated
n our by such ad: as ALS, skin grafting,
ntravenous cell mjection (in expeniment B) and rejection The latter did
not set 1n with both expeniments (A and B) earlier than on day 35 and
might have, if at all, influenced only the final stages of the counts

As to the ALS, the supplementary administration of twice 0 5 ml had
hardly any effect on the haematological response pattern due to the
methylhydrazine dernatines I the chrome pretreatment protacols of ex-
penment A (with ALS) and expeniment B (without ALS) are compared,
1t can be seen that ALS did not alter sigmficantlv the response pattern,
although it provided additional immunosuppression

The skin grafung procedure alone also did not cause mpressive
blood changes In particular separate control expenments {not present-
ed) showed that untreated mice displayed after the grafting no neutro-
philia as the anumals 1 figures 4 and 7

However, 1t must be considered that the bleeding only of the mice
from the tan! tip at approumately 2 or 3-day mntervals affects the blood
count Thus some of the observed changes including perhaps the mitial
thrombopenta 1n figure 3b and the ensuing thrombocytosis (fig 6) may be
related or partally due 1o the frequent removal of relatnely svhstansal
quantities of blood As a consequence, an ¢lement of caution should be
introduced with regard to the T of some h; ef-
fects This does not apply howener, to the comparison of the two drugs

Nevertheless the blood response pattern provides some mndication as
10 the mode of action of the methylhydrazine denvatnes With the
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Fig 7 Response patterns of lymphocytes (M) and nreutrophils (A} Treatment as i
figure 5 & Neutrophils and O lymphocytes of the controls

The pattern of the reticulocyte count may be affected by two oppostte
nfluences, namely the haemolytic sumulus and a depression of erythro-
cyte precursors With the dosage used in experiment A (fig 2a) the lat
ter may prevail, whereas 1n expeniment B a higher rate of haemolysis
(and the less frequent bleeding of the [fig 5] controls) might account for
the tncrease of the reticulocytes as compared to the controls

In the acute regimen, the thrombopenta was more severe with
R0 4-6824 The dechne with the chromc protocol was followed by 2
striking comp y th bocytosss setting n after the treatment had
been stopped or dunng the treatment (experiment B) This prompt re
placement may explain why no bleeding occurred and 1s indicative of
functional stem cells Methylhydrazine denivatives may, therefore, act on
circulating platelets

A finding of some interest is the rapid recovery of the neutrophils al-
ter the cessation of the treatment The ensuing overcompensation 1s
strongly remumscent of the neutrophilia followsng the imtial fall of gran-
ulocytes after a single dose of an alkylating cytotoxic agent of the ‘chlor-
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ambucll — or ‘mutrogen mustard” type (13], wncluding cyclophosphamide
[14] A less stnking neutrophilia 15 also seen after single doses of
sublethal X wrradiation Thus methylhydrazne derrvatnes may share
some of the p of 1 agents or rad However, unlike

the hids, the dep of the lyreph 1s prol d The
lymphopena 1s both 1 line with the sensinty of lymphoproliferative
disease to these drugs and with the cellular depletion of lymph nodes
and thymus seen after the treatment with Ro 4-6824 1n muce 151 Al
though the methylhydrazine denvates do pot only affect lymphocytes,
the intensity and duration of their depression argue 1n favour of a rela-
tive sp It would be to study whether an mdwrdual
population of lymphocytes (B- or T-cells) 1s specially sensiuse
The 1nspection of the blood response pattern allows o compare the
relative effects of the two methylhydrazine denvatives The examination
of the drug induced haematological response sensu strictu 15 comphicated
n our by such add 1 as ALS, skin grafting
intravenous cell mjection (1n expenment B) and rejection The latter did
not set 1n with both expenments (A and B) earlier than on day 35 and
might have, if atall influenced only the final stages of the counts
As to the ALS, the supplementary admmstratton of twice 0 5 ml had
hardly any effect on the haematological response paitern due to the
methylhydrazine dervatives If the chrome pretreatment protocols of ex-
penment A (with ALS) and experiment B (without ALS) are compared,
1t can be seen that ALS did not alter sigmficantly the response pattern,
although 1t provided additional immunosuppression
The skun grafung procedure alone also did mot cause mmpressive
blood changes In particular separate control expeniments (not present-
ed) showed that untreated mice displayed after the grafung no neutro-
philia as the ammals 1n figures 4 and 7
However 1t must be considered that the bleeding only of the mice
from the tail tp at approumately 2 or 3-day ntervals affects the blood
count Thus some of the observed changes mcluding perhaps the inmal
thrombopenna 1n figure 3b and the ensuing thrombocytos:s (fig 6) may be
related or partially due to the frequent remonal of relatively substantial
quantities of blood As a consequence, an element of cantion should be
wtroduced with regard to the of some h ef-
{cc: ::‘:h‘:f;i nlor: :}ﬁlv :owe\cr. to the comparison of the two dbmgs
to the mode of aclm:oolmtsl?:n:climl‘;m provdes some indicaton a5
ylhydrazine demvatises With the
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chrome protocol, the rapid recovery of thrombocytes and neutrophis
points toward a more pronounced effect on these circulating mature cle
ments than on the precursor cells Particutarly, the cxaggerated ‘mus
tard type’ neutrophilia 1s mdicatne of functional stem cells [16] Oaly
the Iymphocyte response thsplays 4 slow onsct and protracted recosery
which may indicrte an effect on developing or precursor cells This
would also agree with biochemical observations according to which pro-
carbazine inhibits the incorporation of nucleosides into (leukacmic) lym
phocytes [17] Further, the effect on precursor cells would esplan why
methylhydrazine denvatives are more effective if they are apphied before
the antigeme stmulus [2-5, 8, 18] and why they retard the recovery
from ALS [19], which affects itsel{ mature circulating lymphocytes
Therr replacement from precursor elements would be prevented by the
methylhydrazine denvatives

It procarbazine and Rod 6824 arc compared the greater weiht
loss, lethality and leucopema after the admmstration of procarbazine 1s
balanced to some extent by the more severe ecythrocytopema and
thrombocytopemn seen after Ro 4 6824 Hence, according to this study,
both drugs seem 1o be of about equal swmtability to be used as immuno
suppressants on their own or more convincingly, to enhance the effects
of ALS (10, 19]
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Inheritance of Haemoglobin H Disease
A new Aspect!

Lua~ Eng Lie-Into, C G Lopez and M Lopes

University of Califormia ICMRT, and Division of Haematology,
Institute for Medical Research, huala Lumpur

Abstract A study of 23 patients with Hb H discase  Aey Words
and their 82 relatives in 17 families showed that 2 types  « Thalassacmia
of this condition exist One 1s associated with the pres  Haemoglobin Barts
ence of a small slow moving component which we ten  Haemoglobin H disease
tatively called the X component and which was invana  Haemoglobinopathies
bly present in one parent Some siblings also had 1t
The other type was not associated with this component Two patients without X
component had a newborn with Bart's h lobin without X None of
the parents of 20 newborns with Hb Barts without the X component had the A
component It was present 1n only one parent of each of 2 newborns with Hb Barts
and the X component They are thought {o represent Hb H disease in the newborn
peniod We suggest that at least 3 abnormal genes may lead to Hb H disease, which
results when 2 of the 3 combine Sevenity of clinical and haematological symptoms
depends upon which abnormal gene s present and which 2 are mnvolved in any
particular combination

Despite much work on haemoglobin H disease and great cfforts to
unravel sts mode of inhentance, the genetic basis of this condition 1s still
obscure Many theories have been put forward, but proof for thewr cor-
rectress 1s still laching Since Hb H consists salely of f-chains, 1t 1sthought
that somehow the production of a-chains 1s depressed in this disease,
leading to a surplus of # chamns and the formation of Hb H (8,) Indced,
CLEGG and WEATHERALL [2] reported evidence of tins depressed
production of « chamns It 1s, therefore, thought that Hb H disease should
be grouped with the category of -thalassaemra, i which the production

t This work was supported by Research Grant 10486 by the Umwversity of
Califormia International Center for Medical Research and Traming (UC ICMRT)
with Rescarch Grant Al-10051 both from the Natwonal Institutes of Health, US
Public Health Service and by Rescarch Grant WHO G3/181/1
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of g-chams 1s depressed One theory currently believed to be the most
acceptable 15 that Hb H disease results from mhentng 2 types of
4 thalassaemua traits, one severe and one mild, and that these traits are
detectable dunng the neonatal peniod when babies with a-thalassaemia
carry Hb Bart's {4, 5, 20]

In an attempt to throw more hght on this intriguing problem, we ex-
ammmed carefully many patients with Hb H disease and their relatives,
paying special attention to their haemoglobin patierns, and mn this paper
we present evidence that different types of genes are nvolved m produc-
g the condition currently known as Hb H disease

Material and Methods

23 patients with Hb H disease and 82 relatives in 17 familtes were examined
some had earlier been diagnosed as having the disease and had responded to our
sequest to Feturn for Teevamination All had chrome haemolytc anaemia wuth typ-
»al wmracellutar HbH inclusion bodies and thew haemolysates comtaned Hb B
Blood was obtained by venipuncture and placed 1n cthylenediamunetetraacenc acid
(EDTA) for hacmatological study and 1n acid aitrate dextrose (ACD) solution for
haemoglobin analys:s Serum was obtained from clatted bloed for serum sron esti
mation A survey on cord blood was also carried out to detect newborns carrying
Hb Bart s and the parents of babies with this component were examned

Haematological exam:nations followed standard methods Haemoglobin efectro-
phoresis was performed on starch gel using tns-EDTA boric acid buffer pHE0
and pH 86 1n discontinuous ths citrate boric acid buffer pH 95 and on cellulose
acetate paper wath tns-EDTA boric acid buffer pH89 Haemoglobin components
were stained with benziding and o-damsidine

Components were quanutated or solated by diethylaminoethy] (DEAE) column
chromatography using trnis HC! buffers for the elution of the haemoglobin compo-
nents [6] and by the cellulose acetate electrophoretic method (151 Alkall denatur
ation followed the method of SNGER et o! [17]

Results

Because chnical and hacmatological studies gne a wide range of
findings that defied precise classihication, we pard more attention to hae-
moglobin patterns using different buffers at different pH levels These
proved more rewarding Accordmg 10 these patterns the patients could
be divided 1nto 2 groups in the biggest group the patients had 1n add:-
tion to haemoglobms A H and Bart's, a small haemoglobin component
that we shall tentatively call X, which migrates more cathodically than
Hb A, at alkaline pH In this group where both parents could be exam-
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-»X component
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Fig 1 Cellulose acetate electrophoresis in tns EDTA boric acid buffer pH 89
showing the Hb pattern of a typical Hb H disense patient with an X component
tis mothers with the same component and s father s without that component
compared with a normal control QO dianisidine starn

ned, one parent of each subjeet studied mvanably carned the same
small slow-moving component i the blood, while the other did not
(f1ig 1) One case (famuly No 7) at first scemed to be exceptional be-
cause, although the patient had the abnormal X component, neither par-
ent did Howesver, blood group studies resealed that the man beliesed to
be the father of the patient could not have been The propositus had
blood group A, the mother blood group O, and the father blood group
B After close mnquiry the mother admutted that the child was adopted
after birth but she did not want this to be hnown In famlies where
other members were avalable for study in addition to the parent having
the abnormal Hb component several siblings also carried this abnormal-
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Fig 2 Starch gel electrophoresis 1n discontinous tns-citrate bone acid buffer

H 95 showing the Hb pattern of 2 HbH disease patient with X components, and

1¢ same X components in tus mother and two brothers Benzidiae stan

ty (table 1, fig 2) In this type of Hb H dicease the condition clearly re-
nlts from inhenting 2 different abnormal genes, one of which leads to
he presence of the P on ¢l at alkahne
sH 1 such concentration that 1t 1s easdy detectable with speaial tech-
miques, while the other gene does not give nse to the formation of such
an abnormal component, at least 1t 1s not demonstrable with available
techniques

In 7 patients with Bb H disease (6 of them adults) m 6 families, we
could not detect any abnonnal X component, not even 1 lghly concen-
trated h {table 1) U y, both parents of only ope
of the 7 cases, a child could be exammed, and both were without the X
component (farmly No 12) Two other patients in this Broup Bere sis-
ters whose mother did not have the X component esther and whose
father was dead (family No 2a) The 4 examined children of a fo
tient had only haemoglobins A and A, {famtly No 3a} The fift

urth pa-
h patient
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;—» Patient

Fig 1 Cellulose acetate electrophoresis 1 tris EDTA bone acid buffer pH 89,
showing the Hb pattern of a typical Hb H disease patient with an X component,
his mothers with the same component and s father’s without that component
compared with a normal control O diamisidine stain

med, one parent of each subject studied invanably carned the same
small slow-moving component 1n the blood, while the other did not
(fig 1) One case (family No 7) at first seemed to be cxceptional be-
cause, although the patient had the abnormal X component, neither par-
ent did However, blood group studies revealed that the man beliesed to
be the father of the patient could not have been The propositus had
blood group A, the mother blood group O, and the father blood group
B After close inquiry the mother admutted that the child was adopted
after burth, but she did not want this to be known In fanultes where
other members were available for study in addition to the parent having
the abnormal Hb component, several siblings also carnied this abnormal-
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Table II Hb H discase without X component

Family Pateats Siblings
No race “Hb patterns Hb patterns
A+H! A+Ar A+Art+X

fa  father Malay A+A: 1 1 -
3 6years (prop )}

mather Malay  A+Ax

21 father Chunese ? 2 -
9 29 years
mother Chinese A+Az 2 16 years (prop )
31 father Euraman A+Ax - a -
(Singhalese)
mother Chinese A+ H {prop )
41 father Malayan 7 - 3 -
Aborigine +1 niewbar
mother  Abongime A+ H (prop) with Hb
Bart's
(F+A+Bart’s)

Sa ‘Thts famuly 13 hsted as fanuly No § n table 1 because, although propositus has
Hb H discase without X component, several of her children had Hb H disease
with X component recetved from her husband

6 father Chinese A+A: - 1newbomn

with Hb
mother Chinese A+H Barts

(F+A+Bart’s)

1 The b H disease pauents had varying amounts of Hb Bart’s, Hb Az and Hb F,
sometimes the amount 1s so Tow that they could not, or almost not, be detected It also
depends upon the buffer used how clearly these components were demonstrated on starch
gel electropharesis

m this group (family No 4a) was a Malayan abongine who had 4 chil-
dren One of them, a newbomn, had a small amount of Hb Bart's while
the 3 older children had a normal haemoglobin pattern The sixth pa-
tient was of special interest in that her husband carned the abnormal X
component Of the 5 children resulting from their marnage, 2 had Hb H
disease with the X component, 2 had normal haemoglobin pattern with-
out the component, while the fifth had the X component without the
discase Thas famuly 1s listed 1a table I (famuly No 5) because 2 children
had Hb H disease with the X component Another interesting feature



Table I Hb H disease with X component

Famuly Parents Siblings
No race Hb patterns Hb patterns
A+ H+XE AtAy A+AytX
1 father  Chinese A+As 2 4 4
9 18 years
mother Chinese A+As+X ¢ 11 years (prop )
2 father Malay A+As+X H 3 H
9 17 years (prop)
mother Malay A4 A
3 father  Chinese A+A: 1 - -
mother Chinese A+As4+X
4 father Malay A+As+X - 3 3
1st mother Malay 2 - - -
2nd mother Malay A+A;p 1 5 -
& 1% years (prop)
S father  Malay  A¥AlrX
mother Malay A+ H (prop) 2 2 1
without X 2 19 years
& i years
6 father Chmese A+Ag 1 1 1
& 8 years {prop)
mother Chinese A+A2+X
7 father  Chinese A+As i - -
& 10 years (prop )
mother Chinese A+A; adopted
8 father Malay A+A+X ! - -
& 13 years(prop)
mother Malay A+A-
9 father Chinese ? 1t 1 !
3 37 years (prop )
mother Chinese A+ As
10 father? Malayy A+As 2 3 i
9 14 years (prop )
mother Malay  A+A+X 4 10 years
it father Malay A+A;s - 2 -
mother? Malay A+H+X{prop)
12 father  Mafay A+A: i 3 2
3 7 years (prop)
mother Malay  A+A:4+X

& The Hb H discase pauents had varying amounts of Hb Bart's, Hb Az and Hb F,
sometimes the amount 1s so low that they could not, or almost not, be detected [t also
depends upon the buffer used how clearly these components were demonstrated on starch
gel electrophoresss

% Proposstus had 2 daughters one with 31b H discase with an X component and one

with Hb pattern A+ As+X

3 Siblings
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Fig 4 Cellulose acetate electrophoress mn (ns-EDTA bonic acid buffer pH 89
showing Hb pattern of a newborn with Hb Barts and an X component and those

of the parents the father with X component and the mother without O-diamist
dine stain

ents were examined None of the 40 parents had the abnormal X com-
ponent (fic 3) Only one parent of each of 8 other babies could be ex-
amined, none had the X p Two other borns had
the X component 1 addition to Hb Barts One had a small amount of
HbH 11 addion to a 3 8 percent level of Hb Barts The other, with
33¢ ¢ Hb Bart s, was stillborn

The fathers of these 2 newborns had the X component, the mothers
did not (hg 4) In addition to that we found one newborn with Hb
Barts level of 22 5° ¢ without the X component Unfortunately, the par-
enits refused 10 be bled Also, the parents of 4 infants with hydrops foe-
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—» X component
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—» Father
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Fig 3 Cellulose acctate electrophoresss in ins EDTA boric acid buffer pH89

showing Hb patterns of 2 newborn with Bb Darts without an X component and
of parents also without an X\ component O diamssidine stain

this famly 1s that the husband had also hereditary ovalocytosis and 2 of
the children snherited this ovalocytosis gene from the father independ-
ently from the X component The seventh patient n this group (famuly
No 6a) was the mother of a newborn with Hb Bart's, without X compo-
nent her first and only child She was detected through routine examina-
tion of parents of newborns with Bart’s haemoglobin  Her husband s
haemoglobin pattern was normal

The X component i relanon to Hb Bart s in newborns To find out
the relationship between the X component and Hb Bart's dunng infan-
¢y, babics with thuis hacmoglobin and their parents were exammed Of
20 newborns with Hb Barts sithout an X component (10 with Hb
Bart's more than 5% and 10 with Hb Bart's less than 3 3%s), both par-
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several times (fig 1} It 1s clearly wvisible in freshly made hacmolysate
and uts presence 1s, therefore, not due to aging of the hacmolysate We
also found that the concentration of the abnormal component was high
er 1n patients with Hb H disease than in parents (fig 1) or sibings who
had the same abnormal component without Hb H When their very con-
centrated haemoglobin solutions were run on starch gel electrophoresss
as well as on cellulose acetate paper, the abnormal X component could
casily be seen with the naked eye as a pink spot or hae, even before
stainng with benzidine or o-d dine In dilute the X
component can easily be mussed even after staiming Further, 1n patients
with Hb H disease we sometimes noticed that i starch gel the amount
of Hb A; was low or not i ble and the ab 1 X
component was relatively igh However, when exammed on cellulose
acetate paper, the amount of haemoglobin component with the mobility
of Hb A, was relatively higher, the amount of the X component, lower
After prolonged staimng of starch gels n benzidine or o-diamsidine a
second abnormal spot with a more cathedic mobility than the X compo-
nent appeared in the hacmolysates of patients with Hb H disease and 1n
those of their relatines with the X component, so that in fact there were
2 X components They resembled the Gower 1 and 11 hacmoglobins n
mobility One should not, however, confuse these components with the
catalase spot visible after staining with benzidine or o-dramssidine, it has
a mobility only shghtly different from that of the X components at
PH95 However, this catalase spot turns green when immersed in Tee-
pol for some ume [18]

Duscussion

This study revealed that most persons with Hb H disease m West
Malaysia have a small slow-moving haemoglobin composnent 1 their
blood slower than Hb A, on electrophoresis at alkaline pH We tenta-
tnely called 1t the X component In e\cry such casc on¢ parent, but
only one, also had the sl ing That
workers also detected this siow-moving component i s:vcm\ persons
with Hb H discase [21] but did not realize that this abnormality was al-
ways inhenited from one of the parents, who mvanably had the same ab-
normal component Ve conclude that Hb H disease in West Malaysia 1s
very often the result of ihenting 2 genes only one of which can be
shown with avalable techniques to lead to the presence of a demonstra-
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~»-Father of hydrops fetalis

~»Mother of hydrops fetalis
~»Hydrops fetalis

—Normal adult

—» Newborn with Hb Bart's
~—» Father of Hb H disease patie
~» Mother of Hb H disease pah

4 =% Hb H disease patient

Fig 5 Starch gel clectrophoresis in tns EDTA boric acid buffer pH 80 show
ing the Hb patterns of a case of hydrops fetals and a case of HbH discase with
those of their parents The Hb H disease patient shows an abnormal X component
as does one of his parents This component 1s not seen tn the hydrops fetalis pa
tient and in none of her parents Benzedine stain

talis with a large amount of Hb Bart's a condition described carlier (10,
12] were examined, and none had the abnormal X component (fig 5)
Charactenstics of the abnormal X component In the standard tns-
EDTA-borc acid buffer at pH 8 0 and at pH 8 6 the abnormal component
migrated shightly more cathodically than Hb A, It was most clearly
shown sn discontinuous tns-citrate boric acid buffer at pH 95 and can
also easily be seen on cellulose acetate paper electrophorests with tns-
EDTA bonc aad buffer at pH 89, especially which had been used
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trant carniers with normal haemoglobin pattern and normal persons The
above rato suggest a distnbution of more or less ¥, %/, and Y/,
(/+Y,) and indicate that the 2 abnormal genes found n the parents
are probably alleles

In 7 patents with Hb H disease 1n 6 famihes no abnormal small
slow-moving X component could be detected, and none of the available
relatines had 1t except several children of one patent This one excep-
ton was a patient, marned to 3 man with the abnormal X component,
and several of their children carried the same component as the father
(famly No S, table I) They apparently did not ihent 1t from thesr
mother It 1s possible that cases of Hb H disease without X component
have resulted from the combination of the a thal, and a-thal. genes,
which manifest themselves m the newborn period by the presence of re-
spectively appreciable (5 to 12%) a2nd trace {1 to 3%/) amounts of Hb
Barts [14, 21] Therefore, we believe that at least 3 abnormal genes
may lead to Hb H disease, a condition resulting when 2 of the 3 com-
bme Perhaps most cases of the disease in Thailand are of the type with-
out the X companent However, Wast et ol (21] observed several Tha
patients with the X component, so the first type must also occur 1o that
country A blood sample from a patient with Hb H disease sent by Dr
D Tovp from Honghong was also found by one of us (Lie Inzo, un-
published) 1n 1966 to have the X component 1ndicating that this type also
occurs sn Hongkong Chinese

Lensany and CARRELL [9] and Lenvan~ (8] put forward a theory
on the ihentance of Hb H discase based on the assumption that man
has 2 genes for a-chamns and one gene for g-chains Thus, one person
conld possess 1 to 4 e-thalassaemia genes, which would explaimn the van-
ability sn the expression of o (halassaeria  KATTAMIS and LEmvany [7)
thought that clinical and haematological findings could be classified by
the number of a-genes myolved mummal changes when 1 gene 15 pres
cnt, more pronounced changes when 2 genes are abaormal, Hb H dis-
€ase when 3 genes are present, and hydrops foctahs when all 4 genes are
abnormal This theory sounds veny attractne, espeaially since BRiiatL
et al {1] have presented evidence for the presence of 2 a-chain genes n
man, Homans, sevenh duptiecns hant teen ek wreard Ont b kea to
Hb A 15 present 1n Hb Q-H disease (Hb Q-¢ thalassacmia) [3, 11, 13,
19] while one would expect about 250 ¢ if there 1s a duphcation of the
a~chain gene locus Lrnvans [8] suggested that the Hb Q gene 1n such
€ases 13 linked to an a-thalassacrmia gene instead of to a normal a-chain
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ble amount of an abnormal slow-moving component Less often the
Hb H disease 1s not associated with a slow -moving component

HbH disease 1s currently believed to result from inhenung the so
called a-thal, and e-thal, genes which, m the newborn period, are mam
fested by the presence of respectively appreciable and trace amounts of
Hb Bart’s [20] The finding of Na-NaxorN ef al [16] that 30 of 31 off-
spring (almost 100%) of patients with Hb H discase had Hb Bart's er-
ther 1n trace or appreciable amounts, 1s strong evidence for this assump-
tion 1f the 2 genes involved 1 producing Hb H discase were the same
as those associated with Hb Bart’s in the newbarn period, one would ex-
pect either the newborns with a-thal, or those with a-thal, gene to have
one parent with an abnormal X component, because most patients with
Hb H disease 1n this country and one parent of each of these patients
have this abnormal component However, the parents of our newborns
with Hb Bart’s (those with Hb Bart's level above 5o/ as well as those
with level below 3 3%) did not show the X component Thus, we con-
clude that one of the gencs usually associated with Hb H disease 1n West
Malaysia 15 not assoctated with Hb Bart’s n the nconatal penod, and
that the other gene 1s One would, therefore, expect 50%/% of the offspring
of patients with Hb H disease with an X component marnied to normal
persons to carry Hb Bart's m the blood, not 100% In this respect, the
findings of WonG [22] in Singapore are more 1n line with our theory
He found that almost 50¢ of the offspring of Ius patients with HbH
disease who were marned to normal persons had Hb Bart’s dunng the
neonatal penod It must be said, however, that most of his newborns
with Hb Bart's had a high level of this haemoglobin (a mean level of
10°/o Hb Bart’s) They have probably missed those with trace amount of
Hb Bart’s

In families with Hb H discase associated with the X component (cx-
cluding those 1n which no brother or sister of a patient with the disease
was available for study), 43 siblings resuited from the marrtage of a car-
nier of X component and a catrier of a-thalassaema with normal hac-
moglobin pattern Families 5 and 11 are ommutted for evaluation be-
cause the mother has Hb H disease In famly 4 only the marrage with
the second wife was considered since the marniage with the first wife did
not produce a Hb H discase patient In family 9 the father 1s assumed to
have the X component Nine (20 9%a) of them had HbH disease, 14
(32 6%) had the X component while 20 (46 5%) had normal haemo-

globin pattern  The last group pr y of a-th 1




Haemoglobin H Disease 19

S Huzxvs E R Haemoglobin H disease Climcal 20d evperimental studies MD
thesis, Untversity of London 1n HUEm\s and S#ooter Human baemoglobins. J
med Genet 2 48-90 (1965)

6Husan T H I and Dozy A M Studies on the heterogenaity of bemo-
globn 1X The use of tns (kydroxymethyl) aminomethane-HCl buffers 1n the
amon exchange of J cn 19 160169
(1965)

7 harmasis C. and Lantasw H The genetical nterpretation of haemoglobin H
disease Human Hered 20 156-164 (1970}

8 Loy, H Dufferent types of a and of h 1
bin Bart s 1n neonates Lancet n 78-79 (1970)

9 Lomiany H and Camrett, R W Differences between o and fcham mu
tants of human haemoglobin and between e and f thalassaenua Possible du
plication of the a chain gene Bnt med T i 748-750 (1968)

10 Lelvo L E o Cham thalassaema and hydrops foetalis 10 Malaya Report
of five cases Blood 20 581-590 (1962)

M Lliivo L E and Hart P L. DE Vv Splenectomy n two cases of haemo-
globin QH discase (Hb Q-a thalassaemua) Acta haemat Basel 29 353-367
(1963)

1I2Levo LLE Lie, H G Acer J A M, and LEmnaoxy H @ Thalassaemia
a5 a cause of hydrops foetalis Brit J Haemat & 14 (1962)

$3Lelvo L E Pruav R P, and Titrasnoiast Vo Further cases of Hb
Q-H d sease (Hb Q-q thalasszerma) Blood 28 830-839 (1966)

14 Lorez, C. G and Lie Injo, L. E. o-Thalassaemia 1n newborns 1n West Mafay
12, Human Hered (in press)

15 M, R AJ Rapd and of h
on cellulose acetate ¥ clin Pathol 18 790-792 (1965)

16 NaNaxory § Wast P Porvearxur, M and Poormarur, $  Further evi-
dence for a genctic basis of hacmoglobin H d sease from newborn offspring of
patients. Nature Lond 223 59-60 (1969)

17 Sooer KN Quernorr A L and SnGir L Studies on abnormal hemoglo-
bins their demonstration 1n sickle cell anemia 3nd other hematologre disorders
by means of alkal denaturation Blood 6 413428 (1951)

18 Tuoiore, G R Detection of catalase after electrophoresis of haemolysates on
starch gel Nature Lond 205 404405 (1965)

19%e1a F Wrus ROH € AczR 1 A M. and Lunosy H A haemoglobt
fopathy imvolving haemoglobin H and a new (Q) baemoglobin Brt. med 1 4
52 755 (1958)

20 Wast P NaNaxor¥ S, and SUncotamona A Hacmoglotin H discase 1
Thatland & genetical study Nature Lond 204 907 908 (1964)

"I Wast P ONaNuxory S POOTRARUL. S SOOKANER, M DisTHssoncem P
PorvPATRLT, M., and Pavicn V@ and § thalassemia i Thailand. Ann.
N Y Acad Sa 165 60-82 (1969)

22 Wone Hock Boow Haemoglobinopathies 1t Singapore  The Fint Handas
Memonal Lecture Singapore 1966




118 Lie Ixjo/Lorez/Lorrs

gene, so that the Hb Q 1s always inhented with the a thalassaerma gene,
thus depressing the e-chain production Our findings provide a more
simple explanation for the vanability of Hb H disease, although they
nced not be 1n disagreement wath the theory of « chain gene duplication
They indicate the existence of 3 abnormal genes which may lead to the
discase, which results when 2 of the 3 combine Seventy of chinical and
haematological symptoms then depends upon wiich type of abnormal gene
1s present and upon which types of the 3 abnormal genes are mvolved n
any particular combination Haematological findings in the different condi-
tions will be discussed in another paper

In our study of newborns, two babies with Hb Barts (3 3%/ in one,
3 8% 1n the other) with the X component, each had 1 parent carrying
the same abnormal X component, 1t was absent in both parents of 20
other newborns with Hb Bart’s without the X component This indicates
that the 2 newborns had 2 abnormal gences, one assoctated with Hb
Bart’s in the newborn period and the other wath the X component Onc
newborn had Hb Bart s level of 22 5% without the X component These
3 babies probably represent Hb H discase in the newborn peniod  They
are, however, not hsted in table 1

The finding of Hb H discase in 2 Malayan abongines, one newborn
and one adult, shows that a-thalassaemin occurs in this people, including
the gene 1 with the X i
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Note added in proof A short report on the findings described in this paper
appeared also 1n the 1970 Annual Report of the ICMRT (International Center for
Medical Research and Tralamg), Unnersity of Californta, San Franaisco (USA)
und was presented at lh: Sccond Mecting of the Asian Pacific Division of the

Society of | Melb (Australia) May 1971

Since the completion of this paper, the authors have exarmined other famulies

wilh Hb H disease giving similar results as described 1n this paper
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Cytology of Tuberculin Reaction!

A U MUFTUOGLY, N AXMAN and [ BAgar

Division of Hematology and Blood Rescarch Laboratory,
Cerrahpasa Medical School, Unversity of Istanbul, Istanbul

Absiract The cytology of lubcrculm reaction as an  Key Words
evample of delayed wa: d by eytology
using the skin window technie The mﬂammnlory reac  Shin window techmique
tion to punfied protein denvative (PPD) in senutized  Tuberculin reaction
subjects did not differ essentially from that in non sen
s ized subjects The data show that the cytology of delayed hyperseasiivity reac
tion consists of an ordinary inflammatory reaction duning the first 24h

The histology of delayed hypersensitivity reactions has been a subject
of debate for several decades In 1932 Dienes and MArtory (2] put for-
ward the view that the lin reaction p y of mono
nuclear cell nfiltration with only secondary exudation of polymorphs
This view has been widely accepted although there have been several
contradictory reports ForLts [3] stressed the similanties of the cellular
response of tuberculin reaction with ordinary flammatory reactions
Resuck and Yeats [7] rcporlcd marked differences n the leukocytic ¢y-

cles 1 the between d and non-
sensitized subjects The investigators found defective and retarded mono-
nuclear 1 due 10 d of lymphocytic P at

vanous stages 1n the tuberculin reaction

SPECTOR [10] beliened that the controversy concerming the histology
of delayed hypersensitinity reactions was caused by the examinauon of
the lesions at different times after the challenging dose Those imvestiga-
tors who sacnficed the expenimental animals duning the first 223 h re-

* A prehiminary report was presented at the Sth Congress of the Asian and
Pacific Society of Haematology Istanbdul September 1969
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ported manly polymorphonuciear emigration Others found predomi-
nanity lymphocytic and monocytic cellular reactton when they sacnficed
the ammals at later hours BoucGutaN and SPector (1] re investigated
the problem by examiming large numbers of ammals at different times
after the challenging dose In gwinea pigs the tuberculin reaction showed
a biphasic pattern, having a minor peak at 3-4 bt predommantly of poly-
morphs followed by a mononuclear wnvasion at 5-6 h, and a major peak
at 8-12 h agamn composed of polymorphs These authars concluded thrt
the histological appearance of delayed hypersensitivity reactions consist-
ed essentially of an mflammatory reaction of exaggerated mtensity but
delayed onset In the light of thar indings we re mnvestigated the prob
fem by using the shin window technic of ReBUCK et al [6, 7, 8] on large
aumbers of cases having positive and negative tuberculin reactions

Methods and Marerial

The shin window technich of ReBuck ef al [6 7 8] was used with slight mod
Jfications An area of 05-10cm in diameter on the volar surface of the forearm
was denuded of epithelinm by scraping with a scalpel The papillary layer of the
conum was reached as indicated by the appearance of fine bleeding points The

"
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Fig 1 The composition of the celiular reaction i the first 24h PPD post
tive subjects {the figures represent the mean of 24 subjects) @ @ Polymorphs

. o Mononuclears




Cytology of Tuberculin Reaction 123

——wy ey

Fig 2 Polymorphanuclear leshouytic reaction 1n o PPD-positive subject at
4k Rare mononuctear cells arc also seen

Fig 3 A misture of mononuclears and polymorphs at 8h 1 a PPD positive
subject

Fig 4 Monanuclear cells predominating at 12 1n a PPD-positive subject.

lesion was challenged at zero hour with 01Sml of punfied protein dernauve
(PPD) first strength. The lesion was then covered with a stenle shide and fixed
1o the shin with surgial adhesive tape The cells of the inflammatory exudate en
erated ta the undersurface af the shide The dulet were changed at 4 6 &, 10 12
14 and 244 In 3 subjects the lesions were studied also st 48 72 and 120h In 7

cases the skin windows were performed 72h after the apphication of PPD and fol
towed for 24h

¥ PPD was prepared at the Refik Saydam Insutute Ankara



122 MUrTUOSLU/ARMAN/BASAR

ported muinly polymorphonucicar emigration Others found predom-
nanlty lymphocytic and monocytic cellular reaction when they sacnificed
the ammals at later hours BoucuTtoN and SPECTOR [1] re-investigated
the problem by examimng large numbers of ammals at different times
after the challenging dose In guinea pigs the tuberculin reaction showed
a biphasic pattern, having a munor peak at 3-4 h predommantly of poly-
morphs followed by a mononuclear invasion at 5-6 h, and a major peak
at 8-12 h agam composed of polymorphs These authors concluded that
the histological appearance of delayed hypersensitivity reactions consist-
cd essentially of an inflammatory reaction of exaggerated intensity but
delayed onsct In the hight of therr findings we re-investigated the prob-
lem by using the skin window technic of Repuck et al [6, 7, 8] on large
numbers of cases having positive and negative tuberculin reactions

Methods and Material

The skin window techmch of Resuck ef ol [6 7, 8) was used with shight mod
sfications An aren of 05-10cm 1n diameter on the volar surface of the forearm
wns denuded of epithelium by scraping with a scalpel The papiilary layer of the
corium was reached as mdicated by the nppearance of fine bleeding points The
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rigy 1 The composition of the cellular reaction 1n the first 24 h 1n PPD post
tive subjects (the figures represent the mean of 24 subjects) @ @ Polymorphs
» Mononuclears
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Fig 6 Polymorphonuclear leulocytic reaction in a PPD-negative subject al

4h A few mononuclear cells are alo seer.

Fig 7 A mitture of mononuclears and polymorphs at 8b i1n a PPD negative
subject

Fig 8 \ononuclear cells predominating at 12 h 1n a PPD-negative subject

b) Two PPD positive subjects had an inflammatory response com
posed mamly of polymorphs {rom 4 through 23 h Smail numbers of
cells wsually app around 8-12h The overall cellular

1ty was numenically inferior to that of group 1a A second skin window

performed on the opposite arm resealed similar findings 0 both sub-
Jects
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40

20+

a ™ T 1
4 8 2 24h
Tig 5 The composition of the cellular reaction n the first 24h i PPD-nega

tive subjects (the figures represent the mean of 16 subjects) @+..« @ Polymorphs
. ® Mononuclears

Fifty lesions on 47 individuals were studied 26 of the 47 subjects studied had
positive skin tests to PPD Twenty one individuals were PPD negative Of the 26
PPD positive individuals 7 had active tuberculosis 1n either the form of tubercu
lous adenitis or of tuberculous pleuresy The remmmng 26 andividuals were in the
hospital with unrelited alinesses Three of the 21 PPD negatne individuals were
subsequently diagnosed ns Hodghins disease These vre presented separately The
remumng 18 PPD negatine subjects were mostly patients from the country, hospr
talized with various unrelated alinesses

Results

I Tuberculin-Positns ¢ Group (33 Subjects)

a) Twenty-four PPD positne subjects showed an tntense, acute in-
flammatory responsc charactenized by manly polymorphonuclear nfil-
tration at 4-6 h followed by mononuclear cell mfiltration from 8 to
141 The mononuclear cells were mamly mrcrophages with spongy, 1=
regular cytoplasm and large indented, folded or oval nucleus A few
targe lymphocytes and monocytes were also present A new tyasion of
polymorphonuclear leuhocytes were seen at 24h (fir 1-4) In 3
PPD positine subjects who werce followed for 120 h  cocer appeared at
48 b along with polymorphs and mononuclears
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denved from the arculating small Iymphocytes which go through a
1o become ph SPECTOR [10} stated that zimost
all the mononuclear cells 1n the nflammatory exudate were demved
from cytes This cont y concerns not only delayed
hypersensitivity reactions but inflammatory responses of ail types and 15
beyond the scope of this investigation
We found that the skin window techmc was not suitable for the -
yvestigation of the tuberculin reaction longer than 24h The presence of
secondary infection in the lesion as ndicated by the appearance of cacer
on the shdes mterfered with the ongmal cycle Polymorphonuclear leu-
hocytic reaction 10 response to infection was seen in the 48-, 72- and
120 hour preparations
The mtensity of the inflammatory reaction seemed to differ shightly
from onc subject to another 1n both groups The reasons for the mdvid-
ual differences 1n the inflammatory response to an exciting antigen was
not further imvestigated ‘Two of the 26 PPD positne subjects (8% o) and
5 of 21 PPD negatne subjects (24%) showed defectnie inflammatory
responses The 3 Hodghin's cases confirmed our previous finding that
the inflammatory cycle as followed by the skir window technic 1s abnor-
mal 1 this disease When these cases are excluded, the percentage of
cases with defectine inflammatory response falls t0 11%» 1n the PPD neg-
atne group There was no correlation between the degree of tuberculin

posisity and the mtensity of the inflammatory reaction m the sensitized
subjects
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2. Tuberculin-Negats e Group (21 Subjects)

a) Sixteen of the 21 subjects showed an intense, acute mflammatory
response similar to those shown by the tuberculin-positive group The
polymorphonuclears appeared at 4 h and dominated the picture by 8h
Mononuclear cells were replaced by a new wave of polymorphs by 24 h
(fig 5-8)

b) Two of the 21 PPD-ncgatine subj had an 1nfl, y re-
sponse composed mainly of polymorphs in all the preparations from 4
to 24h Mononuclear cells appeared on 8-12h preparations  small
numbers The oserall celularity was numencally infenor to those of
groups 1a and 22

c) Three PPD-negatne subjects with biopsy-proved Hodghin's dis-
ease also showed a defectine mflammatory response composed mamnly of
polymorphs and a few scattered mononuclears

Duscussion

In a previous publication [4] we have shown the chamn of cytological
cvents mn the sumple cycle of acute mflammation 1n man, when the exat-
ng antigen 1s a non-pyogenic one to which the subject 1s not systemical-
ly immunized The mugration of polymorphs was prominent from 4 to
6 h followed by a mononuclear cell imasion from 8 to 14 h In the 23
hour preparations there was a new wave of polymorphonuclear leuko-~
cytes The inflammatory cicle was found to be abnormal i leukemas,
lymphomas and aplastic anemias

When the exciting antigen 1s one to which the subject 1s systemically
immunized, then this reaction may be constdered an example of delayed
hypersenstivity  The data obtained by studying 33 PPD-positine and 21
PPD-negative individuals revealed no essential differences between these
2 groups m the chain of cytological events following the application of
the tuberculin antigen The polymorphonuclear and the mononuclear m-
fyltrations were stmular 1n morphology and timung during the first 24 h of
the tuberculin reaction Qur findings are 1 accord with the view that the
presence of mononuclear cells 1s not confined to hypersensitivity states
They are part of the wflammatory cycle i non-sensitized indnviduals {4]
and 1n the acute wmflammation caused by other agents [5] The nature
and the ongmn of the mononuclear cells found m an acute inflammation
1s still 2 matter of debate REBUCK ef al [6, 7, 8] believed them to be
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denved from the circulating small lymphocytes which go through a
transformation 10 become macrophages Seector [10] stated that almost
all the mononuclear cells 1n the inflammatory cxudate were dernved
from circulating This contraversy concerns not only delayed
hyp ty reactions but Y resp of all types and 1s
beyond the scope of this mvestigation

We found that the shin window techmc was not suitable for the -
\estigation of the tuberculin reaction longer than 24 b The presence of
secondary 1nfection 1n the lesion as indicated by the appearance of cocct
on the shides snterfered with the ongnal cycle Polymorphonuclear leu
Locyuic reaction in response to mnfection was seen 1n the 48, 72. and
120 hour preparations

The intenuity of the inflammatory reaction seemed to differ shghtly
from one subject to another 1 both groups The reasons for the indsid
val differences in the inflammatory response to an exciting antigen was
not further imestigated Two of the 26 PPD positive subjects (8¢ 4) and
5 of 21 PPD negawve subjects (24%) showed defectine inflammatory
responses The 3 Hodghins cases confirmed our previous finding that
the llammatory cycle as followed by the shin window techmic 1s abnor
mal in this disease When these cases are excluded the percentage of
cascs with defective inflammatory response falls to 11% o 1n the PPD neg
ative group There was no correlation between the degree of tuberculin
positinty and the intensity of the wnfh y reaction n the
subjects
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! was quite negligibl that m circulat-
mg blood was duc pnmanly to labelled lymphocytes was obtaned dur-
ng the first exp by erythrocytes and plate-
lets from circulating blood samples by sedunentauon, differential centnf-
ugation and hyp lysis of the rad m the dif-
ferent fractions showed that the largest portion of the radicacuvity was
1n the leukocyte fraction, whereas only a minimal part of the label was
assoctated with erythrocytes and platelets
Circulating radioactivity showed a stnctly simular pattern m all cases
examuined A large portion of the labelled cells infused disappeared rap-
wly from the circulation, and after 15 min only 20-25% of the total
amount of label mjected was stll d:tcctable m the cirenlating blood
Within 48h the values of d to about
half the figures found at 15 mun, bul m the following week the crreulat-
1ng labelled cells decreased very slowly (fig 1) The disappearance cunve
Lad 2 components, a first one with an average half disappearance time
of about 18 h, and a second one with a half disappearance time of
about 7 days
‘The pattern of vanations in organ radioactvity, over a penod of
24 h, 13 shown in figure 2 Heart and lung showed a strictly parallel be-
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Fig 1 D sappearance curves of Libelled lymphocytes from blood of 2 subjects
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of ch lymphocytic leuk using #*Cr They maintain that the ki-
netic pattern i this disease 1s quite sumlar to that observed n normal

dividuals, although the results ot d 1n the latter have not been re
ported

In the present study, normal circulating lymphocytes, separated as
accurately as possible from other blood cells, were labelled with radioac-
tve chromium, and renfused Changes 1 circulating radioactivity, as
well as m surface radioactivity over spleen, liver, heart and lung were
recorded over a peniod of several days

Materials and Methods

Our nvestigations were performed 1n 4 hematologically subjects wn age from
34 to 47 years 900 m! of blood were drawn from each patient 1nto large cylinders
where 150 ml of dextran 6% and 30000 U of hepann had been previously added
The intial volume of blood was then restored by transfusing an equal amount of
{resh blood Erythrocytes were allowed to sediment at 37 °C until 450-500 ml of
supernatant were obtained This was then diluted with an equal volume of bal
anced salt solunon prewarmed at 37 °C, and filtered through a column of com
mercial nylon fibers (Leukopak Fenwall) The filtered cell suspension was then
centrnifuged for 20 mn at 800 rpm in a refngerated centnfuge (Model PR2 Inter
national Equipment Co Boston Mass) in order to precipitate lymphocytes while
leaving in suspension most of the platelets The sediment was resuspended in hy
potonic solution to obtain the lysis of ery(hrocy(es and this procedure was repeat
ed 3 times After the Jast hocytes were ded 1n autolo-
gous plasma at 37°C The final yield of lhe separation procedure was about
1X10* lymphocytes These cells were incubated with 300 sc of #1Cr (Na,$CrO,
spec act 100-300 me/mg) for 45min at 37°C and the cells were washed twice
with autologous plasma A small aliquot was separated for cell counting and eval
uation of speaific activity, and the remaiming cells were infused rapdly into the
patient who had been already prepared for simultaneous scanning on lung heart
liver and spleen Body surface scanmng was performed with 4 2 1n uncollimated
thallum activated sodium jodide cristals and a y spectrometer At various inter
vals over a peniod of 10 days determinations were made over arcas marked with a
skin pencil and keeping the subjects exactly in the same position Following anfu
sion of the labelled cells 10-ml blood samples were obtained after 15 and 30 min
12 and 24 h and once daily thereafter for periods up to 10 days

Results

The infused cell suspensions contaned about 1X10¢ lymphocytes
1-2X10¢ erythrocytes and 1-3x10¢ platelets per sl Ci by
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Fig 3 Changesin bodysurface count ngfrom the 20d to the 10th day aficr the 1nfus on
of labelled fymphocytes in 4 subjccts @ Hearth o lung & tiver & spleen

tory answers. The mechamsms by which cells become labelled with
chromuum remains uncertamn as well as the degree of chromate tovcity
1o the cells and the real amount of elution and reutihzation of the label
However data so far reported by DRescH and NaEAn [2] McMiian
and Scott [7] SPIVAK and PERrY [10] suggest that nether toxiaty nor
elution or reutilization represent a major problem to the use of chromate
as a label for lymphocytes The changes obscned 1 arreulaung and or
gan rad are th 4!
the distnbution ot normally bchavmg cells

In all our expenments a large portion of the labelled cells apparently
disappeared from the crrcutaung blood within a few munutes after the in
fusion Since no early accumulation of radioactiity was seen during this
penod in lungs liver or spleen the apparent loss may be explaned as
suggested by SprvAK and PERRY [10] by difution of the labelled Iympho-
cytes 1n an intravascular pool of cells much lJarger than that calculated
{rom the blood volume and the blood lymphocyte count If this explana

real changes m
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Fig 2 Changes 1 body sucface count ng during the £rst 24 b afier the snf 1sion of
labelled lymphocytes in 4 subjects @ Hearth Olung & 1ver Aspleen

haviour thus indicating that no sequestration of the Iabelled cells took
place 1n the latter An early increase of radioactivty was obsened over
the Iiner but alter 2 h no further nse was found On the contrary I
belled cells contmued 1o accomulate m Ahe spieen dunng a penod of nt
least 12h so that radicactivaty values were found higher about twice the
mtiaf values A gradual decrease began in all cases between 12 and
24h and continued over a penod of 6-8 days (fig 3) In one casc a
temporary nise of spleen radioactivity was again observed after 9 davs

Duscussion

Many qu-stions concerning the sutabihty of the $Cr Jabelling tech
mque for studying levkocyte kinetics have not recenved so far satisfac
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tion 15 correct, the ‘marg " pool of lymphocytes 1n our cases was
from 3 to 4 times larger than the circulating pool

The disappearance from the blood, dunng the first 24 h, of a rele-
vant portion of the crrcul d ecells r g after the 1m-
tial equilibration 1s pr:sumnbly refated to their accumulauon i the
spleen In fact, the pattern of surface radioactivity clearly suggests that
the labelicd cells pass rapidly through lungs and also Iner, whose ra-
dioactivity remains proportional to blood radioactivity, whereas part of
the labelled cells feave the vascular bed 1n the spleen, thus increasing
the radioactivity over that organ This explanation 15 1n heeping with the
results of expeniments 1n rats showing that labelled small Iymphocytes
some hours after the infusion are located pnmanly n the white pulp of
the spleen [3, 5] However, splenic \ does not ¢ , pre-
sumably because equhibration occurs, after 12-24 h, between mtravas-
cular and extravascular pool of splenic lymphocytes, and the latter are
then gradually released from the spleen Since no further nise s ob-
served 1n circulating radioactsnaty, the released labelled cells apparently
cquilibrate with a larger extra lar pool, pr bly mcluding the
1ymphocytes of lymph nodes and whole body tissues

The pattern of normal lymphocyte hinctics resulting from our observa~
tions confirms what 1t has been mantained by Spivax and Perry [10],
t ¢ that normal and CLL lymphocytes have a similar kinetic behavior
However, we were unable to observe the repeated fluctuations m splente
actimty seen by Srivah and PERRY 1n their leukemic patients This may
be due to the much lower amount of cells which are labelled 1n our hem-

logically normal subjects, although a real difference in the traffic in
and out of the spleen cannot be excluded Much further study and posst-
bly the use of a different label will be necessary to obtain a sausfactory
knowledge of the highly complex lymphocyte traffic 1n human organ-
1sms
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Table I Some carher data on the distribution of breaks 10 human chromosomes.

Authors. Matenal Treatment

Avaetal [1] lymphocytes herpes simplex virus

CoMEN [2) Jymphocytes streptonignn

ConeN and Suaw (3} lymphocytes mitomyen C

GerRarr [4] Ilymphocytes myleran

Hanrer and Baua {6) Iymphocytes X rays

Hamrew of al [8) fymphocytes several cylostatic agents

Hamper gnd Levax [9] Fetal lung cells low temperatuce

Hasrre ef af (10) Tymphocytes activated cyclophosphamide

Havers, et al 112) d

Kerter and Norpfn [13] Tymphocytes and patients with By-~deficiency

‘bone marrow cells

Kerkis et af [14) Tymphocytes patients with acute viral hepantis

Kettsan ef al [15] d
binoside

Krove ef af {16] fibroblasts hydroxylamine, bromodeoxy-
undine

Luss and Samuztsos (18] Iymphocytes untreated

Nichors ef ol [20] 1 d

oside, mosbill virus
Srorix and Haweee [21]

denvatives

total ume of incubation was 72 h at a temperature of 370202 °C. These samples

were exposed to differeat chromosome brealing agents 24 h before fixation {5)
The followiog sgents were mcluded i this study (1) u,s-lni-cmylene

A a4 @ 246

TEM), () NN ,N \nnhylmzmmpbosphoxmxde (TESPA}, {4) dmva(a ot
NN bis{2 acid ester duanude (Cyclophos-
x‘h:mlde monn) lmned by mcubahon wnh rat Liver slices [11], {5) NN bus-(2-
bk acd amide ester (A 2), (6) NNN-

2
NI A A

distnbution of spontancous breaky was studied 1n the cells of 2 pauent with gluta
Thione reductase d¢hictency (NAD [P] H glutathione oxidoreductase, EC 164.2)
uo]

Chromatid and 1sochromatid breaks Were collected from metaphaset without
viuble translocations. Gaps and scentne fragmenls were not iacladed i chis
study The breaks were visually enumerated in the dulferent chromasomes or chro-
mosome groups 1 L. 3 4.5, 6-1% X, 1318, 16, 17-1%, 19-20 21-22, and Y
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Intrachromosomal Distribution of Spontancous
and Induced Breaks in Human Lymphocytes

K E HampeL and D Storix

Department of Internal Medicine Free University of Berlin, Berlin

Abstract Spontancous and induced breaks in the chro- hey Words
mosomes of human lymphocytes In viiro are d le breakage
distubuted  If onc puts several alkylating agents and Cytostatics
§ fluorodeovyunidine (FUDR) in one group and if one Karyotype
compares the pattern of the distribution of the collected Lymphocytes
breaks with the findings in another group formed by dime
thylbenzanthracene, X rays and breaks, the p was far below
0005, that the breaks in these two groups were distributed homogencously within
the chromosomal matenal This indicates the presence of at least two different
mechanisms in the ongin of chromosomal breakage The findings in the distribu
tions of breaks induced by alkylating agents and FUDR, however, show that the
distnibution studies related here are no practicable cytological ertena for the de-
tection of different breakage mechanisms

Many studics have shown that the distibution of breaks 1n human
chromosomes 1s nonrandom Table I 1ncludes some of these findings

The present study was designed for a statistical analysis of results
whath were obimned wm eathier expenments with X-mys (6] and some
cytostatic agents [S, 7, 8, 11, 21] The breaks following the treatment of
the lymphocyte cultures with a carcinogenic hydrocarbon (7,12-dime-
thylbenzanthracene) [12] and the spontancous aberrations tn the cclls of
a proband with glutatt d deficiency [10) were collected
from recent cultures

Material and Methods

One hundred and twenty six Jymphocyte cultures were prepared and treated
according to the method of MoRruLAD ef al [9] with shght modifications The
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Table /I List of Zx*- values from earber distribution studies

ot
ar=41
Group 1
Trepiovon 49397 abfis «
TEM 53600 (values from all
Thiotepa 73431 chromosome segments
n group [and I,
Cytoxan metabolites 61643 respectively)
A2 56799 ba=¢=1
Z4828 | cytoxan derivauves 46199 a<b
ZAH2 436388
FUDR 82645
df=4t
Group I =281
Dumethylbenzanthracene 22013 Pp<0005
X wradiation 202.43
) 4 288 64

Onc may compare the Yy*wvalues of the cytostatic agents placed
tn group I with the corresponding figures of group If containing one car-
apogen, X-rays and spontaneous breaks (fable II1) The Spt-values
1 group 11 were obviously lower than 1o group I The next step was to
test 1f the distnbution of breaks 1n group T and 11 are homogeneous or
not

1t the average number of breaks counted m the 42 chromosome seg-
ments i group 1 and I, respectively, are represented by the symbols a
and b 2 bemng fess than b, the null hypothests was b/a equal to ¢ equal

to 1 With a probability at a level of less than 0005 this hypothesis
could be rejected, too

Duscussion

In other words, the 1nh ntrach 1 distnb of
‘orealks 1 Yne 2 proups formed by severdl mutagenic agents indicates at
feast the presence of 2 dufferent mechamisms in the ongn of chromosom-
al breaks It should be emphasized that the analyzed catcinogen and




138 HAaMPEL/STOPIR

For the study of the intrachromosomal distrsbution of breaks, the long arms and
short arms, where possible, were divided into 3 equal in size provimal,
intermediate, and distal from the centromere If an arbitrary value of 1,000 umu
)¢ taken for the total length of the chromosomes of & female or of a male karyoe
type the relative lengths of the chromosomal segments can be expressed in parts
from 1,000 They were calculated from the data of Levan and Nicitots [17]
which are based on measurements of chromosomes tn male and female karyo-
types

Results

Table II shows an abbreviated example for a distnbution of dime-
thylbenzanthracene-induced breaks The first column contans the sym-
bols for some chromosome segments A sample of 1,000 breaks was col-
lected If one assumes a random distribution of the breaks caused by this
agent the values 1n column 2 and 3 must be cqual However, this null
hypothesis of a mere random mntrachromosomal distnbution could here
be abandoned with a probability of far below 0 001,

Table Il x* test for mndomn:ss m distiibution of hruks lndutrd by 7,12-dimethy]

1 human ch
Chromosome Relative length= Found x
segments expected breaks breaks
11 4 1525 30 1426
i 15258 12 06Y
P 1528 21 216
s d 1384 7 338
i 1384 9 169
P 1384 7 3
21 d 1657 32 1436
a2yl 3414 15 107
s 877 - -
1,000 00 1,000 Iyt 2019
df=3
p<000!

1=long arms, s =short arms, d =distal scgment, | mintermediate segment, p=proximal
segment.
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Pentose Phosphate Metabolism of Erythrocytes in Hepatic
Porphyriast

T MARKRANEN, O PeLToLA and P Koskero

Department of Medical Microbiology, University of Turku

Abstract The erythrocyte TRA of 13 patients Aey Words
with hepatic porphyna was examined Four showed  Erythrocyte metabolism
defimtely low enzyme activity, and in another § the  Pentose phosphate shunt
TRA was close to the lower it of the normal  Porphyna hepatica
range In 1 patient the TRA was observed dunng  Transketolase
the manifestation of climical symptoms and during
convalescence In 10 months his TRA graduallv climbed to low normal range Two
relatives of this patient with porphyna showed pathologieally low erythrocyte ThA
values

Fasting can provoke symptoms of acute intermuttent porphyna [4]

Expenmental evidence ind that the h 15 probably the in-
d of & levulinic acid  synth i the liver by calonc
deprivation Rat expeniments have previously led to similar results [3]
Allyl-1sopropyl de induced g symp of porphyna 1n

rats fed on diets with restncted carbohydrate and protein content. But
espeaally in a patient with latent intermuttent porphyna did a carbohydrate
and protemn restricted diet produce an increase in the excretion of d-amino-
Tevulimc acid and prophobilinogen into the unne [14, 15] RipLey [11]
carried out pyruvate test on patients with acute :ntermuttent porphyna
with neuropathy. In 6 of 7 patients pathological quantiies of pyruvic acid
accumulated 1n the blood after the administration of glucose

In 2 matenals, one of 12 and the other 19 patents, the carbohydra-
te metabolizzng enzymes 1n the red cells revealed that G 6 PD 6-PGD
and glutathion reductase activities m hepatic porphynas were elevated
[3,10)

The present study was concerned with the transhetolase activity
(TKA) of erythrocytes 1n patients with hepatic porphyna

1 Grant from The National Research Couneil For Medical Sciences, Fintand
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Matertal and Methods

The senes 18 presented 1n tables I, 31T and IV, A total of 13 patients suffered
from porphyras of different types, and 2 healthy daughters of 2 man with por-
phyria were included i the study {table TV) The conuol senes consisted of 278
healthy subjects.

All the patients with hepatic porphynia were examined at the university meds-
cal chinic The diagnosis of porphyna, and the deterrmnation of ity type, were
based on medical hustory, especaally the famulial hustory, a careful ¢limcal exami-
naton inctuding 1ab tests, and the of por-
phyrie metabolites in the unine, facces and erythrocytes (table 1) Thus part of the
study way the responsibility of the team expert on porphyrin disorders (PR)

“The control scnies consisted of patients under examination at the vmversity
medical chinie Thty were under observaton for some mwnor symplom, and de-

Table I Presentation of the senes examned

No Sex Age Diagnous ALA PBG UCP UUP EPP FPP FCP
an ¢4 9o GO GO -(0-
1 m 45  PAl sympt 194 3 285 3610 32 113 46
2 m 4% PAlsympt 50 14 615 L1025 194 16
3w 2% PALsympt 137 8 530 2110 128 93 13
4 m 58 PALsympt 140 10 420 5% - - -
5 w 22 PALsympt 48 33 5750 465 -~ - -~
6 w 35 PAlnosympt 45 14 473 3 19 5 1n
T m M PV atem 69 48 ™ 90 27 33 3%
g w 2 PVnosympt 14 9 €0 1160 53 3 3
9 w25 PVaem 16 2 n 15 38 155 oo
10 w46 PVatent 53 3 97 4 42 666 206
itow 23 PVinosympt 125 15 1860 300 47 &3 297
17 m 53 PCT,sympt. 37 2 3300 30200 17 539 293
13 m 62 PCT,sympe. 39 2 000370 32 s W

PAL = acute imtermittent porphynia, PV = porphyna vanegata {European form),
PCT = porphyna cutanca tards. Sympt. = the patent had symptoms at the urme the
sample was taken No sympt. = the patient had no symptoms at the tme the sample
was tken Latent = the patient had never had symptoms but sccording 10 the heov
cherucat status he way affected with porphyra which also occurred famibally ALA =

y

d,PBG w unnaryp UCP =
UUP = unnary » EPP = free < FPP = faeci)
FCP = facca) cop Undemeath the abbreviated column

headings, the normal upper Lmuts of excreton or content
PRG mg. day UCP and UUP pg day,
ton prp g dry weyght

are pven a brackets ALA and
EPP 4y 100 ) cells, FPP+FCP aggregate excye-
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tailed chnical examnation revealed no organic discase 1n any of them A contrcl
sample was taken simultancously with each sample from a patient with porphyra
Otherwise the control material was supplemented and the red cell TRA deter
mined jn the same series s the samples of the patients wath porphyria.

‘The porphynin metabolites in the unine and facces {9, 12) the porphynn mets
bolite of the red cells [5] nnd the red cell TRA {8] were determined av deseribed
before

The intubitery action of porphyrin metabolites in virp in the enzyme reaction
was studied §n the following way Coproporphynn [ (standard solution 210 g/
ml), coproporphysin 11T (standard solution 200 pg/ml), uroporphynn § (standatd
solution 165 pg’ml) and wroporphyrin 111 (38 ppml) were disohied ina 249 am
monigmhydroude solution to male the concentrations listed above 05 ml of each
standard solution way evaporated dry in the vacuum and the rendue was dissolved
1m 2ml (uroporphynn 11, in 1 mi) distilled water The resulting solution was ditut
ed 110 Thit final dilution wat used in the TRA determinations so that the stard
ard sofution was diluted 13-140 evcept for uroporphynin T which was d luted

2-120 In addition hyd d¢ in the same concentration as in the
porphynin solution was evaporated alone, and the rendue obtained was diluted
with distilled water in the same way as the porphynin solutions The zero solution
conststed of deionized distilled water

The erythrouyte TKA was indicated In units{U) pmol sedoheptulore 7 phoaphate/
ml eellular mase!30 mun 37°C,ph 74

Results

The erythrocyte TKA of the control senes (n=278) ranged from
35-67U, mean 48U 35U must be conadered the absolute mim-
mum hmut of a normal range, the range 3 5-3 8 15 o bordetline area
open 1o 1nterpretation

Table 11 shows that 5 of 13 patients with porphyna had an erythro-
cyte ThA tervel ot or below the mimmum hmit of the normal range U
the borderkine area 1s included, 9 of 13 patients had o lawered or low
crythrocyte TKA Table Il shows further that 5 patients with acute in-
termttent porphynia (PAI) were having an seute attack or clincal symp-
toms at the moment the sample was taken The TKA of 4 of these py-
tients was definitely at the pathologically low level, and of 1 4t was 10
the borderhine area The TKA of the patients with no symptoms was
wholly within the normal range

In 3 patents with porphynia sanegata (PV) the disease was ‘latent’,
and their TKA levels were normal Two ‘no symptoms® patients showed
TKA levels of the bordethine aren
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Table 11 Erythrocyte TKA, U mi red blood cells

No Diagnosis TKA units
1 PAT sympt 27
2 PAIL, sympt 27
3 PAL sympt 7
4 PAL sympt 26
s PAI, sympt zs
6 PAI no sympt 54
1 PY, latent 52
] PV, no sympt 38
9 PV, latent 41

10 PV, latent 41
1 PV, no sympt 38
12 PCT, sympt 35
1 PCT, sympt 37

Patient numbers and abhreviations are those of table I TKA controls (n=278),
mean 48 min 3Sand max 67U

Table ! The crythrocyte TKA was obsenved in the course of and afier an attack of

porphyna

Pauent No &

Observation ume and status. ThA unis
On sdmission to hospital sympt + 26

2days aheradm  sympt + 6
Jdaysaficradm  sympt + 28

4 days aficradm  sympt + 30

6 months sympt - 3

8 monthy sympt 32

10 months sympt ~ 17

In the 2 panents with porphyna cutanea tarda (PCT), both of whom
had symptoms, the TRA was low or within the borderhne area

Table I presents the TRA findings on a patient (table 1, No 4) un-
der observation during an acute attack of porphyna and followed up for
10 months afterwards As long as the attack lasted the TKA was ex-
tremely Jow  After the acute attack was over the patient was seen from
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Table JV Erythtocyte TKA of patient No 4 (Table T No 4)with porphysia and hts daugh
ter (2) also affected with porphyria as well as that of his other 2 healthy daughters (3, 4)

Member Age Observattons TKA untts
1 Father 38 PAT sympt 26
2 Daughter 22 PAI sympt 25
3 Daughter i9 healthy 27
4 Daughter 28 healthy 33

time to tme After 6 months there were no more chmcal symptoms (ab
dominal pain, transient paresis, neuritis), but the porphynn level m ex
cretions was unrecordable Even after 8 months the TKA was sull low,
and after 10 months 1n the borderline area of the normal range Howev
er, throughout the pertod of convalescence a shight trend towards the re-
eavery of TKA was vsible

Table IV gives the results of the exammation of several famly mem-
bers The father (1) and one daughter (2) had clinical symptoms of PAI
at the time when the samples were taken, and therr erythrocyte TKA
was defimstely low Two other daughters (3 and 4) had never had any
symptoms, and the porphynns n their excretions were normal In spite
of ths, their erythrocyte TKA was pathologically low

Porphyrin metabolites 1n reaction muxture s vitro produced no en-
zyme hibition

Discussion

Certain dietary treatments have been shown fo have a drstict effect
on the hepatic G-6-PD activity Siace this enzyme is a kiad of key to the
pentose phosphate pathway and since the TKA plays a considerable fole
1n this pathway, changes in the activities of these enzymes are often par-
allel It 1s known that fasting reduces the G-6-PD acnvity, and affects
TKA 1n the same way [1] The opposite state, m its turn, mcreases the
activity of these enzymes

Since TKA requires co~carboxylase as a cofactor, 1t may be assumed
and, 1n fact, 1t has long since been proved [2] that fasting reduces the
TKA actwty both 1n the hver and i erythrocytes Apparently this 1s the
case 1n certan defictency states, 1 alcoholics [8] and n certain genatne

groups [8]
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Considenng that the acuwities of G 6-PD and TKA are usually paral-
le), the present results, at least seemngly, are contradictory to a couple
of earlier reports 13, 10} These latter rather indicated that in hepatic
porphyna G-6-PD, 6 PGD and glutathione reductase are activated 1n
he patient’s erythrocytes

According to the present study, especially 1 the PAI group dunng
the penod of acute symptoms the ThA had fallen dramaticaily to val
ues seldom seen before 1n another disease The divergent values were
checked by dupfieate tests, and the determination senes always imcluded
htalihy controls 1o indicate the rehabsbity of the method The repraduct
ity of the results of this determination method 15 100 & 3% (7]

Although the porphyrin metabolites tested in the present study failed
to whibit the TRA reaction in vitro, it 15 nevertheless possible than
when natural metabolites, either as such or bound to protems, are the
nhibitors, they behave differently from those now tested This possibih
ty may be suggested by the pasticularly low ThA salues m the course of
the attacks of acute intermuttent porphyna On the other hand, some
other ntermediate metabalic products may perhaps snhbit the TKA fe-
action dunng this penod The erythrocytes used w the determinauon
were washed and other porphytin metabolites contawned sn the plasma
hardly adhered to their surfaces

T was an nteresung observation that 1n hepatic posphyna wn sts

D phase the enyihy te ‘TRA may be nearly or completely
normal Nor 18 it without nterest to find that in a family member of a
pauent with porphyna the enythrocyte TRA may be pathological al-
though the person concerned has never had any climcal symptoms and
although the hiochermeat porphyna state 1 fully normal Future studies
should devote attention to the actimty of glycolyue enzymes dunng the
acute attack  dunng recuperation and n the patients varous family
members

The cathier reports concerming the effect of fasting as a porphyna-
provolung factor agree very well with the finding that fasting may “dete-
norate the TRA actnity which may already be close to the lmuts of the

normaf eange Future stucies should theret i}
Iy 2t feast the hey enzymes in the prnipal ghycotytic shunts and then
study the member enzvimes of these shunts over a large spectrum 28 the
same ime This method would provide a clearer overall picture of car-
::3[‘:2;0?:“’0“:‘“ m porphyna, and lease less room for possibly
peculauons An wteresung Gield of the study i this sense
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is also afforded by the latent and asymptomatic members of famibis
with a history of porphyna, and by the possibility that low TKA levels
and neuropathy of porphyrin may be mterrelated
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1s Haemoglobin Ga Philadelphia Linked to o-Thalassaemia?

E A Frencand H LERMANN

Haematology Department St George s Hosprtal London
and Medical Research Council Abnormal Haemoglobin Unit
Depariment of Brochemistry Cambridge

Absiract Members of a Jamacan family carrying  Key Vords
the a<hain vanant Hb Ga ¥ thal

have been found also to show red ccll abnormahies Haemoglobinopathies
sups~ tive of 3 m 1d thalassacrma trat Hb G ¢ Philadel  Hb Ga Philadelphia
eha differs from most other achain vanant haemo-

globins by beng present in unusvally hugh percentage m heterozygotes (Hb A +
Hb Ga Philadelphia) 1t 18 proposed that the gene for this vanant 1s hinked with one
for a thalassaemia

1t has been pointed out by Fessas et al {1] that a-chain vanants
{2,*8,)) of human aduit haemoglobin (n,*p,%) are generally pre-
sent 1n a lower proportion than are g-chan vanants This has usually
been assocaated with the concept that the former are more abnormal,
perhaps because of the basic importance of the a~cham for all haemo-
globins 1t has been observed for example that the proportion of a hae-
moglobin vanant i the heterozygote appears to vary with the degree to
which 1t 1s pathological {2] Nevertheless not all a~chamn vanants have
been found n low proportion notable exeeptions bemng Hb Ga Chinese
(Hb Ga Honolulu) and Hb Ga Philadclphta both of which have been
reported to form more than 30 « of the total in heterozypotes [3}

As more hacmoglobin vanants became known that had homologous
substitutions n the @ and ;-chans respectively 1t was noted that the
«a~chan vanants amounted to ane half of the corresponding 2-cham yar-
1ant Ths suggested that whilst the same substitution affected one half of
the fchain genes 1t acted on only a quarter of the a-cham genes m the
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respective heterozypotes, 1€ that the human a-chain gene was duplicat
ed and mdwiduals had 4 of them, not 2 [4] The fact of this duplication
15 now certan from the findings in a Hunganan family m which 2
« chain abnormal haemoglobins plus Hb A were present i 2 brothers
[5] This leaves the difficulty of explaming why some « chain abnormal
haemoglobins are exceptional 1n being present 1n a proportion of 40% or
more, stmilar to that seen with f~chain vanants

The 4 a-chain gene theory has been extended to include a 4 « thalas-
saemia gene concept [4] and it has become evident that for this to ex-
plan the findings i Hb Q H disease, 1t 1s necessary to assume a hnhage
between the o? gene and an « thalassaemia gene [6, 7] Such linkage
could perhaps explain the high levels of some a-chamn vanant haemo-
globins, referred to above, the assumption being that these heterozygotes
possess one chromosome with an e-thalassaemia plus a vanant « cham
gene, and one with 2 normal e-genes

An cxammation of a famly with Hb Je Tongank: failed to support
this concept [8] In particular, homozygotes who should carry 2 «-thal
assaemia genes scemed to be free from the stigmata of thalassaemia, as
far as haemoglobin levels, haematocnit and morphological appearances
were concerned However, as the authors themselves state, the diagnosis
of g-thalassaemma other than Hb H disease 1s most difficult to establish,
and these 1nvestigations were done on blood samples collected several
days before Red cell counts and osmotic fragility values were not re-
corded In one homozygote, the haematocrit was 40%/ The 2 haemoglo-
bin values given for this subject, 14 8 and 122 g/100 ml, would give
MCHC values of 37 and 30 5%, respectively above and below the nor-
mal range

Subjects and Methods

We have studied a Jamaican family with Hb Ga Philadelphta which was dis
covered i South London duning the course of 2 survey The index case was child
1 a 10-year-old boy, cellulose acetate clectrophoress at pH 89 showed him 10 be
heterozygous for an abnormal haemoglobin similar 1n its mugration to Hb § while
the shide sichling test and solubility tests for Hb S were negative As a resuft per
musston was sought and obtained to take blood samples from both parents and 3
other siblings

Q of the h lobins was carried out at the Abnormal Haemoglo-
tin Unit, where the identity of the vaniant was confirmed by peptide analysis car
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1ed out by Dr A~pRew Lana Haematological values ere obtamed on both par
ents and 2l 4 chidren smmediately afier collection of blood samples, vsing 2
Coulter Model $ automatic cell counter, standasdised by reference to the *4C
standard supplied by the manufacturers and checked by the use of Tocal control
samples Osmotic fragility cunves were determined with minimaf defay on hepann
wed blood by standard methods on all except child 1 plasma sron and total iron
binding capaxuy were determined n the mother using an auto-analyser, and afka
}i rewistant haemoglobin was measured by the method of Berke ef ol (9] Blood
filme made immediately after collection of the samples were exarmined independently
by Prof ) L. Starvorp and Dr R F Surpearp, the films together with some not
connected with the nveshigations were preserted n 2 random order and adennfied
only numbers

Resulis

The abnormal haemoglobin, confinmed as Hb Ga Phifadelphia, was
found in the mother and i the 4 chuldren, all of whom were heterozy-
gotes (ig 1) Sickling tests had proved negative m every case, and all
showed on electrophoresis a slow moviag e-chain vanant of Hb A, The
father shawed only Hb A as a major hacmogiobin, but was also heterazy-

e line of
& :— application

Ao

-2 iFR s

A g

Proposdus  AsS —

Fie 1 Paper electrophoress of haeme
lcbne w-EDTA
nrul:x sikle teat (B A4 HBS) Left haemoglobn of proposites m(:r:f: KA
ot Ga Phladeirta The star indicares the a<ta n vanant of Hb A, (a,© :\vwmon
8
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Table I Hacmatological values obtained for members of the famuly Samples (2} and (b)
were obtained from the mother about 4 weeks apart

WBC RBC Hb rcv MCV  MCH MCHC
o

1031 10%u0  g/100ml ®o am3 s o
Father 80 540 151 416 81 278 M7
Mother (a) 69 554 134 9 72 242 336
Mother (b) 66 s 130 62 71 253 360
Chid 1 (10 M) 54 619 131 395 64 212 333
Chitd 2 (8, ) 82 515 134 372 73 260 61
Chid3 (7, 1) 102 487 122 st 7 251 350
Child 4 (6, M) 74 525 1 RIRY 62 211 348

The age and sex of each child 1s shown in brackets

gous for Hb A, and a fast-moving vanant of Hb A,, the Iatter resem-
bling Hb H, Flatbush n 1ts mobility.

The percentage of % was 435 i the mother This value 15 based
on the amounts of Hb G (aS4,') and abnormal Hb A.
{8 6,%%), which were 419 and 1 6% respectively The cinldren pos-
sessed similarly high levels of Hb G Pliladelphia, te around 40%, mt-
nor haemoglobtn levels could not be relied on as a measure of «@ be-
cause of possible confusion by nhentance of the tiattuh gene

The hacmatological values are presented in table 1 and the osmotic
fragity curves are shown n figure 2 The mother's plasma rron level
was 72 pg/100 ml and TIBC was 393 4g/100 ml, levels which do not
suggest that iron deficiency was causing any red cell changes The father
shows complete normality i all values, the mother and children have
normal hacmoglobin levels, but despite this they all show shight to mod-
erate reductions 1n mean corpuscular volume (MCV) and mean corpus-
cular hacmoglobin (MCH) The mother, child 3 and child 4 have de-
creased osmotic fragility, child 2 1s borderline 1n this respect None of
the family showed any d ble foetal globin (Hb I) Comments
on the blood films by the 2 observers are histed in table 11, The blood
film shown 1 figure 3 15 one which shows the abnosmalitres descnibed,
we must stress that i other members of the fanuly these changes werc
less marhed and would not have shown well on a photograph without
some selection of fields It may be remarked that the degree of abnor-
mality reported corrclates broadly with the osmotic fragiity results
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Haemalysss, "

Fig 2 Osmotic frag Lty gurves of parents and 3 children Curves of fiermal cortrols
all fell mithin the normal range (Pawched zore} 8—e Father @ ® Mother o9
Childl 9- -0 Child) o—e Child 4

Table I Comments o8 the ted cell morphology of family members. made indspendentiv
by 2 obxriers

Famly Otwerner L

Ohener 2
Tather nommal <1 ght hypochromu
Mother shight ansocytons slight hypockremia and anisocMtous
chid 1 anrootess occavonal hvpochroms, anrsocytosss and
targe cefts poikilocytons
Chid 2 normal normat
chuld 3 normal shight 2ot tonts and maToctous
chig 4 anroqtows eccavonalaarget  hypochromu, Aneontosss and
celle and spheroertes poddocvtons

Thus all members of this family who camy Hb Gu Philadelphia show
some of the teatures of a thatassaemia tran, although m ¢hild 2 these
are ven, shight, being confined to the low MCV and MCH
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3 UW‘WO@T@” ;

Iie 3 Rlood film of child 4, showmg red cell changes Jenner Giemea stain X400

Discussion

On the basis of the above findings, we are sugeestng that i th
family the gene for o U 1% 45 hinked with an a-thalassacmia gene
Thrs provides a posaible explanation of a finding not otherwise compats
ble with the assumption of 4 a-chain genes i man, namely the repor
from Nigena that the mother of a child with Hb A and Hb Gn possessed
Hb Ga only [10] This hacmoglotun has not been posinely wdentified a
Hb Ga Philadelphia, but all other sdentificd examples of Ga haemoglob
ins from West Afnca have proved to be of this type, no other Ga var
tant has been reported from this regron Qur suggested intemrctaton o
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this finding 15 that the gene for a® T»'sdcirbia )5 accompanied on the
same ch by an « th gene Thus would
have 3 functionmng genes (a', o' and o) plus 1 o thalassaema gene,
while homozygotes would have 2 functiomng o genes and 2 « thalas-
saerma genes the latter producing no «* peptide chains

The crucial finding 1n the family reported here 15 that the children
appear to have mhented both a vanant achan and the stigmata of thal-
assaemia from their mother We hase seen that Hb A and Hb F lerels
are normal 1n the mother and may bly rule out a dental
A thatassaema, therefore 2 mutant e-gene and an « thalassaernia gene
appear to have been transmuticd together by the same parent Since oth-
¢r reports of Hb Gn Philadelphia quote high amounts 1n heterozygotes
13] the duplication theory must imply further that the 2 e-cham loc are
closely linked, so as to make crossover an unusual event Were such 2
crossover to occur, we would predict that 1t should result in mdividuals
having about 20° s of Hb Ga Philadelphia, whose red cells would not
show the abnormalities found in our family There are no reasons, on
structural grounds why Hb Ga Philadelphia should stself have any path-
ological effects, since the site of 1ts ammno acid substitution, «68 (E17)
15 at an extemal, non funcuonal position on the haemoelobin molecule
m)

Tt would be of nterest to re-examine other families with Hb Ga Phil-
adelphia and Hb Ga Chinese for the presence of red cell abnormalities
It would be additionally valuable 1f the opportumity should present it
self, 10 Took for hacmoglobin Bart's 1n the cord blood of any newbom
heterozygotes in such families

Aclnmledgment We are grateful 1o Dr A C. McREVNOLDS for permussion to
nvestigate this family to whose willing co-operation we are indebted
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Zytokinetische Untersuchung einer aleuhdmischen akuten

myeloischen Leuhamie
U ARBENZ
he Abteslung des Is (Chefarzt PD Dr G heiser) Zug

Absrract Cytohneties of an aleukem:e acute mycloid feuk Aoy Wordr
aemia are studied by means of the flash labeling method with  Autoradiography
W thynudine la with normal 1 Cell
generanon time, phases of the cell cycle and the survival of  Cytolunetiss
the blasts n the penipheral blood are prolonged The relative  Leukaemic cells
production of cells however, is not altered From the blasts
produced 1n the bone marrow only 1,, da entet the pertpheral blood. This ex
plains very well the ateukaemic course of the disease The results of the blood and
the bone marrow obtained by the Nash labeling method are compared with 3 ma
thematieal models, Only the model assuming that all probferating cells enter the
GO phase of the cell cycle after mitosis and that the so-called end cells and GO
cells are released in the penpheral blood 11 companible with the results abtamed
by Ihe 4n sno Nash labeling method

Sait dic Leuhamie 1845 von RUDOLF ViRcrow erstmals als eigen-
standige hrankheit erkannt wurde, kennzeichnete man das Wesen dieser
hrankhert als g Y
deren Diff zu funk I vollwert

g emer Zellp 7

Zellen gestdrt 1st Das
Ubcrhandnchmen der pathologischen Zellart drangte das Postulat etner
erhohten Produlnonsrate auf, welche threrseits durch emne verhurzte Ge-
neranon<zeit erklart wurde Diese 1n newern Lehrbuchern immer noch

sertretene Hypothese bildete auch die Grundlage Zu therapeutischen
Versuchen

Trst wahrend der letzten zwer Jahrzchnte wurde diese Annahme mit
7)ok hen Methoden ubery [4, 23] Obwoh! aufgrund der neue-
sten Lateratur noch ke in allen Tetlen abgerundetes Bild der Teukdm:
schen Zellvermehrung herausecarbertet werden kapn drangt sich doch
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immer mehr emn Konzept auf, das mit dem hlassischen 1n konflikt steht
Zytok hie Untersuchungen zeigten lich 1in der Mehrzahl der
Leuhamien 1 lewne verhurzte, sondem cine normale oder verlangerie
Generationszeit der Blasten {2, 6, 8 15, 17, 23, 25], 2 emne normale
oder verminderte Produktionsrate 2, 6, 7, 16, 25], 3 eme denthche
Verlangerung der Aufenthaltszert der Blasten 1m Blut {3, 6, 7, 17] Zu
dem schemnt auch das feuk he Knoche K neben prolifer d
Blasten eme Population sich meht teilender Zellen avfzumessen |2, 8,
16, 17} Im Untersclued 2u diesen haum mehr zu bezwesfelnden Fest-
stellungen lassen sich noch kewne sichern Aussagen machen u a uber
die Beewnflussung der normalen Hamatog , dic G ghoiten
des Austritts aus dem Mark und das Zustandehommen aleuhamischer
Verlaufsformen

In der vorhegenden Arbent wurden die zytohnctischen Paramcter des
Knochenmarkes und des Blutes ber emer aleukamischen myclowschen
Leuhamie durch 11 y00 Markserung mit 3H Thymidin bestmmt Zudem
wurde zum ersten Mal anhand mathematischer Modelle dic Produbtion
der Blasten 1m Knochenmark mit dem Erschewnen im Blut Lorreliert um
50 neuc Aussagen uber Produktions und Austnittsmuster zu gewinnen

Methode

1 Inyektion von 3H Thymudin und Pi der diographi Zus
Marhierung wurde *H Thymudin (01 me/kg horpergewicht, spes. Alem 20 me/
mM) verwendet Nach etnmaliger Thymidimnyehtion folgten unter Lachgasnarhose
Sternalpunhtionen nach 1 2 3 5 7 10 15 20 24 28, 36 42 49h hap larblut
entnahmen nach 1 2 3 4 § 6 7 10 12 15 IR 20 24 28 36 42,49 52 63
72h Die angefertigten Ausstriche wurden luftgetrocknet und mit Methylalkohol
1Smin fiviert Nach Uberschichtung mu hodak NTB 2 Filmemulsion und 60tag
gor Expostion bes ¢ °C wurden dse Praparate entwichelt und mut Giemsa Losung
pH 60 gefarbt

2 Aas ahfung Von jedem Anochenmarkausstnich wurden 2000 Blasten und
rundestens S0 Mitosen gezahit und deren hornerzahl und Markierungandex (*s
marbierte Zellen pro Zetlilassej besummt In den Biwtausstrichen erfolgie die Aus
wertung an Hand von jc 3000 Zelien D e Background Besmmung Gber 1000
nicht markierten Zellen ergab eine durchschmtthche hornerzahi von 1,5 pro Zelie
In Aswendung der Methode son CLARKSON [6]) wurden Zellen mmt 8 und mchre
kornern als marksert gewertet Enthiel anderseits eine Zelie mehr sls 100 horner
s0 wurden led ghich 100 gezahlt Entsprechend dem Vorschlag von hatistass §17)
und GAvosTo 112) wurde sersucht & ¢ Blasten nach Groste und Atyme m hlassen
esnzutelen Dies ergab jedoch wegen der ausgepragten Polymorphie der 2. T un
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vollkommenen Farbung und der unterschiedlichen Ausstrichdicke keme aussape
krafugen Resuliate

3 Besumnwng der Phasen des Teilt Llus und der Al
Phasen des Talungszybiue werden \ln(cnchmdcn Aitose (M), postmitotische Ru
hephase (G1) DNA {G2) ZeNen, wed

), p
che sich aktuell mecht in einem Tcnlungsz}\lm befinden jedoch erneut in enen
solchen eintreten konnen werden als GO-Zellen bezerchnet
Die Methode zur der cinzelnen Phasen stellt die In
er Mask, L der Maosen dat, wie ste entmals von
BoD et af {51 beschineben wurde Da zum Zestpundt (1) der FH Thymidinenyek
twn ausschlicsshich die Zellen der S-Phase markiert werden, enlspricht das Zewn
tervall bis zum Erschemen markierter Mitosen G2 die Daucr des ersten Plageavs
($0° s Anstieg tis 50° ¢ Abfall) der S-Phase und das Intervall zwischen dem ersien
umd dem rween Plateau der Generationszen (1) (siche Abb 1) Zusatzlich wurde
di¢ Generationszeit mittels der Halbwerszest der muteren Rrnerzahl aller sowic
der Halbwertzait der 50% o hichstmarkierten Intesphaseblasten bestimm? Diese Me-
thode wurde eingehend von CLARKSON diskutiert [6] Sie ergitt obere Geenzuerte
e Mutorezet wurde anhand der Formel besimmt Mitosezet S-Phase = Muose
mdet Markierungaindes (17]

Zaht dee Blasten 1m Blur In den 2 Tagen vor sowie watrend der Umersn
chung sank dic Zahl der Leukozsten und der Blasten m evponenticller Were ab
Im Hinblick auf den Verglech mit den mathematischen Modelien war &1 daher
angezaigt die Zahl der Blasten 10 Wenen pro mm? anzugeben Da jedoch micht
zu allen Zatpuniien ene Leulozytenzahlung vorlag wurde o diesen Fallen dic
Zahi der Blasten durch Molnplikation des refanven mit dem madtels
der Regy den der Lenkozyten Wert gewonnen

5 Aufenthaltszen der Blasten im Blut Da der Austntt der Blasten sus dem

B e .

erten Teiung im Knochenmarh. vorhommt und somut der Storetlekt durch spater
ms Blut cintrerende Zellen mimmal wt Der Greazwent fur hochmarkierte Blasten
wurde auf €5 Rorner feagelegt, da ber hoherem Wert die Zelillasse zv Liewn e
wesen aare om avvsagebraftige Resultate zu hiefern

Rasusstih

Der 23jahnige Patient Im seit dom Semmkr 1966
September 1947w n unter emer Anamie {m

Hepatoaple . . . ) b nd cne
1% 1 [ . “ .. L":' Ec
twhen 2 . o aty

atmark
r)lhmrccse vad Megakanozyton
3¢ feme Zetien mat schmalem
L 28 ¢ grosse Zelten mt Fromyelo-

w3t achs 7o ien NG eottielt ber verdrangter l‘
reee £ 0 Paralevhoblasten \on & oven waren
Zytop und dichter Chy
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zytordem Aspekt und azurophilen Granula und 25 ¢ mono2ytorde Zellen mat bres
tem Zytopl und h 1 oder f Nernen
deren Chromatinstruhtur fein granuliert oder retikular war Die Befunde entspra
chen dem, was von eimigen Hamatologen als aleuhdmusihe myelossche Leukdme
mit monozytarem Ewnschlan {9, 22}, von andern als Monozytenleukime Typ Nace
geh [27] bezeichnet wird Der Patient wurde mit Bluttransfusionen, Vincnstin und
Corticosterorden behandelt Die 2zytostatische Therapie blieb jedoch erfolglos \in
cnstin wurde am 24111967, die Stermde am 29111967 abpeseizt Am
3011 1967 wurde zum letzten Mal Blut transfundiert Am 2 121967 erfolgte emne
cinmalige ntrnvenose 3H Thymudin Injektion (01 me/he  spez. Altmatat 20me/
mM) Da die tiologische Halbwertszeit son Vincnstin sehr hurz st §10] war zu
diesem Zenpunkt keine zytostatische Wirkung mehr zu erwarten Trotz des Abfalls
der Blastenzahl im Blut war das Knochenmark nach wie vor sehr zellreich und
enthielt zu 90%s Paralcukoblasten Monozytorde Formen waren nur noch veremzelt
vorhanden Am 8121967 ham der Patient zufolee profuser hamorrhagischer Dia
these ad eunm Die Sektion bestitigte die Diagnose ewner unrefzellicen Leud
amie

Resultate

1. Der Markierungsindex der Interpt Blasten 1m Knochenmark
(markierte Blasten pro 100) 1st in Abildung 7 wiedergegeben

2 Mittlere Kornerzahl der Interphase-Blasten Dic muttlere Korner-
zahl aller sowie diejenige der 5000 hochstmarhierten Blasten mmmt
m exponentieller Weise ab Die aus den Regressionsgeraden ber semilog-
anthmischer Darstellung berechneten Halbwertszesten betragen 56 re-
spehtne 51 h

3 Der Marhierungsindex und die muttlere Kornerzahl der Mutosen
sind in Abbildung 1 aufgezeichnet

4 Mitoseindex Auf 1000 Blasten entfallen 7,3 Aitosen Daber wur-
den zur Auswertung nur Ausstriche beruchsichtigt, ber denen die Konta
mmnation des Markausstriches durch Blut gening war

$ Zahl der Blasten 1m Blut Wie Abbildung 2 zeigt, 1st emn exponen
uciler Abfall der Blastenzahl mit emer Halbwertszeit von 26 h zu ver-
zewchnen

6 Duc Zahl der markierten Blasten im Blut und der Markerungsin
dex sind in Abbildung 3 zusammengefasst

7 Die Zahl der hochmarkierten Blasten (nut uber 55 Kornern) m
Blut fallt nach der 10 Stunde ab (Abb 4) Die von diesem Zeitpunkt an
berechnete Halbwertszeit 1st jedoch zu hoch da wahrend der ersten Ge-
ner: szeit noch hochmarkierte Zellen im Knochenmark sind welche
ms Blut ubertreten honnen Nach der 40 Stunde dagegen 1st der Anteil
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Zet nach 3H -Thymdn-Infektion

Abb 1 Markicrunguindex (@) und muitlere R8merzahl (0) der Mitosen 1m

Koochenmark als Funktion der Zet nach *H Thymudin Injcktion. Phasen des Te
Tungszyklus.

dieser Zellklasse wemger als 1,5%, womit der genannte Storefiekt ver-
nachlassigbar klem wird Die sich nun ergebende Halbwertszeit von 11 h

1st daher zutretfender und wurde it den folgenden Berechnungen ver-
wendet

Diskussion

1 Generationszent

Aus der K tisst sich ewe G OR un-
gefahr 40 k (40£6,5) ermtteln

2) Die Matkierungsindexkune der Mutosen weist, da sie zwischen der
36 und 49 Stunde e zweites Mal anstegt, aut eme Generationszert
hun die rwischen 34,5 und 46,5 h hegen muss
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ZeRt nach JH-Thymidin-Injekton

Abb 2 Zahl der Blasten im Blut unmittelbar vor und wahrend der Untersu
chung

b) Die Halbwertszeit der muttleren Kornerzahl aller und die der 50%
hochstmarkierten Blasten betragt 56 bzw 51 h Die Zahlen sind als obe-
re Grenzwerte zu betrachten und stimmen daher gut mit der ersten Me-
thode uberein

Im Vergleich dazu betragt die Generationszeit normaler Granulozy-
tenvorlaufer nur 24 h [26] In den ubngen bis anhin untersuchten ahu-
ten myeloischen Leuhamien wurden Werte von 40 bis 84 h [6, 16, 25),
1n zwer Ausnahmefallen von 15 bis 30 h [21] beabachtet

2 Phasen des Generationszyhlus

a) Pramitotische Ruhephase G2 Entsprechend der Markierungsin-
dexhurve der Mitosen (Abb 1) betragt die muttlere Daver von G2 2,5h
Dieser Wert simmt mit dem anderer Autoren uberein, welche ber ahuter
myelosscher Leuhamse ¢a 3 h [6, 17], ber normaler Granulopoese ¢z 2 h
[26] fanden

b) DNS-Synthesephase Mit der oben erwahnten Methode erhalt man
fur die S-Phase einen Wert von 23 h Im Vergleich zur normalen Gra-
nulopoese (14 h) [26] 1st eine dentliche Verlangerung dieser Phasc fcsl
zustellen Andere Autoren fanden ber myelaischer und lympl
Leukamee teils ahnliche (20-21,8h) {6, 15, 17}, teils hurzere Werte
(4,720 h) [19,21)
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Zahl markeerter Blasten pro mm?3 (o),

Marklerungsindex In % (o)
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Zeit nach 3H.Thymd n - Inektion

Abb 3 Zah! markierter Blasten im Blut und deren Markhicrungundex als
Funkuon der Zewt nach *H Thymidin Impektion

c} Mitose Anhand der Formel M/S = Mutoseindex/Markierungsindex
bercchnet sich eine Mitosezeit von 1,03h  Beobachtungen ber akuter
myeloischer Leykame ergaben Werte zwischen 1,1 und 1,31 [6, 23]
Demgegenber wird fur die normale Granulopoese 0,6 h angegeben
f26]

d) Postmutousche Ruhephase Gl Aus dem Vorangehenden ergibt
sich eine G1-Phase von ca. 14 h (normale Granulopoese ca 8 h) [26]

3 Anteld der prolif d

und der rucht prolifenierenden Zellen

Die Tatsache, dass der Matkierungsindex im Knochenmark nach Ab-
lauf einer Generationszeit hoher 15t als initial, weist bereits darauf hun,
dass sich das M:\xk aus emer sich teilenden und emer sich nicht terden-
den Z Der relatne Gro der sich
tcxlenden Z:thssc kann muttels der Forme! N/N, = t/S besummt




g

ARBENZ

-1

o

.

2
n

2ahl hachmarkierter Blasten pro mm?

L
b

[HITTN IS L L 1 L L 1
1?3567 0 % 28 3 42 48 &2
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Abb 4 Zah! hochmarkerter Blasten (mut Gber 55 Komern) m Blut. Hil>
wertszet der hochmarkserten Blasten,

werden (N = Zahl der prolifenerenden Blasten, N, = Zshl der Blasien
in der S-Phase, t, = Generanonszew; S = DNS-Synthesezent) Er betrigt
30+ 16,5%/23 = 29,

& Zellproduktion im Knochenmark

16,5% der Blasten sind wutial marksert, d h. sie befindea sich xn»dfr
S-Phase. Diz muttlere Daver von $ betrdgt 23 b Es verlassen akso stiod-
Lich 16,5%4/23 = 0,72% Zellen dicse Phase Ebensa vigle Blasten tre'en
1 dic Mitose em Diese Produktionsrate son 0.72 Zellen beacht 15
auf 100 sich terlende und sich mcht teilends Blasten. Die Produktionss
te pro 100 prolifenerende Blasten betrigt %/, = 2,5

Da 1 nomalen Knocheamark 0,7 Zelfen pro 100 Zeliea der mye-
foschen Reihe und 2.4 pro 100 prolfenerende Zellea pebildet werd~s,
15t 1m vorbegenden Fall heme Abweichung von der Nom 20 3
nen In der Literatur werden fCr die leuldrmusche Probferation
reschen 0,17 tmd 0,59, 1 rwer Ansnahmef3llen zwischen 073t
pro 100 prolfenereads und mcht prolfenereade Blasea 228
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Aus der Granulozytemzahl pro mm? und der muttleren Aufentbalis-
2e1t 1m Biot warde hast, dass im fen Knoch % s'Tadhch
5 10* Mitosen stattfinden [17] Unter Beriicks-chugunz emer Produk-
tionsrate von 0,7¢ kann der Zellgehalt des normalen Markes anf e
7 10" geschitzt werden. Im vorLegenden Fall st das Mard sebr z2Il-
reich und enthalt zu 90°¢ Blasten Trotz des etwas grosseren durch-
schttlichen Zellvolmmens betrigt die Gesamtzahl der Blasten daher
ca 10 Ber der oben ermittelten Produktionmsrate von 0,72%s ergibt
sich cne Zellproduknon von 7,2 109 Blasten pro Stunda

S Aufenthaltszeit der Blasten tm Blut
Dic Halbwertszeit hochmarkaerter Blasten 1m Blot (t+,) betefiot 11 bis
15 h {mattere Anfenthalizeit.y fin 2 = 16 tis 22 h. Verglichen rmt der
normalen Granulopoese (ts, = 68 h), st i Cbereinstmmupg mit an-
dem Autoren (23 bis 25 h) [6, 16] eme deutliche Verlingerung der Au-
1m Blut zu beob:

6 Ausmass des Ubertntts von Blasten aus dem Mark ins Blat

Dic Zahl der Blasten f3llt wihrend der Untersuchung exponeatell ab
(Abb 2) Die Konzentration (C) der Blasten um Blut kann mut folgeader
Gleichung beschneben werden

Cor=Ca e T¢
C, (Konzemiration zum Zestpunkt t,) = 480 Blasten pro mam?,
7 =In2ty, = 0026
Der Austntt (E) der Blasten avs dem Blet geschueht zufallip vnd st

proportional der Konzeawration Ew = ¢ C+ Entsprechend der Halb-
wertszert hochmarkerter Blasten betrigt

£=12215,=0€9) 11 =0 063

Der Exntnnt (T} tns Blut ward wie folgt berechnet Die honzentra.
tionsinderung (dC) wahrend des Zewuntenvalls (d) wt glech der Duffe-
fenz Influx - Efflux,

¢Cnln dtvi C €
Durch Substitution kann der Influx bestmmt werden

Im»Ce u=p e
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Zu Beginn der Untersuchung betragt nach dieser Berechnung der stund
Liche In{fux 18 Blasten pro mm' Unter Annabme emes Blutvol
vont 5 I ergibt sich e Gesamtemtntt von 9 107 Blasten pro Stunde
Da die Zellproduktion 1m Knochenmark (7,2 10° Blasten/h) 80mal
grosser 1t als die Zah! der Blasten, welche ins Blut emntreten (9 107),
muss angenommen werden, dass et bedeutender Anterl der 1m Kno-
chenmark produzierten Zellen mcht ins Blut gelangt Die Beobachtung
dass i den Markausstnuchen gehauft pyknotische Zellen sichtbar waren,
weist darauf hin, dass diese i siu zugrunde gehen

7 Modelivorstellungen

Im folgenden Absch wird v ht, die G k der
Z:llpmdukuon und des Zellausintts aus dem Knochenmark anhand emu-
ger Modellvorsteliungen zu analysieren

a) Normale Granulopocse (Abb 5, Mode]l N) Aus emer morpho-
logisch  mcht deutig abgr 1] lat (S) treten
die Zellen 1 em Differenzierungs- und Tmlnngscompartemem (Comp 1)
uber (Myeloblasten, Promyelozyten, Myelozyten) Nach Erreichen der
Stufe der M lozyten difl en sich die Zellen ohne wertere
Mitosen aus (Comp ) Der Austnit aus dem Mark erfolgt erst
am Ende des Reifungsprozesses Da Metamyelozyten, stab und seg
mentkermge Granulozyten kem H-Thymudin mnkorporieren, smd 1m
Blut die ersten markierten Zellen erst 96-144 h nach der Injektion
nachweusbar [16] Dieses anschaulich als «Pipeline System» bezerchnete
Produkttonsmuster kann die Verhaltnisse der akuten myelorschen Leuk
amte nicht erklaren, da luer bereits mhal oder m den ersten Stunden
markierte Blasten erschemen [17]

b) Leut he Zellprol n Modell 1 Austntt nach remer
Zufalligkeit der sich mcht telenden Zellen (Abb 5, Modell 1) Fur die
akute myelosche Leukamie schlug KILLMANN folgendes Modelt vor [17)
Analog zur normalen Granulopaese enthalt das Knochenmark eme Po
pulation sich teilender und eme sich nicht teender Blasten Der Uber
trtt s Blut wied ebenfalls fast ausschliesshich von sich micht terfenden
Zellen vollzogen Dies wird angenommen, weul bet allen Leukamuen der
1nthiale Markierungsindex 1m Blut nuederer 15t als im Knochenmark Im
Uaterschied zur normalen Hamatopoese erfolgt der Zellaustntt aus dem
Comp 11 jedoch nach remer Zufalligkeit

Die b he F dreser Mod, i fibrt 1m vorhe
genden Fall zu folgenden Glachungen
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(o)

KNOCHENMARK || BLUT

Abb § Schema der Zellproduktion und des Zellaustnits der normalen Grazu-
lopoese (N) und der Modelle 1 und 2.

@) Markierungsindex (MI) 1m Comp 1t

Bis zor 3 Stunde enthilt das Comp 11 kewne markierten Blasten, Diese durch-
laufen G2 und M des Comp 1

Von der 3 bis zur 26, Stunde treten stlndlich 0,727 = 1.01%y markierte Zel-
len ins Comp I1 {71%, aller Blasten) Der Austntt aus diesem Pool 1st propor-

tional der Konzentration Die Anderung des Markicrungsindex (dMI) betrigt
daher

dMp o~ 00101 dt-00101 ML, *dt.
Diese inhomogene Differentialgleichung wird pach LicRaNGE geldst.
Ml = 1-cd 6ini01y),

Voa der 26. bis zur 42 Stunde treten keine markierten Blasten hunru. der MI
fills exponentiell ab

Mim=Miy edtsiora

Damach gelten bus zur 65 Stunde wiederum die Bediogungen der ersten, 1n der
Folge bis xur 84 Stunde dizenigen der zwerten Gleichung

Nachdem der Anstieg des M1 um Comp 11 durch diese Glechungen festgelegt
ist, tann die 70 erwartende Zahl markierter Dlasten 1m Blut berechnet werden.
£) Der Influx aller Blasten ins Blut betrigt

Ty =Celt~ -7t
7) Der tnflux markierter Blasten (1) ist daher
Pu=Mly Cde=pe-7t
Der Austnitt aus dem Blot exfolst zufallig und ist somit proportional der Zaht

markierter Dlasten im Blut. Daraus erpitt sich fir die Konzeotrationsinderung
markierter Blasten (dC)
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dC*=Co Ml {e—yde-Tt dt~2Coy d

Duese Glechung wurde mit dem Digitalcomputer gtlosl \wbel sich das Mumic
stem (1] als cinfachste, auch fur cinen Med zu bewal Comp P
che erwics.

Modell 2 Austntt nach remer Zufallighert aller Blasten (Abb 5, Mo-
dell 2) Dem zwerten Modell wird die Vorstellung zugrunde gelegt, dass
sowoh! die Zellen des Comp 1, als auch dic des Comp 11 zufallig aus-
treten, die Zellproduhtion im ubngen aber dem Modell 1 entspricht
Analog zum Modell 1 lasst sich das Produktionsmuster durch e Gle-
chungssystem beschreiben und mit dem Computer fosen

Modell 3 Emn weitercs Modell wird ausgehend von folgenden Beob-
achtungen honzipient

a) GAvosTo [12] unterteilte dic Zellen des hnochenmarks ber akuter
mjyeloischer Leukamie hend shrem Zelldurct mn 3 Gros-
senklassen Daber betrug der imuale MI der grossen Zellen 50%, der
muttleren 5% und der klemen 0% Nach einer Generationszest sank der
MI der grossen Blasten auf ca 10% ab Dies weist darauf tun, dass un-
markierte Blasten zu dieser Zcllklasse hinzutreten (Transformation von
mttleren oder KMemen 10 grosse Blasten) Gavosto folgert daraus mat
Recht, dass diese prossen Blasten nicht Stammzellen sein konnen Die
Frage bleibt offen, ob es sich ber den transformierten Zellen um
Smmm- G1- oder GO Zellen handelt Der Abfall des MI 1n dieser Un-

gssenc 15t so ausgepragt, dass er schwerlich durch das Hinzu-
treten von G1-Zellen bet rascher Asynchmmsauon erhldrt werden hann
Bedenkt man anderseits, dass im Proliferattonscompartement aus esmer
S fle durch n sul se Teillungen 2t Zellen hen, st das
Ausmass des moglichen § Tinachschubes offensichtich zu klewn,
um den raschen Abfall der imuial stark markierten Zellpopulation zu er-
Waren Ewn Ubertmtt aus emnem GO-Pool 1st demgegenuber viel wahr-
scheinlicher

£) Dic Kunve des Markierungsindex der Mitosen zaigt bet allen bis-
her untersuchten Leuhamien wohl emn erstes, meist aber ketn zweates
Llar abgrenzbares Plateau Dieses Verhalten Lann cbenfalls durch das
Lintreten von il sich micht teilenden und somit micht marlaerten
Zellen 1n den Teitungszyhlus erblart werden Aufgtund dieser Beobach-
tungen sowie der Erfahrungen mit andemn Zelisystemen {11] muss ange-
nommen werden, dass mcht prolifierende Zellen auf entsprechende St
muls hin erncut 1n den Tetlungszyklus eintreten konnen
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Abb 6 Schema der und des Modell 3

A

Im Modell 3 (Abb 6) werden wiederum sich 1eilende (Comp T) und
sich micht terlende Zellen (11a, ITb) hieden. Analog zur
G ht: die Zellen sul Telungszyklen, um so
EaT] tndz:llcn heranzureifen Nach jeder Mitose jedoch treten dic Zellen
n eine Ruhephase GO (Comp 11a) e und verweilen dort, bis sie auf
hende Stmult hin wied: den nachsten Terlungszyklus begin-
nen Dnc Transformation von GO-Zellen 1n G1-Zellen 15t ein Zufallspro-
zess Zellen berder Untergruppen des Comp 11 treten zufallig s Blut
Uber
Dic Grosse des Comp Ha wird im Modell so gewahlt, dass sein Mar-
herungnindex nach 49 tg Stunden auf $8% ansteigt Damut errercht der
MI der Mitosen, welche sich aus diesem Comp rekrutieren, nach 49 h
wicderum dicsen Wert, wie ¢s in der Untersuchung der Fall ist. Aus
dem Konzept ergibt sich, dass durchschnntlich pro Zelltetlung eme GO-
und eme Endzelle entstcht Der Verlust von GO-Zelten durch Ubertntt

ns Blut beeinflusst dieses Verhiltms nur wemg und wird daher vemach-
Hsagt.

D e mathematische Formulieruing des Modells fuhrt zu folgenden Gleichungen.
Der MI der berden Comp 1a und Itb wird durch den Zufluss markierter Blasten
aus dem Comp 1 und dem jeweiligen Austntt avs den Compartementen besimmt.
Die Zellproduktion betrdgt 0728 oh, der relative Zelldurchfiuss durch Comp fla
0217 = 0042, durch das Comp 11b 07264 == 00113
ay dr Ml im Comp 112 ummt folgende Werte an
t 0-3h Miwp
TO3Wh AMI-DDR2 A-DDIX AN &,
Mimi gt viin
26290 EMI=-0082 MI &
Mie\ly ¢doin
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t 29-52h, dMI=0042 (1c® o't dt~0042 MI dt,
1 52-55h, dMI=0042 Mlze c0°00-30d1-0042 MI dt
t 55-18h, dAMI=0,042 Mly:6dt—0,042 MI dt

b) Der MIim Comp 11b kann auf folgende Weise defimiert werden
t 0-3h, Mi=0,
t 3-26h, MI=l-co0uat-h,
t 26-29h, MI=Mlzg 00113020,
t 29 52h, dMI=00113 (1-e=0 043-20)) dt~00113 MI dt,
£ 52-55h  dMI=00113 Mi*in e 040033 41-00113 M1 &,
t 55-78h, dMI=00113 MI*¢ »e;dt—~00113 MI dt
(MI*=MI des Comp Ifa)

Da so der MI 1n den beiden Untergruppen des Comp II festgelegt 1st kann in
gleicher Weise wie beim Modell 1 das Erscheinen markierter Blasten im Blut be
rechnet werden

Anmerkung Alle Modelle basieren auf der Annahme dass die Zah! der Blasten
1m Knochenmark konstant und der Zelitod 1m Mark ein Zufallsprozess 1st Die Ver

des al h ganges bewirkt 1n den Modellen einen
zu l Anstieg der Markier ve Der Vergleich der Modelle mit
dem Expeniment zeigt sedoch, dass deeser Fehler nicht sehr bedeutend sein kann

Die extramedullare Granulopoese wird in den Modellen nicht gesondert be
ricksichtigt. Ein grober Fehler 1st dadurch nicht zu erwarten da erstens nur ene
geninge Hepatosplenomegalie besteht und zweitens die leukamischen Blasten in Le
ber und Milz haum prinzipiell andern Gesetzen gehorchen

8 Vergleich der Modelle it dem Experiment
a) Markierungsindex 1m Knoct k

In Abbildung 7 wird der Markierungsindex der Blasten des Knochen-
markes, wie er sich aus den Modellen 1, 2 und 3 ergibt, den expenimen-
tell gefundenen Werten gegenubergestellt Samtliche Modelle zeigen ei-
nen etwas starkeren Anstieg Dies mag dadurch bedingt sen, dass die

U 1 hode digjerigen Zellen micht erfasst, die nach emer
Teilung unter den Markierungsgrenzwert fallen, und somit zu niedere ex-
penmentelle Werte liefert

Obwohl Modell 3 mit dem Expenment am besten ubereinstimmt,
Lann es aufgrund dieses Kurvenvergleichs noch mcht bevorzugt werden
Im Verhaltnis zu den methodischen Fehlern hen die Modelle zu ge-

ning vonemander ab

b) Markierte Blasten 1m Blut
In Abbildung 8 wird die Anzahl der matkierten Blasten m Blut, die

sich aus den Modellen ergibt, mut den expenmentellen Resultaten vergh-
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einfachen und dem des doppelten Chromosomensatzes licgt. Die Zahl
der Zellen, die im Blut die wettere DNS-Synthese emstellen, kann je-
dochinthren V hen auf hoch 500/e geschiitzt werden

Dic beste L mt den beobachi Werten bringen die
Modelle 3 und 3a. Modell 3a 1st emne Moduftkation von Modell 3, ber
der angenommen wird, dass 5% statt nur 3¢ der 1m Blut erschemen-

den Blasten aus dem Comp 1 Dies
da nur so der Anstieg wahrend den ersten 3 Stunden exldarl werden
kann Entsp d den henden Ausfuh musste fur diese

Zellgruppe emn partieller Verlust (<50%) der DNS Synthesefahigkest
nach Lmtntt ins Blut postuliert werden

Modell 3 gewannt um so mehr an Wahrschemhchhert, als es 1 die
Zahl markierter Blasten 1m Blut, 2 den Markierungsindex des Knochen-
markes am bt, 3 ene Erk gibt fur dcn
auch von andern Autoren f llten Verlauf der Marl dex-
kunve der Mitosen und 4 den raschen Abfall des MI der grossen, mtial

) Blasten un Knoch k erhlart {12]

Schlussfolgerungen

Die ntokinenschen Befunde sprechen 1m vorliegenden Fall fur fol-
gende Knoch 1 Das Knoch k cnthalt prolfe-
nerende und nicht prolifencrende Zellen 2 Es bestchen Hinweise da-
filr, dass dic prolifenierenden Zellen nach jeder Mitose vorubergehend in
cine Ruhephase GO bbertreten und in dieser unterschiedlich lange ver-
wetlen, bis sie den nachsten Tedungszyklus beginnen 3 Die prozentuale
Zellproduktion 1t gleich gross wie dicjemage der normalen Granulozyten-
vorlaufer 3 Die Generationszeit sowie dic Phasen des Tetlungszyklus
sind verfingert. § Dic muttlere Aufenthaltszest der Blasten im Blut st
retlangert 6 Din bedeutender Anted der 1m Knochenmark gebildeten
Zellen tntt pucht ins Blut tber Dies ward afs Ursache der aleukamschen
Verlaufsform betrachtet 7 Der Ubertntt ins Blut kann necht nur von
Endzellen sondern auch von GO-Zellen vollzogen werden Vererzelt
treten wahnchembich auch prolifenerende Zellen ins Blut fiber

Im normalen Anochenmark 1st der Austntt der Zellen vom Differen-
zicrungsgrad abhingig und als shtve Diapedese zu verstchen {20] In
der fuer untersuchten Leukamie treten erstens micht alle produnerten
Blasten aus und tst zwertens der Austnit mcht anf Endzellen beschrink,
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s}

Zah! markerter Blasten 1m Biut

s — Modell 1
v/ — Modell 2
- ’ ~- Modell 3
s} ~— Modell 3a

= Expenment

10 20 30 40 50 60 70 80h
Zeit nach 3H-Thymudin = Jnjektion

Abb 8 Zah! der markierten Blasten 1m Blut (pro mm?) Vergleich der Modelle
mit dem Experiment

zu hohe Werte, 1im Expenment steigt die Zahl der markierten Blasten
erst nach der 4 Stunde rasch an Dies spricht gegen die 1m Modell ange-
nommene betrachthche Ausschwemmung aus dem Comp I Zudem
stmmt emn weiteres Postulat dieses Modells mit der Realitat nicht uber-
ein Wenn namhch auch prolifierende Zellen nach remer Zufalligheit aus
dem Knoch k wurden, so erwartungsgs der
mtiale MI ym Knochenmark und 1m Blut gleich gross sein Dies st je~
doch mcht der Fall Dieser Unterschied zwischen den MIs des Knochen
marks und des Blutes hann schwerlich durch die zusatzliche Annahme
erklart werden, dass die probficrenden Blasten nach Emintt s Blut die
DNS-Synthesefatughent verlieren Hare und Cooper [14] weisen zwar
auf solche Vorkommmsse hun  Ste haben 1m Blut ber akuten Leukamen
Zellen gefunden, die einersens kemn ¥H-Thymidin inkorponeren, ande-
rerseits aber emen DNS Gehalt aufweisen, der zwischen demjemgen des
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Dieses veranderte Verhalten kann als Differenzierungsdefekt der ler
amschen Blasten verstanden werden

Die Tatsache, dass ber der normalen Granulopoese das zweite P
teau der Markierungsindexkurve der Mt wiederum hernd ¢
100%e ansteigt [26), spricht dafur, dass hier eme allfalige GO Popu
tion wesenthich Klemer sein musste als ber den untersuchten Lenkama
Unter der Annahme, dass die Zellprodultion durch die Grosse der G
Population reguliert wird [18], kann die Vermehrung der GO-Zellen :
Ursache der Inhibition der normalen Granulopoese betrachtet werde
Dass die relative Grosse der G1- (oder GO-) Population bes Anderung d
Zellproduktion tatsachlich vamert, geht aus den Untersuchungen v
HANNA er al {13] hervor, welche bet der Ratte ber gcsmgcncr Et
thropoese emc  Verkurzung der Gener dere d
G1-Phase der Erythroblasten fanden

Zusammenfassung

Nach emnmaliger i vivo-H Thymidin Markierung wird die Zytokinetik ar
aleuk: hen akuten loischen Leukdmie b Verglichen mit der norm
Ien G 1t sind die G die i Phasen des Telungsz
kfus und diec Aufenthaltszeit der Blasten im Blut verlangert, wahrend die relati
Zellproduktion gleich gross st Von den sm Knochenmark produzierten Blast
it nur ca. Yy, ins Blut ber Dies wird als Ursache der aleukimuschen Verlaw
form betrachtet Ein Vergleich der Resultate des hnochenmarkes und des Blu
mit mathematischen Modelien fuhrt zu emem hypothetischen Produkuonsmode
bei dem die proliferierenden Blasten nach jeder Mitose eine GO-Phase dutchlaufi
und End und GO-Zellen 1ns Blut Ubertreten
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A Study of $1Cr-Labelled Platelets and the Chromosomal
Pattern in a Case of Primary Haemorrhagic
Thrombocy thaemia

A S Wik, O B PaursoN, C M SorenseN and J VISFELDT

Medical Dep B Neurological Der k¢ Serice,
Department of Clincal Chemistry Blspcb]ﬂg Hosprial
and Ch Laboratory, h Cop

Abwroet In a patent with pnmary haem  Aey Words

orthagi. thrombocythaemia the imtial disap-  Haemorrhagic thrombocythaemsa
pearance of compatible donor platelers from  hanotype

the penipheral tlood was markedly acreased  Platelet hfe span

compared (o that of the autologaus platelets

Foth autologous and heterologous platlets disclosed abnormally short hfe span
The mmal platelet disappearance fate may be used as a supplementary cxamina
uon for characterivation of platelet abnormalitics. 1n the penpheral blood an un
espected number of cells with structural chromosome aberrations wete found
These were supposedly induced by phan therapy 63years catlicr
Mo clone formation or Pht-chromosomes were found in the bone marrow

Prnmary haemorrhagic thrombocythaemia 1s @ rare mycloprolferatne
disorder charactenized by a defimte chimcal picture {9, 19, 21) This con-
sists of permanently clevated platelet counts, megakaryocytichyperplasia of
the bone marrow recurrent spontancous haemorrhages and often vascu-
lat thrombo<is and splenomegaly Frequent concurrent findings are a
shight acutrophilic leucocytosis with a shift to the Ieft’, won deficiency
anmaemz dunng the hacmonhag:c phases of the dxsc:xsc altemaung with
o shight enth , 2 phiha and ot basoph plate-
tet anisocytoss and lhc occurrence of agglutinated platelet masses
shde preparanons Aleo the myelocytic and erythrocytic elements in the
bone marrow may be hyperplastic Hepatomegaly 1s often scen The mu-
cous membrancs of the gastreintestinal tract, the upper respiratory tract
and the uninary tract are the mont common sites of bleeding. Bleedings
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due to shight trauma or spontancously mto the s¢ tissues are very com-
mon The spc us bleedings may be pr ded by small thrombosis
occunng mostly n the vens, expecially in the splemic vem, cventually
resulting 1n infarction or atrophy of the spleen

The purposc of the present study was to mvestigate platelet abnor-
malities using the 5!Cr labelling technique and further to examine blood
and bonc marrow for chromosome aberrations These investigations
were petformed duning a subtotal climical remsssion of the disease,
6 years after treatment with busulphan

Case History

The patient was a 75 year old woman, who presented herself tn 1949 with me
laena and a history of recurrent venous thromboses of the legs Hetween 1949 and
1960 she had 12 episodes of g 1 teed which on 2 re
quired blood diol 1 of the g
unal tract were done in this period, bul only once a definte prepyloric uleer was
demonstrated All the time she suffered from cutaneous and subcutancous haemor
rhages and since 1954 a moderate splenomegaly was obvious

Ever since 1949 iron deficiency anaemia alternating with slight erythrocytosis
was present White cell counts were between 14000 and 30000/#1 and dufferen
tial counts showed leftshifted ncutrophibia  Platelet counts between 12 and
82X10%ul were noted duning the years 1957-1960 Several bone marrow spect
mens showed moderate hyperplasia of red and white cell precursors and a greatly
increased number of megakaryocytes with nuclear hypersegmentation and eventu
ally pyknosis 1 factors, 1 ume and bleeding time (Dukr)
were found 10 be normal

Based on these chical and laboratory findings and the abscence of feukaemic
or myelofibrotic changes in the peripheral blood and the bone marrow the diagno
sis of primary haemorrhagie thrombocythaenua seemed secured Busulphan treat
ment was consequently started in October 1960 resulting in normalization of pla
telet, red and white cell levels within 7 weeks Dunng this treatment the previous
1y positive reactions for blood tn the stools became constantly negative the sc
bleedings decreased and the spleen h m size This was discon
tunued in January 1962

One year later a Billroth T resecion of the stomach was performed because of
the repeated finding of a prepylonic ulcer but although macroscopic gastromntes
unal bleedings did not occur, ntermultent ron deficiency anaemia was still pres
ent

In September 1968 she was readmutted to hospital because of colonie dyspep-
s1a Chncal revealed ly and sc d but tests for
blood in the stools were negative A moderate normocytic hypochromic anaemit
was present platelet counts were about 04> 104l and white cells were about
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30000 «l Shide preparations fevealed agglutinates of plalelets and moderately
teftstufted neutrophdia Bone martow examematons i Octaber gave no conclu.
sive diagnosis. Chromosome analysis was performed as described below, succeeded
by the platelet fabelling studies.

“The patient died suddenly tn March 1969, duc 1o pneumonia and heart failure
before planned repeated platelet studies could be cartied out.

Autopsy showed diffuse bronchopncumoma and pulmonary oedema  The
splecn was enlarged measening 20+ 15X 14 ¢m, werght 1,300 g uniformly red with
out focal changes The liver was moderately enfarged, without macroscopic signs.
of arhois or metastases. The Lidaeys were granulated with a few small white 1
Diteanons and a few larger cysty containng fuid resembling usine The bone mar.
sow was reddish and hyperplastie. All other findings  ere due to usual senescence

\Micvoscopy of the Iner and spleen showed widespread extramedulfary haema
topaiesis with many tmogakaryOcytes Sections of the luags showed stasis, oedema
and pacumonia and 0 many capitlarics megakaryocytes Sections of the hidncys
showed glomeruly with focal bypercellutanty, fibrinold necrows and in many arcas
dmruumn of blood vesels, infiltration with polymorphs and 10 many places me

tes Do signs of 1 the ratersitial tssue or of thrombotic
mlcm:mgmp:uhm The findings were consistent with focal embolic glomerulo.
rephnity Sectiony of bone marrow showed mauimal hyperplasta of the marrow ete
ments and presence of numerous megakanyocytes of varying size and polymorph
appearance The cytoplasm was weally counophih, containing very small granulae
elements There were very slim osseus trabeculae and no signs of bone marrow fi
brous (2 more detarled description of the pathological findings at the autopsy of
this patient has recently been publinhed elsewhere [11])
Special Im estigarions

The ranonale for undertaking special studics of the platelets of this particular
patient would be that only few detaits are known about platelet Life span in thes
rare dincase, and the feuults have been very contradictory {2, 7, 9, 13, 18] In ad
dition to thes the 1nstal uptake of platelets in the reticulo-endothelial aystem of a
Patient ke this has t our Snowledge not been investipated This uptabe, which
primantdy takes place m the spleen o reflected in the peripheral Mowd circulation
as the il sevovery phase which we preferred to mrasure (n ouf patient.

fmbaf recorery and menover of WO labelled platelets Platclets were Tabelied
with Crchromate tmung ABganamsens [ modificatron of an earliee method
Jimestigations were carned vut on the patient, one using her own platelets amd
ang using platelers from a normal dunor The interval between the 2 investigations
wav jmonth Tor companson platelers from a normal donor were given to a con
trol patient without haematelognal or sawular distase Jn all istances the immial
dwappearence of the platclets from the peripheral Mood an the platelet tutnover
were foltowad after the termmation of & very 1aped ¢v Ingection of fabellad plate-

letn All penpheral Bood samgles were taken throush a polyethylene catheter in
the femaral artery

At shewn by other imatigators the mavirum recosery of platelets oucurs ap-
Froumately one mnute after the termination of the plateles injecton [T Ia the
uudy ot the initial rvovery phate the blood counting fate 1mm afier the teems
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nation of the injection was chosen to indicate 100% radicactivity The comparabil.
ity of this imtial maximum value in the 3 investigations was checked by calculat
ing the dilution which had occurred at this time and only munor differencies were
found (2% difference between the 2 imitial values in the investigations 1n the pa
ttent} The blood volume was not measured
In the study of platelet turnover, the blood counting rate one day after the
injection was chosen to indicate 1007
All radioactive counting rates were corrected for bachground and red cell ra
dnoacuvuy, altogether about 10% of the maximum counting rate
studies  Chi on patients with primary
thrombocythaemia have only been reported in very few cases and sn most of
lhcsc no chromosome abnormalities have been found The aim of the present
study was to (a) tf clone formauons with a spectfic chro
mosomal pattern could be found in the bone marrow, (b} if any signs of develop
ment into leuhaemia could be found, (c) if treatment with busulphan had caused
chromosome abnormalities
The specimens of bone marrow were exanuned by a direct method without
culture of the cells The bload samples were treated in the customary way, with a
culture period of 48 h [16]

Results

Tial recovery of platelets from the blood The most marked finding
was the quicker and more complete disappearance of platelets from the
penipheral blood of the pauent as compared to the blood of the normal
control This uptake was more pronounced when the patient received
normal compatible donor platelets than when her own platelets were
gven (g 1) Our mtial disappearance values, i the normal person, of
approximately 50% after 15-20 mun correspond to the values obtained
by Astrr [3]

Platelet turnover As 1t appears from figure 2 the platelet turnover
curve 1n the control case had a charactenstic, lincar configuration indi-
cating that the platelets had a defimte Iife span, which might be calculat-
ed - 1n this casc about 8 days — corresponding to a breahdown of ap-
proxsmately 40,000 platelets/ul/day This 1s in accordance with previous
data n normal subjects (1, 7, 13, 18]

The turnover curve 1 the patient showed a bent, abnormal configur-
ation, and a more rapid turnover (fig 2) This was especially pro-
nounced when she recesved her own platelets This ponts fowards an ab-
normally fast, random removal of both normal and ‘thrombocythacmic’
platelets, the latter being most pronounced
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Fig 1 Imual tecovery of WCrlabelled platelets from the penpheral blood.
_ Donor platelets 1n pormal contrel ) Donor platelets in patent @ Palient
platefets in patient

Chromasome analvsts Thirteen cells from the bone marrow were an-
alysed These showed a nnrmal female kanyotype, and contaned no nu-
metical or by . particularly no cells with
Philadelphia chromosomes

From the penpheral bload, 50 cells were analysed No numeneal ab-
errations were found However, cells with charactenstie, structural chro-
maeome aberrations were found 5 cells (107 ) contamed dicentne chro-
moswmes and acentric fragments (fig 3) 2 cells contamned stable chro-
mosome aberrations with translocations

Descussion

Radiwacme plarelets studies In this case of pnmary haemorthage
thrombocythacMia 1t was our 1atention to imvestigate whether the «plcc‘n.
ot the reniculocndathehial syvstem seemed to retan platelets i an abnor-
mally hugh degree dunng the first mnutes after platelet ijection, as 1
has been shown in other diccases with splenomegaly [3] In additon, we
wanted fo know whether platelets from a normal donor were treated dif.
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Fig 2 Turnoser of $1Cr labelled platelets £ Donar platelets 1n normal con
tro} O Donor platelets in patient @ Tatient platelets in patient

ferently 1n the patient’s organism than her own platelets dunng the first
minutes If so, this could support theonies about a posable abnarmality
of the platelet surface [6, 14, 15] It scems as if thus decreased adhesive-
ness may be one of the very few measurable differences between this
rare thrombocytopaths, other platelet abrormalines and thrombocytoss
No speafic surface abnormalities could be detected by ultrastructural
studics, which only revealed changes n the internal organs of the plate-
lets common to ranous hnds of thrombocytopathies and  disturbed
thrombocytagencess [4, 12), the meaning of which 1s still unknown

The results demonstrate an increased wmtial disappearance from the
pernipheral blood of both donor and patient platelets compared to the
drsappearance tn a control persan (fie 1) However, there was a marked
difference in the imual disappearance rate of the 2 hands of platelets
from the penpheral blood (507 « of the donor platelets diappeared from
the penpheral airculation o approumately 4 muin and 40 sec, wiile the
same disappearance value uang patient plitelets was not reached unul
approumately 7 min and 20 sec)

Onc 1eason for this difference might be platefet sormmunaton due
to carlier blood and platclet transfusions This «cems rather unfikely o
woimmunisation wsilly causes 2 veny marked reduction of platelet e
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span [S], which we did not find Another explanation mght be that the
donor platelets had been damaged to a igher degree than the patient
platelets duning the labelling procedure This factor cannot be ignored,
but does not seem likely, because the proportion between the mtial and
the first day counting rates was the same 1n the 2 studies Different ad-
renahn levels 1n the patient’s blood durng the platelet injections might
also account for differences 1n the recovery of platelets in the penipheral
blood [3] However, the 2 studies were undertaken at the same time of
the day under preciscly similar conditions using hdocan 19/, without ad-
renalin for local anaesthesta before mtroducing the polyethylene catheter
m the femoral artery In our opinion, the differences between the tial
disappearance rates might pomt towards a subnormal platelet surface
adhesiveness of the ‘thrombocythremic’ platelets

It 15 proposed that the descnbed techmque using radioct la-
belled platelets to measure the disappearance rate from penpheral blood
airculation dunng the first 15-20 min after platelet injection, might be
used as a supplement to the ewisting i1 yvivo techmques for measunng
platelet adhesiveness 1n cases with suspected platelet surface abnormali-
ties

The platelet survival studies confirmed the findings of LANDER and
DavVEY [13] n one patient and of DAVEY [7] m 2 out of 6 patients with
thrombocythaemia exhibiting shortened platelet hfe span Other studies
did not show this [2, 18] In our patient, an abnormally short life span
of normal platelets was also demonstrated This finding seems to be a
rather unspecific phenomenon as 1t has been found 1n a great many pla-
telet and splemc diseases [1, 5, 17], 1n venous and artenial occlusine
states uraemia, hepatic cirrhosis and other diseases The observed dif-
ferences of survival time 1n the present study between patient and donor
platelets m the patient’s orgamsm do 1n fact reveal an abnormality of
her platelets

Chromosome studies Several authors have carried out chromosome
mvestigations on pattents with vanous disorders within the myeloproh
ferative syndrome, including also pauents with pnimarv thrombocythae-
ma In most cases, no abnormalities have been found, but specific clone
formations 1n the bone marrow have been reported in rare cases Thus,
mn an untreated patient with thrombocythaemia ROWLEY and BrAspril
[20] detected a clone formation with 48 chromosomes, amounting t©
11% of the analysed cells in the bone marrow However, 1t should be
mentioned that clone formations m p with myeloproliferative dis-
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cases generally amount to more than 50¢ e of the analysed cells 1 the
bone marrow [22] As stated above, no clonc formaton with abnormal
chromosome pattern was found in the bone marsow {rom our patient

GaLtos [8] and HettriGeL [10] snter aha reported cases mterpret
ed as pnmary bocythaemia 1n which Phaladelphia ch
were later on detected 10 bane marrow cells It 15 extremely difficult to
assess whether we are here dealing with cases of pnmary thrombo-
cythaerma developing nto chromc myclord feukaemsa ot with chrome
myclond leukaemia which imiually presented siens of pnmary thrombo-
cvthaemia Anyhow these problems clearly indicate the necessity of carry
ng out chromosome analyses on all patents with thrombocythaemia
Ukewise the close relationship between pnmary thrombocy thaemsa and
polycythacmta 13 shown by the not uncommon deselopment of poly
cythaerma following he treatment of an imually severely anaemic pauent.
Thewe cases €an also derelop into leukaemma probably acute lewhacsmia
1 which bone marrow cells may contan clones with abnormal chromo-
some pattern [22] As stated abme no Philadelphia chromosomes or
other chromosome abnormalities were found tn our patient which nught
atouse suspicion of leuhaemia

The types of structural chomosome aberrations found in the perphe-
i blood of aur gatient are well known First and foremost they have
been studied 1In with rad; but 1115 known thay
they may be induced by a number of cytostatic agents Ostenuibly our
patient had recened no hand of radiation treatment (particulatly not
#Py and quently the by [T Supp 10 be
wnduced by the s However this was termy
nated 6 years before the chromosome analyces were carned out and
therefore the number of aberranons fourd 15 remarkably hegh Tt s
dnown from cxpeniments with radiation induced chromosome aberra
uons that the qumber of cells with unstable aberravons declines rapidly
with ume after exposure and the telatnely high proportion of cells with
aberrations found tn our patient was not to be expected 6 years alter
treatment Howeter no certam sigmficance ¢an be asenbed to these fig
ures snce the number of investieated cells were rather low
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Abstract Glucose 6 phosphate dehydrogenase from « Aey Hords
pabient who had a hemolyuc episode during mnfection  Glucose &-phosphate
was purified and charactenized The enzyme differs by dehydrogenase
its properties (activity  electrophorettc mobility affimty  Frythrocyte metabolism
for glucose 6-phosphate  thermostability and pH opti Hemolytic anemta
mum) from the normal glucose 6-phosphate dehydro
genase type B and from the other hnown vartants

Over the last years, defects of human erythrocyte glucose 6-
phosphate dehydrogenase (G6PD) have attracted attention both from 2
clinteal and biochermical pownt of view ‘The propertics of 2 normal
phenotypes of GG6PD Gd(+)B, common n various populations and
Gd (+) A in Negroes have been described About 15 vanants of G6PD
different from A and B have been charactenzed in patients with congen-
stal nonspherocytic hemolytic discase most of them among Negro, Med-
tterrancan and Middle East populations [3, 10] In Poland, only sporad-
1c cases of G6PD defictency were reported and nonc of them was char-
acterized until now In tins communication the properties of one of the
vanants are presented

Materials and Methods

The patient 1s 5 boy 6 years old During 3 wechs after bith severe nesnatal
jwundice was evident but no faboratory and enzyme studies were performed Up
10 5 years no chnical manifestattons were observed Recently an acute hemolytic
crists occurred 1% a response 1o infectson of the upper respiratory tract Rt was a¢
companted by severe jaundice progressive hemoly e anemia and hemoglohunura
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The famdy of the paticnt Lives in the country near Wroclaw, 1n the western
art of Poland His parents are born i the south-eastern part of Poland (the dis
it of Tvov) They have 1o selatives among people of meduerranean orign

The activity of G6PD was determined spectrophotometnically {8] The enryme
was partially punfied by the method of Amxsiav {4] and charactenzed ay recom
emended by the W1I0 Standardization Committee [10]

The NADPH generaung capacity of the enythrocytes was studied 1n the mother
of the patient by the ascorbate cyanide test and by measuning the glutathrone re-
ductase activity in red cells after incubation with chromate {11}

Flectrophorests was carned out on starch gel ysing 75 mst ts citrate buffer
pH 83 for gel and 230 mst borate and 35 myNaOH buffer pH 83 for rescrvorrs
Staming  filter paper saturated with 3 muture contanmg 2mg of glucose-6-
phosphate (G&P) Smg of nisotine adenine dinucleotrde phosphate (NADP) Smg
of mirotetrazolium Blue O01mg of phenowne metasulphate and Olmm of
MgSO, 1n 10 ml of 50 mM triethanolamine HCL buffer pH 75 was overlayed on
the st ced gel

Tor optimum pH Jeicrminanon S0mdM veronal acetate tuffers ranging from
pH 5010 60 triethanolamine HCY from pH 70 to 9.5 and veronalcarbonate HCL
for higher pH values were used

Thermostability determination of G6PD was performed at 45 °C Phosphohex
oscivomerase activity was measured according to Bopaskt [9] phosphofructohinase
anid aldc lase gctivities by the modificd method of Bauws 1]

Resulss

The actinty of glucose-6-phosphate dehy d: was d 1n
hemolysate several umes dunng a 6-month penod after the hemolyte
eprnde 1 was © 3.0 4 [U/g Hb which s equat to 7-10% 4 of normal val-
ues A ding to the WHO fard; Ce this ype of de-
frerency should be indicated by the symbol Gd (-)

Tor funher charactenzation of the GAPD sanant the enzyme was
punficd and its properies were studied The results are summanzed 1n
figure 1 Ky value for G6P (ll(l #m) 1s higher than that observed in
normal enythronte gl £ f dihyd (5078 pem)
Ky for NADP (56 pm) docs not differ from normal values (17-
15 um) [V 1] The enzyme has 3 Jow electrophoretic motility, about
7505 of 2ot of ;ovma) Hre B The oM cure dllees sl Somr e
normal one but 15 not biphasuic as it has been obwened 1n most of the
known vanants The thermal stabidity of the enzyme s markedh dimm-
whed The GOPD loses all 15 actvity after 20 mun incubation at 3§ €
and MP « of the imitral actinity after 3 b standing at eoom temperatare

¢
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Fiy, I Charactenistics of G6PD of the pauent The shadowed area indicates
the normal range

Duscussion

It scems that 1n this case the decreased GOPD activity ts not due to
the dtminished rate of the synthesis of the normal enzyme According to
PINTO et @l [6] this vanant cannot be included in the group of the defi-
ciencies of the I type The vanant observed i our patient differs from
the normal type B by 1ts propertics and presumably by s structure The
difference n electrophoresis seems 10 be duc to the change in the amino
acid composition of the enzyme molecule The affinity for coenzyme 19
normal, but that for sut 1s shghtly d hed The enzyme 1s veny
unstible and 1ts low activity 1n crythrocytes may be attributed to s
thermolability

G6PD of the patent differs from all the previously descnbed var-
1ants The common deficient enzyme sanant Gd (=) Mediterrancan has
the clestrophoretic pattern identical to the type B ntreased affimty for
G6PD and biphasie pH curse The low clectrophoretic mobility accom
pamed by marked thermolabiity 15 charactenstic for white populations
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Table I The actinity of glycolytic enzymes in erythrecytes of the patient and its famuly

Ennyme Enzyme actimty

patient father mother e
Glucose-S-phosphate dehydeogenase 0304 36 370 300
Thosphoherostisomerase 1600 850 106 1000
Phosphofructoksnase 270 160 160 170
Aldolase 130 07s 093 IR

The actinity of G6PID 14 given a3 ymmoles of substrate man g Hb the actnaties of othet
enrymes as prooles mun/10'® erythrocytes

for varants Seatle, Loyola, Eyssen and Ramat-Gan [2, 3, 7, 10} How-
ever, m 1ppes Scatle and Ramat Gan the affsonty for she substsate 35
creased In other types no hanetic salyes were detenmined The Cauca-
suan pe has simiar Ky values for G6P and NADP as our vanant,
but it has higher electrophoretic mobihity [6)

According 1o the n fature of WHO G
the phenotyfe of the presented sanant of glucose-6-phosphate dehydro-
genase ean be called Gd (=) Wroctaw

The parents of the pauent show normal crythrocyte G6PD activity
The resulis of the ascorbate-cyamde test and glutathione seductase inhi-
fation 1ot performed on erythrocytes of the mother fall within the nor-
mal range Mo decrease of NADPH gencrating capaaty was found 1
ted b\md cells s \m».n xh:( n heterorypous GOID deficieney the
tack of glutath by ch 1s evident even of a
small pcrccmngc ot deficient cells are present [13) Among other rela
tives no cases of hemolytic episodes were seported

The actisities of some glycolytic enzymes (phosphohexoseisomerase,
phosphofructolinase and aldolase) were determined 10 enythrocvtes of
the patient hes pacents and sister The results are shown in table 1 The
dehaeney of GAPD 8 accnmpqmcd by the sncreased actnity of phos-

phohe: Minase and sldotase Sumlar changes
were found m unn(hcr caw of gl &-phosph dehydt defi~
ceney (]

Ackn wwledements We would 3¢ 10 express our tharls 10 Mr 1 Swgodascy
11 by techenal anutnce
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Observations on Cell Proliferation in Human Mjyelocytes

§ N WICKRAMASINGHE and B MOFFATT

Depanment of Haematology, St. Mary's Hospital Medicat S.heol
University ol London, Loodon

Abutract Myelopoiens has been studied wung quinuative  Key T ordy
eytochemical eytometrie and The

eathier speculation that normal small myelocytes were munly in Cytochemmstry
G, and carly § has been confimed. The of Fro-

myclocytey and myelocytes between the different stages of in Myeloporeuis
tcrphase was normal in # (halassaenua major and acquired side-

roblastic anatmi the dintutbance an ceil proliferanon in these dord*n beng
confined to erythroparesis. The Mean labelling Index of promyelocytes and myelo-
ytes In patients with a reactive neutrophil leucocytoss was 15%% huh« lhan the
mean for pormal marrow indicating a fi Increaseinp 2]
1abelling Indices above 508 ¢ were scen 1n megaloblasue h:emupomu due 1o wamun
11,y and folate deficiency and were farely encountered in other diseases.

The protiferating mycloporcte cells nclude the mycloblasts promye-
tocytes and myelocvtes and of these the mycelocytes are present in larpest
nutbers In previous kinthie studes of newtrophl granulocytoporess,
Cnmxm tl a 1] scpamcd myelocytes mto 2 senally-connected cell
cell eycles) on the basis of ther
mc After mcub:uon with Inuuled thymidime (*"H TdR) for 30 run, large
myclocytes had & labelling index of 37¢ ¢ and small myelocytes a lower fa-
belling ndex of 1% More recently, from an analysis of the rate of ap-
pearance of latelled metamyelocytes after a single jection of *H-TAR,
Cronit: and VinersT (2] have argued i favour of considenng the mye-
Tocytes as one cytological class 1n which most of the small myelocytes rep-
tesent G, (Poct mutouc rest phase) celle. Two cell diisions wege thought
10 occur in the myclocyte compartment 1n the normal ‘steady state” and
the ways n which myelocyte prol feration mav be sncreased weve dis-
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cussed So far there has been little worh on the proliferative capacity of
myelocytes in states of mereased myelopoesis In the present study, the
refation between the size of myelocytes and therr position o nterphase
has becn vestigated using the techmque of Feulgen mcrospectro
photometry to measure the degree of DNA rephication in individual nu-
cler In add this techmique has been bined with *H-TdR autora
drography to study the extent to which prolferation 1 the promyelocyte-
myelocyte pool s altered 1n disease

Methods

Bone marrow aspirates were incubated with 7-12 4Cv 3H TdR/ml (specific ac
tvity =5 000 Ci/m) in hepanimsed Hanks solution at 37°C for 30mun Marrow
frapments were then smeared on glass shides air dried fixed o methanol for 10mn
and stained by the May Griawald Giemsa method

The of p it and m Gy 5 and Gy was deter
mined by studying cell morphofogy DNA content and DNA synthesis consecut vely
1 the same cell as described previously [8 11) G, represents post mutotic cells with
a diploid (20) content of DNA 5 represents cells synthes stng DNA and Gy repre
sents p totte cells after pl of DNA 1 with a d (4n)
DNA content A few myelopoettc cells do not fit into this classification and appear
to be arrested after a period 1n DNA synthesis such cells are called U cells

In some patients oaly the H TdR labelling sndex of promyelocytes and myelo-
cytes was studicd  For this purpose the position and type of alf myeloporetic cells in
a selected area of the shide was recorded on 2 photographic map The May
Gninwald Giemsa stamn was then leached out the shide re staned by the Feulgen
metbod and cells 11 DNA b detected by d hy as d pre
viously (8 10] By tiis sequence of operations ccll morphology was stud ed in
well stained smears prior to autorad ography and the difficulty 1n adequately stam
Ing myelopoletic cells through an autoradiograph was avorded.

For the determunation of cell area, photographic negatives of May Grinwald
Gremsa staned myelocytes were projected to a constant mapmfication snd the out
hne of each cefl drawn on paper The we ght of the paper enclosed by each image
was used as a measure of the area of that cell Nuclear areas were caleulated from
mean nuclear diameters which were measured after Feulgen staiming using an im
age sphitting eyepiece mucrometer (Vickers Instruments Lid )

Results

In figures 1 and 2 the DNA conteats of normal myclocytes are plotted
agamst cell and nuclear areas respectively Cell and nuclear sizes tend to
be larper at hugher DNA values The correlation coefficients (r) for fig
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Fig 2 Relation between nuclear size and DNA content 1n the myelocytes i 2
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ures 1 and 2 are both statsically significant beng 4.3 and 5 4 umes their
frespectise standard errors

Table I shows the p distnb of p locytes and mye-
focytes in the d.llcnm stages of mlcrplnse n ncquxr:d sideroblasuc anac-
ma, f thal major and d 1ron d anaemua This 15

essentially mormal in all 3 conditions The values for mormal mar-
row and permcous anaemua are calculated from the results of WiCERAMA-
sinGite and Prarr [11]

The 'H-TdR Isbelling indices of promyelocytes and myclocytes mn pa-
tients wath a reactive neutrophil leucocytosis due to infection or neoplasia
arc shown 1 table I The mummum duration of the leucocytosss vaned
between S and 20 days. The mean value for the patients wath a leucocyto-
a1 is higher than the mean for normal marrow

Table III shows the YH-TdR Iabeling indices of promyelocytes and
myelocytes i a sclecuon of pauchts with a vapety of hacmatological

diseases. All 4 patsents with g thalassaemia major were takang 15 mg fobic
aad daly
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Table I Distribution of promyelocytes and my clocytes fn the vanous stages of interphase

Dragnosis Pereentages Number
G s G U of nucle
asseved
Acquired sideroblastic anaemia
{3 cases) 61 30 3 04 464
Thalassaemia major {1 case) 78 20 2 05 192
Tron deficency anaemn (2 cases) 61 35 4 02 496
Pernicious anaemua (S cases) 33 57 4 15 1,168
Normal (3 cases) 61-70  25-3%  3-5 012 633

Toble I1 11 TAR labeling Index of premyelocytes and myelocytes In patients with a

reactive P Y and vy etor
Haematological Blood Number Labell ng index %
status nevtrophils of range mean 25D
per g subjects
Reactne feucocytons 9000-17,500 [ 382-560 451 26
Normal 2,500 7000 6 201-340 o0 27

Myclopoiesis was also studicd 1n a patient with megaloblasyic haemo-
porests due to folate deliciency The haemoglobin level was 80 g/100 m!
and the ncutrophd count 1,000/ul on the day of the marrow aspuation
In this patent, the SH-TdR labelling tndex of the promyclocytes was
67% The myclocytes and gant metamyelocytes had labelling indices of
85 and 80%/e respectively

Duscussion

From figures 1 and 2, 5t 1s clear that celf and nuclear size mcreases 4¢
n myelocyte progresses througt ph The sef of myclocytes
1nto large and small on the basis of celt size 1s thercfore, not justified In
such a classification, small myelocytes arc mamly G, and early § oclls
2nd Jarge myelocytes mclude the majonty of late 5 and G, cells The
wide range of cell and nuclear areas observed at each DNA saluc is not
surpnsing because of the non-hineanty of the relaton between ares a~d
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Table I Duistribution of promyelocytes and myelocytes in the various stages of interphase

Diagnosis Percentages Number
Gt s Gy U of nuclel
assessed

Acquired sideroblastic anaemia

(3 cases) 61 30 3 04 464
‘Thalassaemia major (1 case) 78 20 2 05 192
Tron defiaency anacrmia (2 cases) 61 35 4 02 496
Pernicious anaemia (5 cases) a8 57 4 15 1,168
Normal (3 cases) 61-70 25-34 35 0-12 683

Table I1 3H TdR labelling index of promyclocytes and myelocytes in patients with a

reactive and increased 1
Hacmatologicat Blood Number Labelling index *o
status neutrophils of range mean 25D
per sl subjects
Reactive leucocytosis 9,000-17,500 6 382-560 451 26
Normal 2500~ 7000 6 201-330 300 27

Myelopotesis was also studied 1 a patient with megaloblastic haemo-
poiesis due to folate deficiency The hacmoglobin level was 8 0 g/100 m!
and the neutrophil count 1,000/x1 on the day of the marrow aspiration
In this patient, the sH-TdR labelling index of the promyelocytes was
67% The myclocytes and giant yelocytes had labelling sndices of
85 and 80% respectively

Duscussion

From figures 1 and 2, 1t 1s clear that cell and nuclear stze inereases s
a myelocyte progresses through interphase The separation of myelocytes
1nto large and small on the basis of cell size 15, therefore, not justified In
such a classification, small myclocytes arc mamnly G, and early S cells
and large myelocytes include the majonty of late § and G, cclls The
wide range of cell and nuclear arcas observed at each DNA value 1s not
surpnsing because of the non-fincanty of the relanon between area and
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the charactenstics of myelocytes soon after the promyelocyte mutosis
However, the possibility that some promyelocyte myelocyte

occur at all stages of mterphase cannot be excluded If this were to hap-~
pen, some promyelacytes and m)elocytcs would belong (0 the same cell
cycle Fu e, the mory betneen promy

and myclocytes 18 not clear cut, there beng a gradual transition bemecn
these 2 cell types For the above reasons, the results for promyclocytes
and myclocytes have been pooled tagether in thus paper As (here were
sigmificantly fewer promyelocytes than myclocytes in all the pauents stad-
sed, the Jabelling 1ndex of the promyclocyte myclocyte pool largely reflect-
¢d the myelocyte labelling index.

In permicious anacmia, labellng ndices between 52 and 78% hase
been reported for the myelocytes [11] In the present stwdy the labellng
index of myelocytes m a patient with macrocytic anaemia due to folate
deficiency was 85% Apart from 2 single patient wath a reactine leuco-
cytosis (seutrophils 17,500/41) such high values were not encountered m a
wide spectrum of other discases studred (tables 1 and IIT) Itss likely that
the high myelocyte labelling mdices in megaloblastic haemoporesis result
from a profongavon of DNA synthesis rather than a shortenung of inter-
phase
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Table 11 Duration from the time of diagnosis of chronse myelord leukaemea tl the onset

of the conversion
Months Number of casey
6 1
6-12 3
12-18 6
3520 10 <2ycars=20
23-30 4
30-36 3
3642 2
248 2 24yan=11
43-60 2
> 0 2 >dyeanm=4
Mean=27
Table JI} Treatment rectived by the patients »ath CML.
Form of treatawnt Cases of CML Allcases of CML
comerted to AML
Mo treatment 4 28
Buulphan 1 150
Selenc frradation 6 n
Dusulphan +splenk jrraduation 7 16

Table IV Sure of the spleen at the tume of the converion

Sure in om below the

Number of cases

Teft contal margn
No enlargement 2
3 2
36 3
&9 14
s-12 10
4
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Table ¥ The mun haematologicat features at the tume of the conversion

Numbet of cases
Fall of H{band Ht 1n
Fall of WBC 6
Fall of platelets k3
TRise of WBC 3
Rise of myeloblasts 5
Rise of WBC and myeloblasts 8

of the acute mycloblastic ensis CaTrax et al (2] renewing 29 pauents
found that the acute comversion occurred at any tme betwesn three
weeks and 7 years (median 26 months) after the apparent onset of
CML. Duriag the course of the basic yilness, 3 recened no treatment, 21
Tecerved herapy, 1 splemse wrad and 4 teeened a combuna.
tion of ¢k herapy and spleme irradh According to the same au.
thors the acute leukaemie syndrome was heralded by fever 1n 8, by bone
pains m 4, by haemorrhagie mamfestations 1n 4 and by the appearance
of blasts at the penipheral blood 12 9 cascs MoRROW et of {5) pomt out
that amongst patents with chrome myeloid leukaemia 1n the termunal
phase within 14 days before death, chimcal and haematologicat changes
were disgnostic of acute leuhemua 1 15, suggestive of acute leykacmia
in 3 and indeterminate 10 3 No correlation existed between preceding
antilenkaemme therapy and the onset of the termmat phase

The comersion of CML to AML can occur at any ume dunng the
coure of the discase In oue senes 1t taok place withun the firgt 2 yeats
{rom the time of diagnos:s 1n 20 cases, dunng the third and fopsth year

m 11 cases whilst in 31t occurred sfter the completion of the fourth
year

in the majonty of eases the conversion was not ushered in by the
tyTieal haematological features of AML. Thus in 22 of the 35 patients of
our senes the man haematological features at the onset of conversion
were ahacymia of 8 1all in the WBC or ol the yumber of platelets As these
features may also mignify marrow splasia induced by treatment either by
busulphan ot irradiation, & bone Marvow ¢xaminaton should be carned

out at the first sppeatance of anv of the haematologreal features aited
ahove
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a © Criteryy Cstablisheg
openmve emolhempy Sludy Group 15} Surwvnls Were cafey
lagnoy,,

Resup,

Csults of the trcatmcnt m the form of rcmlssxons, surwval, and
¢ Serye. 8tven 1 tabje one of yp, Patienys

(4
could Tenusgg, be Tegarde, as complcte, but Partiay femussyong Were
obramcd m 6 of the 12 Patiens (50%) When =) anng the esults gy
Vanoyg ages, the treatmcm esulted 4 2 parta; Temission m4ofg pa-
tientg under 59 Years of age, ang n only 5 of T

Table ; Adupt Patiengs with acute J, With 6 pgp 2t high dosage

Sumval, Causc of deathy
dayg

1 hacmanhagc
2 Stm fariyre 1o haemorrhagc
3 8 F Taityre 16 ha:manbaxe
4 69 F fatture 17 Sepliciem,,
k) 220 Tattuge 34 $ePlicaeny,,
6 7F Tty 50 haemorrhak:
? 3N PR 83 sepllcxemm
8 25 pr PR iy sepuqcmla
9 68 Ay PR 134 Scpticacmiy
1o 49 A2 PR 180 hzemonhazc
1] 16 f1 195 hacmanhaxc

2 18 61 245+
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The 50%s sursnnat of the whole group was 50 days Agam, more ad-
\anced age was associated with a poor prognosis The median sunvinal pe-
nod was 117 days for the 6 patients under 50, but only 17 days for the 6
over 50 An imvestigation as to the causes of death reseals a tugh rate of
eatly deaths resulting from haemorrhage compheations among older pa-
lents

Duscussion

The teports on the treatment of acute leuhaemua over the last few
years have gnen the general impression that the best results evaluated by
the frequency of remussions have been parallel to a high degree of myclo-
toucity On the other hand, the dosage of 6-MP i the mamntenance treat-
ment schedules 15 at the level earlier used 1n the imihial phase of treatment
The result of the present senes shows that when using 6-MP 1n the treat-
ment of acute | 1 adults the freq of cannot be
improved by increasing the dosage up 1o a level of severe myelotonicity
This s however, the expenience of only single 5-day induction courses
and docs not exclude the possibility of better results by 2 or 3 repeated
courses which are usual in the new combrnation schedules [2] The fact
that as many as hall of the patients of the present senes were older than
5015 also a factor contnbuting to the poor result (6, 8]

When & cytostahe for acute lend at myelo-
toxic level 1n any hospital, practical difficulties always exist in the treat-
ment of comphcatons Thus 18 especially apparent m the use of thrombo-

ate to control bleedings The high of fatal bleed
mg among the carty deaths may 1n pant reflect the price to be pard in
gatming e tn the of these

As a recent report on the use of a combination of cytostatics i the
treatment of acute levkaemia i adults has been very promusing [2], fur-
ther tnats with 6-NIP as a single drup are hardly jusuficd Tt seems likely
that the mam aalue of 6-MP i the treatment of acute leuhacrmia 1s
centred on the maintenance of remissions.
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tic leukaemia and died 3 days after an unsuccessful attempt to obtam a hiving child
by Cacsarean section She was not included 1 the trial with all other 10 pauents
mentioned In addition 2 patients with myeloblastic Jeukaemua, developing dunng
the course ol myelocytic leuhaemia were included n the study The myelocyne
phase 11 both of these had been less than 4 months

The course of induction treatment consisted of 6-MP, S00 mg per o5 daily, divid
¢d onto 3 doses for a pertod of 5 days beginning as soon as the diagnosis was con
firmed In cases with a bleeding tendency, predmisolone at d0mg per os daily was
given Further treatment was bases on 2 maintenance dose of 6-MP, 50-150 mg per
os daily, up to tol Antib; and blood were gwen to all pa
tients as well as thrombocyt to control bleedings when needed

The eval of the was made to the cntenta
by the Midwest Co operative Chemotherapy Study Group [5] Survivals were calcu
Tated from the day of diagnosis

3 3

Results

The results of the treatment m the form of rermsstons, survival, and
causes of death 1n the senes arc given m table I In none of the patients
could the remusston be regarded as complete, but partial remisstons were
obtaned 1n 6 of the 12 patients (50°%) When comparmng the results at
various ages, the treatment resulted mm a partial remssion n 4 of 6 pa-
tients under 50 years of age, and in only 2 of 6 over 50

Table I Adult pattents with acute leulaenma treated with 6-MP at high dosage

Case Age Results Survival Cause of death
No and sex days
1 48 F failure 10 haemorrhage
2 51 M Tailure 10 haemorrhage
3 58F faidure 16 haemorthage
4 6 F fajure 17 septicaemta
s 2M fatluce 34 seplicaemia
6 7TF failure 50 haemorrhage
7 BM PR 33 sepucsemia
8 25M PR 1n7 septicaernia
9 68 M PR 134 seplicacmia
10 49 M1 PR 180 haemorrhage
11 16 F2 PR 195 haemorrhage
12 18M PR 245+

* Cases with acute leukaema developing duning the course of chronic myelogenous
feukaerma PR = partial rermssion




Mereaptopunne sn Acute Leukaemia 209

The 50% survival of the whole group was 50 days Agawn, mote ad
vanced age was assoctated with a poor prognosss The median survsval pe-
od was 117 days for the 6 patients under 50, but only 17 days for the 6
over S0 An smyestiganon as 10 the causes of death reseals a tugh rate of
enrly deaths cesultng from haemorchagic complicanons among older pa
tents

Duscussion

The teports on the treatment of acute Jeuhaemia over the last few
years have grven the general impression that the best results evaluated by
the frequency of remussions have been paratlel to a high degree of mielo
toucity On the other hand, the dosage of 6-MP n the mamtenance treat-
ment schedules 15 at the level carhier used i the imitial phase of treatment
The result of the present senes shows that when using 6-MP 1n the treat-
ment of acute feuk n adults the freq; of cannot be
improsed by increastng the dosage up to a Jevel of severe myelototiaity
This 18 however, the expenence of only single 5-day induction coutses
and does not exclude the posaubifiy of better results by 2 or 3 repeated
courses which are usual wn the new combination schedules [2) The fact
that o many as hall of the patients of the present senies were older than
50 13 also a factor contnbuting to the poor result {6 8]

When ducing cytostatic for acute Jcukaemia at myclo-
1xie fevel 1 any hospatal, practical difficulties always exist 1n the treat-
ment of complications This 1 especially apparent sn the use of thrombo-
cyte concentrates ta control bleedings The agh frequency of fatal bleed
g among the carly deaths may sn part refiect the pnce to be pad 1n
gammg ey mihe of these comp

As 8 recent Teport on the use of a combination of cytostatics 1n the
treatment of acute leukacmua in adults has been very promising [2), fur-
ther tals with 6MP a5 3 sinple drug are hardly yuctified Bt seems Iihely
that the mam value of 6-MP 1n the treatment of acute lewkaemia 15
centred 0n the maintenance of semissions
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Decreased Enythrocyte Deformability in Cholestatic Jsundice

H Rocatsch

Department of Physiology, Unn ervity of Marburg Marburg Lahn

Absraet The snemia 1n experimenta) chalestane Jaur  Aev 1% ords
die has been studies in rabbits, A decreased enythracyte  Frythrocylie shape
Seloemaildy has teen Tound in bite duct higated animats  Cholostasrs
and faled to be traceable 1n sham-operated ones The dete-
aarated deformabiliy of the red cells 10 a fimt step s caused by the action of
urface acuve subgtances and sccondty by other factors as a posubly deranged cell
metabolism Both factors will detenorate the fleubility and thus the enthrocyte b
te vpan

Althoygh a aumber of mt has been made wnto
the many alterations of the red ccll sn hemolytie disorders, the real fac-
fors which himut the Wite span of the enythrocytes are pootly understood
There 15 for instance, a shortened hfe-span of the enythrocytes m the
anemia 1 cholestatic Jaundice [1) and a decreased psmonc fraphy {2}
A bondies and splenie seq e n most cases less ympor-
tan {3 whereas fow fevels of red cell reduced glutathione supgest a
metabohe defect [4] But it as not yet clear 1n which way these factors,
not directly hemolytin acting will shorten the hfe-span of the enythro-
cytes

Tn this paper an attempt has been made 10 explain the wncreased de-
struction of ted blood celis i cholestatic Jaundice by the action of bile
on the mechaniceal delormatality of the erythrocyte

The well dnown enthinyte deformatl ty aliows thy
e pasare of 3
el throvgh & 2o m capdlary without iy beung sequenraead Tac mett;.:‘:n‘:; :1“‘
famatity snd hene the capitlany flow subtantially depend on the ¢ell 44, Ny
1 Since (he oelt membeane has ttle strethability, phe enbroeye nn‘o:,)'(
]
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Fnythrocyte Deformation in Jaund cx m

laney At s result of the d fferent fleubility the fess deformable enythrocytes have
a greater flow reustance and thus 3 Jower migration speed The difference be-
tween biconcave erythrocytes and crenated spheres reaches the ratio 5 1

The rewstance nf the sed cefl 1o hypotome NaCl was determined at room tem
perature After 1h the solut on was centnfuged and photometrated

Tor the determ nation of ntracellular Na* and R+ with the flame photometer
Ihe enythrocyles wete wathed once 1n an ywosmolar cholinchlonde solution

Results

Shape ‘The gormal biconcave shape of the rabbit erythrocyte 1s
changed after tile duct higature Up 10 307 ¢ of the cells i the wet glass
preparation become crenated spheres until the 3rd postoperatne day
These spheres are regulasly shaped whereas on the 7th-9th day after
bile duct birature fragmentation and every red cell abnormal shape may
appear

Resistance 1o hypotonse AaCl Dunng the first 34 days alier bile
duct ligation the osmotic reststance of the red cells 1s unchanged
whereas a decreased resstance becomes sigmficant (p = 0 01) from on the
Sth day the more pronounced the lonper the cholestasis was lasung

Defs hiliy The abore-d bed method shows the normal eny
throcyte ffevibiiny exp d as mig; speed at it with
2 2¢ 21 mm 30 min The sole marcosts and operation stress domin
whes the migration speed on the 1st postoperatne day to 12 mm 30 min
(p~001) m both unal groups Whereas there 3s @ quick secovery of red
celt flewbility 1 the sham-operated ammals the migration speed re
mains lowered in cholestatic jaundice (ie 2)

Hemoglobin and hematoenit &) not change i sham-operated amy
mals In jaundiced rabbus the hemorlotim content decreases ta 105 g%
Rabbut erythrocytes have a normal mddie densty of 11100 No sigfi

<ant alieration oocurted but 3 fmore tevel coutse of the eraph was a
constant linding

Electrobites Trom the normal Na* content of the enthrocytes of
S6mgt s and K* of 350 mgt o there was a change after 9 davs 10 64 me? o
torha and 20 mpt e for R {p * D OS) {rable N

Histof v Microscopic exammnation of H and £ staned hver slices.
wade appatent a excesuve dit of hepatic bile dpcts

bt no further important pathalogie Gindin
2 There was, in pany
17 of an infectious hepatis pameiar no
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Fiz 2 Deformatality of rabbit red cells dunng centnfugation wuh low g values. In
sham-operated anmals ( —r ) the flevibility remains unchanged except a short drop on
the 15t postoperative day, whereas after tile duct Iigation erythrocytes keep & tighty

significant lowered fleutal ty (8 —#) In the 15t days chlomromanne (Chl) will improve
the deformatality, but usually will be meffective at the 7th or Sth day

Discussion

Changes in shape and deformability of the red cell by the action of
surface-actn ¢ substances sn vitro The rapid deformation of the shape of
the narmal iconcave red cell into a crenated or smooth sphere can be
mediated by the action of several amonic and non-1omie substances, wher.
eas canomc substances will result in a cup-like stomatocyte {14] Both
groupe of SAS act on the erythrocyte membrane 1 an oppaste way
One group c3n be displaced by the other, the whole process being re-
vermble Thus the membrane will be shrunk for some 20-30%s by bile
{telonging to the group of amenic and non sonic substances) and will
be stretched by chlorpromanne (group of catiome substances) [15)
(fig Ib, ) Dunng this process, the biie-produced spherocytes mamtan
& normat osmotic rewstance (g 4) and 2 normat enucal hemolyuc vol.
ume [10] 1nd cating that no substantiat loss of the cell membrane has
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Fig 4 Na alieration of oxmote resitance 10 hypotoni MaCl ocruns by the add tion
of03%{ HorOTabic( V1o normaferytbroates

the mmgration speed 1n our 32 g centnifuge decreases from 22 to 9 mm.
30 min [13)

The sphenng process by anionic substances and the restaraton of the
shape by chlorpromazine arc munute events  the cells change their form
rapedly at the moment of contact with the SAS This abrupt event shows
that cellolar metabolim will scareely be ivolved in this process

Surface-active substances m sno TFigure 1 shows the shape of the
erytheocytes on the 3td (e) and 9th days (g) altee bile duct hgature m
scrum suspended narmat red blood cells (a) There 16 good evidence that
the spherocytes which can be seen i v o on the 35d postoperative day are
produced by a similar mechamism as i the cells which result from the
addition of 0 3v s e (fig 16) The mugranon speed of the ted cells on the
Y postaperatine day € restricted to § mm 30 min the osmone resictance
s <ull unchanged the shape can be restored by chlorpromazime (fiz 1)
and by this the migration speed nereases to I8 mm 30min (CH)
Lo 2)

The beneficial action of chlorpromanne upon the erythrocvie de-
formatility and celt shape atter tale duct hieature acrees wath previous
metigations e g W well evtablished that chlorpromazine 15 able 10
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(he same time cali to mind 2 deranzement of the cellylar metabolism,
which Teads to a swollen erythrocyte [n 3 examined cases, the glucose
consumption of the enythrocytes had been reduced From either nvest-
gauon it 15 well estabhished that ATP-depleted red celis arc shaped as
crenated or smooth spheres [26], for some reason on account of Ca*
binding to the cell membrane {27] From this, the Tower cificiency of
chlorpromazine at ths state of the cxpenment 1s well exphicable chlor-
promazne can only improve a deranged shape which has been wnduced
by SAS whereas 2 metabolie defect will not be wnfluenced

Stress should be lad on the (act that 1 thes secondary penod. 100,
where SAS are Tess ymportant, the first factor causing the production of
anemya alsa mav be the enythrogyie deformability, and not the deranged
ceflutar bolism of the d osmotic per se (28]
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Platelet Defects in Post-Splenectomy Thrombocythaemia

B Dust,H S Bauea, § C Crania, and Y N GuPra

Department of Pathology and Department of Medicine Instituse of Medical Sciences,
Banaras Hindu Univensity Varanan

Absiract A 43yearold female, when subjected fo Aey B ords

h tor obacure sradoally devel  Plateles aggsepation

oped an increavng bleeding drathesis. About 30 months  Platelet defects

after aplencctomy  ber platedets numbered t3mil  Splenectomy

Tonumm? and showed complete absence of aggregaton  Thrombocythaemia

by ADP, epacphrnine and nor epincphnne but a normat

sraction towatds collagen the activty of platelet factar 3 was also poor After an
of myela-supy therapy she went into a thrombetyto-

penic phate but the platelets readily recorered 10 a normal pumber and function on

sterond therapy The patient has been mamntaiming a normal platelet status since De

cember 1909

Splenectomy 15 usually followed by a symptomless temporary throm-
bocytons |7, B 9 23, 27 28] but sometimes thrombocythaema r:sulzs
{13 15 16 22§ that may be d with thromt ol
uons (T 4 6,10, 13, 20} Though haemorrhage has been menucned asa
complication in postsplencctomy thrombocythacmma [18, 22) it 1s proba-

by much fess common L\\emurc on h:cmmuhc defects responsible for
blecding state g bocyth

% 1S Nery searce
Hars et 2l {13] while discussing the problem m this context desenbed )
cawe where bleeding was the mam complant Howenes, their panent was
afso interpreted as having temporary deficiency of PTA (factor X1) that
retumed 1o normal after treatment of patient with alkvlating agents Ia 2
study of 16 patients with postspleniectomy thrombocytons, McCrLRe o7
al [17] found bleeding eprsodes 1n 2 patients but they thooght that hae-
motthage could be adequately explaaed by some factor othey than a hich
platelet count and that bleeding had preceded the penod of thrombocyto-

ws
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Yroug 002tng of blooy and hep teeth Were deenl,\ Stainey “ith oty blooy There Were
no Pelechize T ccchy 0; Was p, Ip: ble 2em beloy, the righy costay Marpiy
Mooy and end, Y able ht g, dney and yy p)clogmnh}
shoy ed myty 20, s caly
en,

ologieqy tmdmgs h-‘lcmoglobln 145 8% I3 throcy go count yg m}
lions mm» Ieuknc_nc Couny 12609 mma: With ncurrophnh 78, l;mphnc)lcs 100,
T
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Tahlr | P o b 4\ of platelets
Posay
Product Concentration  AgEregauon hime, %t
added Nay 22, Nov 21, Dec 30, nopmal
1969 1969 1969 mange
oanes
:i;ﬂmph:!c pLASYY O Aggregation n2 120 18
10in no aggregation 354 s 3
10% noaggreguon B4 176 16
Fpinerhnne $4x104M  poagercgauon 3600 198 1623
Norepihephring $9x104m  nomggremton  T22 N0 1634
Collagen - ne 08 ns 18-24

Tubie B Postapieneriomy thiombocytharms Sleacuon of plateiets to kaoln

Lowapun & Shghapun Kaoln ume, sec

plnmat plasma Wy 22, Nov 21, Dec 30,
1969 1969 1569

Pauent papent 58 33 3

Tarent ol s 3 h]

Normal pavent We N >3

Normal fomat 3 s MS

* Platelet count adjunted 10 0 2 puthon mmy?

The platefet studiey were petformed on May 22, 1969, & days aficr keepang the
PaleT on only asorth acw), 00 mg day The plateler sount was done by direct
counting tnng Thomas mipetic and the improved Neybauer chamber, sodium &=
trate was e av & o fyent T of platelet 3 with
ademoune (ADP) &punep PIneE and eollagen was camed
out st 37 € by adding 6 1ml of there reagents to 02ml of platelet nch plasma.
Mcrowopie etammansn was done on 3 conenlip prefaration, intermstently for
fGoun Collaken suspenuon was prepated accofding 1o SParz of af {3 Reaction
ot platclets to baokin mav stodind sctording 1o Hadeey e al J11) The reaulis of
Flatelet stidien are skhown o tatley [ard (f

The patett was put on Mhleran® 4busnifsn) & mp day and was drcharged
from the henputsl oo May 37 189 st instructions fo hare 3 haematological
shnbup dont overy meel However, une the Bead rp symptoms of (he patient
gradually diarpeared, she d J 0 pepant fo the haonpital and gootinucd wlang My-
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“Oune 4 be, thig, Since Noy,, » 1969 agg, cgallng pmpcrl:es of
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The other apgregavon abnormaliies of platelets associated with a
bleeding diathesis are d of an Tous reaction to epuneph
and colfagen but with normal ADP induced aggrepation {12, 14, 21§
CaEN e1 af 5] desenbed the familial occorrence m 3 ndividuals of simlar
platelet abnormalsties n the patients of WEiss [26) platelets showed re-
duced PF 3 svailabiliy as well as poor aggregaton by collagen and ab-

Tity 1 adh s These were buted to a defect
m the release of smnnsic platelet adenosine-diphosphate

1t has become imponant to exclude the exogenous effect of certan
drugs which can induce plateler aggregavon abnormahities The notable
examples are aspann, phenyl butazone, some annhistarmmics and tran-
quithizers {19 29) The patient was put on ascorbuc 20d exclusively with
no other drup for 6 days before the imtial plateler studies were under-
taken

The patient showed a ble chinical and h logical response
to treatment She has been under follow-up for more than 2 years and has
been completely asymptomatic since November, 1969 As the effects of
overdosape of Myleran® gradually disappeared and platelet number re-
turned to normal, the PE 3 refease and apgregation propesies became
normal Aggregation by epimephnne became normal 2 litile Jater than the
reaction by adenoune-diphosphate 1t s of interesy that the patients of
Sraer et af (2] had more platelet abnormality towards epmephnine as
compared to ADP, and 1n one of thewr patients 1he epinephnne defect
persisted when the ADP response had been larpely corrected folloning
myclosuppressive therapy

Ackncwledgement We ate gratetul to Prof N N\ Untrs Drector 2ad Profes-
sor af Surgery for kindly referring the patient 10 ve We extend our grattude to
Of 1M GUrTs Profewor of Pathology for Lindly providing the fachies for i
et falony, and 1o Simr RoM Miaeke techaraan, for techmcal avustance Ve sre
duntful to DF T R Motwant 11 Group of Hosprtals, Rarabay who operated on
the patient and whose revords have been tned 10 the preent report.
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Posthaemorrhagic Thrombocytosss 229
Materials and Methods

We took a quantty of blood equal to 1% of the body weight, with cardiac
puncture, under acther anaesthesa, from R Amsterdam rats of both sexes, weigh-
ing 220-280¢ 10 <armed out on 10 amimals,
the imnal haematocnt value of 35%¢ decreased to 2304 6h after the taking of
Blood), but the number of thrombocyte did not change substantially

Alter 61 the rats were evanguinated and thar serum adminsstered ip to the
members of a group of mice conusting of 5 ammals (so-called ‘mouse test” [T
The result of the experiment was considered to be positive, if the average increase
in the thrombocyte count of secipient ymce Teached or exceeded 307%e and the
change occurred 1n all animals, or was below 30% s in only one Splencctomy, ad-
renalectomy and hypophysectomy was performed 48-72h, nephrectomy or higation
of ureter catricd out 2-18 h before the transfer of serum or exsanguination.

Of the solution prepared from thrombokinase (Gergy) 1ablets, coagulating not-
mal plasma within 15 sec, 0.5 mi"250g body wt. was adminitered 1n the form of
venous Injection Tn nephreciomized amumals the ingectton was carmed out 2h after
the operation The thrombocyle count showed after 3mn a decrease from the
original 1000000 1o 20000 - 110000 The scrum tramfer - at the maumal acuv-
ity observed duning previous experimenis - was carned out after 24 h,

Tor the thrombocyte count we used the direct phase contrast microscopic
method deseribed by Frsonrz and Grasoex 2]

Resulty

In the mouse test employed the serum of normal rats did not cause
any ugmficant changes 1n the number of blood platelets, thus bemng neg-
atne, whereas the serum obtamed 6 h after exsangmnation was positne
{according to our examinations the maumal thrombopoietic serum ac-
ity in fats may be noted 6 h after exsangumation, decreases 2fter 12h
and can no more be obsened after 24 h)

After splencctonn, adrenalectomy and nephrectomy the serum of rats
is, hke that of normal rats, negatise 1 the mouse test The serum ob-
taned 6h after exsanpuination, which was carned out 48-72 h after
splenectomy, adrenalectomy and hypophvsectomy, tereased the throm-
bocyte count 1n reapient mice by 40-60° e, 1€ 1t was positive, thus the
g of the abor d organs docs not suspend the ap-
pearance of the exsangume thrombopoictic serum factor

Afeer bulateral acphrectomy the serum of rats has no thromboposctie
actinity The serum, obtaned after 6 b, of animals exsanguined 2 or
18 h after Wilateral nephrectomy, 18 negatne, whereas the serum of rats
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Study on the Desclopment of Posthaemorrhagic
Thromboc) tosis in Rats

I Krizsa

1 Department of Medicine University Medical School Szeged

Absiract After ont or tvo days blood loss causes  Ney Wards
thrombocytosis and in the serum of exsangutned expenn  Thrombocytosis
mental amimals a thromboeytosis producing factor ap-  Thrombopoetic factor
pears Splenectomy, adrenalectomy and hy pophysectomy
do not suspend the appearance of the serum factor After exsangmnation follow
ing nephrectomy by 2-18h the serum factor inducing thrombocytosis docs not
appear, whereas ammals wuith ureter ligation react like those not operated upon
During the phase of 1solated thrombocytopenta produced by intravenous admims
tration of thromboplastin the serum of nephrectomized ammals shows a thrombo-
cstosis productng actiaty

Following a latency of onc or two days blood loss causes thrombocy-
tosis The maximal increase 1n the number of blood platelets may be ex-
pected on the @fth day, which exceeds the mtial value by 70-200% de-
pending on the degree of bleeding and on the species We proved mn our
earlier study [4] that few hours after the blood loss the serum of the ex-
perimental ammal has a thromboporetic activity, which when transferred
to the recipient ammal, causes thrombocytosis with a maumum on the
fifth day Posthaemorrhagic thrombocytosis 1s taling place throush the
proliferation of megakaryocytes [5, 6] and therefore 1t may be assumed
that a potetin 1s responsible for the increase n the number of blood
platelets Up to the present however, the place of ongin of the factor
producing thrombocy tosis ts not clear

With our present expenimental senes we endemoured to identfy the

place of ongin of the h 1 sub producing  thrombocytosis
by the deten of 1h

bopoietic serum actinity produced 1n rats
through exsangmnation performed after the exstirpation of vanous organs
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Toahacmorthagic Thrombocyloss

Materals ond Methods

We 100k & guantity of blood equat 1o 1°4 of the body weight with cardiac
runcture, under acther shacsthesa from R Amsterdam rats of both seves, wergh-
Ing 220-2%0g (accond ng to informative examination carned out en 10 anwmals,
the imnal haematocmt value of 3% decreased to 23%y 6h after the taking of
Blood) but the number of thrombocytes did not change substantially

After 6h the rals were evsangwmated and thew serum adminstered ip to the
membeny of 2 group of mice conssting of § animafs (1o-called ‘mouse test [T
The rewult of the expenment was considered 10 be poutive il the average increase
i the thrombocyte count of reciment mice reached or exceeded 3% and the
change occurred in all ammaly, or was below 300 4 in only ofe Splencctomy, ad
tenalecromy and hypaphysecsomy way performed 48-72h, pephrectomy or biganen
of urefer carried out 2 18 h before the transfer of scrum or exsanguinauion

Of the solution prepared from thrombokinase (Gegy) tablets coagulaung nos
mal plasma w thin 153cc 05 mI250g body wt. was admnistered m the form of
venous injection Tn nephrectomized amumals the injection was carried out 2h alier
the operation  The thrombocyte count showed after 3min a decrease from the
onpnal 1000000 1o 20000 - 118000 The seyum transler ~ 4L the maximal actw
My otnenod duting Previous expenments — was carried out afief 24

Tor the thrombocyte count we uwd the drect phase contrast mcroscopic
enethod dewenbed by Freeutn and Grawen {2)

Results

In the mouse te<t emploved the scrum of normal rats did not cause
any sigmificant changes in the number of blood platelets, thus being neg-
stne whereas the serum obtained 6 h after exsanpuination was postive
(according 10 our examuinatiens the maumal thrombopotetic serum ac-
tsity 1 fats may be noted 6 h after exsangumaton decreases after 12h
and can no more be obxerned after 24 h)

After splenectoms adrenalectomy and nephrectomy the serum of rats
v ke that of normal rats negatine in the mouse 1est The serum ob-
tamed 6h after exsanpunstion which was carmed out 4372k afer
$plenectomy  adrenalectomy and hypophvsectomy ncreased the throm
bocyte count 1 recipient mice by 40-600 4 1 1t was posstive, thus the
cutipsuen ol the above mentioned organs docs not suspend the ap-
featance of the evsanguine thrombopoteuc sesum factor

After tilateral nephrectomy the serum of rats kas no thromboposetse
actuiy The scrum oftuained after 6 h of ammals evanpuined 2 or
ISh aficr tilateral nephrectomy 1s negatve, whereas the serum of raty
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casy in this connection only the data of pr GasitLe and PENINGTON
111 are known in the erature who obserned that the thrombocyte
count 1 anunals did not decrease for 4 days after nephrectomy, and ¢y~
topenta became gradually moderate for 3 days, dunng the penod of
analysis after the vse of hrombocyte serum these -
vestigations, it may be remarked that the action of ‘poretn’ on the pen-
phery can be measured only after 48-72 h, thus the thrombocytes count-
¢d by these anthors onginated from the gran cells differentated already
belore nephrectomy

According 10 our data the presence of the Mdney 15 accessary for the

Pr of the ¢ 2 P factor Neverth

fess increased thrombopotetic actty with sigmificant thrombocytopenia
may be | d afso 1n the neph d ammals 1t 15 possible that
posthacmorthagic thrombopatetic activity differs qualnatively from the
ncreased th T actmly developing as 2 q of throm-
bocytopema but 1t Tght be that the fadney {arythropowetin?) has o per-
e tole 1a the werease of posthacmarthage thrombopoteuc actvity
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Methods

The methods used 11 the haematological imestigations have been described
ehenhere 18] Flectrophoress of haemoglobin was carned out uung paper 2t oH
&6 [veronal) and B9 (rie butfer) Esumavon of Hb A, was camed out on celly-
Jore acetate stnps [14] Foctal haemoglobin was estimated by alkali-denaturation
techmique (151 For demonstration of erythrocyte 1nclunon bodies brllant cresyl
Woe wial samng was wed Wapoplotin types were determuaed by stateh gel
«lectrophoress {16] Screeqing test for GEPD deficiency was done by vung bl
Liant eresyl blue dye decolorization test {17} Total glutathione levels of the red
celle mere cstimated by the modified anroprusside method {181 The vanation i
the agglotmstion Teaction were further scored by titrating with 13 different incom
plete ant Rh (D) wra free from ant C with the papam treated red cells of all the
membery of the famsly One of incomplete antt D was obtained from a Cde'cde
(R1) palient Three Rh scra were from Onho Diagnostics, USA, and the rest
were locally prepared AN Rh sera had Rh(D) specificity except one which was
ann DEL

Case Reports

Cate 83 propovtin. A Sinhalese male, aped 22 years, was admitted for 1nver-
Ugation on 12 11 1969 with a hutory of fever of 4 days duration and an entarged
spleen ffe had just returned from an arca where malana was eadermic He had
beent in gond health pror to thiv

Traamination revealed a febnle indvidual He had no other abrommabty eveept
2 fingerbreadibs patpatle spleen telow contal marpin The yame everng be had 3
e 1 the temperature wath chifls and npor and was chcally thought 1o have
malana and wav given ant matanat drugy, following which he remuned afebnite

Haemoglobin 102g%s POV 270, MOV 915, MCHC 303's  renculocytes
04 WAC 940um), P 70°s L 2% E 4% Large number of elliptocytes
atout 7809 mild anso-poiilacytonns and a fair number of target cells (fig 1b)
Tapet clectforhoreas rnvealed no shnormal haemoglotin Hh A, was incteased
(1241 There was o sncrease in the sllalereustant haemogloba (133 4 GAPD
astety was normat and total glutathione Tevet 1n the ted cells was 300 mp*s. No
haptoglobin bands were detected i the serum on starch ge) Slecrrophores 1 on re
peated evarunation Agglutmation trachion with 2 routine ant RMD) sera gave
of ghtly weaket reaction than in the motber (82) and the snter (S

Dugnous Herad tary elt provyions ard thalassacmia trat,

Tigure 2 shows the family tree

Cate S father aged 0 year, way asymp Froch
40 haer function teats are shown i tables T and 11 Larpe num;a of elliptocyt,
and tangrt celfy wert seen (fig 12) Haemoglobn A, wat sncressed u“.;q?;
rd cell gase snbirgly weal poutive o powtive (+) apstutinatiors ‘nﬂ; o {1
o1 thutmelete 2ot 1) sera ined nwtinedy i the laloraron s compared 1o o(h“
memien of the Garily (SL ST SH and comtrol amples Further, -

the Gitration
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Fig 1 Penipheral blood of father (S1), propositus (S3), sisters (54, S5)

score with selected anti RhiD) sera showed on the average poor score 7 with St
cells, whereas S2, 83 S4 R,r and R,R, controls gave 25, 20, 23, 30 and 35
score values respectively Control fresh cells showed higher scores The red cells
of S1 (father) exhtbited a varant of D and 1s designated as Dvu, since the reac
tions and the scores were conistently weak ns compared to other members of the
faculy (S2 §3 aad S4) The case therefore appears 10 be similar o one deserbed
by Dunsrorp [19] where his D subject y gave weah with
most Rh sera used A same variant was found in his fanuly

In fow invtances CdeiR ) chromosome has been reporied to suppress the expres
sion of D thereby apparently behaving as a high grade Du and may give weak
reactions Such a possibility could arise (f the SI has an extremely rare genotype
Cde/cDe(R Ro) But the ced dee phenotype of S§ (sib) and CeD ce of 52 (mother)
ruled out the posubility of S1 (father) being a rare type Cde/cDe(R Ro)
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Tinermat

oA ") et
Nlerectary od craytesa

TR Rtz ryos D thaldssas™a

herrerary eBphotytoss
BTt p-traassaena

#Probastus

A6y LN Sy

Flz 2 Famay pedigree showing hereduary ediptocytosis, £ thalassaemia trant
and Ru{D=) vanant

Duaghows Hereditagy elitgtocytnans, thalassaemia trait and RAEDY) vamant

Care $2, yoother aged 40 years, had no abnormality The bloodpicture showed
eodd bypochroma Besulty of by orker ftiestigatony are shiown in tables Tand 11

Duagaoas Normat,

Case §4, wster, aged 24 yean, bad 06 symptoms but her mucous membranes
were pale Her sfleen Was not palpable Rowdes moderate anemia {1able 1), the
Mot picture revesled 2 large pumder of ellibrocytes, moderste anmoporilo-
ytony, target celly, hypoch amd T ytes (fig 3¢} The b
el and Puxhemual data are tummansed 3o Jaber 2 and 1 I{semopfobin Ay was
ncreated (A0 0 Mo haptoglotin hamds coutd e Jetected on starch gel efecrro-
phorevis

iagnous Hered tary elliptonytons, thalassacmes traw and normat Rh subype
Che edeiR,0}

Cate £3 wrter, aged 20 years, had vo complainty and she had no chimea) ar
haematologrnal abnotmalty ricept her red celfs shommg sliptocyions (fig 38)
Haemoglohin A, was notmal (2,064 )

Diagnouns Hered taty elliptocytomn

The propovtus (530 and the Sather (511 b9l Jeereaned fragiluy both of tresh
and incubated Blocd The sister (54 ahowed same of the cells resntant both before
and sfter iubation The piber anter 459 amd mather ($2) had normal fragiity
A ray of the shu!l and hands were normal in al) of them

Duscassion

The tood mctute and the results of he haemoglotn gnalysis of the
propositus, Ihe father and the elder of she 2 swcers fevealed that they
had efliptocytons wath thalasdemsa sra Serafogeeslly St was found ta
be 0 (CDre ode) and famly imesbgatons cesesled S3 baning 2 rage
ronpe Che Ce (RPR,) ST S3 and $¢ fad notmal allabirsss-
3 haemogholan tu tlevated harmaglobr A, levels 1n Coslon, there
w3 prep 0e 0) A phal ta fambies of panenis wah
& Malavacmua mapr 1200 o the diagnoas of thalzwsenma tra, deter-
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qunatian of Hb A, 1s more nhable According to Wasi et al |21} m
the presence of tron deficiency anrentia the relaine amounts of HibA,
may be lowered considerabhy in nosmat people and thalassacoma traat
and mav be <o lowered as to miss the dapnosis of thalassaemia o
Our cases had Tow MCHC and this may hase been complicated by aron
deliciency

St S3 and 84 did pot have any chueal abnormahty and there was
o suidence of hacmolvais as Judned by the normal serum bitwubn and
retsculocyie count though 84 was somewhat anaemie The younsest sis
ter (S5) was a tase of nhunted clliptocytosss In the great muonty of
cases reported clliptocytons had been a harmlcss anomaly

The fact that 75% of the cells showed cliptocytosis cannot be ex
plaincd only by the presence of g thalassaemia troit in 81 Turther the
presence of etiptocytoss alone w85 m the absence of other hiemato
fopical sbnosmahity supported the finding of ellsptocytosis w the father
($1) to be truly heruditary Jhptocytosts 1nd ot the one which comaton
fy 15 ascocnated wath thatassaemea tratt fn 84 there were microsphero
ovies and this bas boen known fo oceur with heruditany elisptocytons
{22} The blood films of S1 §3 and 54 showed an mncreascd number of
tarpet eclls sugeestne of that trag an add 10 the cit
fosis The former was confirmed by haemoglotin analysis

In this famuh the gence for ciliptocytons ded not traset wath R,
{C0e) Ry {CD%0) ar 5 {exde) since all 3 ssblings did nox have ether
R, or ¢ but showed clhiptocstosss abented from R, (CDre cde)
father This famdy therefare deviaid from the usual knkage reported
by sevural workess and analvsed by Morton {23

Hp (2 1Y\ Hp (2-1) maung ($1 X S2) has produced no detectable
haptoglobin bands in §3 and S4 on stwch gl clectrophoress 2 penetic

d nameh that trat and elliptocytosss in thy proposstus
(S3) and his father (S!) mas not be responsble for the absence of
tHipbands wnce St showed a disuact {2 1) Ype on clectrophorens but
not 83 both having elliptocytosrs and thalassaemia Again the sister
(S4) a thalassaeoma carner did not show any Hpbands It may scem
that the absence of Hp bands 1n 53 and S4 15 independent of ather ge
neucal condittons observed s this family It may hase been brought
about b further lowening of the Hp Jevels an therr blood by some hae
mohtic provesses 1 o found in some populations of SE Asta and New
Gusnea that low haemolvue eprsodes may not enable the Hp phenotype
to be assgned i wsuat wpag wung starch gel electrophoress [24)

P
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1 and 3 1n this study hod markedly reduced frapiny bosh of fresh
and ncubated cells This marked resistance could be explamed by the
of thal That sselt causes increased resis-
tance S4 howeser, had only a part of the cells showing decreased fragihi-
ty, & greater part [ell within the pormal fange She had microspherocytes
and thus could account for the greater part of the curve Iying within the
normal range Though the fragility 1s normal 1n uncomplicated efhiptocy-
1osts, et d may be suggestve of the presence of anather
associated ab ity like thal orah binopathy  AVERY
125} desenbed 5 case of Bb € and efhplocy1osts whose osmotuc fragility
was normal of near normal before incubation and shifted m the direction
of snereased resistance on incubation
Cases have been descnbed of ellsptocytosss associated with oxycepha-
ty {26] and defects of the fateral incisors {27] None of our cases had
these defects PenFoLp and Lipscoms [28] desenbed a Jewish famuly
with hereditary elliptocy tosis and hereditary haemorrhagee telangiectasia
Hereditary effiptocytoss 1s tnhented as a Mendehan dominant and 1s
cqually common n males and females Accotding to MorTon {23] there
may be more than one gene responsible for the phalogical appear-
ances of the red cell Interesting problems anse when two or more genes
for inhented hacmolyne disorders co-euist 1 the same population and -
teract so that a person inhenting both mutant gene 15 at a disadsantage
in ST Awa for example, 7 thalassaerma and Hb £ are both present and
the presence of the 2 genes 1n 2n individual leads wsually to 8 moderate-
1y severe blood duorder 1n our cases the elliptocytic trait has been as-
socrated with the thalassaerma traut but the indiaduals were scemingly
wnaffected [t 1¢ apparent that in these cases RO teraction has occutred
Smitarly n the family with hereditany persistence of foctal haemoglobin
and clliptocytosis 1o evidence of mteraction was scen 1 indpiduals het-
erazyguus (or these genes (13] Eiliptocytans assocuated with Hb C {25)
and 111§ [12] were found 1n a case With interaction between an inhent-

ed spherocytie gene and that fene to the individ &
fage

According to the reporty of avocaaton of heredutary elliptocytoss
with f thalacsacma there seems o be no evidence 10 show mutual ep-
Rancement of the imuolied genes [R,9 29) But an yhe Samidy reperted s
Praneir and Cuersors (10] there s cvdence of haemolvic anacma
:mgr the result of the summation of the chinical effects of the penes for

1l y and # th 3 W the same mdmiduat In
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our cases there seems 0 be no evidence of any overt haemolytic anae-
mia 1n the indiiduals carrying the genes for elliptocytosis and f-thalas-
saemia, The fact that 3 of the 4 members in this family showing in-
creased number of elliptocytes had also f-thalassaemia does not neces-
sanily indicate that this abnormal morphology of the red cells is associat-
ed with thalassaemia. This is borne out by the fact that the other mem-
ber in the family showing elliptocytosis is found to be free of p-thalas-
saemia trait with normal amount of Hb A,. From the limited genetic
data available there 1s reasonably good evidence that the genes for f-thal-
assaemia and hereditary clliptocytosis m one family reported here are
not allelic.
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Parahemophilia
A Case Report

A GrouaMmy, R VENTURELLL F Riguint and R Scarea

Unnersity of Padua Medical School Institute of Semeiotica Medica®
{Director Prof M AustoNy)
and Udine City Hospatal, Blood Transfusion Center
{Director Prof R VENTURELLY)

Abstract A case of congenntal factor v deficiency 1s Key Hords
presented The proposita 1s a 40-year old female who has a  Coagulation defects
prolonged prothrombin ume corrected by the addwion of  Factor V defictency
adsorbed plasma but not by the addi on of normal serum  Parahemophibia
a d partial th pl time and an 1

bopl. d by the sub: of the patients adsorbed
plasma with adsorbed normal plasma The factor V level in the patient s plasma s
6% o of normal Bleeding tendency was mild Menstruation was almost always nor
mal No hemarthrosts ever occurred The patient's mother and one of her sbhngs
were considered to be heterozygotes

Congemtal factor V deficiency was first described by OwreN 1 1947
[30] To date only about 50 cases have been reported m international
literature  The matn features presented by all these patients have been
properly emphasized by authors who reported the latest cases or 1n re-
cent reviews (2, 6, 20, 22, 23, 29 32, 33, 35, 36, 39] The descripuon
of new cases of this disease should be welcome since they may add fur-
ther information about the condition

The object of the present paper 1s to report a patient with parahemo-
philia who was followed since 1957 This 1s the fourth patient with par-
ahemophiha descnibed in Italy [6, 15]

Case Report
The patient 1s a 40-year old white female who was first seen by us in 1957 and

has been follawed up by us throughout these years (fig 1 table 1) The parents of
the p were not but they were born in the same area They
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Fig 1 Vamidy pedigree The numbers on the nght side of each circle or squarc
refer 10 the prothrombin time and 10 the factor V percent values The mather and
the wster of our propouta had shightty decreased factor V levels and were consd
ered 1o be heterorygotey

Table § Behavior of clotung ume, prothrombin fime and partial thromboplasun time
during she 12 year obsenyation penod The mnor variations are secondary to the different
reagents wned from time 10 Ume

Test Date of examinauion
Teb 1957 Apnl1963  Dec 1968 hov 1970

Clotung ume, mn 2] ® 2 16
Partial thromboplastin

tme < - 9 1%
Trathroenben Gme, sec E0Y 48 1 w0

were anmptomatie. The family Fntory was pounve for Heed ng tendency, unve 3
maternal counns of the propomits are conudered 1o be beaters. Unfortunately no
wagulaton stody could be qarned out 18 these 3 perons The propeias siter
presented excesnne bleating after a tovth eatrachion.

The firnt Hleoding mamdestations of the Propouta were eary brmung epatatn
and accanonal bleeding from the gums At the age of 7 a tonullectorny was not
Petformed beuause of mhole Blod Jdotting ime of 22 min Merarche appeared at
the age of 11 and wau not pattiularly abundant Memtruations Aave been normal
o only moderately ingreasad throughout ber life

Al the ape of 16 o txoth €rtrachion was follownd by profuse Heed g which
fequited bonpitaliration s 1 st of freeh whole Maad AUt 1me the dugno
us of paraherrorh iy was Girmly otbinhal At the age of 36 the panert was
hevpitalized 1n frefanston £ muttple dertal eutractiony €0 m of fred plama
were fiven in 2hoang Rttt eatrachons were carmed oct wmmed atedy afver in t
40 ez wehout eneune Beahng Al the end of the Pl efaon, the pacual
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Parahemophilia
A Case Report

A GiroLAMi, R VENTURELLY, F Righint and R Scarra

Untversuty of Padua Medical Schoo! Instutute of ‘Semetotica Medica®
(Dtrectar Prof M AustoNi),
and Udine Crty Hospital, Blood Transfuston Center
(Dhrector Prof R VENTURELLD)

Abstract A case of congemital factor V deficiency 15 Aey Words
Jresemed The proposita 1s o 40y enr old femnlz who has 1 Coagulanon defects
prolonged prothrombin tme corrected by the addition of  Factor V defictency
adsorbed plasma but not by the addit on of normal serum,  Parahemophilia
a prolonged partial thromboplastin ttme and an abnormal

bapt: generition d by the sut of the patients adsorbed
plasma with adsorbed normal plasma The factor V level in the patients plasma is
6% o of normal Bleeding tendency was muld Menstruation was almost alw1ys aor
mal No hemarthrasts ever occurred The patient s mother and one of her siblings
were considered to be heterozygotes

Congenital factor V deficiency was first desenibed by OWREN 10 1947
130] To date, only about 50 cases have been reported i mnternational
hterature The main features presented by all these patients have been
properly cmphasized by authors who reported the latest cases or 1 re-
cent reviews [2, 6, 20, 22, 23, 29, 32, 33, 35, 36, 39] The descnption
of new enses of this disease should be welcome since they may add fur-
ther ;nformation about the condition

The abject of the present paper 1s to report a patient with parahemo-
philia who was followed since 1957 This 1s the fourth patient wath par-
ahemaophihia described in Ity [6, 15)

Case Report
The patient 15 8 40 year old white female who was first scen by us mn 1957 and

has been followed up by us throughout these years (fig 1 table 1} The parenis of
the prop were not but they were born in the stme area They
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I g1 Tamly ped gree The pumbers on the nght s de of each ¢ tcle or squarc
refer to the prothromb n tme and to the factor V percent values The Mother :ndd
the s atet of out propos 1a hay st ghtly decreased factor Vv levels and Were coms
¢red 10 be hetefory potes

Table § Babaswot of siwi g tene peothrombin £ me and Portat thrombonlast o t me
&t of the 12 year obacrvat on per o The munor s37101 ong are scvondary 10 the ¢ flerent
reagents uved Ttom t me ot me

Ten Date of exam fat on.
Feb 1957 Apri1%63  Dec 198 Nov 190

Clotingime mn 14 1] n 16
tartal thromboplast n

e e 95 104
Prothroenhon t me sec » 43 kA ELY

were aymptmtat - The fam Ty hory was pos tve for beed ag tendency wn ¢ 3
atermal comy m of The Fropm ta sre com dered to be bleedery, Unlotyanately no
aguls i My covld e warred out an there 3 persons The Fropes 3y wnster
PITER o) ex € ve blead np atter a tooth extraction
The £ Moot ne man festat en of the Propoy ta were easy broanz ep stauns
#md N au 3l Beed ng 11w the gumy At the agc of T tonsllectomy was noy
ferd end diaane o wh de €0 ol € g (me of 7T m 0 Senarche appeared a1
he age of 11 and wav not partnuls Iy abundat Atemtruations have been sormal
w wnly modeta ey 0 reased the saghout ber § fe
AL (% afe of 16 a Toth €utrs ton was { Howed b
1Oq o tamiTal zation 804 1 ent of frh whole Bl
wb o panabrneph 1a wan £y edaM el Ar the 2
hospetat 168 0 Prepara on o o tple dertal extrapuon
TETE N Thoand 8 U £ e mere tamed
NS Nutenenne Mod v At the end of phe 1

y profuse Mecd np by b
At 2t tme the dugno-
¢ of 26 the patient way
% S0 m) of fresh plasma
Ut smmnd ately after 1 |
a3 et om, (e parust
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120+
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600ml ot fresh plasma
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Clottng tme sec
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—T—T Y
Basal 1 2 3 9
values Tive h

Fig 2 Almost complete correction of partial thromboplastin ttme (PPT) and
prothrombin time (PT) after the admunistration of 600 mt of fresh plasma The ex
traction of 8 teeth carried out diately after the 1 was not followed
by excessive bleeding No specific factor V assays could be carried out on this oc
casion but 1t 1s likely that a level of 20-25% of normal was reached (body we ght
65 kg estimated plasma value 2 500 ml)

thromboplastin time and the p time were lly pormal (fig 2) On
the following day another umt of fresh plasma was given and a third untt was
given on the third day No excessive oozing was noted from the s tes of extrac
tion

Al b bleeding have been muld Duning the
past 3 years the pattent had no important bleeding manifestation Physical exami
nation at the time of study was negative

Material and Methods

Plastic synnges (Pharmaseal) and gauge No 19 silicomzed needles 3 8% so-
dim citrate Calcrum chlonde 0025 . Michaelis buffer solution at pH 73 Im
dazole buffer solution at pH 73 Veronal buffer at pH 73

Tissue whole thromboplastin (Simplasuin  Warner Chilcott or rabbit brain

Ortho) Activated partial (Cep Dade)
Thrombin topical (Topostasin Roche}) Thrombuin (Behningwerhe) Bovine fibrino-
gen (Armour) Charcoal filtered ox plasma (Diagen) Prothrombin free beef plas
ma (Hyland)




Parahemophulia s

Tyephal sed fator AL deficient plasma was obtaned through the :oopc;‘min
of Dr Owis Departracnt of Clnical Pathology Mayo Clinic, Rochester, m;
LSA Fresh factors VI 31X and K deficient phasma was ottawed feom wndiv
\afe with sovere congen taf def'orencies of these tactors Frozen factor X deficient
plavma 21 otta ned from a patient with severe factor X deficieacy

Celte a grade § d atomaceon eanh obfuned from Sigma faboraloney, was
wed. Fllagre scd uy oFtaaed from the k &  Laboratones famaxca, New York
The crude matenal way ponfed 33 previovsly desenbed (13) Shcone 200 350
tosend Generale Sihcety

Rinuell vipet venom h The dned was feson
\ted with \he solvent supphied by the manufacturer to obtam a ) 10000 sole-
e Styprer-Cephalin prepanation as obtawned fram Duagnowic Reagents Labara
oL

Adworbed normal plasma way obtamed by muting I mi of citrated plasma with
Qe of aluonntum hydronde swipenwon (Diagen) for Smun The supernatant
was then sepanated by centnfuping at 3000 Tpm far Smin and the procedure re
pested The prothrombin ume of the adiorbed normal Flavma was always greater
a0 Mace Factors I ¥ and factors VII + X deficient substrates 33 supphied
By the Stago Labatatones were mned

ont of the resglis dealt within the present rzpont Tefer 10 ests carned ot
Aavember and December 1970

Plasma way obtaned by centnfuging at § € 110 autrated blood for (Gmin at
X0 pm uniess otherane speafied AN 1ty were camned out an notmal glass
s1te anlews otherwine speaifed The glan cloting tre war performed according
to the Lre snd Wnrre method [26] Platelety were counted acertding 1o the
Barcak and Cronanty method (4] Qlot teraction and the tourmguet test were
<t o out by rounine accepted procedures {2, 28] Bleeding ume was determined
*y Dorr s method (33} The p ted way ac
sefd ng 1o the method of Owein and Axy [HY, mod fied by Wars and Syracwsiy
W] The fy70rr 1+ X compley wae evaluated accord ng to a modification of
™ method of Yoey er 2} 1IRY Prodiromb n free ot plasata 2as reobated with
eqf pare of a Rowell wiper venomcephalin mostore and & 1 18 dilotion of the
tedt plavma i M ohaeln buffer After & $mis incubauon perod Olmi of 2
0078 2 Lac, solution wia 8868 and the elotting time meavored

The Stypven clotung | me way oManed Measunng the dlottieg time of & M
tute of the patent s plasra sod 61 mf of a 110007 d lation of Wellcome Rowell
* Pt vetom on add non of 01t of B82S M O, The plateia nch plaen for
e Sytven Uott ag Lme was obtz ned by centnfoprg noncontacted 1 10 aitrated

Movd st LSS rpen | 0% min the test mat carmed ot {n normal glasymare
The StitvenLeatal a clothing tme was determned by wones B3 mi of the
:: et s My et 03 MY of the Shpven-cephalin micture and thes by 2dding
Tl ol O st CaCy, wohanon Facton 8V and factory VU1 + X compler
-;’u determ ned by e methots of Duren med fFod by tov et 2Ty h{xm
VI &ty 1y alone was eurloy ) uung as subatrste equel pacts of § ;! ed
# M defitert tlavma gnd wdsorhed nermad plavrs Yot e
. TaTe X st ty wae determ aed accon?

to the So
P23 Tar 02l Trered o plases wag M‘j

yoeenceshalin mettond
A wtthate A nermal yefererce
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Lyoph ! zed fador VI delaent plasma was obtaned through the cooperaton
of Dr Owty Depanment of C1n cal Pathology Mayo Clnec, Rocheter Man,
USA Fresh facors V31T 1X and XH defaent plasma was obta ned (rom tad vid
uals w th severe congen tal defc enc e of these factors. Frozen factor X def ent
plauna 1 obta ned from a pat eat with scvere factor X defaiency

Celre a prade § datomaceoms earth obta ned from Sigma Laboratonias, waw
wed Filsgc acid g1 obta net from the h & N Laborator es Jamasca, New York
The crode matenal way pur Fed as previomly desnbed (13) Sil cone 200°3%0
{Soc 013 Cenerate Sicon )

Russell viper venom (Burroughs Wellcome) The dned preparat on was recon
st uted w th the solvent suppl ed by the manufacturer to obtan ¥ 110,000 solu
ton Stypven Cerbal n preparat on as obta ned from O agaet o Reagents Labora
tor ey

Adsothed normal plasma way obtuned by m ting tml of ctrated plasma with
Q1mt of alem num hydeoyde supeason (D agea) for Sma The supernatant
was then separated by centr fug ng at 3000 pm for Smen and the proceduse s
peated The prothromb n £ me of the adwrbed mormal plasma war always greater
than *Xeec Fators 11 v and factors VI + X defcent substrates as supl ed
By the Stagn Labratortes were tned.

Mot of the results dealt w4 n the prosent report refer 1o testy carned out in
N wember atd Devember 1970

Plasma war obta ned by centr fug ng at § € 110 aitrated hlood for 10m n at
2000 spm unless othernine speailed Al 1ents were camed out in normal glaw-
wate ublest others se speailed The glass clott ng t me was performed accord ng
0 the 127 and WHrr method {%6] Platelets were coynted accord ng to the
furcrer and Cuongny method {4 Clot retract on and the tourn quet tet were
<arned out by rout ne accepted procedures (2, *¢) Blead rg £ me wan determ ned
by Doats medod (331 The p ap a1t was a
cord ng to the methad of Ownrx and At {31 mod fed by Wanz and Stracsrir
(W] The factors I + X compier was evaluated sccord ng 10 » mod feat on of
the method of Hxwr ¢ af [15] Prothromb n free ox plasma wat incuba ed with
equal parts of 8 Rueell v per vepom-cerhal 2 musture and & 110 d ot on of the
168 plavma fa M haetn Puffer After a Smon ncuhaton period Otml of a
0023 31 CaCly alut v was sdded and the ¢f 1t ng t me measured.

The Stymven cf % ng e wav o ned meawning the clott ng tme of & My
twre of the pat erts plavma and 01 ml of » 120000 ¢ luvon of Well-ome Rowell
* YT 4620 on add fon of 0 mt of 0038 M CaCl, The platelet rch plavma for
the Stypeen cl% og tme was obta ned by contr fug ng noncontacted 110 atrated
Howd ot LS pen 30 S o the test wan carr o ot i Rorral glavsware

The SyrvenCertul n (1t rg tme was determ red by m1ng Q1L of the
Patents plama w b 01 ml of the Staprenceshal 4 mitture ard then by add ng
01 mi of 1he tust Cacly wlunon Factors 11 A snd facton VI + X enmpler
were doerm ned By the mehads of Ouret Pedd ficd by 11wn o1 o IPT) Rastor
NI a1ty atine was evalusted vung as satrar eqaal parts of fonk 1l fa.
€6 A1 el Ipnt Flavma snd adwwebed norens! plaema

Ba it X sty ase determ aed accord op 10 the Symvercerhal o ol
19 Ohagen charcoal £ltered on plavma w3t el a3 sudurste A normal reference
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curve for factors If, V, factors VI[ -+ X complex, factors VIT and X atsays was
constructed using serial drlutions of normal x\]:nm:n s Michaelis buffer

Factors VIl and IX were determuned according to the method of IANGDELL ef
al {24] modified by Harpisty and MacPuersoN [16] The PTA fevel was deter
muned according to the method proposed by Hoxowrrz er af [21] Hageman fac
tor activity was determined by a I stage method using as substrate nos contacted
plasma of a patient with Hageman trau [34] This latter assay was carned out 1n
sihicomized glassware

Antiproaccelenn activity was evaluated by incubating at 37°C for 2h a mix
ture of pattent’s plasma with fresh normal plasma and a muxture of aged normal
plasma with fresh normal plasma The aged normal plasma was obtamed by stor
1ng pooled normal plasma at +4° C uli the prothrombin time became greater than
60 sec (151

The prothrombin consumption test was carned out on serum obtaned from
blood which had been allowed to stand at 37° C for 2 h |15, 33) The
partial lhrombopl:ls(m time was evaluated by the method of [ancbeir et af
[24] using an ! partial thrombopl The thrombopl fest
was performed according to the method of Hicks and lew [17) using an acti
vated partial thcombopl The thrombop!: test was carried out
according to the Oxford method using as plaleln substitote a non activated ce
phalin preparation [2] Blood was It i] g 10 a modification
of Quick’s method [12, 33]

Fibrinolysts was assayed by means of a euglobulin method {7] Thrombin ume
was evaluated by measuning the clotting ime of a 1 2 mixture of curated plasma
and disulled water on addition of 6 NIH unuts of thrombin

The thromboclastogram was obtained n a Hellige 2601 D apparatus vsing 15
cirated platelet rich plasma Rouune liver function tests were carried out by ac
cepted hosprtal procedures.

Results

The zul study 1s 1zed mn table 11 The prothrombin
ume was prolonged and was corrected by the addition of adsorbed plas-
ma and fresh normal plasma but not by the addition of aged normat
plasma or normal serum The miung of the patient plasma with equal
patts of plasma of patient with factors 11, VI or X deficrencies resulted
in a normal prothrombin time (tables 111 and 1V) The parual thrombo-
plastin time was prolonged and prothrombin consumption and the
thromboplastin screcrung test were defectise The thromboplastin gener-
ation test was abnormal and was corrected by the substitution ol patient
plasma with adsorbed normal plasma (fig 3) lactor V resulted to be
6° « of normal No factor V inhibitor was found n the proposita’s plas-

ma (table V)
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Toble I} Coagulaion study m the proposita
Tew Patient Normal vatues
Platefet count 200000 150 000-3%0 000
Tournsquet eyt neg neg
Bleed ag une tum 1 2s
Clet retracten complete ind h complete afier I2h
Glaw tioting e Min 1% $-10
Sdcone clotung ime min 41 1335
Recalafication tme wec s130 100-180
Crowstaalafication ume
{+00$ ml of normal plavma) sec (7583
Thremboplastin screening test Hsecmsmm  <lsecmGorgmin
Ttromboplastin generation et 30 gec tn § min <i43ccn 6 o1 3 min
Prothrombin comumpticn *e 40 >%
Pastiat thremboplastin time $ec 1060 <4043
Prothrombo time scc 400 131
Trothrombn trme with Simplastn Alsee 143 nn
Protheormb-procomertin test, se¢ 260 3-8
Factors 114+ X complen wec 21 21
SuTvER cleting t e s E 1420
Stypven cephal a clot ng time sec 430 10-13
Factor 1 (iatage) te 10 £0-120
Tactor\ ¢ 3 10120
Factors V11> X complex, e 100 20-120
Factor V11§ %o 53 €0-130
$actor IN Y ws 0130
factor \Y L *0-130
Eactor NfI % 1% 0-130
Fidinogen mg % 50 240 500
¥ ibenotyus feugh but ey, b 2% 1030
Thromtn pme sex » 12
Thromboebastogram AL met s 10-20
N om X 612
LN “ [

Th s hrorboplad n oot m factor  and Fremogen

Facors 11 VID VL N N, AL and MM were 3!l within normal
Bt hibnaopen was shphly elovated tot no wipnficance could be at-
inbured o thes finding There was ro hvpetfibnnolyn. The thrombua

tme was norral The thromh

3

showed a p

longed "t #nd

A btot g normal ma The pattern was parially correted by e adde
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Hig 3 Thromboplastia generation test Curve | ey the basal curve Curve 2 was
obtarned after substitution of pattent s serum wath pormal serum. Curve 3 was ob-
ta ned aftee substitution of patient s absorbed plasma with absorbed normal plas-
ma Non activated platelet substitute and 0025 st CaCl2 were al'o wed i cach
ayten Sormal plasma wav wsed as substrate in all instances.

Discussion

The main features of factor V def, are 1! d prothromb
time corrected by the additon of adsorbed norm:l plasma, prolonged
partial thromboplastin time and defectne thromboplastin generation [2,
10 33] Our patient fully meets these entena

The posubility that our pauent had an acquired factor V deficiency
may te reled out Liver damage can be ruled out tecause of normal
Ines function tests and of no concomitant decrease of sitamin K dee
pendent factors G I pathy or fibanol purpura may
alw be ruled out unce no decrease 1n pen platelets,
tactors 1 and V1N and no hvperhibninolyss was present

The results of the cosgulation studics are m perfect agreement with
the known data on the subp~ct The partial correction of the thromboe-
Iastographn pattern obtaned after addinon of ellapc 3ad r not surpns-

ing This fint stage gctnseg substance has alreads been shown to oore
rect partiath or pleteh the thromb graphic tracing of all coa-
gulopatues safe for Hageman trant and conpental afibnnogenema [14}
The ewnt staking avqect presen’ad v our projerata concerns. the muld
bleed ap tendersy throughout her e 11 vz of the Jow factor Vieavels
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Fig 4 Thromboel. hic pattern The prol d ‘r and K ar¢ evident 1n
tracing 1 {basal tracing) Tractng 2 was obtained after additton of G1ml of
107m ellagic acid solution to 09 ml of patients platelet nich plasma The add:
uon of ellagic acid has partially corrected the abnormality

Table }  Lack of anti factor V activity in the patient s plasma on incubation at 37°C

Incubatton time Factor V level of Factor V level of a
min al 2 mixture of 1 2 nuxture of aged
patient s plasma normal plasma and fresh
and fresh normat normal plasma %
plasma %
[ 56 52
30 58 46
60 46 46
120 40 38

The threshold for the occurrence of overt bleeding mamfestations 1n
factor V deficiency seems to be around 20% of normal [15, 36, 38] and
the 6% level found 1n our patient was well below that level The proba
ble factor V level obtained mn our proposita after the transfusion of
600 mt of plasma was also around 20-25% of normal (fig 2) The
threshold level for an abnormal TGT test 1n parahemophilia seems to be
around 20%, too {25]

A similar stnking discrepancy between factor V levels and a mild
bleeding tendency was already present in the patients presented by AL~
EXANDER ¢f gl [1] and FRIEDMAN et al [11}) There 1s no sure explana
tion for the phenomenon Therefore, 1t would seem that other concomi-
tant factors may play a role in the pathogenesis of biceding 1n patients
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with parahemophulia In this regard st may be interesting to pote that a
Jevel as low a3 5107 4 of normal was mamtained to be sufficient to as-
sure adequate hemostass for a hysterectomy 131

Quick has suggested that bleeding mamfestanons 0 parahemophilia
are similar to those obsenved 10 sngiohemophilia of Yon Willebrand s
disease 133) This view i< consistent with the bleeding that was observed
in our paticnt

Menotrhapa has been reported to be (requently present, but this was
not the case in our patient

“The heredity pattem in our proposita scems well established She 1s
probably a homozygote The mother 18 2 heterorypoie The father was e
ther a heterazygote lumself o he was normal In this latter case a muta-
tion muyt be voked to explam the homozygoss found in his daughter

‘The data available m the 1 are sn og with this T
non 14,23 37}
These findings are with an pletely reces-

sive fattern of transmission

Several associated congenital anomabies have been descnbed m pa-
tents with parashemophihie namely dacul pdermolysts bullosa
and factor VII1 deficiency [9. 10 22] In other patents a factor V-
hubitor was demonstrated {10 19] None of these conditions was present
in aut proposita
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£ig 4 Thromboel phic pattern The prolonged 'r' and ‘K' are evdent ¢
tracing 1 (bAsal trscingd Tracing 2 was obtaed afier addition of @1mb of
1rem etlage amd solution to 09mi of panents platelet sich plasma The adds
ton of ellagic acid has partially corrected the abaermalsty

Table 3 Lach of ant factor V activity sn the patient’s plavma on icubation at 37°C

Incubanon e Factor V level of Factor Vfevelof 2
mn 3t 2mxture of 1 2 mxture of aged
pauent s plasms normal plasma and fresh
and fresh normal normal plasma *e
plasma, %
o 56 2
30 58 a8
60 44 46
120 40 38

The threshold for the occurrence of ovent bleeding mamfestanons
factor V deficiency scems to be around 20%% of normal {15, 36, 38] and
the 6% fevel found n our patient was well below that feve! The proba-
ble {actor V lesel obtaned w our proposa afier v sansfusion of
600 m! of plasma was also around 20~25% of normal (fig 2) The
threshold fevet for an abnormal TGT test w parahemaphilia seems to be
around 20%, too [25]

A sumfar stnking discrepancy between factor V lesels and a mild
bleeding tendency was already present in the patients presented by Ar-
EXANDER et @l {1] and FriepMaN er a? {11} There  no sure explana-
uon Jor the phenomenon Thezefore, st would seem that other concomi-
tant factors may play a role 1n the pathagenesis of bleeding i paucents
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facton in different speies, pince such data cust Nevertheless, these procecdingy
comttute an extremely valuable source of information and references, whith can be
Tghly Tecommended 1o anyone intefesied i the firld of haemowass.

F Duckenr, Barel

1120 Narrirtz Hamatologhucher 7ytologieatias fur Praxiy smd hliaik H Manedle

Munchen 1970 9% po, 43 (g, DA X0

Ty 1t erfreulich, daw die phol 2 m der h
Zy10logie sich immer mehr yon rugumten Piy h
Abtldungen 1t und damit zur Darstellung der Wirklichhent Btergent Nach dem
wor 6 [ahten eowbuenenen Lenfaden ded Heleeenten bt der Kiewe Atfas vor fase-
Uz dat reene Werk qum Stedium der Blut und hnochenmarkazellen im deutsch-
prachugen Sohnfitum day sogar A farbuge vernen-
det und nonh etnen sehr wertvollen Anhang Gber die Zytologie des Pleura , Avnes
und Perilapdpunitates enthilt Auf spenelle ddalinche Geuchtspunite schent es
der Auvtor wemger abgeschen zu haden, die einzcines haovhenmarkucllen werden

untet hormaten und p b J gch Dabey
" 2u hegrnen, dan stets mcl\lu! Berpele 2um mmhsm Thema geregt ‘(nkn,
um dem L das Vertindmin fur die

Nimatotogrwher Zelitefunde 1u eriouhtern ie Abtidungen sind Yorwicgend gut
odet shr gul ampe wenige S\ erhewcrungen wiren vortunchlagen, 30 2. B die Dar
steltung der £ ounophulen und Bawophilen suf p 35 Winchenswmert wire auch bt
et derarigen Nevenchonung an Hinwens auf die wichtipstent 210¢hemschen
Refunde ber bestimmten hranlhestibiddern (alute Lentoen, chron myel Leskone,
sdervachrestivhe Al\imlu tm Ghrigen it aber dic gevamie Themath der himato.

fopmben haoch ! fahern 7 und sehy Jlhizaiy behandelt
w0 daw das Buchion ulm an der mikroskopiwh hit 1 A Pnter

euetten emploblen werden Aaan F Hhecenta, Embect
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J Carn F losso Y SuLtan D MEver et § P Attay L bémostase phystologie
exploration fonctlanacile Expansion Scientifique Frangaise

Ce petit volume résunte aved pé la phystologie de 1h, et de la
coagulation sangusne winst que de fa fibriaolyse N traste ensurte 1 exploranon fone-
tionnelle en chimique On y trouve toutes les méthodes wmportantes mais 1] 3y
manque des indications pratrques sur les methodes 3 employer pour une premuere
onentation Paur e debutant f fwr sera t utle de se farmlianser avec les méthodes
simples qut d exclure ua d, de ta ) oy de sélec
tionner Jes méthodes plus spéaalisées lorsquun résultat est pathologique Dans
beautoup d hoprtaux Ic protocole stivant a déjA faw ses preuves temps de Quich

PTT fibrinageae actnité ants th b nombre de ph du carltot
temps de sugnement Seuls les malades présentant un test pathologique sont cxa
mines plus & fond par un lab écralise La partie du hivre & une

haute valeur didactique pussqu ¢l presente & 1 &tudrant les résuliats obtenus dans des
cas bien déhimis

Ce livre est aux ei any jevnes méd) s 3
1 hémastase moderne P Migscier Geneve

R G MACFARLANL (ed) The Haemostatic Mechanisars in AMan and Othec
Ammals Symposia of the Zoological Socrely of London No 27 Acadeauc
Press London 1970 US § 1330

The symposium organized by R G McFARLANE on behalf of the Zootogical So-
ciely of London constitutes a successful attempt to give a broad review of the accn
mulated hnowledge on the haemestalic process notl only in man but also s numer
ous anumals belonging to 9 phyla The proceedings pave a full report of the Sympo-
stum held 1 Loadon 10 December 1970 A few chapters are devoled to the coagula
tion mechanism coagulation defects and the role of platelets tn man Even though
15 relatively easy to find such tnformation elsewhere these chapiers are very helpful
for direct companson The goal of the differcnt authors has been varable from
large reviews such as that presented by NEEDHAM on haemostasis # the tnverte
brates, by CurisTIvE HAWLEY on fibninotysts in ammals 1o very speaific contnbu
tians, for example on w1 vh o observations on haemostasis 1n the hamsier by SaNDERS

Some attempts of a direct compartson between various spectes of ammat classes
have been made As stated by the authors such attempts are quite difficult since for
the majorsty of species very lutle 18 known, furthermore the methods used in hu
mans or 1n the most commonly stud ed antmals are not duwectly adaptable to other
anumals because of spectes spectficity  especially for companson en a quantitative
basts The chemical experimentation 15 in ths respect more sugcessfial since the

af phy y cquivalent protemns can be anatyzed This is possible
only for the Iy best rep 3 i factor This has
been shown by Bromaack and also by CARTWRIGHT

The possibilities of unmunologreal techniques have been somewhat neglected e
cept for o p by DeNsoN on clatting protetas Thus aspect could
have been cxtended to the uvse of antisera to compare the coagulation or fibrinolysis
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Serial Estimation of Sernm, Urine, and Leahocyte Muramidase
{Lysoryme) in Monocytic Lenhemia

11 Omra and H Naoast

Department of Medicine, Nagoya Univeruity Suhoot of Med vine Sagoya

Abitraet Serym murarydase values were greatlly in Key Words
creased dn all pat erts with monodyt . leudemia, moderately  Leshemia
eleva e 10 chror o eyelocyuc Tevkers, and onfy sf ghtly  Monooyuc fevleria
increased In asute mystocytic leubem a Seoal estirations fn Muram dase
Paters with meraayte teskerut dwlowed o shatp nse 1@
wninary moram Jasc Tovels at the in t al stages of many palienty, whaje the change 1n
serun mutamidase fevels was Tews marked. a remsuon, serum murarndase Se-
1w ned to rormal asd muramidawna & sappeared When relapse developed, serum
and uninary murarmidase increased to Jower levely than those at the srital manwoum
oner. Mature menocytes were demonstrated 10 conta n & greater amount of murm
iSave than those of immature monocytey

Tatents with monocyns and myclomonocytie leukemua have greatly
Increaved serum and unmany maramidase sctty priot to thetapy [1-5)
With respect to the ongin of ncreased serum and unnary muramdase in
patientt with menocyte leukerua, a general correlation has been reported
between muramidase exeretion snd leulocyte count [1] Others could not
obtan direct relatiorshup betwren the Gugree of munal serum murandase
elerauon and the presenting Jeukoevie count {3, 6]

The prewent study was yadertalen to evatuate the sipaificance of senal
determunstions of serum muram dase avd daly quanttauen of the en-
e dn unee throvghout the cntire courte of mencsytie leukermia 1a the
early speafic dapion and 2 a thenapeutc and Fropaoitic indicator
Funthermore, senal eviraten of levkodvie menridase was performed
127 2t O relate the change 1n scrum sad Lnnan rune dawe fevel
to e nxture of U proseteg leolovytes dunng the counse of the teule
r=ia s well 2310 thar Iulokinenss
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Seria) Estimation of Seram, Urine, and Levhocyte Muramidase
(Lysozyme) in Monocytic Levhemia

H Oitra 1nd 11 Nacase.

Department of Medicing, Nspopa Unsversty Sohool of Mediare Nagoya

Abivact Serum manstudase values were gremly sne Koy Hords
creased o alt g2t ety with Ponosy” « teutemiz, medentely  Leubrma
devated 10 chiome myclocyt, feubemis, and oaly ahigbtly  Mosocyll, lenkemia
ey b acute myelacybe leukema Scrial ext maboss i Murarudate
3t ents with mcrocyt, feukemia d sioved 2 dharp nse
grinary muram dase levels at the ia taf stages of many gauents, while the chaege 1n
atrum mutsoy dase Jevels was lews paried, Ia rersuon, serum furam dase 1e
1arted to Bormal and murars dasuny duappeared When relapee develoged, serury
O unnary munart dsse dcreased 10 jower tevels thas 1hose at the o vl Maxgmum
£OEL Matute MeNOOEs S efe deroty rated 1o Conttin & FE3 et amount of murssy
adase than tions of immature menocytes.

Panests with motocyue 2nd reyriomonocyne feukemy have preatly
increased serun and brnan Marasudase actvty pnor 1o therapy {1-5)
Wath respect 10 the onpw of tmercased serum and unnary tnuramidase @
pateats mith morocytic levkemus a general coerelation has been reposted
berneen Mussidace excreno and feukocyte count {1} Otbers could not
obtaa direat refatordup tetsten he degree of futal seren murszudase
clevation and the presenting feukocyte count (3, 6§

The present studs way undertaken to evatuate the ugnificance of serat
detere »atomy of serum muram dase end duly quantstion of the en-
e 13 unne Mourt out the erure coutse of moenocytc levker.a )p the
vty geads daprans wb W i 208 progostie miieator
Tupternore senal eviranen of feclocy'e murn dase was performed
39 atiepe to relate the chanpe 1 serut 2nd uImATy Manm dase Ieve!
¥ the patese of B proserteg indocyes dunsy the comese of the feckes

2 s well o to thexr letkolinsnse
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Methods
Serum snd uninary dase were d before 1n 56 patents
with acute or chromc Jeuhemsa and other | de i dase deter-
mination was also performed 1n 54 patients with dosis with lung 1|
and shight to m heral blood Thirty five normal, healthy

adults (men and women) served as control

Leukemic patients were classtfied as 1o lype on the basts of bone marrow and
penipheral blood morphology mcludmg May Giemsa stamn, supravital stain, phase
contrast and cytoch such as p Jase, acid and alka-
hine phosphatase, non specific esterase, PAS and Sudan black B sl:umng reactions
7-8)

was d by the lysop! h of O and LAWLOR
[1) using punfied human muramidase as the standard, since human muramidase has
different activity from that of egg white i} Human dase was 150+
lated from the unine of patients with Y with shght if of

the method of ALDERTON et al [10], using bentonite adsorption and elution with 5%,
aqueous pyndine adpusted to pH 50 with sulfuric acsid The human muramidase
thus obtained had 8 times grater actwvity than hen’s egg white enzyme (Sigma
Chemical Co) The purity of the isolated muranmdase was venified by electrophores
i3 Serum and urme samples were added into wells of agar plates containing uni
formly suspended Micrococcus Iysodeikticus and compared with punified human
muramidase standard of 5, 10, 50, 100, 500 and 1,000 ug/ml applied to each plate
Unnary muramidase excretion was determimed on the aliquots of 24 hour unne
collections.

Acid and alkaline phosphatase wcrc assayed by the proccdure of Drssey e al
{11] wath minor modifi using disod Fa as

Leukocytes 1solated from whole blood [7] were assayed for enzyme activity after
5 cycles of freezing and thawing, and the enzyme activity expressed as micrograms
per 107 cells d and les of p h by the en-
zyme from the substrate (umt) per 10¢ cells per hour (actd and alkaline phospha
tase)

Results

g

Pretr serum levels The results of serum murami-
dase estunations at the tume of diagnosis and prior to anti-leukemuc thera-
py ate given 1n table] The maximum value in each case was adopted
when scnal estimations were performed

Pretr uninary dase levels All patients with monocytic
leukema excreted large amounts of muramidase varying from 160 to
3,910 mg per day with a mean of 802 mg per day Since the degree of
muramudasunia at the imtal stage of the disease changed greatly with the
progression of the diseased state, the maximum value among the ones ob-
served by daly estumation n each case was taken up in table 1
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Sarmary of the charges in scrom and oritary munamidae actnty de-
termined st the intal, the wornt stage before thersy, feousslon and relae in
€ah patsent w1t FOROGYT ¢ Jealerua.

shown in fizure 2. Generally, the imual serum muramedase levels were
fower thaq those ot the wonst stage, though the differences in the enzyme
levels at both stages were not 30 marked. In afl cases in which the com-
plete remussion was mduced the senurt murarudase Jevels decreased and
nema ned in the normal range After relapse developed, a nise (except for
ont caw) in the scrum enzyme to a fower Jevel than at the mital stage
wat otsenned

When chemotherapy failled to mduce complete rem.ssion, serurt en-
ryme rem3ed eleve'ed or ahove normal, and recrudescence was aswo-
c1ated with CONCOruLat sncrease i serum murarudase tevel

Tre unniry monmudae feved 1n the counse of the diseate chanped ree
ratkatly  Low i~mal ennany ernvmaz va'ues rmgag from 106 1o
V6 mp pet dav exoept for one case excyeting 285 g per day, were fol-
lerwed by 8 4% mc i the actmties feabuag £xtreme high Incls at the
advaned 1°37¢ #~d ¢ uppeararce of Liman etrrton ! rezse. Un
£Iny Furst dase 1reased o relspss Coveloped 10 2 mush Jomer Iove]
1han e i~ ] kbt tovel several davs afier the increase of Ionbocyss
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Tadle It Comparnon of Jrukodyte muramidase and ackd and alkaline phosphatase
wWnves metsured s onset and in relirse

Panent Muramdase, Acd phosphatsse Aliatine phosphatase
pr 10 cells wn ¢, 104 eafls. unit/10? cells
onact Telifse ot relapse omeay relave
SM 133 018 0347 orss o010 o004
$s 200 043 £I83 0230 0008 ooo3
TA (133 118 oI o430 0006 oo

and alkaline photphatase were demonstrated in relapse than those et the
Intial stage with predorunsung immatare cells,

Discussion

The tesults of the present study indicate that pretreatment serum mus-
amudase acumty 18 grestly elevsted la patients wath monocye leukemss,
moderatcly clevated in chronic myclocyhie zukema, only shghtly m-
tressed in acote tryelocyue fenkema, and yeduced 1 the fymphocyuc
forms of leulemia These results are 1 accord wath the reports of Jotrds
etal (14, 15] ead others {14] The d of serum d
activity in patients wath scute leukemia has proven climeally useful espe-
cully for ditferentianon between monocyue and myelocyte leukerus and
alio betaeen myclocyte and Iymphocytie leukema, since dufficulty has
often been encountered with the dischmination ameng acute forms of leu
keria based on the morpholope findings of blavt celts.

Sught to moderate fncrease 1n serum rouramudase level in patients wath
sazeosdinis {1] was confirmed 1n Whas teport.

Relatvely low unaary moramudase Jevels at the sl stape of sesera)
Fanents with monocyte leakemia were followed by a sharp nse in the en-
Tyre actmty reach =g the extreme hugh level wathin several days (fig. 2)
In oae patient, with a past hastary of fung tobereytous and operated slom
ach cancer, it was dfficult 1 deterrune whethey renphernal blood rmopo-
it mig™t be due to exacerhaton of previous disease or early stape of
mepecytic Tenberia Flovared serums mumm dass froe the onet aad pro-
FREUnT facreal a uanian marz-adawe were obsenved 1 ths Fatery
»ho later developed mert leulemia, A few Fauen*s who were first seen at
33 8dranced shage of Jevbeosa showed & larpe gty ol et

=dase in
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the unne These results speak for the usefulness of datly estimation of un-
naty muramdase for differentinl and early dragnosis

Perum ef al {2) and Wiernin and Sereich [3) reported that a sud-
den increase i serum dase level 1n p n preceded
by several days the development of overt ewidence of hematolopie re-
fapse In the present study, however, serum lesels did not mcrease before
the evidence of marrow relapse and mcreased penpheral leuhocyte count
m any case Muranudasunia appeared several days alter the hematological
rclapse, reachung lower than the mtial value The results supgest that de-

of serum muramidase may not be useful to hnow the relapse
mn advance i whom complete remssion was achieved On the other hand,
n P 1 whom ¢l herapy fatled to mduce complete remussion,
the serum and unnary muramdase remamed clevated and vaned m ac-
cord with the change i leuhocyte and its differential count, sesving as a
good mdicator for following the discased state up and for the practical
management and wteasive therapy Unanry muramidase disappeared o
nonremutting patieats when serum muraridase levels were fovered below
the renal threshold, that is about 20 sg/m}

As shown 1 figure 3 leukocyte muramidase activity correlated with
the percent of mature monocytes with phagocytic actaty and mversely
correltated with immature cells, indicating that mature monocytes contam
greater of fase than monoeyhic cells These
data arc i agreement with the report on the granulocytic celt senes of
Nostr and FupENBLRG [16] who demonstrated a paraliel, in general, be-
tween the maturty of the granul and thewe dase content

In cellular dase activity d ta nearly the nor-
mat Jevel with restonng normal levhocyte daff 1

1 count gly
enough, in some cases, much less cellular muramdase content was ob-
served m relapse than at it} stage Together with lower values of acad
and allatine phosphatase an relapse than at miti} stage, the observation
may mdicate that the alteration of the cell charactensues, m accordance
with change m morphologie { {anap! transfor ) oc-
curred 1n relapse i some patents who had expenenced complete remus-
sion The lower serum and unnary dase levels i relapsing pas
tients than wmm patients at imual stage may be sccounted for by such 2
change tn the nature of presenting levhocytes Contrary relationship was
encountered 1n one case at the early relapsing stape, exibiting higher cel-
tular enzyme actiaty than that ot onsct In nonremuting patients leuko-
cyte muramdase ferels did not change marhedly
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Carliee reports showing a close relationshup between monocyte count

and serum Jas= Jevel suggested that yie senes may bea
main source of the tleva ed serum dase 1n

§ nce no marked elevation of semm and unnary muramxd:ssc was found
in patients with chrome myelocy ) haviag eqn 1

muraridase to shose with monocytic leukema st may be necessary lo
postulate other mechanisms than only the release of the enzym=~ trom &ur
culat ng leukocytes for § d dase quantity 1 yue leu
kemua Capatwlity of exudauen of mononuclear cells sn patents with
monocytc feukema followed by transformation mto macrophages in tis
sucs with marked increase in muramidase actvity {17 18] may contnbute
10 the prod: of large g of dase 1n those pauents
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Serum rlobulins in (-Thal ia After Splenectomy
B Serranmoss, A. Motas and B ANGILOPOULOS

Depantmeet of Pathologic Phyviology Urivernty of Athens
(Durector Prof B Avcrrorovtos) Athens

Abitract Serum dmusoglobulin (1eG. 12A, 15\ levels Koy Words

Bare teen determuned in 22 splencctomized and %0 ronmple- Immonoglobul.ns
Padents with £ thal. rajor Compared with  Splenectomy
29 coatrol subjects, all 3 b were fly Tb

Increased 1a the two thalasaerue grovps. Splenectomized pa

tiews had bighet Teetls of 1@ and TgA, while [\ levels were found almout the
tame b bexh grovpe.

Increased inaidence of severe infection following splenectomy n pa-
tients with £ thalassaerma has been reported [4, 6, 7, 9) and as onz of the
functions of the spleen 1 to contribute to artibody production, the ques-
tion which anses iy, whether after splencctomy there 15 2 diminished 2n-
tibady syntheus in these patients,

Caroinse e at {2) s serum globulin levels in 7
splenectom.red patieats with thalassaemus major, found increased values
for all 3 (15G 1gA 15\ irvmusoglobuling whle Sanuams (8] 1 8
group of 9 paventy found oy 156G increased

The purpose of the fresent mvestipation was 1o extend these studies
in a targer pumber of fatents 22d to compare the values wath immano-
slobulin levels from nemplenectomured thalassaerne subjeets

Materzl and Methods

Serem tmmTactiobel A raren e (16 A, 1M) were demrised by
Ll kemoral®aucn txbagse busg Ttmsoristes (hlasd Lahortoner, 1ow
Argeley, Ca. ) 4 22 Paueens srlenectormund v byperlerm amocuend with
7 Caliraemy tuky The tral™s were coomparnd 13 peran beecaogt b s feve
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and 29 20, bloog donoys,

TS ang the splenec!omy hag been

unoglabulms wer, red g, t nuf; TerS s1apy

ards a4 8/1 1% normay levers hor Ml digtry, on

ai] sraunmal Dalyses €re dope ng log Borny,) ana} Tecom, ended by

Hon; Becays, of the Vanabmry of 2bsolye Standarq, m BE/100 gy the ro

sulty Were cqlcuhted as pen:en!age of our owg Mean 20rmay adyly (MNA) as

foung 1 bloog doaom cse 10gether with theyr 28D ligugy Were bsed gy the log

Norm, mn figure 1 eremn the two lha!assaem:c Lronpy are Plotteg so
therr nCreases Telatiye 10 norm, €an pe d Ualizeq

Resulyg

The Tesults are &hen 4 mg/100 m] n table 1 and shown, 25 perceny
INA 1 figure 1 It cag be seen that fe, els of oy 3 :mmunoglobulms are
Statisye, ymCrcascd <0 00y M Patienys with lhalassacm:a Compareq



ulios fa Thal After ESd

Tatle I Log-normat amityus of serum irmasotiobalss 1o 29 norral aduls {controls)

and229; d and $0. 7 J pavtats with £ maxr
115G, mg. 100 el 1A, me 100 ml 1gM, mg 100 m!
-2 mean +2 =2 meam+l =2 mean+3S
s so sD sD sD s

Contzoly T 114 LA 156 235 18 47 9 170

Splencctoaired 1420 2082 2998 186 335 60y 77 130 218

honaplenectomared 914 160 248 189 283 47 7oy 28

Dlscussion

The presented data confirms the findings of previous Workers. Ap-
pasently, there 15 no evidence ol anubody deliciency whuch can explug
the mncreased etdence of inf alter sph o th
patieats Lavels of af) 3 gl were d pared with
normal controly, and there was a further increase for the IgG and IgA
after splentctomy There was no further sncrease for the Ig\ but if re-
maned bugher than 1n normal subjects It scems that the factors result-
ing n the further increase of IgG and JgA do not operate for the 1gM
alter the removal of the spleen. This may be because the spleen 1s & ma-
Jot source of the cartiest appeanng antbodsy, usually of the fg\f class
(3, 11)

Laver dy and hyperpl tn the renculo-endothelial system
are the expl offered for d rglobulin levels in patents
with thalstaems mapor {1, 10] The furher increase of the 15G and
IeA posubly reproserts the loss of balarce, with overcompensaton of
the remainung part of the RES, after the removal of the spleen, Al'ema.
tely, @ could be the compensation of tht humorsl immune mecka.

atsms, after the {ovs of an smportant part of the Hlood-clearurg system
of cellular frmurity

Aclnve edpement Tha Jovent pa 58 was sorronted by A Frangstay reveasch
gract

Relterences
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The Lffects of Mostine Hydrochloride on the Colony Forming
Units of Murine Bone Marrow!

J G Siaret 2nd D Brywator TrOMAS

Departeent of Anatomy, The Medical School, Bumungham

Absreact The vequence of changes in the CFU cotert  Key Words
of munne bone puarTow bas been stnd od dorirg the brief  Colony formungumits
penied of gurvival which follows the Ly admumistration of  Moue bote marrow
a mogle tethal dose (100 pg) of musuae hydroctlotide.  Nitrogen mostard
Witin 24K & tenfold decrease fn the pumber of CFU
which can be mpra ed froey 2 si~gle femoral € apkya s By been obtserved. This ks
fodowed by aa Iscresse whach restores the CFU contert of the femoral duphyns
10 ¢ortrol raloce betmern the 4th and the B days afier treatment,

Bavee ere! [1] reported a profound decrease 1n the number of eolony-
formuag wasts (CEU) i munne bone martow 1 day after treatment with
rmusune hydrochlonde (HN,, mitrogen mustard) and deseribed an expo-
ncnhal decrease i m: lncum of sunmang CFU as the dose of muosure

was | d. The of a phase of regeacraton
-h.h restores the celinlanty of the bore rarrow wathug 8 days of the
sdmantatien of & Jethal dose of rustime bydrochlonde [2) suggests,
however, that on the 4th day the hypocellalar bone marrow of the
meuse must conta o a0 appreaable number of stem eells,

The repopulauzg a™ilty of rat bone mammow cenaaly approumares
10 sorrual valuey 4 days 2'1er the sdnritraton of & dose of mtrogma
purtard (HN,) shuh effects 8 tenfo'd decresse la i puclested celf con-
tert. But thns teold decrease in nacleared cell convent, which 1 man.

P Tha isver aotn was sooperted by 3 pratt fom tte Metaal Researd
Coamel

Vla mmest of 8 SActintun fx Trazag dn Resear-h Medods awarded ty
the Mot al Rewea~S Conncil



mal op day 4, is accom 2nied p,

The Preseny Vestigay;, n ndenaken in ap attempy to de.
fine tpe s e of ges onteny mur;, bone mar-
row Tolloy,, - Ijecy;, of a Jeyp, ose Mustipe hydrocblo-

Pecific Pathog, 0-froe fem, alby, 1ce SI/ASH). Weighip, elween 20
and Ve peg, ithoye thy, Invcsngauon se © houyse,
under ¢, 30 condyy, as inar g, Cabinegg and Provigey With cleaq foog
and boyfey ACidifreq n u, Testricte, Uantitieg

Bone Marrg, NOrS o, h CCerved 1v. 1jecton HE m Stine 3,
dmcb.lnnde (Bo, Otting ) and Were ed €Xpogur, 10 cthep
Yapoyr after 1 4 s Suspcnsm ¢ Prepareg fr ¢ Conte, of the
Medy|; ary Cavigieg e cle: ed femg, al o, S, wh, h ated Sently
nto Measyreq ] €’s medyy,

€ cell oo, these SUspengyq, Was dee, m, uiter
OUnter ed uging Une pg,, Yiometrye 4, Iques Pension
cre dify,, d Provige the atio| celt g, 3 reqy d £, Jection .5 m}
gle’s Medyy, C e |, ted )y Ips leagy 10 ;, CIpienyy which
hadq °Cn expoge, o 3 e, a6 dose o hole ly diation an or sq
Viously, 820 3 P, 1A, al mm €Opper filtragg,
0S¢ rate 60 Fad/myp)
¢ maryo, ree; 'Prems 1opsiey ter Spleeng were ro.
Moveg, ixed f n aqye, Bouypy, s fe, % alcohol ¢
sto, © Bumber discrege Colop;eg ber fecipreny Spleen 4 ed 1o esty.
Mate the CFy <Onteny of the donop {cmora! dmphysc:
Resups
Sequep, 85 in the ted Ontent oy, i
ontent of th arroyy ASpirateq {ro, Mora} diaphyg
(table D s Hlustrageq re 1 mber of CF; CCreased 1o

9 Of the control vy, 2y after 4, MUnistragen f 100 #8 mus.

une bydroch]o de by Creas, s ap, °r of CFyy
femmorg; dlaph}ns IS restoreq [ 8¢ between
the d

approachmg



Flfects of Mostire Ijdrochlonde on CFU m

ovn
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Doy ¢fter Inmetion of muyve hydrochioride

o

ot
»
Nogteated cells! femoral daphysia (m Hlione)

Tyt temerst castpr e

o

e T Nates o oebs and codoay formmg v (CFU) 1n the medtlary caviy of the
femoral daphyus aher the Ly impection of 100 g3 mstne hvdrochlonde @ —e CTU
o ehakacinth

Tabve 1 Sxlea of cxls and cobwy fareagur 5 {CFUD In the medallary cavity of the
fersoral dartyut afer the 1y srection of 100 af rmatine Ayl nchloade

Davater R CIL femeral Naber of

net o0 daztyu =104 (455) dartra (¢S50 e

o 1208 160210 43

1 *9110 10023 9

4 03103 €010 ©

t 103206 12801% ©
Dacussion

The d crease 13 the numher of CFU whuch can he demonstratzd i
he bome marnr apinated from a femoral duphvs 1 day afer the ad
ezt of 2 by tecion of 100, ¢ mostae bndoublonde 1o 100,
of the rumher M coates iy i poad Bfecemont wath the degreae et
ad by Bt ere? [ wane sdmn vrabon of the s3me dose
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2 Siarp/Bavnvor THOMAS

The uncrease m the CFU cogtent of murme bone marraw which re-
sults m the restoration of values approaching the nommal range by the
4th day resembles the pattern of recovery described for rat bone marrow

by Harriss and APoNTE [3]
The effect of the dose of mustine hydrochlonde which has been used
m the present smy upon the leated cell content of murne

bone marrow 3 sumidar fo the effect of the dose of mtrogen mustard
used by Hawrwuss and Arovtr {3} on the nucleated cell content of rat
bone masrow In contrast, howeves, the maximum decrease i the siem
celt content of munne bone marrow suggested by our vse of the CFU
assay 1s fne imes the maxsmum decrease an the stem cell content af st
bone marrow suggested by thewr use of ‘repopulating ability” The rea-
sons for thus discrepancy ace not elear It may reflect the use of different
methods to assess changes m the stem cell content of the bose marrow,
or 1t may be due either to a species difference or to a difference i the
mode of action of the HIN, and HN, derstatnves of nitrogen mustard

Fusther work will be required to deternuse whether restoration of the
CFU content of the bone marrow results from repaw of damage to exisi-
g CFU or production of new CFU, or both

Acknowledgements Tt 13 a pleasuse to scknowledge the belp of Dr A C
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and Mrs S BarTer who prepared the manuscoypt
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PHA and Hemoposcue S ¢m Cefls 1a the Souse m

¢s above 030 m! were not folfowed by 81y farther tacrease i the spleea weight
and in some cases caused a lower response

Resulty

The effects of PHA on the bone marrow and spleen erythropoiesis
and on their responscs to EP as judged by therr #Fe uptake capacity are
showu 1n table T A shight decrcase 1n #Fe uptake by the marrow fol-
Towed admumistration of the estract when it was given as the only treat-
ment to esther protem fasted or polycythemic mee Response o EP giv-
cn at different times after mjection of PHA was also sigmificantly lower
than when PHA was omitted Bone marrow changes of splencctomized
groups followed a similar pattern esther on the effects of PHA when 1t
was given alone or 1a response to EP admumstered to muce pretreated
with PHA On the other hand admmstranon of PHA slone caused in

Teble I Effects of PHA on the splenic and medullary erythroposess of protem fasted
and polycytherme mice 20d on their response to EP

Percent $*Fe incofPoration

protemn fasted polycythemic

bone marrow  3pleen bonemarow  spleen
Sal ne solution. 2913097¢ 0232005 9594086 0411066
PUHA QN T0r08 0362009
PHA (48 1) 1402071 041£010 941£296 0891088
PHA (LN BI6L0H0 Q40£000 9211296 oo
THA (96 1) 8412061 036£000
PHA R41) + £P? 2630317 0¥73014 18672296  620i2M
PHA S + EF 99023 5371016
PHA (T2 h) + EP 22381307 6452061 0934316 T20x101
PHA (36 1) + LP REZY 3314090
e 37804313 17043102 2604302 3801000

* PITA pven as only treatment Time clapsed between PHA, mjection and ¥Fe uptake
measurement

1 PRA grven pror TP Time elagned Beiween PHA and P
¥ TP grven a3 only treatment scconding schedule 10 Materul #ad Methods.

# Meza # SL for groupt of 8 10 10 Mwe, ialn numbery differ from valoes of the
group treated w1 h EP alone by P of 005 Of fese.




CIythro,q e ma, ubject o, Preseng Whespa.
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Stud ffects f on the e, hropmctlc OIS cejfs
1n the bone Marrgy, For this Purpoge We have Used the measuremcnt of

Pos
arrow g tyth p EUC respo, and the
npotenualsr €I cels o, Measyreg by the CFUlcchmque

ale Mice 7 to 9 Weels of age y Subjecs Ced o, B pr olem free
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PHA and Hemopoietic Stem Cells 1o the Mouse m

Tables 11 and 111 show the effects of PHA on the number of CFU
the bone marrow and spleen as judged by spleen weight, number of col
onues and #*Fe uptake capacity of the spleen 8 days after cell wocula
tion A hughly sigmificant increase of the transplantation potential was
found when spleen cells were obtamed from domors pretreated wih
PHA 48.96h carthier Thus 1s the same penod in which splenic responise
10 EP becomes maxumal In conteast the clotuag efficiency of bone mar
row cells shows only a mod but 1t fi ncrease

Duscussion

Admnistraton of PHA to protem fasted or polycythemic mice 1s fol
lowed by a number of motphologic chanees 1a the spieen cells which are
simular o those that follow imjection of PHA to normal mce Twents
{our hours afier intravencus injection of absotbed PHA an increase 1
spleen weight 1s mtiated which reaches a peak on day 3 and returns to
normal values about day 6 to 7 {8 20] Thus increase 1n swze of spleen 15
accompanied by an increase 1n the absolute number of cells i the organ
and by remarkable changes in the lymphocytes which leads to the ap-
pearance of a Jarge number of ymmature Jymphocytes and blast like
celfs reaching a maximum percentage on day 3 A shight mcrease in ery
thropoies:s in the spleen in ths penod sharply contrasts with 2 marked
tendency of marrow erythrop to fall A of EP after
PHA treatment makes this oppostte behavior even mare appatent. The
extent and time course of changes in response to EP 1n the spleen close
ly correlated wath changes in the plunpotential cells as measured by the
cofony forming techmque The transplantation potential of the bone
marrow cells instead appeans to be hitle affected by PHA treatment

The etfects of FHA on the spleen erythropoiesis of normal mice have
been interpreted as the result of and increased proliferation of differen
ated erythrod elements due to & nonspectfic mitogeny~ acton of PHA
{81 11 ths interpretation were vakd then in the protem-starved or poly
evthetme mice one would expect a greater effect on the bone marrow
unce undet those exp d; are p 1
absent i the spleen while a sizable nermoblastic population remams 1n
the marrow  An inerease in the stem cells concentration as a local acyon
o PHA on splenic cells appears thus the most plausible explanstion for
(¢ merease of both erythropoieun response and clomng efficiency of
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8 Gaste, N The effecs of pbytobemaggivumn o mouse spleen cells in
vivo Blood 28 175-187 (1966)

9 Gemsey, CW  Lar, LG, and Ourves, R A method for wvestgation af
stem cell kinetics. Brit. J Haemat. 8 461466 (1962)

10 Guaney, C. W and Horstra, D Assessmert of 2cunomycn and radiauon
damage of stem cels by the enthropmenn tolerance test. Radat. Res, 19
599605 (1963)
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transplanted spleen cells found in these studies. A relationship betneen
these changes and the course of blast transformation is suggested by the
remarkable parallehism between both processes. Although one can enly
speculate on the nature of such relmionship, it is tlear enovgh to sup-
port the hypothesis that splenic lymphocytes undergoing blastwcell lmns-
formation might be directed by an adeq differentiating st

into other hemopoictic cell lines, Such capacity would be reversible and
would recede with the rest of the morphologic and functional changes
cond, { by PHA stimutation. This inteq ion would imply that
marrow ‘lymphocytes’ about which evidence has accrued to indicate that
they can lunction as hemopoietic stem celfs [1, 5, 12, 23] do not react to
PHA in the same fashion s splenic by mphoc}tcs do, reflecting thus, a true
dillerence in their ability to give rise 10 hemoy comy prog 3
in 0 ific Jation In this respect it should be men-
(xoncd that marrow lymphocﬂcs difler from peripheral and splenic fym-
phocytes with respect to many ather functional properties {4, 13]. A dis-
similar behavior of the bone marrow and splenic erythropoiesis in re-
sponse to a variety of nonspecific agents has also been reported {7, 19).
However, it should be hept in ound that since PHA acts upon 8 wide
variety of cell lines, the increased concentration of stem cells in the
spleen could be due to the increase in the number of progenitor cells of
2 line other than lymphocytic.
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dieser Ser von threr A ktvitdt sowie der Enfluss
P!
anderer Anuproteasen auf das Iymphozyt&re Zellwachstum gezeigt werden

Material und Methodik

Periphere Blutlymphozyten und AB-Serum nxrdm::n pesunden s;e.;dm gz\:vrem
ung Antitrypun Pripsrate wurden verwendet Trypsin Trypure
!.h‘_m-"ﬂ:dtﬂ Trypsm WL a7 = w falftlens AT TR (€ qmp) 115 (S'gma), S0y

. '-."'n-. . - - ® .ma), Ovon
. - - . Yol (Bas
tusen), Afs P i lu) wurde Ph P (Difeo)
d l\l “Tuberkulin ein gereinigtes GT Tuberkulin der Behringwerke Marburg, verwandt
Eswmsemesnogen
Estertseaktratdl wurde gegen she Substrate Ben.oyl Arpinin-AihyLEster (BAEE),
y 254 am, 0001 a1, T

Ammonﬂhm I Puffer, pH 25, 37°C, D=t om (12 Ben-oyl Tyrosin-Athyl Ester
[ exaRd bei 256 nm, 0001 ¥ TrisHydroxy
methyl Aminometfian-HCY Puffer ot Mexh;nol und CaCls pif 70 23°C, D=1 em [t
odef Benayl e Anilid {BAPNA bei 405 nm, Substrat.

l‘ml’;mf,"' 4 L HQ Pufes, pH 78, 25°C, D=1 cm [1] g
- P - PR

PR TR}

.
.~ D N AN . . ot s

YR T Y -

damit déx Substratumsstzes gogenlber d:m Trypun chjmhnmu bemmml l mlg

entspricht der Hemmung von 1 48 Trypun

PHA Fraksionleruns
Die Auftrennung von PHA erfolgte nach Wrsex {14] Gber SE-Sephadex €80 im
dnkonutuicrichen pH-Gradkaten ia 3 Frakvonen
Fraknon Aw)/1S % KILPOu, pH 4,5 (Avsgangspofien),
Frttion Bw1/15 4 KHPO+1/18 30 NasH PO, pH 60
Froktion Cm 115 M RILPOL+ /13 M NagHPO, pH 20

Eine weitere Fraktonierung von PHA wurde fisch Gowonrra 3] durch Perchlorsiure.
fihng und mod fnerte Sevag Methode durchge(Shrt (PHA-G).

Axtoradorrphue
£y wunden L

Firen (13% 104 Lymph in 20 mi, mt ond ohpe
PHA} £2r 3 Tage ks Medum ofine 1.5¢nn, & Yiclesem 1nd § Lyvn .t 18% AB-Sernen

In Gegenwart det $ACamarkrerten Amunosuren t-8¢erm (17 4Ci spenfische Akl
29 mClimw, € [sofevamn (L7 aCY, thenfche Aktvrdt 247 mCitnw) wnd L Lynn
Q7 #Q, sperfiche Attmtht 120 mGUmy) inkubirt. Anschlemend wurden d ¢ ¥

wrechenet Zelles darch Frieren und Tamen 2ertdnt. D e engrenr'en l.y-r\bemm-
curilie wurden in o T
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100 % AE  AKtIVIEEY Teypaln (0y0)

e

T & 6 | 8 0 200
PHA, vg

Abb 1. Hemmung der esterolytischen Aktvitst von 30 pg Trypsin gegen BAPNA
durch stergende Mengen von PHA (AE/min von 10 gg Trypsin = 100%)

Um die Menge des a2 Makr zn erfassen, wurde einc
raduale I difft nach O Hierzu wurden abgestufte
Verdinnungen (xm Uhrzesgersinn 1 1, § 1,2, 1 4,5, 1°1,8, 1 5, 1:10, 1 1S und 1:20)
eines L h aus 1S 108 L ¥ m 0 5 ml mt einer kwnstamen
Menge Trigexscrum versetzt Gegen drese Misch d: en

Anti-as-M. lob vom | K Nach b Waschen und nach Trock-
nung wurden A ( 3 Wochen) durchgefihrt Als Kontrollen

dienten Extrakie ohne Trigerserum und Kulturen, denen erst nach Gewnnung des Zell-
ds HCA ) wurden

Lymphozytenkulturen [6]
Periphere Blutiymphozyten wurden mit Hilfe exnar Nylonfasersiule sohiert For jeden
lwert wurden Di en Jede Kultur entheelt 3 % 10% Lymphozyten
n 4 ml Medium 199 mit 15% AB-Serum und Penicillin/Streptomycn  Eiuge Kulturen
wurden ohne Scrum angesetzt PHA, Tuberkulin oder Antiteypsin wurden zit Beginn der
Kulturen zugegeben. Die Inkubation erfolgte in komschen Zentrifugenrdhreben in cinem
‘Winkel von 20° ber 37°C im CO:z begasten Brutschrank Nach 60 Stunden wurden die
Kulturen mut 4 4Ci*H-Thymidm oder 4 xCi*H-Cytidin (spenifische Aktivitdt 2,4 Cijmm)
fic zwes Stunden beimpft und nach Waschen und Fixatton dey Zellsedimentes die makro-
mulekulare RNS oder DNS mit Hilfe einer P 14} Es
wurde entweder die Aktivitit der Extrakte i cpm angegeben oder es wurde die spezsfische
Aktvitdt (cpm/iug RNS bzw cpm/lug DNS) errechnet
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Ergebnisse

Die Antitrypsinaktivatat son PHA 1st erkennbar an der Hemmung der
estereolytischen Aktiitit von Trypsin gegenfiber dem synthetischen Ester
BAPNA Mt stergender PHA-Konzentration kommt es zu esner Zunahme
der Hemmung der Trypsinaktvitdt (Abb 1) Die Antitrypsinaktivitit des
PHA fand sich 1n der ersten (PHA-Fraktion A, pH 4,5) und zwesten (PHA-
Frakuon B, pH 6,0) Fraktion emer Chromatographie von PHA dber

SE-Sephadex C-50 1m dusk Tichen pH Grad: nach WeBER (14]
und 1n dem nach Goronerg {3] durch Perchlorsa {lung dep ten
PHA (Tab 1) PHA-Frakuos B und PHA G wiesen neben der Antr-
ktitdt eme deutliche lymph, lierende Fahigkeit auf
Um d:e Bed, g der Ar tvtdt von PHA fiir seire sumu-
herende Wirkung auf Lymph u hen, wurden Misch

101 eomIRKS 2 184 FRuttur

— PHA-P
s —pua-r
-‘ V3 Teyps 200y

— P
*40p3 Ty 120009

T v . Y
e325 5 B EE ]
13 PHA-P/Vuttur

AN 2 Walung v Topun 1.6 ¢ bymphantensumabierende Fihighest von PHA

;ﬂh\!mu der Dosrsdurve von PHA darch vorherige Intubation rut 2 Konzermat cnen
n™un
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1001'/- A AktivitSl Topste 10p5)

T T T T T T T T T Y

20 40 [1] e¢ 100 200
PHA, pg

Abb 1 Hemmung der esterolytischen Aktvitit von 30 ug Trypsin gegen BAPNA
durch steigende Mengen von PHA (aE/min von 10 ug Trypsin = 100%0)

Um dre Menge des mark A ! 2u erfassen, wurde eine
rahale Immundiffusion nach Ovamerrovy durchgefibrt Hierzu wurden abgestufle
Verddnnungen (:m Ubrzeigerstinn 11, 13,2, 115, 11,8 15,110 1 1S und 1 20)
eraes Lymph aus13x 100 L w0 5 ml mut etner konstanten
Menge 'Irilgerscrum versetzt Gegen diese Mischung diffundierte ein monospenfisches
Ants-az Mak bulin vom K hen Nach b Waschen und nach Trock
nung wurden A di {E 3 Wochen) durchgefohrt Als Kontrollen
dienten Extrakie ohne Trigerserum und Kulturen denen erst nach Gewmnnung des Zelf
sedimentes HC-Ammosliuren zugesetzt wurden

Lymphozytenkulturen {6}

Pertphere Blutlymphozyten wurden mit Hilfe ewner Nylonfasersiule iseliert Fie geden
Emnzelwert wurden Dreif: Jede Kultur enthuelt 3 x 10* Lymphozyten
1 4 ml Medium 199 mit 13% AB Serum und Penmcillin/Streptomyan Esmige Rulturent
wurden ohne Serum angesetzt. PHA, Tuberkulin oder Anmrypim wurden zu Beginn der
ku!:urv:n Die etfolgte h, n enem

Winke! von 20° bei 37°C im COsbegasten Brurschrank Nach 60 Stunden wurden die
Kauturen mut 4 xC%H Thymid n oder 4 4CAH-Cytidin {spexrfische Akttt 2,4 Ci )
fir zwer Stunden beimpfl und nach Waschen uod Fucation des Zellsedumentes die makro-
mulekulare RNS oder DNS mit Hitfe einer Perchl {41 8 Es
wurde entweder dic Aktivitdt der Extrakte in ¢pm angegeben oder es wurde die spenfische
Aktrotds {cpm/lug RNS bzrw cpm/lug DNS) errechnet
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Ergebnisse

Die Antiteypsinakebudt von PHA 1st erkennbar an der Hemmung der
estereolytischen Aktinitit von Trypsin gegeniiber dem synthetischen Ester
BAPNA Mt steigender PHA-Konzentration kommt es zu éiner Zunahme
der Hemmung der Trypsinakuwitdt (Abb 1) Die Antitrypsinaktvitdt des
PHA fand sich 1n der ersten (PHA-Fraktion A, pH 4,5) und zweiten (PHA-
Fraktion B, pH 6,0) Fraktion emner Chromatographic von PHA iber
SE-Sephader. C-50 1m disk hen pH-Grad nach Westr [14]
und 1n dem nach GoLpsERG [3] durch Perchlorsiurefallung deproteinisierten
PHA (Tab I) PHA-Fraktion B und PHA-G wissen neben der Anti-

eine deuthche lymph 1 de Filigkert auf

Um die Bed, g der Antip Ltwitit von PHA fur seire stimu-
herende Warkung auf Lymphozyten zu untersuchen, wurden Mischungen

104 cpm xS x 104 fiuttur

— PHAP
o4 — PHAF
+10p3 Typ1 20043

THAP
*40173 Typ 200y

T
[X¥13 s 0 El L)
b PRA-P/Kultur
A% 2 Wakungvon T
Verinterur
Tryoun

7 aul 4 e hymphonenstiraul erende Finy
g der Dotnkurve von PHA durch vorbenge Inkubation ut 2 k‘;::::!m
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Tabelle { Antuts k uad lymph \ de Wirkung von PHA Frak-
uonen Fraktion A, B, C dureh Ct phie dber SE 5 dex C-50, Fraktion G
durch Deproteimsicrung nach Gorpsera (8 Methodik)

PHA Frakuon Antitrypsin Lymphozytensimuherung Serum
aktivitit Dosismaximum _ epm/ug RNS prizipitation
miE/ug (zg/ml Kultur) X £ o (n=9)

A 0,33 ] Q o

B 0,28 25 18304258 a

o] o 128 52704670 +

G 0,33 285 35304302 +

Tabelle Il Wirkuag von P tub auf 1 hy Alte In-

hibitocen wurdea in erner Menge von 125 miE eingesetat

Un PHA  SBI(I S) SOI(IL S} SBI(Sch) Ovo- Pankreas LBl
stimuliert mucord (8) inhibstor

¢cpm/DNS 3104 14107,3 1829 1070 1256 244,7 1210 1357
oD 0,112 0104 0117 0,098 0,076 0,074 0068 0089

aus PHA und Trypsin verwandt Hierzu wourde PHA mit 2 Konzentrationen
Trypsin nkubrert (30 mun, 20°C) und die PHA-Trypsin-Gemische 1
stesgenden Konzentrattonen den Lymphozytenkulturen zugesetzt Um eine
Proteolyse van PHA hil wurden die Trypsink tonen 50
niedrig gehalten, dass die tryptische Aktivitit durch die Antiprotease des
PHA vollstiindig abgebunden werden honnte und somut keine freie Esterase
nachweisbar war Wie Abbildung 2 zesgt, fuhrten niednige Trypsinkonzen-
trationen zu emner Reduktion des Dosssmaximums von PHA, wihrend

hihere Konzent ciae Verschiebung des M bewirkten
Wirkung von Pr hibitoren auf herte Lymphozyten Pllanz-

hiche und tienische P hibitoren aws Sojabol Limaboh

Pankreasund O d zeigten 1n lierten, serumhaltgen Lympho-

zytenkulturen keinen proliferattonsfordernden, sondern eher ewmen lescht
zytotoxischen Effekt (Tab 1) Dieser war an der Abnahme der optischen
Dichte (relatives Mass fur den Zeligehalt der Kultur) erkennbar

Effekst von Pr b auf spezifisch und unspezifisch stimuherte
Lynmphozyten Wurden Lymphozyten muit PHA stimuliert, so war in Gegen-
wart von Serum it SB} und mut Trasylo! emne Zunahme der Lymphozyten-
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Kulturen zugesctzt Es zeigte sich eine deuthiche Abnahme der Lympho-

ung mit det Trypsink (Abb 4) Daber war
ts gluchgulug. ob das Scrum-Trypsin Gemisch den Kulturen vor oder nach
der Gabe von Tuberkulin oder gleichzertig mit Tuberkulin zugesetzt wurde,
Dic Trypsinkonzentrationen wurden so niedrig gehalten, dass dic Ant-

P Ltvitdt des Serums hte und kein freres Trypsin vorhanden
war

Esteraseaktivtdt in Lympho: )Imutmklcn und in zellfreten Rulturuber-
sténden Dxtrakie von g h L tuelten eme 1}

sche Aktnutdt gegendber den synlhcuschen Estern BALE und BTEE, dic
besonders 1n PHA sumulierten Kulluren aufirat und telweise durch
Trasylol hemmbat war (Tab 1§1) Wurden Lymphozyten in Gegenwart von
HC.Ammosiuren kulumert und Extrakte aus dxcsen Lymphozyten mit
Serurn snkubrert, 50 zeigten die lek h Ge-
mische autoradiographisch emme Markierung \on ax-Makrogiobulin und zu
gerngem Teal auch von a;-Anttrypsin Die Markwerung nahm mut spezifi-
scher und unspeaifischer Sumulierung zu (Abb 5) Die Kontrollen — Lym-
phozytenextralte ohne Serum und Extrakte und Serum, denen esst nach
Abbruch der Kultur HC-Aminosluren zugesetzt wurden — zeigten keine
Markierung der genannten Proteine

Die Esteraseaktivitit konnte auchin zellfreicn Uberstinden nachgewiesen
\\:rdcn Wurden von scrumh;lugen Lymphozytenkulturen nach 18 h

zellfreie Uberstande g und durch Ch h

Dbcr phadex G-25 von nredermotekul, Jen befeeit, so \n'.:r n
den Uberstinden von tuberk ten Kulturen eine esterolytische
Aktinvitdt gegen BAPNA nachwesshar, die deutlich haher lag als in Ober-

stinden unstimulierter Lymphory ten oder in den hontrollen ohne Zellzusatz
(Abb 6)

Diskussion

Das unspenfisch wirhende \Mutogen PHA enthilt Antiproteasealtitit
und 1attniert Tnypaa und andere proteolytische Enryme {10, 11} Wir
honnten zeigen. dass dicse A Ktinitdt i b PHA-
Fraltionen vorhanden st Nack Aufrennung von PHA Gber SC-Sephaden
C-20 1m sk hen PHA-Gnad, nach Weerr [14] wurde das
Antitrypsin 1 der zweiten Fraltion (pH 6 0) gefunden Auch in der nach
Gowrrera (3] durch Deyp ung it Perchl

BTR
Fraknon Lonnte Antproteascaltnidt nachgewicsen werden Beide Frak-
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Abb 3 Schematische Darstellung der Markrerung von az-Makroglobultn durch

Hy von it MC-A inkubtesten Lymphozytm und von Extrakten
stumuherter und ter 1 h it A um Auto-

dex I (2) und der radialen Immundiffusson (b, Zen-
trum  Antiserum, aussen  ab i der Lymph mst

konstanter Menge Trigerserum)

tionen besassen eine deuthche lymphozytensumuherende erkum D e
Bmdung von Trypsm an PHA »n ama- ™ “

. . o Iawug 2usommt. Die Antiprotease-
«* rawcast eaoch sicher meht allesn fiir den mitogenen Effekt verantwost-

Iich, da auch nach Abbindung der Antiprotease nt Trypsin noch eme

deuthche Lymphe ung fowessbar war Die Wirkunn von
PHA auf l.ymphozykcn 15t somut als ancear~~* °

Neben da~ 000

semc . l
<1 . . -
P . wwovi cinte proliferationsfordernde

© o wawigewsesen wesden er berests in friiheren Untersuchungen
gezeigt wurde, besitzen az-Makroglobulin und ag-Antitrypsin eme starke
wachstumsfordernde Wirkung ta Lymphozytenkultusen {6] Eta ahnhcher
wachstumsfordernder Effeht war auch mut SBI und zum Ten nut Trasylol
nachwessbar. Die Antstrypsine des Serums und die genanaten pffanzhichen
und henschen Antitrypsine wirken jedoch nur in stimubiesten Kulturen,
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Esterozechtintdt von 10h Kulturuberstond
Itmi/ 7008 Ly) gegen BAPKA

004

Vonte
TPEN

1 mia 2

Abd 6 Esterascakmvitdt der Uberalnde son unstimubertien und mit Tuberkulin

stimuliertea Lymphozytenkulturen gegen BAPNA  Rontrolle serumhaluges huhur-
medium und Tuberkulin

dh sie und 1im G 7u sp hen und unsp hen A
nichtin der Lage, das Lymph hstum i And, war
<t ncht mdglich, die wachstumsfdrdernde Wirkung von Serum durch
pllanzliche oder tiensche Antiproteasen vollstindig zu ersetzen In allen
serwandten Systemen zeigte SB1 die stirkste Wirkung, wihrend Trasylol nur
w Gegenwart von Serum und mit PHA cinen wachstumsfordernden Effekt
aufwies Ob das unterschiedtiche Molehularpewicht, die unterschiedliche

Spenfitdt oder andere Faltoren hierfir verantwortlich sind, st nicht be-
Lannt

Unsere Eegebrisse erpinzen und unterstitzen die vor kurzem beschrie-
benen Beobach der w Wirkung von Antaryp-
snen in Langratiuliuren So wurde von Watus ef af [13] die f3rdeende
Wirlung von Serum n Af% relilulturen auf die Antg
altmtdt zurdukgefihrt Laspurriav und Strsnxict [7] bonnten in Kul
turen von Inscktenfibroblasten einen Effeht von a-\Malroglobuln und
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Inter-a Antitny psin nachweisen und vertraten die Ansicht, dass die Wirkung
dieser Protesne auf der Inaktnvserung Iysosomaler Zellesterasen beruht Wir
honnten 1n gewaschenen Lymphozytenextrakten und in zelifresen hultor-
fiberstinden Esteraseaktnitit nachwesen, die m stimulierten Kulturen
deutlich héher lag als 1 unstimulierten Die Markierung von as-Makro-
globulm und 2u genngem Teil auch von ai-Antitrypsin nach Zusatz von
HC.markierten Lymphozytenextrakten machs eme Bindung der Esterasen
an dee genannten Serumprotene wahrscheinlich Die vorwiegende Bindung
dieser E an a» Makroglobulin erklirt die Tatsache, dass trotz der
hohen Antiproteaseaktivitit der serumhaltigen Kulturiiberstinde Esterase-
aktnatit nachwaisbar war Es st bekannt, dass az-Makroglobulin nur die
protealytische Aktivitdt von Esterasen snaktiviest, withrend es die esterolytr
sche Aktvitdt unbeemflusst sst [2]

Es hann aufgrund dreser Ergebnisse angenommen werden, dass wihrend
des Zellwachstums gebifdete Lymphozy an das umgebende
Multeu abgegeben werden und dort von den Antitrypsinen des Serums ge-
bunden werden Die Bindung dieser Lymphozytenesterasen an die Ant-
proteasen des Serums und an andere Antiproteasen pflanzlichen und tien-
schen Ursprungs st fiir ein optimales Wachstum sumulierter Lymphozyen
von entscheidender Bedeutung Ob dieser Effekt dusch esne Innktivierung
zytotousch wirkender Esterasen oder durch eine Stabilisierung wachstams
aktiver Esterasen zustande hommt, hann zum gegenwirtigen Zerpunht
nicht entschieden werden

Zusammienfassung

Es wurde der Emfluss von und Antip auf L h uhuren
¥ (PHA) und b PHA Fr zeigten Anti
wypsinakinvitit Ewuge pilanzliche und tierische Antiproteasen wirkten wachstums

fordernd auf simuherte Lymphozytenkulturen em Effeht der durch Vorbehandiung mut

Trypsn deutlich Jert wurde Zelth und zelifrere U1 fe von stimit
hmen Lymphozytenkulturen enthichten Esterascaktivit3t Es honnte eine Bindung dieser
anA hrsch: gemacht werden \(l‘mulh:h 533 dncse Bindung
far die Aufrechterhaltung emes Lymph von
Luseratur

! Fritz, H und HoowsTrasstr K personliche Mittenlung
2 Ganzol, P O IX of g T as teypsin-protern esterase Clin
chim Acta J4 493-5D1 (1966)
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mary pl Tlular d {myel and Wald s discase)
this feature has been 10 the last few years demonstrated also m cases of
acute lymphobl Teuk with mycl {2528}
More tecently AnDERSEN and Viproacex {t] and Rvie ef of [18) re
ported the develop of acute uc Jeuk m patients
with multiple myeloma of long duration

Less frequently the assoaiation of systenic blood disorders with some
autosomal or sex related chromosome abniormaliies has been empha
sised Apart from the high incidence of leukacmia in Down's patients
relatnely fow other reports were deahing with the occurrence of genets
cally abnormat karyotypes and blood tumours in the same patent [17}
We recently obsened a patient showing multiple haematological disor
ders acute my feul parap ( fonal gam
mopathy) 2nd thalassaemia In addiion the patient was carrying an ab-
normal Lanyotype showing a 46 AX746,2hqt mosucism The ranty of
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the association of these disorders and the possibility that a basic correla
tion does exist among these situations prompt us to report this case

Case Report

The SG-year old female was first scen at our laboratory in June 1968 because
of fatigue and fever of 6 months duration The famuly history was unremarkable
except that she was born in the Po delta 1n an area associated with a high ncid
ence of thalassaemia in the populatron The patient had a delayed menarche (18
years) but no subsequent consistent abnormalities of the menses At the age of 21
she married and had two children both in good health The patient had thyphoid
fever at the age of 22 and at the age of 48 she developed renal calculi

On adnussion the patient wax comp):umng of fatigue, wenkness and fever
Physical revealed no h 7 ly or I hy The
haematological data are given in table I In the peripheral blood 2% of blast
forms wete found and many neutrophils (26%/e) with a drum stick appendage larger
than in the normal female were observed (fig 1) Buccal smears examunation con
firmed in many cells the presence of enlarged Barr bodies The blood film picture

Table 1 Hacmatologreal data obtained at various dates

June 20 July 18 Ne ber June 28 S ber 26

1968 1968 6 1968 1969 1969

Hb g% 72 71 78 64 §2
RBC 3000000 3060000 3200000 2940000 2,360000
WBC 1,500 1400 1800 1400 13,200
Platclets 300000 270 000 290 000 120 000 84000
Differential %

neutrophils 48 41 36 51 63

costnophils - - ! 1 -

basophils 1 - 1 - 1

Iymphocytes 48 49 43 37 18

monocytes 1 - 3 3 4

blasts 2 10 i6 8 14
Reticulacytes /oo 22 18 16 18 12
Serum proteins g% 72 70 69 69 72
Electrophoresis %

albumin 44 40 43 43 38

a globulins 5 4 5 4 4

a2 globulins 8 15 12 11 17

B globulins 12 13 13 9 8

7 globulins 31 28 27 33 33
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Fix 2 Bone mam praure (fune 19481 showang several mycloblaes, b H ghe
€ magufatag shoming a cell cor'nmeg 57 Ater hedy on the cyteplaw (M)
Mav-Grinwald-Gremea. @ > 460 & > 1LXO
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Fig 3 Metaphase and Laryolype contmmng 46 chromosomes (direct prepara
tion from bone marrow aspirate) An abnormal mietacentne chromosome similar
1n appearance to chromosornces of pur 3 1s shown

showed in addition several target cells, drop forms and schlslocncs Osmotic Te-

sistance was and el P of the h losed an 1n
creased A, fraction
Bone marrow examunation showed a h; with

of the cells of the granuloblastic senes. 3”' e of all nUde'ncd cells were m)elobhsls
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and 090mg/100ml indirect Coombs test was negatve. Xray film of the chest
and the bones was normat
Chromosome studies from penipherat blood culture, according 10 MOOGRBEAD ¢f
at {21, revealed m 710 o of the cuploid metaphases a normal karyotype In the re
maimag metaphases on 1sochromosome for the Jong arms of the X was demon
strated Tn direct preparations from bone marrow aspurates, the ¢hromosomal anal
yus d besides normal few hases with an
some for the long arms of the X {fig 3) and several mitoses with 47 chromosomes
{fig 4) These latter contained an 1n the C group
None of the exammed celly showed the co-exastence 1n the same plate of the 1s0-
and the ™o cells with XO complement were
found. The zesults are summansed i 1able 11
At this stage treatment was started of predmisolone (30 mg day) and transfu-
wont were given After her discharge, her condittons remained good untl June
1969 when fever weakness and pallor recurred On this second admussion the pa
tient was markedly anaemic could be on ghyst
cal examination In this oceasion the serum electrophorens disclosed a quite par
row peak of yglobuline This finding was confirmed by the results of tmmuno-
fectrop and by the of the by
rad al diffusion techmque {IgG 2700 mg*s IgA 200mg’ e, g0 110mg*e) Bence

Fir 3 Immenefluotesene of tone marrow cells @ & ¢ & Plawma celly and
Famatlasts postine fae G ¢ f 5 h The same cells after sunrg of e pec
fanuoa s & May-Grivwald-Giemaa, x 1,218
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Abb 2a—c ber O Penpherer Bl h Pap-
penheim b Neben den Dlasten wicht man Granulozyten mu gemischter Granula
ton sowie @ Paeud »Pelger Zellen mit eosnophiler oder & ¢ nevtrophiler Granula
non

Gber 70*s Paraleudobl D cner hub

war P nscht be
herrschbar Der Patient verstath 2 Wochen nach der erneuten stationdren Aufnah
me Uer der Ohdultion tag makroshopnsch der Sheletthefund einer Osteomyelostle
rose vor D e wehr stark vergrosserte Milz (Gewicht 3300 g) war son mehreren In
farkten durchactzt Histologsch war ene diffuse levkotinehe Infiltration aus Gber

wiegend unreifen Zellen im Markraum des hnochenmarly, 1n Milz und Leber
nachwenbar

Zvistoghche und gyt sl emische Rrfunde

An penipheren Blutaustichen wurden auser der Pappenheim Fartung folgen
de Realtionen susgefuhint

Tolwd nblaufardung bes FH 404 PASTirbung  Sudanshwarz B Firbung
a Naphthlazetat Taterase  nach  Lorruer Naphthol AS-Aretat Duterase  nach
Loestin mt und choe 1lemmung durch Natnum@uond “aphthol AS.D Chier
azetat Eaterase nach PURSTONE in der \fod [lation nach Lrorx, Perovydase nah
Sato und Sixue altalnche Fhothatase nah Mrzgrx oed Hinamyrx, saure

Fhowphatase mt dem Sutatrat Napbtol AS-TE Phosphat in der Modifikavon mach
Vipte

Ber Pappenheim Flrbung sind 1n grosser Zahl atyprsche und poly-
marphe unrafe Zellen mat nartigen F und
rwltplen Nulleolen nachwesshar (,\Nv 23, ¢) Unter dcn referen Gra-
nutonten finden nich ctliche Zellen mut eirem unwegmenterten runden
oder bichuens ctwan empebuchtcten Kem (sop  Pseudo-Pelger-Zellen
vom komangoten Tap) und mit eounophil (Abb 22) oder nevtrophul
Franulieriom Plama (Abb 2, ¢} Avsserdem sind von der Refungs.
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4ph 5 N ber O Penpherer Nanhe
thol AS-Azetat | sterase 1a Abbildung b Links unterhald der B Idmutte stark poutiv
eear erende Zytoplavmatugel

AMh 6 Bladenshub ba Ouen Penpherer ¥ wh o
Naptth ] ASD Chicraretst Fsterave & Atkalinbe Phosphatase Be de Fermerte

und mt hober Altnitat Im Plauma von Pacuda-Pelger Zellen erthalten. Blasten
reag eren nega v

sten lasten zante Plasmagranulationen oder auch dicke Granula und
Meme Plawmaschollen erkennen (Abb 3b)

a-Naphthylarctat Faterase b1 1 allen Blasen nachwessbar, und zwar
Uberwicprnd mut schwacher Reaktion des panren Plasmasaums, Zositr-
Inh sicht maq i viclen Zolien kleme wrmcbnehene paranolleare Vers
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Abb 3 B hub bes O B h a Tolu
dinblau b PAS

Abb 4 B hub ber O Tosklerose Peripherer Blutausstrich @ Naph

thy lazetat Esterase

stufe des Myelozyten ab emige Zellen mit gemuschter neutrophiler, cos)
phuler und basophiler Granul zu schen (Abb 2b)

Mit Toludinblau stellen sich Zytoplasmaausstulpungen und Nukleo-
lenpolymorphie der Blasten besonders deutlich dar (Abb 3a) Ber der
PAS Farbung reagieren die neutrophilen Granulozyten positv, zum Teil
allerdings viel schwacher als normalerwerse und nur 1n Form ciner zar
ten penpheren Granulaion Am hraftigsten farbt sich das Plasma der
Pseudo Pelger Zellen Ein Teil der Blasten bleibt ungefurbt Andere Bla-
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Mitunter st das Reaktionsproduht auch zu emem parznukleiren, vor
zugsweise in eincr Kembucht gelegenen Benrk verdichtet.

Duskussion

Uber den len Bl hub etner Ost Tosk! it als
seltenes Eretgmis 1n der Literatur wiederholt benchtet \\ordcn 12,4,6,8,
9, 17, 22, 24, 3035, 37] Bis zu dieser Phase, die stets klimsch mat
winet erhebhichen Ve g und mest
das therapseref T Istad: emlentet, det sich der
Krankhetsverlan! von dem anderer Ostcomyelosklerosen gewShnlich
nicht Gelegentlich wird aul emen verkiirzten, Minisch maligneren Ver-
Tauf hangewiesen (30, 35]

Talls die O k) als Grundleiden nicht berets durch emn-
deutige Vorbefunde bekannt m. berestet die nchtige Diagnose zu diesem
Zzssponkt Sch k ist die D om

Dlastenschub emner chromschen Myelose schaer bzw unméghch Sowest
Sternalmark Giberhaupt durch Punktion zu gewinnen 1st, Sann es vithg
von der fzell W sen, Sholich wie alle ex-
duliiren Qrgan- oder H. fill Die atkahsch

photphatase kann i diesem Stadum zur Differentialdiagnose nicht
mehr beitragen, da auch wihrend des Paramyeloblastenschubs etner
chronischen Myrlose die zuvor ermedngte Aktinatit rasch ansteist, mat-
unter sogar auf stark erhhte Werte {7, 15, 21, 29] Sclbst der Nachweis
des Philadelphia-Chromosoms ist nicht 1n jedem Falle zuserlissig [17,
24] da s sowoh! Tht-negatine chronische Myelosen {31] als auch sel-
tene I‘h‘-pmﬂm: Osteomyelosklerosen gibt {22, 23] Entscherdende

it & kommt dem hustolog Belund des Becken.

kammtrepanats ru

Der Blastenschub dokumentiert die wesentmisuge Verwanduschaft
der Osteomyelosklerose micht nur mut der chronischen Myelose, sondern
such mit anderen Vananten des myeloproliferatnen Syndroms wic der
Polveythaemia vera, ber der ebenfalls termunale Blastenschibe vorlom
men (I 30 31, 6] Aus khmscher Sicht kann dictes Phnomen daher
themo ol Rewdugung der Konzepuon Dastnmexs vor myeloprolle.
ratven Syndrom gelten wie d ¢ zahlreichen pesicherten Cherging~ von
chromcher Myclose  Polyey 1y vera oder o ler Thrombo-
nythirne fn eme Ovteornelosklerose {2, 3, 4, 17, 22, 30 33] oder due
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Abb 7 Bl b ber O Peripherer Blutausstnich  Saure
Phosphatase

dichtungszonen des farbigen Reaktionsprodukts (Abb 4a) Bei emem
wesentlhich Kemeren Tei! der Blasten findet sich cine hohe Enzymaktivi-
tat 1n happenformig angeordneten paranuklearcn Bezithen (Abb 4b)
Naphthol-AS-Azetat-Esterase 1st 1n allen Blasten enthalten Das Reak-
uonsproduht 1st granular im Plasma verteilt und uberlagert tellweise den
Kern (Abb 5) Mitunter sicht man von den Zcllen losgeloste Zytoplas-
makugeln mit hoher Fermentaktivitat (Abb 5b) Durch Zusatz von
Natriumfluond zum Inkubationsgermsch wird das Enzym vollig ge-
gehemmt

Naphthol-AS-D Chlorazetat-Esterase 1st in den Blasten nicht darstell-
bar Neutrophile Granulozyten reagiercn 1n ublicher Weise positiv, am
starhsten die Pscudo-Pelger-Zellen (Abb 6a) Prinziprell gleichartige Er-
gebnisse sind beim Nachwess der Peroxydase und bet Anfarbung mit
Sudanschwarz B zu erziclen Ebenfalls negatv reagieren dic Blasten
berm Nachwers der alkalischen Phosphatase (Abb 6b) In der Restgra-
nulopoese besteht insgesamt eine massig erhohte Aktivatat dieses Yer-
ments, wober auch die Reakuionsklassen 4 und 5 nach Merker und
HEMEYER vorhanden sind Diese hohen Alativitatsstufen fassen sich vor
allem 1n Pscudo-Pelger-Zellen nachwersen (Abb 6b)

Saure Phosphatase 1st mit hoher Aktnitat als fein- bis gmbgranuldrcr
Nicderschlag der haufig auf emer Zeliseite zusammengedrangt angeord-
net 1st und dann dem Kem kappenartig aufsitzt, lokalisierbar (Abb 7)
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ger Zellen vom homozygoten Typ, wie sic gelegentiich ber Hamobla-
stosen vorkommen [18] 2)1ochcm|sch 1st auffallig, dass die fur rede Gra-
charal n dicsen Zellen starker posiuv

aux(;\“cn als 1n den normal segmentierten Leukozyten
Bemerkenswert 1st ferner emne scltene Granulauonsanomalie, dic be

unserem Patienten an ¢tigen Leuk Jeich: mit dem
des m:slmschubs erstmals auftrat Es handelt sich um Zellen mit emner
philen und b G Die-

selbe D:obachlung machten BOURONCLE und Dow (4] 1n der Blasten-
phase emer Osteamyelosklerose

Zusammenfassung

Ts wied Gher ewnen ‘Lhihng:t\ Patienten benchtet det nach wietyjahnigem

ewner O i\ an den Folgen cines akuten Blasten
schuby senstarh Zytochem sche Untersuchungen der pathologischen Blutzellen er
gaben Befunde d e von denen aller niher definierbaren Formen unredfzelliger H3
moblastosens abwichen 0 dass ene Zuordnung der Blasten 1u einer bestimmten
Zcllreihe nicht gelang Dhe Mghchiet wird diskutiert daw eine genctisch inho-
mogene aus eatd
Rethe vorl cgen Adnnte
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haufigen Zwischenformen, die sich himsch und morphologisch auch bes
Anwendung diffiziier Untersuchungsmethoden micht kiassifizieren lassen
{17, 30, 31] In der noch haufig diskutierten Frage nach der biologi
schen Wertighest der Ostcomyelosklerose spricht das Vorkommen der
Blastenphasc gegen dic Annahme der narbigen Defehtherlung einer sero-
sen Myelitts [27] und fur die Deutung als leuhamie aquivalente Neubil
dung des Marhorgans, dic aufgrund der morphologisch dominierenden
bmdegewebigen St ichlung  als  «Sairthus  des  myeloischen
Parenchyms» interpretiert werden kann [17]

Bezughch der naheren Typisierung der Blasten honnen zytochemische
Methoden weterhelfen die sich ber der Klassifizierung der cinzelnen
Formen unreifzelliger Leukosen bewahrt haben [1, 10, 12, 13, 16, 19
(dort westere Lat) 20, 25]

Legt man die ber derartigen Untersuchungen in den letzten Jahren
empinsch gefundenen Massstabe an, so zeigt sich in unserem Falle, dass
sich die Blasten aufgrund ihrer bausten- und fermentzytochenuschen
Merkmale mcht 1n das itbliche Konzept der unreifzelligen Leukosen en
ordnen lassen Wihrend he Einzelbefunde auf eine myeloische oder
monozytare Differenzierungsnchtung hinzudeuten scheinen, finden sich
an einem Ted der pathologischen Zellen auch gewisse Parallelen zum
Bilde des Paracrythroblasten {1, 5, 7, 11], insbesondere hnsichthch der
Altwitat und Lokal der sauren Phospt Zytoct h zeigt
sich an den Blasten 1m ganzen eine Befundwielfalt, die ym panoptisch ge
farbten Pmpamt uberhaupt nicht zur Darstellung kommt Die grossen

morpholog: Var lichkeiten myeloproliferativer Erkran

kungcn Lonnen sich d h auch im ter len Bi hub aussem
Diese Befunde legen den Gedanken nahe, dass die Blasten aus ver
hied Zellpopul hervorgegangen sein honnten, zumal be-

hannt 1st, dass i der Termunalphase einer Osteomyeloshlerose micht nur
das Bild emner unreifzeligen Leukose, sondern auch emer Erythroblasto-
se bestehen hann 30, 32, 34] In diesem Zusammenhang set an die
Auﬂassung von RoHR [26] crinnert, wonach der Paraleukoblast ein
begnff fur h verschiedene Endformen 1st, dic durch Ent
differenzicrungssorgange  aus  unterschiedlichen  Zellmien  entstanden
sind Nur 50 15t es auch verstandhch, dass Paramyeloblastenschube be
Erythramue [5, 17] oder em zytochemsch gesicherter Paraerythrobla-
stenschub ber chronischer Myelose [11] beobachtet wurden
Abschliessend soll auf eimige Besonderherten der Restgr: cse

hingewiesen werden In relanv hoher Zahl finden sich sog Pseudo-Pel
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ner rablreichen Derlige su! Klimsche Probleme auch dem Asustenten und dem
prattischen Arzt wertvolle Anregungen. F Gtoox, St Gallen

A furmanirs, G F Smmorx and H G Wman (ed) Molecular Blology,
Blochembsiry and Blophysics, vol § The Genetc Markers of Human Immu-
Spnnger, BertinHerded! ew York 1970 Xif 4 152 ¢p, R g
Cloth DM 42~,US $ 1160
Immunoglobulia polymorphistn exptesses the funcuonal heterogenenty of anu-
bodict. Protein structure 13 genctically determined. The study of geneuc markers of
immunoglobulint provides msght into immunoglobulia differentiation and s con
tro) and testsfies that & major part of the immunoglobulin malecule ts under Men-
detian control The data about the genchiz murkers are widely seatiered in vanous
journals 3t iv fortunate that Prof Gruas who d wcovered the Gm system undertook
the consderable task 10 anemtle the about bhuman )
mathen in 3 conasc and clear form s teview not oaly b very compleate but puts.
the avatlable information into the context of modern biological thiaking taking into
account chemical evolutionary, practical and other a<pecis. Aficr an introduction,
tauc data concermng the genetic markers are gven, including techniques of detec-
tion. The rext chapters deal with the chemucal correlates followed by the formal ge-
oty of the Gm  and fav systems. The humag asts buman y-globulins are
d sussed, including their posutle role 1a the body The concluding chapter 1s about
the selecuion and the control of immunoglobulin structure. In a most useful appen-
dix there Is & compilation of data concermung the genctic factors, followed by the
references and a complete subject index. This review by Prof Gaues ks very stunu.
fatng read ag for every biologist, and 1 most wseful reference source for anyone
wotlung in thy feld, T. L\ sscxore, Basel

B A Tioseon A Fracticat Guide to Blood Coagulation and Haemostavis,
Church 1! London 19°0. 220 pp £ 280

Sumernus bookt on blood caagulation and hactaoitans wete writlea dunng the
past few years. U y the avalable fi of methods for evalmation
cf & wrders of Moo coagulation and hacmostaut are far from being irlernationally
comparatle Each ay hot tends 1o emphause the methods to whih be 13 accusiomed
thiough his own expenence Sume national hatuts are deeply entrenched in this
fickd The boct by Joax Tomnon reflests the Brish way of studying pavests,
whih fa many repests should be dntermationally followed However, the term
‘reastnal gu de w ot ert rely adequate. The recommended screemng programs are
2 ber compler and mply the use of companstnely large amourts of plasma. Theo-
rete 2l aspects are sdequately covered. Some helptul taNen and f gures are inctoded,

The £ral imprevoon of i 'practiaal guide 11 2 moed ore 100 many detals
¢ the wmafll dyinct hosputal bype of laberatory, too hitle and ta.omplete informa
1on £5¢ the erperieneed worker mere compled dn b volome Recert € wovene
o 3booemat (erocranl) varae o of coagslaton tasters, gattiulasty { brnogen, e
a mentoned The cnuent of von Willctrand s doesse {p 65) b dead ng

Crast et a® {1943 frond Rt » tass’swos of Mood froet 3 fatent with chas-
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Boo Hax HYuN A Filmstrip Presentation. Hematology, A Morphologic Study.

Es handelt sich bet diesem neuartigen Werk um eine Sammlung von ¢a 300
farbigen Mikroph auf 3 Filmband (35mm) mut einem Kommentar
n Form eines leinen (11/13 em), 84 Seiten umfassenden Heftes Dem Referenten
stand ledighich ein hurzer Filmstretfen mit 6 ausgewahlten Bildern sowie der hom
mentar zur Verfugung Nach den wenigen Beispielen zu schltessen, sind die Quah
tat der Aufnahmen sowie die Auswahl der Ausschnitte vorziighch Der erste Film
streifen umfasst die Veranderungen des roten Systems Neben Blut- und knochen
marh werden b auch Knoch rksschmitte  berlicksichtigt
Der Kommentar beschranht sich in der Regel auf cine knappe Beschreibung des
Bildes, welche gewisse Basalkenntmsse (Begnife wsw) voraussetzt Gelegentlich
sind stichwortartig auch Ainische Daten erwahnt Die Dokumentation st schr
rerchhaltig, werden doch zum Beispiel 18 Aufnahmen zum Kapiel megaloblastire
Anamie gezeigt. Das zweite Filmband umfasst die malignen Hamoblastosen, das
dnitte Bilder von Knoch megakaryozytaren Storungen,
Granulomen, Speicherhrankheiten usw Auch Bilder voo Agranulozytose, von re
aktiven Lymphozytosen etc finden sich anf diesem Filmstreifen

Sclbstverstandlich st die Beurtedung eines Werkes schwienig, wenn the Haupt
sache, nimlich das Bildmaterial, fchlt Es schant sich jedoch um ene wvielseitige,
nstruktive Auswah! zu handeln, die sich vorzughch zum Selbststudivm eignet Be-
sonders nitzlich durfte sie fur Studenten oder Arzte sein, welche beres gewisse
1N in Morph und sy her H. besitzen, diese aber
wieder aufzufrischen oder zu erweitern winschen Solche Hilfsnuttel werden in
Zulunft mchr und mehr benotigt werden, da sich micht mehr jeder Student selbst
@ine Sammiung von Praparaten anlegen khann U Bucurr, 8ern

W Dorrr Spezelle Pathologische Anatomie 1. Hewdelberger Taschenbicher, Vol
69 Spninger, Berlin 1970 AVII 4403 pp, DM 6 80/USS 190

In der Reihe der Heidelberger Tnschcnbuchcr wird yon \VIL!I[LM DOERR 1n dret
Banden die All und S; e P Anat handelt Der
v de Band lle Pathol Anat I» behandelt das Herz und
Gefasssystem, die Luftwege und Atmungsorgane, das Blut und die bluthildenden
Organe sowie die Nieren und dic ablertenden Harnwege Die Darstellung ist aus
den Heidelberger Vorlesungen des Autors hervorgegangen und lasst die grosse Er-
fahrung des langyihngen Hochschulichrers erhennen Die Fuille des dargebotenen
Stoffes st erstaunlich Trotzdem wird erfreulicherwesse eine alfzu starke Schematt
sierung vermueden Besonders wenvoll sind die kntischen Bemerhungen zu den
noch offenen Problemen, die den Leser zum eigenen Nachdenken anregen Es
fchit auch nicht an burzen Hinwersen auf histonische Daten In einzelnen Kapiteln
wie demjenigen der Artenoshlerose wird das personliche Kolont des Dotxxschen
Arbeitshreises sichtbar Das fast vollsti Tehlen von Abbild und Sche
mata diirfte dem Anfinger Schm:nglcu:n bereiten Das Taschenbuch st in erster
Linme fur den \ n L gedacht Es gibt sedoch wegen st
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Temporal Variation in Mitotic Index of Phytoh gelatinin
Stimulated Human Lymphocytes

D I Pricrand J Trsson

University Department of Medical Genetics The Royal Infirmary, Manchester

Abitroct Dataispresented shich indicates thatoveraperiod  Key Hords
of time tn & given Individual the response to PHA sumutanon 2y Lymphoiyie cubere
measured by lymphocyte tramsformation is constant The mitet Lymphodyte mitos <
rate in these cells, however, showt great vanstion suggesting that  Phytohaemaggiutioun
DNA gymchess 1 necewary but not suffrent for mitons

The phytoh 1 {PHA) fated human lymphocyte has been
widely used to screen compounds for therr ability to affect the mitotic rate
(e g 1and 2)and to cause chromosome damage [3, 4] Some of the problems
invohed 1n obtuming teproducibulity 19 this system have been reviewed [5)
Tt has teen teported that indinduals sespond differently to PHA At
16) and have difTerent mitotic timing {7} What does not seem to have been
previously reported 13 the vanation in response of an individual when
soveral blood samples are taken over a period of several months from that
indinduat

The expeniments reported here were undertalen to invesugate this vana

tion 1n pesponse in terms of morpholegieal transformation and the rate of
mitoss

Marerwals and Methods

The method ned [or cubiuring the Irphocytes 1t based 00 that of Mooeszan er a?
[ and was a8 { "lows 20 m} uarpley of venows blaod were claiaed from bea'thy sel
witeers and reaned Immediately with gatccagilant (herann in devran) i a senk contas
nee The enthrooies were a™owed 1o settle 82 37°C and the tupermatant plaens and
euxcyses were dramn o 1.3 mi of the cxlplasma wnpetuon was rade up to 10

YOI cub sre smed um (Glate) and T dom of tesvast tend PHA, P (D f0) were
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sic hemophilia corrected the bleeding time and the factor VIII level in patients
with von Willebrand s discase, but blood from von Willebrand s disease does not
restore the factor VIII level in hacmophilia Therefore, it it patent that blood from a
apparent severe factor VIN deficlency in son Willebrand s disease must never be
used as substrate plasma in the lab . di of haemophilia (sahcs mine}
Does the author imply that haemophilic plasma creates factor VIl in vitro?

The discerning reader may find some useful detamls 1 this small volume, such
as on quality controls of thromboplastine and ihibitor assays However, the review
er would not recommend its tndiscriminate use as ‘practical guwide’ for the small
hospital laboratory E A Brex, Bern

Varia

Viviana Luckhaus Foundation

The Fundacién Viviana Luckhaus has instituted the Internattonal Prize Funda
c16n Viviana Luckhaus, 1972 The Prize is intended to honour a report of original
research related to blood platelets (morphology, physiology, biochemustry patholo-
5y, ¢ic) and.or therr relationship 1o thrombosrs and blood vessels, and fo promote
communication and interchange between research workery in different parts of the
world

For further information and rules for the 1972 contest apply to Dr EpGarbo S
Sacx, Fundacién Viviana Luckhaus, Hosputal Juan A Fernindez Cervifio 3356
Buenos Aires (Argenting)
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are all low ind: a )} response Howerer, since
£ " 1] plete at 48 b, vamation may be masked
since if the transformation process was slowed down by up to 24 b, the o
transformation at the end of 72 h would be the same
The mitotic index however, 18 much more varable Different sndiaduals
have more variable means as might be expected, but there 1s also a large
vanation n the rate of mitosis within an inddual The range 1o wider and
the standard deviattons are large, kaving an aserage of approumately 12.
Thus the musotsc index of & person vanes from sample to sample over a
period of tume Tt has been suggested that the cell cycle tme 15 constant for
an individual {7] but the results outhined above suggest that this may not
be so
Differences in the culture media used may be ruled out as & cause of the
varaton because tf was found that when samples from different 1ndividuals
were cultured simultancously usng the same batch of culture media high
values 10 the mitotic andex of one mdividual were not associated with high
values of the other individual [§] Nesther were low values of one person
associated with low values of another High and low values in the mitotic
tndex of a person were randomly distnbuted over the I5-month peniod and
consecutive samples talen 1 week apart from one individual cultured with
the same batch of culture media PHA, ete did not necessanly give the same
rutotic response 1t is possible that subchnical snfections could explam some
of the vanation but this seems unlikely to be a myjor factor conmdening
both the magnitude and frequency of the vapation
Addition of PHA to cultures of lymphocytes does not affect cells already
underpoing DNA synthests [9-11] Jtcauses synthesis of DNA and the onset
of mutosts in a proportion of eclls[9 10] which have beentsdentified as almost
all being blast eells [12). Hence, since transformation 18 relatively constant
within an indimdual st is possible that DNA synth~uis which 18 necessary
for mitosis to occur 1s alio relatnely constant Events occurnng afer the
synthess of DNA in the Gy phase of the cell cycle may however, be more
vanable and be & cause of the varaton in rusotic rate: Synthess of enzrymes
needed forthe formation and functioring of the mitotic spindle for example
may be partcularly important in this respect
1f the cell cycleas iself constant then the vanation freay be det to vana
uon of f2ctons present m the glamd w ek, the Qlprresarta s W mensd
suttancey whichancrease the rate of hriphooyte preduction ase fourd 10
cond tiors of leucoperia [§3] are present when lymphocytosss oceurs (14 15]
a1d occur i the thyrus {16] 1t hat been supgesred that all these sebitances
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added to each culture which was thenincubated at 37°C for 72h At the end of this period

02 mlof d leme (C d®) ata of 1 mgin 100 m! was added and
the cultures incubated for a further 2 h The cells were lhcn untnfuged {1,000 rpm for
10 mun) the ded and the cells dmn b saline for 15

smun at 37°C After ths period they were fixed 1n 2 changes of acetic aleohol {1 part glacial
acetic acid 3 parts ethanol) and resuspended 1 45% acetic atd to give an opalescent
suspension The cells were dropped onto cold slides, air drted, and stained with 10%

Giemsa buffered at pH 64
One thousand cells per culture were examined and the number of cells 1n mitosis noted
This number 15 defined as the dex The first 200 cell: d were also classified

1nto transformed and untransformed cells to give the % transformation rate

Samples were taken at random iatervals over a 15 months period from 3 males and 3
femnales When the samples were taken the donors were healthy and had no recent history
of nfection They were not taking any drugs and had not been exposed to radiation

Results
Table I shows the number of samples taken from each indvidual, the
mean transformation and mitotic rate for each individual together with the
standard deviations and ranges for these values
Discussion
As can be seen from table I, the average transformation rate of all 6

ndviduals tested falls between 62 and 66% The maximum variation 1n
transformation rate of an individual was 12% but the standard deviations

Table I The variation within an individual of response to PHA stimulation when measur
ed by the transformation and mitotic rates (72 hour cultures)

Volunteer Sex Sam  °o transformation Mitotic index

ples  meam  SD range  mean  SD range
1 male 24 658 485 53713 263 1306 4-62
2 male 8 656 58 5674 374 1863 1012
3 male H 624 3126 55-68 248 1379 6-45
4 female 13 656 524 56-71 252 1300 7-50
s female 7 651 376 6070 36 117 2340
6 female 5 652 496 59-71 200 358 11-24
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$0 MacKnnty, A A ,Stonuas, F L and Barcner, G The kmetes of cell prolifecation
in cultures of human perpheral blood Blood 9 349-358 (1962)

11 Mecate, W K and Osuonn, D G A radicautographic inv ¢stigation of the identity
of phytohaemagglutinin sesponsive cells in the Iymphoid tissue of rat Exp Cell Res.
41 665672 (1966)

12 Jorson, L. T, Lomtr, 53 Cuas, P-C.3 Movmie, F C.: Ruetv, A D, Goroos,
A 5, and Davrnize, W Autoradiographic studies of human lymphocytes cultured
Invivo Proc Soc.exp Dol Med 130 675679 (1569)

13 Goapos, A S, NoR O, Sger,C.D, Dowresr,B S, Hasoum,ES.,
Losuy, !, and Ertre, M Endence for a circelating tymphooytesis-inducng factor
(LIF) Acts hacmat , Basel 21 323-341 (1960)

14 Mrrcaty, D A bymphootons simulating factor in the plasma of chronk lymphatie
feuksemu patients Brit § Cancer JO 169-178 (1956).

13 Mercatr, D Further atud ¢t on the plasma lymphocytosis stimulating facter
chrenic Iymphatic leukaemia and some cther disease states. Pris J Cancer J0 43—
410956

16 Mrrearr, D The thymic onigin of the plasma lymphocytosss stimulating facter Brit,
1 Cancer 10 442487 (1957).

17 Trowon, 1 Lymohopotetin Acta baereat , Basel €2 2336 (1969%

Acthon® sdfrew D1 Prxa B S, and Dt J Tooow, Univentey Depacemert of
Medaal Gerency, The Reval 1nfm—any Manchereer A1) 9B L (Erg'and)
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are lymphoporetin and has been shown that lymphoporetn 1 chrone
lymphatic levhaemia serum stimulates mtosts in normal PHA sumulated
buman lymphocytes [17] Furthermore, control of the production of lympho-
poretin by negative feedback i and the possible existence of more
than one type of lymphoposetin have been suggested {17] Henge st ts possible
that the varation within an indiidual of nutotic rate reported here ts a
result of vanation in the amount of lymphopoetin and other regu
of mitosts present in the plasma

Since at present lymphocyte culture without plasma s not satisfactory
such varation 1s mevitable This emphasises the importance of control
cultures being grown for each blood sample It 1s then possible to compare
results in terms of a function of the control value, ¢ g , percentage of control

Finally, this variation may be of importance when testing compounds
for their ability to affect the rate of mitosts since a person whose mitotic
rate 1s hugh may respond differently to a compound than when his matotic
rate 15 low

Acknowledgenent \ve wish to thank the Smuth Kine and French Foundation for
financial support
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ytentransiormation durch emnfache Metallvetbyndungen beschneben s
17, 25, 27] vod wir kdanen 11 der vorliegenden Arbert nachwesen, dass
nuch bet Vem:ndung emes d:x;mgcn Modells ean wesenthcher Unter-

schied h v P und Pauenter ot Lympho-
v undch fymp her Eeukime bestehe.
Patienten
v Bt wurden 28 nicht Iiklimische und statiopdre Patenten
mit Lymphograntlomatose im Alter von 20 bu 74 Jahren. Davon hatten § Patien-
ten T keinem Zestpunkt aine spenti und. oder rad e The-

raple erhalten, tel allen Ghrigen Papenten lag die pyletrt darchgefibrie Therapie
rundestens 4 Wochen rurlck. D e Diagnose war 1n jedem Fall durch rytologrsche
und.oder Huologiiche Unteruchung geuchert. Time Stadienantellung ba den
Fauenten erfolgte nach dem heure afigemenn anerkanrtea Schems (23] Ausserdern
wurden die Patenten, dic mch rum Zewrpunkt det Untersuchung In einem aktiven

Stadiam der Erkrankung befasden, denca xmnhb«gmcm. du nch b Feblen
Allalschet, b und befanden
b n

Wir untersuchien westerhur 27 Patienten mut thromscher lymphanischer Leuks
kmie Im Alter von 35 b3 81 Jahren, ber denen Zum Zenpunkt der Untersochung
Leine Therapie durcpefufit wurde, D ¢ letrte antileukotinche Therapre lag munde.
steny 2 Monate zurBok. 21 Patienten hagten penphere Leutorytensablen rwischen
10000 pnd 100 000 mm?, ki 6rmmm agen d ¢ Werte Gher 100000 par?

Al A t be: demen keme Anhales.

runke s lrgesdwel e Illunlunm M:udrn.

Tadelie | Eim clung der Patienten tuit Lymphegnanulomacose s Hebick acf das Er
trankungutad un
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Stimulation peripherer menschlicher Lymphozyten in vitro
durch Zn** bei Patienten mit Lymphogranulomatose und
chronischer Iymphatischer Leukamie!

H ROuL, H Sctiorte und H KIRCHNER

Hamatologtsche Abte:lung (Prof Dr H BrUarcr)
Rhintkum Steghtz der Freren Universitit Berlin

Abstract The response of peripheral lym.  Key Words
phocytes to Zn?* in vitro (blast cell count and  Chronusche lymphatische Leukanue
2H thymidine uptale)was found to be greatly  Lymphogranulomatose
dumimshed in patients with Hodgkin's discase  Lymphozytenkultur
and chromic lymphocytic leukema, when com  Zinc smulation
pared with normal volunteers This scems to
reflect a cellular defect of the lymphocytes In Hodgkin's disease the degree of sti
mulation was ndependent of the absolute lymphocyte count in the penpheral
blood but was higher 1n patients 1n remussion after therapy than in those with an
active disease The response of the lymphocytes in chronic lymphocytic leukemia
could be improved by cultunng the cells at a higher density than 13 normally used

Die zentrale Rolle des Lymphozyten ber vielen Immunreaktionen gilt
heute als gesichert [7] Erkrankungen, die nut einer Beemntrachtigung des
lymphatischen Systems cmhcrgehcn, wie z. B dic Lymphogranulomatose

und die ch he lymph Leuk weisen einen Defekt der zel-
lularen Immunitat auf, der sich unter anderem m emer verzogerten Ab-
homaloger Hauttransp und 1 emer Beanteachtigung der

hulnnrcakuon auf Antigene aussert [1, 2, 16]

Es 1st weiterun gezeigt worden, dass Patienten mt verschiedenen
tymphoproliferativen  Erkrankungen cine stark reduzierte Transforma-
uonsfahigkest der penpheren Lymphozyten in sitro unter der Emwire
kung von Phytohamagglutinin und spezfischen Antigenen aufwetsen [3,
11, 12, 13, 19, 22, 24, 28] Kurzlich wurde eme unspezifische Lympho-

1 Die Autoren bedanken sich bei Frau G Boamrr fir ausgezeichnete technt
sche Assistenz.



Zinkstimulation von Lymphoryten m

Zytentransformation durch emnfache Metallverbindungen beschneben (4,

17, 25, 27] und war kBnnen 1 der vorliegenden Arbeit nachwczsent, dass

such bel Verwendung emnes derartigen Modells e wesentlicher Uster-
oy

schied hen p 4 p und Pauenten mit Lympho-
g und her tympt Leukinue besteht.
Panenten

Untersucht whrden 28 picht ausgesnchie poliblin sche wad stanonire Patienten
m1 Lymphegraaulomatote im Alter von 20 b 74 fahren. Davon hatten § Palen-
ten tu Semem Zenpunkt ene spenfische zytostst sche und.oder radiolog sche The.
rapie erhalten ber atlen Ubngen Palienten Jag d & ruletst durchge(ihnte Therape
mindestens 4 Wokhen ruciick. D e D agnose war in jedem Fall durch zytolog sche
wnd oder ? geschert. Eme ber den
Pat enten erfolgte pach dem heute allgeme n anerkannten Schema {23] Amwerdem
wurden d ¢ Panenten, d ¢ nch zum Zetpuskt der Untersuchung in ewmem aktiven
Stad um der Lrtrankung befanden, denen gegentibergestellt, de sich bei Feklen
Llinkcher himatologivcher und rad olegischer Symptome In Remuasion befanden
L1 )]

Wir untenuchten westerhie 27 Pauenten mt chromscher Jymphatischer Leuk
Amie im Alter von 55 tus 81 Jahren, bet denen tum Zestpunkt der Untersuckong
eine Thersp ¢ durchzeflhrt wurde. D ¢ tetnie artleukot sche Therap ¢ lag minde
wtens 2 Momate 2urfick. 21 Patenten hatten penphere Leukozytenzahlea rwischen
10000 und 103000 ¥ bei 6 Pat caten [3gen d ¢ W erte Gber 100000 ramy?

Als K denten 23 ) P n, b desen kmze Ahats.
Funtte fle Irgeodwelche Erbrankurgen hestanden.

Tatelle £ EimteTung der Patiemen m t Lymphogranulomatose im Hirbick aof das Fr
krankmgustad v
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chung die wict Daten b

Lymphoz tenkultur

Due Methode der Lymphozyteahultur ist an anderer Stelle ausfhrlich beschrie-
ben worden {18} Wir verwend Venenblut, das mut 6% Dextran
€0 mun wurde Als Kull d; diente Eagles Mimmal Essenual
Medwm Der normale Kulturansatz eathielt 1,0X10¢ Leukczy(en/ml mwn: 30"
autologes Plasma (in emmgen E
Plasma) Die Zellen wurden 1 16X 125 mm grossen Plastikrohrchen ber 37 °C fis
144 b inkubiert (5% CO, 10 Luft), i etmgen V hen betrug die Ink
bis zu 240 h. Zinkch! wurde 71 V und zwar wurden 10
yedem Versuch 3 Zimkkonzentrationen getestet (2,5, 3,0, 3,5X107¢ 1)
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Abd 3 Zink i der h Lymphozyten ber Patienten mut Lym
phogranulomatose (#H Thymldm Einbau und F Dlasten) Gegenlib

steltt sind Patenten in Remussion und ernem aktiven Erkrankupgsstadum

Ergebnsse
Lymphog k Die S 1 der Lympl Lulturen
durch Za** wnar ber P, it Lymphogragul gegeniiber dem

Normalkollektiv erheblich cingeschranht Dies zetgte sich sowohl bet
Messung des *H-Thymudin Embaves {zwischen 1343 und 94124 cpm,
Mittelnert 12 381 cpm) als auch ber der B g des ¥
blastenahnlicher Zellen (zwischen 0,0 und 24,3%) Kulturen von Nogmsal
personen wiesen dagegen zosschen 22 201 und 229 256 cpm (im M-
tel 143 100 cpm) und 11,8-53,6% Blasten auf Diese Verhaltmsse sind
11 Abbildung 1 und 2 dargestellt.

Bet Pauenten, die sich m R befanden, lag dic S
hoher als ber Patcnten 1 emem aktnen Stadwm der Erhronkung
(Abb 3), wenn such noch erheblich unter der von Normalpersonen

1
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Tavel e I Verglesch der Zinkst mula son bet Vermendurg von & »olegert Plasma und
homologem Plasma Gesunder Der 7H Thymsd ne Ebau wirde pach 144 b gmessen
angegeben 4md mre ¢pm von Dre S bt wen

Lyerphogranulomatone Crren whe hympha sche Leukim e
e o e
Ligery Esgerplasra a2
68 41002 s "0

a6 387 piliti 29977
36018 43 365 1173 1034
20188 TT4hs biY) 1138

39 s 1™ 3o

Enfluts ven I’la.mmtaktarm In emer Sene von Expenmenten wur
den Paal von P h m Eigenplasma und 1
blutgruppengleichem Plasma gsunder Vmud:spcrwnm kuluviert, Die
dargesteliten typischen Basprele (Tab 10) belegen, dass die Sumulauons
faligkeit weder ba Lymphogranulomatosepatienten noch ber Patienten
mut emer chronischen lymphatschen Leuk3mse gesteigert werden kann
wenn dic Lymphozyten statt im sytologen Plasma im Plasma gesunder
Pesonsn Lulyment werden

Dishussion

Die Messung der Sumu. ph Ly y
unter der Dinwirkung mitogener Substanren gilt h’ule xﬂg-m:‘n aly eme
Methode, d ¢ immunclogische Rompetenz d eser Zellen in vitro 1w Ln
tenuthen Die bar eigen lymphoproliferstnen Efkrasluagen mut Hille
anderer Methoden fespestellien ymoeunolopschen Defelte finden ihr:
L g o den Teped dic die W Lymphory
luhnﬂ.

Diz vea vas i Modell dor 2ar*strnalieren Lymphorytenkulter ge
tund nen Lrpebrusse bey Paterten £t Lyvmphopranulomatose urd chro-
rschee hmphatncher Lewlimue sechen m Cheranllang mut den Befun-
den gaderer Untenincher mut Hidre asderer Steealasnen [3, 8 11, 12,
15,12, 24, 18] De henabprsente SumJmvbaien Sor Lytphonto we
her besden Kerrkheg oidem effera Ml noft dench Faktoren des
Pstemerplasma badagy, denn s e kenrtz bt Reliviereng det Zelen
1 Plavma prseed ¢ Persenet pact verbessert werden, Dics ez sprtt
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Abb 6 Inviro Sumulation der penpheren Lymphozyten durch Znt* ber
etnem Gesunden (@) und emmem Patienten mut chromscher lymphatischer Leuk
amue (@) Der *H Thyrmdin Embau wurde o 24stundigen Abstinden gemessen

Eine Abhanggkert der Zink lation von der ber vielen Patenten mit
Lymphogranul se bestehenden Lymphopenmie kounten wir bei den
son uns untersuchten Personen micht feststellen (Abb 4)

Chromische bymph e Lenk Die Ul tuede m der Trans-
for fatlugkest der Lymphozyten 1m Verglesch zum Normalkollektiv
waren ber dieser Pauentengmppe noch grosser als ber den Lympbogm-

i *H-Thymudin-Embau vod Prc

icher Zellen waren m kakulturen kaum hoher als m usnbehandelten
Kontrolikulturen, wenn un Ansatz eme Zelldichte von 1,0X10¢ Leuko-
zyten/m] bestand (Abb 1 und 2) Wurde allerdings die Zellzahl 1m Kul-
turansatz erhoht, so fand sich bet emer 5- bis 10fach hoheren Zelldichte
em deuthich grosserer Stimut dex (Abb 5), der jedoch noch weit
unter dem bes Normalpersonen gefundenen lag Bet weiterer Erhohung
der ZeHdichte nabhm der Stimulationsindex wieder ab Fine Steigerung
der Stumulationsrate durch Verlangerung der Inkubation bis zu 240h
konnte nicht erreicht werden (Abb 6)
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scal state of the patient and to brochemical comparsans of normal and
abnotmal Iymphocytes Such studies are facilitated by freeze storage
whercby hmitations from ethial considerations  therapeutic measures
and mconvenience to patnts can be vaercome [ ymphocytes may be
stockpiled for future imcstigations A sct of condions has been defined
[Tromsos and © Consor  1971] Tor freczing and thawing normal and
CI1 lymphocytes The mortabity rate as assessed by eytolopical entena
s nephgble Tn addition residual nd cells contaminating the isofated Jym
phocytes are Yargely desttoyed dunng freezing and thawing

1 ymphocyte ultrastsucture before freering and after thawing under
these condiions has now been compared Changes tn ultrastructure and
damage from ke cryval formation hase been desented 1n 2 pumbet of
previous feparts on cryopresenation of cells and tisues [Wriss and
ARMVIRONG 1960 Taew eral 1905 Stowrit er ol 1965 Farrant
ef ol 1967] 1In the present dudy on lymphocytes such changes wese
remarkably abwent

Material and Metheds

The lymphnytes wete separatal from def brinated b wd from a healthy d mor
tnlrg 13 the mothod of Trovwws of af [1%7a] ard Watwm and Tinuws
NN Tyrrab aytes were separated from Food from 3 CHE pat ents fone sece v
fng shem therapy 2 untecatedy By the vame methwd ot w th oman on of the pas
wige thowgh phanrene beadt dogned 15 remove granul ytes Granulmvies
et tited lews than 404 of the Gt ulat ng wh o cells in these pat ety and aknor

ral Hmphagte ualle the rormal may themselyes a there 11 g hyatyrene beads
(Tmaisw and R o 1Y)

Tref m rary atudes 1o these caner shewed that the propt 0 of absormal
Ge ¢ 1h 0 ulcaveru vel dula el hymphacyter wan AL and 9V, { the un
Beate I pat £rty ynd 5% 5 £ the treated

Tre hrphates, sunpented 1n mod M TC 1M corar g A3, (v vy dme
3 LTt tde IDMMN aad 140 e serum were cnled €1 49 C at a pnt freer ng
exlng 13te 11 1RV mn oand et vremened an bqud ntrpen §im O
Trey were thaned 3t ¥ (gt mrate «f 328 Cma The (0! desa 1 of the
Fatatarm g e ehantere [T o 308 O Cimea 1971}

Lo e selly wore wored 2t 1 € For 18 wechy (rorrual hymptanytent (1 3

wehy (1) AT er Pawng Sl mere wa bed tane b rermae DMYY resos
petalan TO TR omarag Yo v v wrum amt imubaed 2t 3° € fw 1o 3h
Thetmc ety ng Netmernt sw g ard [ 52 wmra i lrwr 3628 8

A are 1 E N wmrs e frxes tes and £ weher Fravors of 1e tno e
Bl e mES avtey were avs 0t 09 faaamom Y a Sk ef Mouad ¢ Be tee
THo e mTE s Pt e E E A Tr s Sts sy T v fame peepared
fetersmphatheg wever detpnsde DMWY
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Preservation of Ultrastructure in I'reeze-Stored Human Normal
and Leukaemic Lymphocytes

A T Haywarpand A £ R Thousow

Royal Dental Hosputal of London School of Dental Surgery
snd Impersal Cancer Research [ und London

Abstrace Normal human  Iymphocytes and  Aey Hbcrde
Iymphocytes circulating 1n 3 patrents with chronie  Flectron microscopy
Iymphoecytie leuhaermua (CI L-lymphocytes) were  1ymph leuhremia
{reshly ssolated from defibninated blood Suspen  Iymphocytes
stons were frozen stored nt =196 C and subse  Ulir structure of Jymphocytes
quently thined under specilted conditions hnown
to preserve well several aspects of behaviaur i vitro Electron nucroscopy follow
ing short term cvhure showed no quihtative diffcrences in uhtrastructure hetween
normal lymphocytes and abnorma! CLL lymphocytes either before freczing or af
ter thus freezing and thawing procedure Micretubules were found w all types of
cell

In health the small Iymphocytes of pripheral blood (normal lympho
cytes) are non diving (diploid) cells which are helerogeneous mn terms of
ongin hifc span and immune function The small lymphocytes circulat
g 1 increased numbers n chromse Iymphocytic leshaemin (CLL) are
alse non dividing cells which for diagnostic purposes arc mdistinguish
able morphologically from normal They arc heterogeneous however, I
terms of other critena [THOMSON er af 1966b] Certam fymphocytes
arrculating in CLL are ultra senstive to the eytoesdal action of calcht
cine et setro and such cells have been destgnated abnormal lympho-
cytes [Trovson and Rosinson 1967) The proporion of abnormal
lymphocytes vanes from case to casc but 1n a seris of 30 patienis vefy
high proportions of the ncreases 1n the number of {ymphocytes are of
this type [Trovsov er al  unpublished}

These Iindings hase led to an e of the rl p be
tween the proportion of abnormal lymphocytes errculating and Ihc ehn
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\cal state of the pauent and 10 biochemical compansons of normal and
“gbnormal’ lymphocytes Such studics are facilitaled by frceze storage
wherehy Dimitanons from ethical . therap mi
and mcomenience 1o pauents can be overcome  Lymphocytes may be
stochpiled for future mvestigations A set of condittons has been defined
{Tiousox and O Cosnor, 1971 lor freezing and thawmg normal and
CLE-lymphocytes The mortality rate, as assessed by cytofogical entena,
s neghipble In addition sesidual red cells contaminating the 1solated Iym-
phocytes are larpely destroyed duning freezing and thasng.
1imphocyte ultrastructure before freering and 2fter thawmg under

these d has now been compared Changes 1 ultrastructure and
damage from ice crystal formation hase been desenibed in a number of
fHehous 157ty on cnoproenation of cclls and usues {Weiss and
ARMSTRONG, 1960, TRUGE o1 af , 1965, STowTwL ef al , 1965, FARRANT
et al, 1967] In the present study on lymphocytes, such changes were
Temarkably absent

\aterial and Methods

The ymrhecytes were separated from defitbnnated bloed from s heahhy donor
Acord ng to the method of Tiowur of al [1966a) and Wison and Tnossov
XY Lymphacyses were sepatated from Mood from 3 €11 patients (ore seuew
ing cherwtherapy X untrea ed) by the same methed bat with omason of the pas-
wage through v lystyrene beady devgned 0 remove granslooten. Granulodytes
comtituted less than $* 4 of the curculating white cells in shese panents and ‘abnor
el himphaugtes unbile the normal may themselves sdhere 1o pelysyrene beads
T e and Rospvuw 1947)

Pretimimary stud ev 1 these gases shimed (Mt the froporion of “ahnormal
G whhuane phravmuing nobited hophootn was 21 and 9%« for the un
treated patients and 94% o f o the teeated

The lymphooytes, surended in mediues TC 199 sontatning 8 3¢ (v 5} dime
hitalpharide (MY and 180 setum were coxbed o 49 € 3t 8 pont frcenmg
axdog eate 1€ VE Cmn and ther immened 1n bguid nirogen (.19 )
They were thaned at ¥ € a1 a tate of W0 € run The folf detale of the
TR are gven elsemtere fTovun and O Conson 197])

Troen oeth wete woted 3t 1% € $or 33 meeks (ovrmal hrrhogied to 83
bty After hawirg (ells mere wnhed tuse 19 temme DMSO,

PO In TU 199 comia v W% 4 v sereet amd incuhated ag 3 Chr l. vr:uv
The G starary Wneent avip st T oava et trem 308 8

'(\ & rentt o e wepanaten proavedures aed e o
SN "

o heshoates were wva Lde £ finaton wihr $h af Mg collecton.

TRt teatmem Sunng By perand o Bt o ¢4
! Rz WA
et e et DA T R prepared

T reaons of teche gue
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Tig 1 Lymphocyte prepared after separatton from healthy blood The micro-
graph shows a biobed nucleus, infrequent mutochondria (M) and sparse endo-
plasmic reticulum Red blood cells (R} are often present in considerable numbers
in preparations made without freezing and thawing

Cytological exammation was carried out on smears fixed whilst wet (susa) and
stamed with Meyer's haemalum [TroweLL, 1955] prepared just after thawing of
Just after separation

For pr for electron Py, all ! were suspended, at
pH 7-75, 1In medium TC 199 vath 30% v/v serum or in 1sosmolar buffered BSS
with 10% v/v serum At least 15> 10% cells, suspended n 05ml medium were
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Results

Laght micsoscopy of smears of freezestored cclls made just after
thawing shawed 4% ¢ dead cells consisung of tact or reptured cells with
minotie nucles [Trousox and O Convor, 1971) Some thawed lym-
phocyics classed as ‘sunning” showed evidence of rupture or shedding
of cytoplasm to a degree smpossible ta quantitate

There were no consistent ultrasructural differences between the
prepatanons from leukaesmc and healthy blood whether unfrozen or
freeze stored Figures 1, 2 and 3 show cells prepared without frecze sto-
tage and figures 3 5 and 6 show cells prepared after thawing Jee erys-
tal damage was not obsened There was no evidence of the cell rupture
or loss of cytoplasm obsened by Light microscopy smmediately after
thawing No change was obsened in the nuclear membrane or endo-
plasmic reuculum Golgi apparatus, lysosomes, ribosomes or microtu-
bules

Preliminary compansons were made hetween hvmphocvies of cach
type of preparation vung quanttative methods to estimate the content of
ritechondna and lysocome Bhe bodies [Lovo 1962, Hury, 1964] The
results showed vanations from cell to cell too great to permut analvas
tor differen~es teawcen cclls from different wources Al the Ivmphoctes
are, therefore, desenbed together

The himphocates were toughly arcular but the plasma membrane
way ven trrepular i outhne (G 1 and 2) There were numerous short
Pronesses and roffles with tome longer processes which in section <ome-
times appeated 1o be detached from the cell ta places long processes
parially enclived a droplet of the surrounding med um but there was no
cenidence that such deoplets were engulfed by the cell Small seacdes Ln-
dor the plasma membrane made w appear posuble that Pucro pmocytos
Ms Wi evcumnng and that the plasma membrane was actnely motile
dunag hic

Althoush £ uch was dependent on the plane of sectnm in 1ndinadual
ccllvabe propettion axvupied by the nucleus did appeat to vary Many

Fie VGl certre amtad ng cr™imnes 10 And G 5 appans 3 (G from a
moal e (1] Beshagts The poddeus dhamen several pecf e 38 v pa't of
PN TR A

Fod Gl dnt deg 0 ahemd (M) 3ad G g ammsnanes (G) from
Bt ayrea Ehen Sy Rl aecdatier ce enearef « [ meeds
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celfs possessed onfy a thin nm of cytoplasm Others posubly mose fre-
quently tn leukacmic blood possessed a higher proportion of cytoplasm
associated with a kidney shaped or ilohed nucleus In the majonty of
cells m alt prep was well d d formung
a penpheral condensanon as well as a single mass centrally in the nucle-
ws Occauonally nuctear chromatin was much mate homageneaus

Where the nucleus was hidney-shaped the evioplasm at the concavity
was occupied by the cell centre (hg 3) consisting of the Gelg apparatus
centrioles and avociated microtubules The Golm apparatus was pre-
dommamty veucutar n T In §; bh d sectons
tong microtutules could be seen radiating from the cclf centre (I 6}
There was no satsfactory way of companng the numbers of microtu
bules i different cells but they were found in cells from feukasme and
norma) freeze stored and non Trazen specimens

\itochondna occupied an average of 6% of the cytoplasm when
measured by Hally s method for relatne volume estimations The figutes
obtaned vaned from 3-12°s The structure of the mitochondna 1
shown i figures Jand 6

I fectron dense Ivsosome ke bodies wete obsenved at a frequency of
approumarcly one for evens three cells exammed in cach section Once
agun no difference between populations was detected The hodres were
aircular and sbout 1;m i dameter and some were hghhy electron
demse Smaller hodies and ve<ides with electron dense contents as well
av multneucelar bodies were found rear the Golgr apparatus (Gig 3)
Granular cendoplaseue reticulum was present though only sparseh
Thete were numerous free nhosomes m the avtoplasm

D sewivion

Coyopresenation of himphoates Lrdar th  prowent conditiors
[Tnowas and O Cosvox 1971] srdeces a veny Jow cell mortabity
Celle mot Wt man ¢ apian reduced muat eapaan £ ¢ pespuranion but

Yt R w AN Navte Cawed amer trecse Mg Toe 8% meels
R e )

Frd Ureeze stvnd (1) hrmabuaste w 8 or9eNtor 1t =g 11 the
Ryt e et gt w e
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Microtubyles are a prominent feature of hmphooites [Zuexer-
Tranktis 1969] They were found to be present i normal and leu-
facmic cells hefore and after frecze storage but have not been studied
quantitatnels 1t seems Dikely that microtubules would be damaged by
ftecning and thawtne but chinges in them are often reversible [BRKLEY
ctal, 1967] Two hours m culture might provide time for ther recovery
Tt « umpartant to establish the presence of mierotubules becawse of
the diff, n colchiane y which persists sn freeze stored
fymphocytes [Ti1ousos and O Convor, 1971]

Colchicine 15 known to affect mucrotubules [Matawista and BEnscyr,
1967, Matawista 1968) The depree to which tisues bind colchicme
can be correlated approuimatch with thar mictotubule content [Bortsy
and Tartor, 1967] It i of interest to note, thercfore, that normal and
‘abnormal lymphocytes exhubit a grossly different sepsitnaty to the cyto-
£1dal zetion of colihiane at a concentration of 10 7 at, but their capaaty
to hind collhieme at concentrations of thiw order 35 ven suimilar
{Tioweon er of , 1971] 1n respect of mucrotubules, on a gualitative devel
there appeared 10 he no difference between leuhacmic and normal
hmphouytes before or alier freeze storape
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term ‘reticular cells’ 1s used for cells forming the stroma network of the
bone marrow Some of these cells apparently have phagocytic activity
The term endothehal cells 1s meant for both the sinusoidal lining cells
and the true vascular endothelal cells (for detailed description see else-
where [9, 11]) Tt was shown that after ad ration of X-irr;
or cytotoxic agents [1, 10, 13] dunng the regeneratory process the frac-
tion of small mononuclear cells called ‘resting bone marrow lymphocytes’
could be stimulated to proliferate However, there was no evidence for a
stimulation of reticular or endothelial cells demonstrable 1n these vesti-
gations It 1s the purpose of this study to extend our previous obscrva
tions of the cytokinetic properties of slowly turming over bone marrow
cells by the application of an adequate stimulus for prolifcration of reti-
cular and endothelial cells The model of MaLoney and Patr {17-19]
provided a comvenient techmque to study regencration of bone marrow
after mechamical eradication However, these authors were maimly mter-
ested 1 the cells which are able to regenerate the bone marrow paren-
chyma since 1n this model the bone marrow cavity was completely evac-
uated In the present study the mm was to remove only a standardized
part of the femoral bone marrow n order to evaluate (a) a possible
stimulation of stroma cells 1n the undamaged part of femur bone mar-
row and (b) a posstble sumulation of such celis 1n distant bone marrow
parts under these experimental conditions

q

Material and Methods

Anmals The experiments were carried out with 12 week old rats of the inbred
strain LEW F 134+4 (Wistar Instutute) Two groups of animals were injected with
3H TR 2 speaific activity 20 Ci/mar as follows

Group I (single 1njectton series) Rats of this group receved 1xCi *H TdR/g
body werght intraperitoneally 1h before being sacrificed The group sncluded 16
animals weighing 140-160 g Two amimals 1t each point were sacrificed 6h 1o 30
days after depletion of the bonc marrow Two controls were used 1n which the
bone marrow was not depleted This series permattcd evaluation of the rate of
prohiferation of bone marrow stroma cells at varous lime sntervals after marrow
depletion by measuring the labelling index of these cells [(3]

Group 1% (continuous infusion serses) Rats of this groups were the offspring of
Wistar rats which had been continuously infused with *H TdR from day 9 of
pregnancy until delivery [11} The approach used for continuous labelling of rats
was a modification of that deseribed by LitTie e ol {16] The amount of

2 3H TdR was obtained from the Radioch Centre Amersham UK
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T TIR adm ntered per day was 165 Cog body weight 1007 ¢ labelled newbaen
rats were subseguently angested every 12h sc with THTJR at a dwe fevel of
08 ;Clg bod) weghtday for 6 weels after brth Siv weels after the Tast
I TAR ingect 1 bie 12 weels af er b sth) only cytrhnct cally 7est ng bone mar
t w cells were 1l [ fabelled The group sncluded 21 anmals wargh rg 150-
10g ea n Tw ) 20 mals at ea b pount were a-nf e 6h 10 30 days after deple
t n f the bone marrow The marr v of 3 controh was not depleted Th s senes
Fros Jed inf emation en the pr { ferat ve 8t 1y «f bore marrow stroma cells by
evaluat on of the decrease 1 labell ng ndev and Ladell ng intens ty of these cells

Rem val f ma e w In both gr ups 3 standatd 7¢d am unt of marrow of both
the femota was rem aal by the f Tlowirg method  Rats were anesthet zed w th
et er and an in yon way made at the koee jo 0t The o nt was opened With a
dent sty d 31 a small b le was made 1he tgh the ep phyus of the femur m ordet
13 expose the b me martow cav ty Then a K1 ms Rosepger e masrow 3 para
1ron needle was used 1 ferne a 1 Com Jong v ne marrow ¢! nder w th 3 dam
cterof | Yoom

Hoolg alosd s al prepaa m Cytol goaf smears of bone marrow
1y the 1 ght femur and VR a were prerared The Jeft feenur and tha were ob-
senved Frhat ! g al ctony Aut ratiographs of the smears were made vung
N nLb AR 10 wtr pring £Im and were exponad or 45 days Autorad wpraphs «f
Bt tg alsat mowere prepared by the d ppng fechn que veng I rdl 4 1qud
emuls n The eipostre tme wan 60 da1 After phot'graph  praenng the
smears were stared wih € cmaa at PSS and b 1 fog al scctim w 14 haema
1 ubncovn Al aur rad graphs, in lud og cortr 1y were prepared at the sarte
£ me

Eral o n 10 the aut rad sgraphy of smeans at leat ¥ ateema cells pet an
mal were evaluated as lahelled of unlabellad (ba Lground 3 gra necell) 1o deter
mae the Lihell ng sndey 1 ¢ amall lymehesyten, the labelln, 1rd v was degr
el from at fea b %A cells The stromy cells mere dfferer 2 en nt ret ular
and end thel al ety Ta grwp 1) gran cuun s were made over at fea t €0 Labvelled
e fuof ret -ular celle A vet ulat celle Bl end whel of cells and small hphinytes
1 determonethe (P can g a ngwnt

Tathe b t 1§ al se t nuof groun e number of ru lested ce! s and the
ro~ber of Labelted cellh per mm? Boee mary ve sere Jeermoned a cw'ng t

the
ot o Sl and Ca s {1

Results

e marrow of the conrr Lige i 1) Th= evales 0n of hoee mor
™ gelsoat th tme of the by en of v Dt eypunment
Wwmrd that the M Tshel e poved ire had eewultad in 3 wltne 1y
&Y ot anbmenally ret ey e Farw ol 8y fusd e P oo
QN =en  The gells whr oot Pt s I appaarad Ty he ity
Tt Al eels reticutar ce o b M ard B and asmall I
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of bone marrow lymphocytes (! ! fi scc efsewh
19, 11)) When in histological wmcns 7000 nucleated cells mm? were
counted, 270 labelled cclis'mm® were found 1e a Jabelling index of
39*« In bone marrow smears of the same group 4 3¢« of labelled cclls
were found Thercfore, a differentiation of all labelled cells from the
smears mto the desenbed morphological classes seems justified This
amounted 1o 26%s teticular cells type A, 30% ¢ reticular cells type B,
19*» endothelial cells and 25%s fabelled lymphocytes The mean gramn
counts after an exposure ume of 45 days were 27 gramscell for
reticulae cells type A, 32 gran<cell for retcular cells type B, 38 grams
cell for endothehial cells and 19 gramns cell for lymphocytes

General renewal of the cellular stroma and the bone marron after
depleion. The reconstitution of the depleted bone marrow was cssentaal-
Iy wmilar to the findings extensnely desenbed by Smmeerc and
Romten 20, 22] In the dapleted bone marcow part dunag the first 2
days after semoral of the ussse cyhinder a blood coagulum was found
which mature granulocvtes and lymphocytes were present The undis-
turbed bone marrow amounted 1o 1/, of the former marrow and a sharp
border 10 the blood coagulum could be seen 1 all preparations dunng
that ume At the endosteal layer 1in the region of the depleted pan,
mamly mesenchimal cells could be detected, some of which shawed the
characteriatics of esteoblasts (fig 1) Dunng the fisst week pnmitie
rcsenchymal cells from the endostcum and from the remaiunz boe
martow i the distal pant of the femur repopulated the depleted canny
(fig 2 and 3) In some pants a network of fibrocytic cells could be seen
N e trabeculac and capillances were present agam 7.9 days afier deple-
tor 1t was of mterest ta note that alw trany hrphocyte bike cells were
oberved in the pnmitine marrow

The cntite Topeneratine Process was very smidar to the pattem seen
in 2 developing bone marrow of the 1at [$] [laecmopoctic cell clusters
were finst scen 17 the depleted repon § days afier the bepaning of the
cpenment The hwralopal pretare obsened 20 davy after depletim
thowed tune martee formaten 11 which aa cteed pumter of {2t
oy waswen atfaarated i hzure 4

T s mewembymal (e h tepote ate e d floed aney Seal op sres are

Proeet wh eanre feud aates Bimetaaytelle 6673 621 be e wacored

Bragh de mrwemtymal ciln e trased Bty aTery Haemat 19" meswn
1Ay
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Iig 3 Hstological section of femoral bone marrow 9 days after partial deple
tion Primitnve mesenchymal cells ansing from the endosteum of the corticals and
the bone trabeculae extend inta the marrow cavity Haematoxylin eosn, > 70

Fig 4 Histologieal section of femoral bone marrow Regeneration 30 days af-
ter parual depletion The formerly depleted part s almost completely fitled but an
increased number of Iat spaces as compared (0 normal rat bone marfow ¢an e
noted Hacmatoxylin cosin, 70
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f£ig § Changes i fatell ng tndex 3¢ a funcion of tme oner endothclial celle
retsutar eetly and lymehocytes after parnal depletion of femotal bone marrow
Flash Lakel® ng expenment group

Proliferatine behaviour of stroma cells 1 group 1 {flash labelling) In
the undepleted region of femoral bone martow, ie the proumal pant of
the femur the tabething smdex of stroma clements of the bonc marrow
way markedy chanped sy shown 1n Bigure § As can be seen the percen.
tare of fahetled cclls increased to maumal lenels between 5-14 days af-
tet depletion whete ovet 700 o of all reticular 3nd endothelial cells were
fabelled an the smean After the 14th davy a decrease of labelling index
was obwencd 1o that by @i 19 the values were neanng those of the
controlt where about 10# 0 of thee cells were found labelled Lympho-
cytes showed alo 31 1ncrease i the labelling index with 3 peak at day
7 2t whih tme about 300 0 were fabelied as compared with about §°,
in the contrals fagure § also indicates the labelling mdex of the stroma
cefls i the tPuac of the sare anumale Here it way found that deypue
v A3nators 18 the latclhing wd~t of rencular and endothelal eclls,
o0 d e 1mreas of dateae oould be demorstated Howeser, the
mafl himphacvtes 1 the thise of these animals shomed 3 ven simlar

fahet! =g pattem ta that Card 1 abe femora Le 2n morease of Yabelline
ndexatdav T
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Fig 6 Changes 1n labelling sndex as a function of time over endothelial cells
reticular cells and lymphocytes after partial depl of femoral bone marrow
Continuous labelhing experiment group 1

Proliferatne behaviour of stroma cells in group II (100% labelling)
The change n labelhing index at different tmes after depletion of rats
which received *H-TdR continuously until 6 weeks of age 1s shown m
figure 6 In the smears, about 90%, of lar cells and endothehal cells
were labelled at the beginming of the expeniment, when the ammnls were
12 weeks old 5% of the entire lymphocyte population were also still In-
belled Following depletion of the marrow, a remarkable decrease of In-
belling 1ndex could be seen n the proximal undepleted part of the femur
starting at day 3, so that by 7 days more than 60% of the stroma cells
had lost their labelling, indicating a igh prohferatine activity As also

d d no such changes in the labelling index could be noted n the
respective cells of the tibiae

The exammnation of histological sections by means of the SaND-
RUHLER method also demonstrated a reduction in the number of la-
belled cells Three days after the start of the experiment 93% of the
ongnal value of labelled nucleated cells/mm* bone marrow was found,
at 5 days this was reduced to 51% and at 7 days only 41% remained la-
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could be excluded {7, 8 12] the proliferatne actvity of the labelled
cells can be ewmated by evaluation of the decrease in Iabelling index
or 3nd labelling 1ntensity

The results of expeniments of group I could be interpreted as mean
ang that all celts physiologically at rest were simulated since a d~crease
of fabelling intenvty beyond day 7 was found over all cells Additional
support far this interpretaton was atso obtamed by the pulse labelling
experiment (group 1) simce over 70% o of the entire population was found
10 be labelled between dav § and day 14 after depletion Tt ss of anterest
to note that in the proumal femoral marrow no topographical difference
sn the change of labelling pattem could be detected Qn the other hand
in agrecment with the findings of Marosey and Parr [17-19] there was
no indiation for a stmulation of stroma cells 10 abwopal bone marrow
as meaared by the labelling pattern of these cells m the b

As far ax the labelled fraction of small bone marrow lymphoavtes (i
group 1) §s concerned  the findings indicate a sumulation to proliferate
There was also som= indication that in the unalfected titna of the ami-
mals these cells were alvo sumulated These results aze companable with
our carhier imestigations of the Tabelling pattem of this celf clas< dunng
feemeny of hone marrow celfulanty after \amndaton of ottoue
epents A pouble explanaton for the ovtolnetic hehaviour of these
cells preceding the final hacmoporetse regencration was that these celly
Flay animportant tole in the secmeny of haemopmesis as has heen stud
ted cutensinely provioush [1, 13}

Conudening a)l the data 1t can he speculated that stroma el of the
bone Martow are able toimnate restoration of a depleted bone marsow
ratnt v prol feratne actiany therehy pronad ng the pecessan pre te
qu ite for secding of haemoposctic eells The ongm of the Iatter cells
annot he answernd th the present data
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Vocpeniment, and 6 days later very low Jewels

Discussion

arrow cellulanity has been mmvestizated by sev

ve studies [2, 3, 17, 20, 22) The mechannms

neonatal development of bone marrow where

mvolsed One aspect 1s the repopulation of

v s found by the expenments of haosre et of

for repopulation of hacmoporesis Ths process

«  mcoarculion and the existence of 2 retiehar

< for sceding of transplanted bone matron

115 % anmin of the haemoposetse cells which ca

“ week after depletion to be agun present m the

Moy Lur \p nments the morphological findings showed

t Lo g T slonition of 1 primitive bone marrow took place before

Diomoporctic <ol custers could be detected It could be shown that pn

fmtive mescnchymal Lhe s repopulated the depleted area ansmg -

prrently hoth from the, undimged part of the femoral bone marron 208

the endo tail Myor Whether mesenchymal cell elements in the adjacent

boue ecntrbute o the restoration of bone marrow stroma as suegested

By Me e (18] 55 haed 1o say from our expenments Howes

e % s Suggoline tyidence of 1 proliferation and a possible mmt

~1on ¢ f cels from Huersian emals dunng the imual phase of restors
toa (fig 3)

T was expeeted that by the method used new information could b
obtuned about an adequate stumulus for proliferation of stroma ol
which under normal stedy state conditions are cytohmetically 1t rest ¢
11 14] As wiready mentoned 2 particular questions were of mterest !
par mvestigaions (1) Is it possible to trygger resting stroma cefls ol 1t
bonte marrow 1o proliferate by parnal depletron? (2) Is any shmulatint
nifuence mezsurible m abscopal bone marrow reas after femoral bont
{hireow depletion” Tor these specific questions the method of complett
*HTAR 1belling of bone marrgy, seemed a comenient model ThS
method results after 2 sutable yme pertod between obsersaton and &
1t 3H TdR sngecion 1n a sclective 3H labelling of stromal elements of
the bone marrow Since radiotoxic effects from the dosc admumistered
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/ J H Troms D E B Powere Blood Disorders fn the Fidesly

Wie qus dem Vorwort zum vorliegenden Buch hervorgeht gaben priktische
Gesichtspunkte den Anstoss zu sainer Abfassung Zwar gibt es sowenig Alters
krankherten des Blutes wie es sonst spezifische Altershrankheiten gibt Genatrie
st aber s den letzten Jahren aus vorwiegend dusseren Grimden enc Sprziainat
geworden welche d e Verbindung zu anderen Zweigen der Medizin 2u verheren
droht Das Buch will eine Bricke 2wischen Geratric und Hamatologie schlagen
s richtet sich wemgzer an den Hamatologen als an den genatrisch sateressierten
Allgemeinmediziner  Allerdings wird auch der Hamatologe ctne Fulle von wichtl
gen und nutzlichen Daten und Feststelluagen finden Thm ser besonders die Lekh
ture des Einfulirungskapitels empfohlen wn welchem gezeigt wird dass hohes Aler
an stch mut ketnea Veranderungen des Biutes einherzugehen braucht MWie emn
roter Faden zieht sich sodann der Himwers auf das haufige glechzerige Yorkom
men mehrerer hrankheiten 1m Alter darch das Buch Mit Recht werden de e
Hamatotogielehrbuchern oft nur am Rande beriichsichtigten sckundaren Blutsver
anderungen ber Alf Lrankhaten (Infek ¥eop: usw) an den An
fang gestellt Besonders etngehend wied sodana der Eisenmangel besprochen stelit
er doch nicht nur ein wichliges medizinisches sondern quch e sozmales Problem
. hohen Alter dar Wertere hapitel sind den megaloblastaren Apanmuen den
Tumoren des lymphalischen Systems den Leukamuen den Dys und Paraprotem
amien den myeloproliferativen Storungen d:n hamorrh'lgnchcn Duathesen  den
hamalytischen Anamien und der hanoct d Stets wird
der Mimschen Diagnose aber auch der Therapie esn brestes Teld emngeraumt Be
<ondere Beachtung verdient das kapuel fiber die Vorbeugung von (Mangeh)
Andmien Das Buch 1st 10 etnem flussigen nicht mamer sehr bonzisen Sul ge
schetebe Rurze typrsche Rrank hich d enen zur Ih und Auflok
herung des Teates Als hletnen Schonhcisfehler empland der Referent dass de
Hamoglobinwerte batd in /100 ml bald 1n % angegeben sind wober ¢s dem hon
tinentalen Leser bbertassen blatbt zu merken dass in England 100% Hamoglobm
ener honzentration von 146 2/100 ml entspricht U Bucuer Bern
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