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2 LofHrrzig/Frich  Chinical Expenence with Anticoagulant Therapy

controversy we, therefore, started a sy 1c study of d cases 1n
1960 with the following purposes (a) diagnostic 1o prove or to disprove
DIC tn hving human beings, and (b) therapeutic to apply anticoagulation
regularly and to standardize the procedure as nigidly as possible 1n order
to cvaluate the results 1n treated cases

Vorking hypothesis We assumed that in the following conditions DIC
playcd a significant role purpura ful ) emia especially
the Waterhouse Fridenichsen syndrome, and the hcmolytlc uremic syn-
drome When one of these diagnoses was suspected, 1n addition to the
usual antibiotic and supportive therapy a detailed program was immed:
ately activated This comprises h logical and coagul. studies, and
subsequently the institution of effective anticoagulation Prelimsnary reports
on our observations were published 1n 1961 {41] and 1964 [24, 43] The
present paper gives an account on our experience during this 10-year period
of systematic study

Materials and Methods

The following patients were tncluded i the study 3 with purpura fulminans 17 with

and 11 with hemolytic uremic

Diagnostic procedures In addition to the normal routine laboratory tests coagula
non studies were carried out according to the methods described by Duckert {14)
Fibrin split products were determined 1n the fast 2 years Platelets were counted by a
direct method with phase comras!

Th with heparin 1n a dose of 10000 1U/m?d e
given 4-6 hourly mlra\.cnously was admimstered as soon as possible [24] As tfus measure
was unsatisfactory 10 many cases 1n 1966 we increased the dose 10 15 000 IU/m*/die, 1n
fused continuously by means of an automatic adjustable micropump (Perfusor, manu
factured by B Braun West G ) A 1 was d tobe f:
when the thrombm ume was more than 60 sec with a normal control of 13-18 sec, and
when the clotimg time with a § time more concentrated thrombin solution did not ex
ceed 15 sec In patients who failed to meet these critensa the hepann dose was accord
1ngly increased or decreased n steps of at Teast 10% ol the total dose Hepann was re
placed by oral anticoagulants when long term anticoagulation was ind cated No attempt
was made to give platelets Fibninogen deficiency 1f less than 60 mg®s was corrected
by wnfusion of purtfied fibrinogen 1n a dose of 1 g/m? intravenously stat 1o be repeated
1f necessary until a level of approxuimately 200 mg*s had been reached \ve pever tried
to nfluence the patients natural fibninolysts by using fibrinolysin or epsilon 2mmno-
carpoic actd (EACA) Corticostero ds were purposely excluded in all patents

Results

Purpura fulminans The coagulation studies are presented in table [
Case 1 was only partially studied by KNOLLER ef af [29] since at the time
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Fig 1 Purnum rulmmans na lS-monlh-old boy, shomng yprcal skin lesiong {case 2
table 1y

Viving Cases gpe deserypey bncﬂy. Since theye oourse 15 or considerapye
Mterest

‘thln,\mwrm/ SCPsis any Mening g (Case Ny 6, table Ly & No 8593/61)
2'/.~)r:xr~old boy On g9 63 he duelom-d A sudden fover and ‘omited 204 later po

Te way n

but the CSF was turbrg with 83 cells, normy,) Protem ang shpmly feduced 8lucose Throar
swab, blood and Csp Culture Brew meningin gy (‘mgul:mon factory were Severely
dlrnlmxhed, but fidtinogen fevelang Plateley count were Within Nomay fanges Treatmen;
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6 Lo/Hrzig/Faick  Climical Experience with Anticoagulant Therapy

Table Il Menmgococcal infections treated with or without hepanin from 1960 to 1969

Survived  Sue. Total
cumnbed

Patients treated with heparin
Menmngitis - -
Sepsts and meningitis (purpura and shock present) 2 8 10
Sepsts without meningitis (WFS) 2 5 1
Patients treated without heparin
Menmgitis ki ! 72
Sepsis and memingius (purpura but without shock) 16 I 17
Sepsis without meningitis (WFS) o 6 6

Total 112

with intravenous pencillin was begun along with hepanmzation for the fiest 36h Al
though the patient remamned very 1ll for the first 3 days, his skin lesions subsided 48 h
after admussion and his blood pressure became normal within 24 h of treatment On
the 7th hospital day he started to show gradual improvement and he was discharged
in good health after 29 days of hospitalization He was scen agamn in the out patient
department § years later and was found to be in good health both physically and men-
tally Routine nvestigations were normal and X rays of lis abdomen revealed no evi-
dence of calmfication in the region of the adrenals

! sepsts and ingitis (Case No 14, table II) G A (J No 0661/69),
15 month-old girl On admussion, 20 h after sudden onset of fever and vormting, the
child was in shock and presented with extensive purpura of the skin Clinical and lab-
oratory evidence of 1 sepsis and were present In addition to
the abnormal clotting factors as shown in table II, unequivocal dimmution of factors
VIII (27%) and IX (19%) were present The immunogtobubins G, A and M were 2il
reduced to about 50% of the normal values for her age Immediate treatment consisted
of penscilin 1 v and hepanin For the first 3 days the girl remained very I, but on the
4th hospital day thrombocytes rose from 59,000 to 125,000 per mm?® and fibrinogen from
300 to 560 mg% Heparin was discontinued afier 4 days The child made an uneventful
recovery and was discharged home 1n good health and with no restdual defects after
35 days tn hospital Her adrenal functions were normal 2 days after admussion (normal
plasma 11-OH-corticosteroid level) and shortly before discharge (ACTH test within nor-
mal fimits)

Fulminant with W Friderichsen syndrome (Case No 7.
wble I} L R (I No 7939/63) 6-year-old female Complatned of shivering and vomited
several times 12 h and became 3 h prior to ad! On there
were hzed and Blood pressure 70/30 mm Hg Meningeal
signs wete absent CSF contained 9 cells/mm3 and normal protein and sugar N men
Ingutidis was cultured from CSF, throal swab, and blood Coagulation studies were
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8 LofHrrziG/Frick  Chmcal Experience with Anticoagulant Therapy

Table IV Coagul studies in hemolytie uremic treated with hepanin from 196010 |

ases Age Sex  Plat- Fibri Quick  Factors, % Fibrin Resul
elets on nogen % nm v viT X spht Sur
admis mg % products  yiyed
ston
x107

i 8 months r 40 - ~ - - - -~ - +

2 10 months M 100 170 56 80 90 80 90 -

3 2months M 29 - - - - - - - +

4 4 years M 32 240t 80! - 751 - BI1 - +

5 7 years r 67 220 100t - - - - -

6 4 months M 54 270 ¥73 - 100 - - negative +

7 14months M 36 440 70 - 100 - -~ negatve

8 1 year M 18 140 28 2 100 9 U negative

9 3% years F 12 175 92 - - - - negative +

0 9 months r 3t -~ 77 - - - - - +

i 214 years P 17 200 57 - - - - - +

! Coagulation studies performed several days after heparin therapy

completely with normal blood pressure and urine Two of them who had
a continuous follow-up study have normal renal function tests, 1 to 7 years
after their illness The course in | of the surviving children, a 4-month-old
boy, 1s shown as an example 1n figure 2

Discussion

Evidence of DIC Morhid anatonusts pointed out the occurrence of
numerous thromboses 1n small vessels of patients who died of the dis-
orders discussed here They showed that the ensuing ischemia causes nec-
roses 1n organs, cspecially in kidney, bram, liver, and heart [11, 16, 17, 23,
25, 26, 29, 30, 35, 36, 40, 45] Systematic studies of sumilar conditions ex
penmentally produced 1n amymals demonstrated clear-cut diminution of
coagulation factors i a regular, rapid sequence the wnitial phase 15 char-
actenized by a drop of platelets and factors II, V, VII, VI, X In the 2nd
phase most of these factors may rise to normal levels, except the platelets,
at this stage fibrinogen may drop to very low levels, leading to afibrino-
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10 LoMHrmrzio/Frich  Chnical Experience with Anticoagulant Therapy

Limuted experience in human beings confirms essentially the same se-
quence of events [7, 26, 30, 35] Apparently the platelets are most sensitive
and thrombocytopema 15 therefore a rehable sign for the occurrence of
DIC, even when the other clotting factors are already normalized [27] The
diagnostic value of clinical findings 15 more difficult to determine, but we
feel that the easily recogmzed signs of vascular obstruction and 1schenua
present strong evidence for DIC, especially when skin and hidneys are -
volved

Clirurcal oceurrence of DIC i pediatrics A long hist of disorders with
concomtant DIC has been presented by several authors [1, 7, 16, 23, 25,
30, 36] However, convincing evidence 1s lacking except for the 3 discases
which are the subject of this report In all of them conventional therapy
Wwas ether undisputed {e g antibiotics m ) oT g ole
(¢ g corticosteroids), but not satisfactory, since 1t did not take mto account
DIC Endotoxins probably inittate the whole process, although the exact
mechanism 1s not yet clear In adults the damage inflicted by an endotoxin
on the vascular intima can be shown by counting the number of endo-
thelal cells circulating 1n the blood [9), but sn pediatrics no such expenence
exists Local endothelial lesions are probably the starting point for an ac-
tivation of the clotting mechanism, which later on becomes self-perpetuating

Purpura fulminans There 1s general agreement that small blood vessels
especrally of the skin and subcutis are occluded by thrombi DIC has been
documented by numerous mn sno coagulation studies in the Iiterature [1, 3,
4,8,27,31,36) as well as by our 3 cases Indirect evidence for the 1m-
portance of DIC was denved from the benefit of anti-coagulation as ap-
plied essentially by the same authors Additional cases in which simple
blood transfusion has been claimed to influence the course of this disorder
[8] may be mentioned in this connection, since the short period of involun-
tary ad ation of an ant gul with the transfused blood might
be sufficient to break the vicious aircle of continuing DIC

On the other hand we must mention here exceptional single cases with
convinaing improsvement after the administration of gh doses of cortico
sterouds [6, 13, 44] or of dextran [37] We are unable to offer an explanation
for these cases

Meningococcal sepsis The main difficulty 1n this condition results from
1ts varnegated chinical appearance which in turn probably 1s a conscquence
of the degree of imbalance between macro- and micro orgamsm  the cases
of ‘healthy’ carriers of bactena are well known, less 1s known about the
causes of septic generahzation — one possible factor being antibody de-
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ficrency §28]. there 1s total 1gnorance concerning the factors leading o per-
acute septic i In this latter cond. however, the simulta.
neous occurrence of shock and DIC 1s very smportant for the pathogenesis
of the subsequent usually lethal course Severe shock was observed 1n about
115 of our cases (23 out of 112, table 11T} More than half of these patents
namely 13, presented the most severe course with peracute overwhelming
septicemia but almost no sipns of defense reactions of the macro-organism
no pleocytosis in the CSE, nor leucocytoss in the blood despite of massive
bactenal growthin cultures This chimcally important combination s defined
2 Wateth Frdench 4 by Fantont and Waniores [15] At
necropyy the hemorrhapc-necrotic lesions of the adrenals are the prominent
feature

We want to stress the fact that only these very severely il patients with
wirtually infaust prognosis were selected on chinical grounds for anticoag-
ulant freatment sn addinon 10 the usual therapy  As demonstrated in table
1T all the 15 patients who could be investigated showed some evidence of
DIC which admuttedly 1s not an every case very stnking 10 out of 12 patients
had defimte thrombocytopenia, diminution of coagulation factors were
found in every case, and § of the 7 last cases had arculating fibno spht
products

Success of treatment seems poor at first sight, sinee only 4 panents out
of 17 suraved  Howeser 1n view of the peracute and rapid course of the
disease, this seems an unequivocal improvement As may be scen from
table 1] there were 6 additional patients with WS who died 1mmed:ately
after admnucn and before any treatment could be nstituted We are,
therefore convinced that the 4 suniving children were saved by the ad-
tition of to the I therapn Cateful documenta.
tron of such cases as piven carhier in this paper s necessary 10 evaluate the
eutent of shack and defense reaction In particular 1his 1s true for the cured
Patients with presumed WES since up 1o the present time this dixgoss
could only be made on the ground of the adrenal bemorthages at post
nortem etamrination

A few cther cases have been publnbed McGnat et of 134) sdrminn-
1ered hepann to § of 6 Patients with fulmirant memmpococremss, but orly
beatly treated cae sunived Comxioas ef o {121 hase regontad more
frcunte it among 4 panents with renirpouesteris who showed
enseres of DIC and revcened bepann there were 3 sunnon Tao other
Cater of men npecacremia Bave been succenfuth treated by anticeagu'a
ten (L4111 of them il 3l the entera acce

rd ~p 1o Fancost and
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WALLGREN [15], for the i1 1no diagnosis of the Waterhouse-Friderichsen
syndrome 1t s, therefore, likely that in all these 10 very severely ill patients
the rapid progresston of the disease was interrupted by the administration
of hepann

There 15 still controversy as to the value of corticosterord therapy
MARGARETTEN and MCADAMS [32] and MARGARETTEN ef a/ [33] presented
evidence 1n their extensive matenal that the number of fatalities amongst
patients with memingococcemmia had considerably increased since the routine
adminsstration of cortisone This mught be explamed by the well-estab-
Iished fact that the experimental Sanarelli-Shwartzman phenomenon 1s en-
hanced by corticosteroid treatment [20] At the beginming of our study we,
therefore, dectded to avoid steroids

The authors [1, 6, 21] who recommend the use of corticosteroids claim
that they are y either for repl of the destroyed adrenals or
to combat shoch The first argument 1s borne out by the — rare but un-
equivocal — findings of normal 11-OH-corticosteroids in blood, the normal
response to ACTH and the complete recovery in the cured patients The
2nd goal — repair of shock - 1s undoubtedly of utmost importance, but it
can better be reached by other means Our own expenence may not com-
pletely settle the question whether corticosteroids are useful, but 1t shows
clearly that they are not indispensable

Hemoly tic-uremue syndromte  The diagnosis of hemolytic-uremic syn-
drome 1s pnmanly based on clintcal signs and pathological findings 1n blood
and unine In patients who die within the 1st days, extensive thromb m
small vessels suggestive for DIC have been found, especially in kidney,
brain, heart, liver, spleen, and adrenals [17} Scepticism has been expressed
on the ground of histological findings tn patients who died several weeks
or months after the acute episode of the disease, and instead the presence
of glomerular angiopathy was claimed [22] As mentioned before, at this
late stage of the disease the primary lesions and damages of DIC are over-
shadowed by subsequent repair processes Renal biopsy n the acute stage
alone could help to clanfy this controversy, but in practice 1t 1s not feasible

In vno diagnosis of DIC 1s difficult to confirm besides variegated signs
of organic 1schemia (kidney ohguria, brain  convulstons and hemiplegia,
skin  hemorrhagic infarctions) the signs of mucroangiopathic hemolytic
anemta {5, 10, 39] with numerous burr cells, etc and of thrombocytopenic
purpura are present

The laboratory coagulation data, however, 1n our 11 cases do not un-
equivocally confirm the presence of DIC at the time of the study only




e b of 4 las C n Chldrea 13

thrombocytopenia is a constant finding but dimmution of specfic coagula-
tion factors 1s irregular of even absent All these findings seem to indicate
that the patients were admtted 10 a late phase when a repair of most dam-
3ges except thrombocytopenia was already taking place If thes 15 correct
howeser, the presence of fibnin sphit products should be expected and thes
Wi ot Wt tase an B Ahe & Palvmas stediad e his stepedt W ba
therefore, the imppression that only indirect evidence of the in nirro studies
110 favour of DIC

Our results of t hepann ad are apain at
it sight not very spectacular, since 4 of the 11 pavents died It compares
uafavourably with Gianantosto ef af [18] who collected 250 cases in a
10-year period with only 16%« mortality or with Pirl. and Panens [38] and
Guonrst ¢ af [19) who had more favourable resvits with hepann (/3 and
¥ cases, respectinely saved) By comparnison of the lowest hemoglobin and
thrombaocyte counts st becomes evident that all our patients were severely
aflected which was only exceptioned an the South Amencan series (15)
Groups of patients treated by different procedurcs should therefore not
he

3 1%

T without { these 11 sexenty

The 2nd factor time has already been mentioned  All the patients were
admitied 1o hospital when the s1gns and symptoms of a severe dcase were
already fully established but apain the extent of the damage vaned greatly
from one indimidual to the other

Rationale of hepanin therapy The acute course of the abose histed con
d tions precludes antcoagulant therapy before the development of 1schemic
fevons wn diflerent aggane 1t s only possible La poevent (urthee 3Tuvzben
of the clotting syster 3nd deposition of more fibnn withen the lumina of
oo vessehy by short term anucosgulation from 2 1o 7 daysy

The addition of ihnnolytic agents (o the anticoagulants scems 1o be lop
cal but we have not attempted to carry out this measure 3o a sta‘e of fluy
»hnh i atready too comphicated to be fully undentood In any event the
e of ikt Dytis therapy wall requ re spemalzed Izboratory gu dance

Fra ticel recorm epdats s for therupy According to the rew™s of out
10 year of study 1t s undoubted that there s a plage for bepann treatment
0ok oot allness with tvidance of o1 sinpiaen for DIC and s has
Ty be condoted n b YL urpenay AL prosent we trco—merd 3 dme of
SO per ;v bty sutface per d e pren cortiracaaly with 37 2 xurate
Fatopamp I8 purpofa fulw maans asbooagulation s $ef - ooh eff<tine
Ly bepannizati v of Ratients With (U= 201 measP g ouT=ia 11 savere
Al b of vate i med fng the coune 10 Perahitn Lrema, wadroms
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admimistration of heparn is justified :n order to prevent or modify cellular
death following vascular and capillary thrombotic occlusions in various
organs, particulary in the kidneys

However, further clinical expenience and laboratory studies should be
sought for a definite recommendation regarding the therapeutic effectiveness
of anticoagulation andfor fibrinolytic agents in this at present much dis-
puted dwsorder It seems thus reasonable to plan and conduct & cooperative
study with several participating medical centers in an attempt to solve this
problem
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Autoradiographic Studies of RNA Metabolism in Human
Leuhaemic Rlast Cells

B W% B G

Degantment of Medane Lawersity of Cambridge

Atrract 10 an autorad ographi tmatrganon 1t was found that Aey $ords

the nh Bt of RNA synthess 1n human leohaems blast cefu by Act nomyan 1
ataveraa 1 (AMD) s done and time dependent Chase studws  Autoradiography
w1 h AMD thowed that most of the raaput’y lah tied RN A s unsuable  Cell cubture

The decay patern by biphaa being most capid 10 1he tn 13l 3040 Leubaeruc celly
mnand mach shewer thereafier Long lned femplates for proton RMA syntheus
WA hev s mete Aot Ieveated By the present study

RNA and protein synthess are closly related to processes controlling
treliferation in a vanety of cell types [1] 2nd may therefore be of importance
10 the stedy of el proliferation in leukaemea Some cntreal steps n the cell
<yele tmalie the synthesns of short ved messenger RNA and are promptls
tthibated by actimoryain D (AMD)} {2, 3, 41 an antthiotre which speaifically
inhibity the transenption of DN A to RNA {9)

Tha work was dougnad to imestigate (a) the done response of the
mhitton et of ANID on RNA ssatheus in human leubacein hat eells,
{bY the rate of dichne of RNA radinactinty following dierent exposure
Uries 1o a tahet'ed RNA provunor, {c) the tate of degradation of sapidly
lahe'lad RN A an ool from acute mvelond Tewkaemia (AML) ard acute

Bemph Nati Jeubacmia (ALY and (d) Ihe effect of AMD ea protom
wAteus an leukserin Fast celhy

Uerunds

Leafe L™ ot meve chea Wl 1 wn N Fstew o€ Boad o [ 0= b e o g froe
AMD IR ALL (5 Qv At aamres Bad e taa BVt B o The Lo

WL AN TO Iv(Gat ) 0% ant AT KR 506 wrem o 820 S pavea
-,
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Undine 5 *H (°H UR), 24Ci/ml, specific activity 5 Ci/my was used as the labelled
RNA precursor A preliminary experiment using nuclease digestion, established that most
of the label appeared tn RNA and less than 3% 1n DNA 3H Leucine (*H Leu), 10 2Ci/mi,
speaific activity 05 Ci/mst was used as the labelled ammo acid Followtng exposure to
AMD (Merck, Sharpe and Dohme Ltd ) and/or raciochericals (Radiochermicals Centre,
Amersham) as described below, the cultures were sampled and processed for autoradio-
graphy using Ilford GS emulsion After a suitable exposure time the autoradiographs were
developed and fixed Grain counts were made on 50-100 cells

Results

The mhibition of 3H-UR uptake was studied using a range of AMD
dosage 7 cultures were prepared from each of 3 levhaemic cell samples
AMD was added at concentrations of 0,001, 004, 1 0, 4 0 and 10 0 gig/ml
After 1 h incubation with AMD, 3H-UR was added and ncubation was
continued for a further 30 min The cultures were then processed for auto-
radiography In the control cultures 85-98% of cells were labelled Grain
counts 1n the other cultures were expressed as percentage of that of the
control cultures (fig 1) *H-UR uptake was virtually completely suppressed
at AMD concentrations of > 4 0 ug/ml

The cffect of AMD at concentrations of 0, 04, 40 and 100 pg/ml was
next compared in expeniments 1n which cultures were first exposed to
3H-UR for 30 min prior to the addition of AMD Incubation was continued
for 4 h after addiion of AMD, without changing the culture medium
There were 5 control cultures (not treated with AMD), 3 cultures at 04

8

% Controt *H UR uptake
&

oo o 0 00
AMD pg fm

Fig I Inhibiton of RNA synthesis by different c of AMD
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71 ™ 18 cultures 2t 40 ¢ Mt and S cultures a1 10042 mtof AMD The
cultuers were samplad at intennals and processed for autoradiographsy Gram
counts were expressed as the percentage of prain count sn the instial sample.
e, the aample talen jut before addition of AMD (fip 2)

Althoughan the fint 4 b, culturay treated with 04 5 Y ANMD d d ot
& Mot ugmifaarths from the control cultures, after *a hthe 2 graphs diverped
conudera™) Trus the effect of AMD at thn rolatinedy [ow dose way nme
deperde=t Cottures treated with $0and 100 4p 1 AMD showed a rapd
dalne 1a RNA fadiastiaty the £t ') b, thereafier 1t dad red rore
stomhy The dat ne was prea‘er on the cultures treated with 10 pg 1 AMD
Fot one o b culture s ownd 31 aTmost eompists Joad of z2dioactiaty with
ahw erphal sl endewr of ool darazz Ths way pwih dus o a
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w2t ¢t owen for stmeg et gupennzets
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e Al o o AMD was rent stalad In one erpeneent, & ellntn
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were prepared from the same leukaemic cell samples At 30, 60, 120 and
180 min after the start of incubation with 3H-UR, 40 ug/ml AMD was
added The cultures were then sampled at intervals duning the next 4 h
(fig 3) Companison was also made between experiments in which the
incubation time with H-UR prior to adding AMD was 30 mmn (18 ex-
periments) and 180 min (4 experiments) Results are shown in figure 4 The
decline 1n RNA radioactivity revealed by these chase studies was dependent
on the mncubation time with 3H-UR prior to adding AMD, the dechine being
greatest with the shortest incubation times

The combination of short incubation time with 3H-UR and a dosage of
AMD which virtually completely inhibits RNA synthesis, provided the best
conditions for observing the fate of rapidly-labelled RNA Incubation time
of 30 min and AMD dosage of 4 0 sig/ml were chosen for further experiments
Prelimnary studies have shown that addition of carrier undine or the change
of the culture medium, both done at the same time as the addition of AMD,
did not significantly influence the result in studses of the rate of degradation
of rapdly labelled RNA 1n leukaemc cells [personal data)

Companson was made between studies on 9 patients with AML (fig 5)
and 9 studies on 6 patients with ALL (fig 6) There was no statistically
significant difference in the proportion of unstable, rapidly-labelled RNA
between the 2 cytological types of acute leuhaemia

00 4 00
AML
&+ \E o
N 180 min
gul| FETY s
g
< 3
5w 5 40
w ®
£ > \{ ¥ £ —
1 2 3 & Q 1 3 4
Hours after AMD Haurs after AMD

Fig 4 Companison of pre incubation umes of 180 rmn and 30 mun (mean £ SD)
Fig 5 Chase experiments ustng AML cells with incubation time 30 mun (2 #Cy/ml
3H UR) prior to addition of 4 yg. ml AMD (mean + SD)
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The effect of AMD on protein synthesis was next studied 6 cultures were
incubated with 3i1-Leu for 1 h, 40 ¢ ml AMD was then added and 1n-
cubation was continued for a further 4 b Three similaely incubated cultures,
but without the addition of AMD, a.ted as controls The graph for the
sacotporation of H Lewsn AMD treated cultutes continued ta aise for 1 b
after the addiion of the antitaotic, thereafter 1t flattened out markedy
{fig T In the controf cultures, 31 Lew incorporation continued throughout
the penod of obwenanon

Discussion

Tt s condudad that the majonty of buman Jeukacric Bast cels an short
teer (1 vrere cultare svnthesre RNA This wnthas v DNA deperdert as
shown by the effect of AMD The prewnt worl, therefore, does net support
the thens that those ce'ts have 31 RNARbirected RNA synthesss, posutly
el wiral engin whih has been put forwand (6, 7] The snhi™tion of RVA
nathars by AMD 23 we'l as g done dependeet, is alo time dependent
A relatnedy Tow @ me of AMDY (V4 27 =) ¢ 3 rotanrerfere with the ~tra
aelfar RNA ttrover darmp the U0t 'y B b &l so ez SuamtYy dunrg
et 1) hofebenation TH i mnit st partof the RN A gyrthean
152wty cortretal By oreeet’y neiteusad PNA wibih e gt be parte
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cularly sensitive to AMD An example of this type of control 1s that part of
the newly synthesized RNA may be required in a sequence of biochermcal
steps necessary for the flow of cells through the cell cycle Arrest of cclis, for
example within Gy by the small dose of AMD, could thus explain the
reduction :n RNA turnover

Ths study shows that most of the rapidiy-labelled RNA 1s unstable The
decay patternis biphasie, being most rapid in the imitial 30-60 nun, and much
slower thercafter This conclusion contradicts that of StorTr and TorerL {8)
but 15 1n agreement with most brochemical work [9, 10, 11] Long-lived
templates for protein synthesis were not revealed by the present study

Acknowledgement 1 thank Prof F G J Havuor for advice and encouragement and
Mr R J Fremans and Miss C Swern for technical assistance This work was supported
by an Elmore Research Studentship
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DN Aasn bews r8 hmebacyios repearedly durmg the coune of  DNAsrnhers
e dreare vung immercflaorexent aad agtorad egracha re-  15G in hymphootes
odu 10 viru infections we found 8 marked inTease of both oell Immunagyin' ey
o0 U e by oo with rormaty, Dunng the coune of the Eymrhogtes
drcane we et § sl ancous Wdrease and decrease of beth  Vitss & seaser
14Gcoaran ng 108 DN Aaynthens ng fymahocytes At the beg
A rp of But rescton, DNASSTheus o cel's prevaled upon 135G nvtne ™ Tn 2

asen 1 ama'l pshon of 1gGaonta 2 ag cel's was found 1a be m the stage of DNA-
s hern

Wikrend sowoM 1pG Raltipe als anch DNSavpthetuerende Lymphons
ten bam Normalen aur yewehs in dor Grdssenondnung um §* wm beobachtet
werden (1, 2} wurde erne starke \ermcheung heder Zellpruppen ber vere
b adenen arusetlrantungen beschneten (4, 2, 3 ©s «hiom daber ven
Irteresse, bes s liben Infebtioren in zetlhen Verliufen sowie dyrch hom-
besctte Dantellung yu entensichen, in welchert \erkd’tne berde Ze"popu-
fatienen suanander sichen

Moterial umd Vet 2

freston LE L amae b orseoa 1 von 3 Ta wete ¢ 4 P uteours (T2 0w BG
e Pt 11T L 2 Fa et RO | 1000 emd 3 Maaeemrasbet {Paramt AL, |
DRt T T B et AR Sres b Tut pames] £ ANsden s v
Ireveet Jowd 1€ AP ert a3 a1 T d und Y Typaemw e eean— 9 Tag
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Artel igG bzw DNS synthet serender Lymphocyten
g
i
=

07 10

3 5 7 3 5 7
Tage nach Exanthembegnn

Abb 1 Zahl 1gG haluger (dunkle Saulen) und DNS synthetisierender Zellen (helle
Siulen) 1 K tauf von 3 {links) und 3 Macernkranken
(rechts) Der Quotient aus dem Anteil 1gG positiver Zellen zur Zahl DNS synthetisieren
der Zellen 1st oberhalb der Siulen eingetragen

Methoden H 3\ blut wurde spontan sedimentiert und mit H Thynu
dm (14Cy/m! Kultur spez Akt 5000 mCi/mm  Markierungsdauer 60 min bet 37 C)
inkubrert Autoradiographisch wurde der Anterl 3H Thymudin einbauender Lymphozyten
{Methode 4] sowie immunfluoreszenzoptisch die Zahl IgG haluger Zellen (Methode ]

Zu jeder L witrden d 2000 Lymy ausgewertet Aul
eme Inkubation mit Anti [gA und Anti IgM wurde verzichtet da wie fruher son uns und
anderen berichtet [1 3] dic Anteile [gA bzw IgM positiner Zellen medriger lagen

Das Ergebnis der immunry tologischen Untersuchung wurde in 2 Fillen (Patient R M
Pattent H G ) photographisch festgehalten die Prdparate anschliessend autoradiographiert
und dic Ergebnisse berder Methoden uber die Phatographien horreliert
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Ergebmsse

e Normalen fanden wir 1im Muttel wemger als 12 e 1G posstiver [1]
und 1,3 w0 DAS-synthetinerender Lvmphozyten [4] wibrend diese Indizien
1 den untersuchten Patienten mit Masern- bzw Rubcolemnfebtionen am
Hiohepuntt der Reaknionen das 12- bis 320fache brw das 17« bis 1750ache
der Norpulen hetrugen

In allen Verlaufbeobachtungen war die Zahl IpG haltiper Zellen dem An-
sl von Lymphoryten tn DNS-Svnthese destlich horsehert, jedoch dber-
wopen die fetzteren am Duanthembeginn (3 und 2 Fuanthemtag) So betrug
det Quotient aus der Zahl IgG positiver Zellen zum Anteit von Lymphoryten
mit nachwenharer JH-Thymidineinbau zu dicsem Zeitpunkt wemger als
02 wihrend ter alien spiteren Untersuchungen Werte aschen O 4 und 7,8
beabachtet wurden (Abh 1) Ber zwer hranken die bereats am Franthem-
bepinn rur Auswertung kamen, fanden wir die hichsten Antaile berder Zell-
gruppen am 3 bew 4 Tag nach Tranthemausbruch Bar den dbnpen Pa
tienten die zu einem spdteren Zaitpunkt erstmals entersucht wurden, konn-
fen bane Gipfel abpeprenszt werden dadie Reaktionen beretts im Ablhngen
bepnffen waren In zwes | 3llen plherten sich die Anterle beider Zellpopula-
tioneaberntiam & baw T Tap nach Auftreten des Franthems den Mormat
werten wihrend in den anderen Fillen am 4. 6,7 und 8 Tag noch dewt
It erhe e Intinen for boide Gruppen fotpestailt wurden

Sowoht bet den DNSsynthetiserenden Tympharyten, wie auch be je-
pen mit axhwenbarees I8G Gehalt handelte o1 sich um Zel'en sehr verscbac-
dence Grose Ihe \Mehrzahl der *H Thuridin rarkierten Lymphonten
waren prosse batophide Mastenihnl che Zellen Ba den 1G Paltipen Zel-
b waren daprpen Masmazdlien sowe mittelprone wnd Mane Lympho-
pien am Riufipsten Iemertnn fanden wir, dass ein Maner Tal der 1eG
poutnen Zel'en an Griae hernform und Rem Plasma Relation den DS
wnthctiverenden serplochhar waren

In zaes Fil'en worde natteh ainzr KemSmation immunntelopraher
vt aviarad opraeh wher Mettaden prerift ohim Rabren d eser Read
toeen bar phonten ot pachaenbarem IpG Geha't und glenbrnngen
T Thomd machay beohacttet werden Adenzn Dghas famden wi, dase
SoR SN Panear B M b Rew 370 (Pavient M &6 ) der 1eG pove sven Ze™en
S e der DASSarthae Befandm B o Dysphenten, 2
Eaen bate Leenactie Drerakafien Fatpewseen woeden Lomares
132 e v e L pritere 26 foeen
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Dushussion

Mit immunzy tologischen Methoden kénnen an fivierten Zelistnchen in
etwa 1%/o der mononulledren Zellen Immunglobuline nachgewiesen werden
[1] Eme starke Vermehrung dieser Zellen ber VirusinfeAtionen wurde be-
schneben {1, 3] Autoradiommmunelchtrophoretische Untersuchungen an
Kulturiiberstinden von Zellen, die i vitro it markierten Amunosiuren
inkubiert wurden, waren den Ergebnissen der immunzy tologischen Methode
vergleichbar [3] Soweit diese letztere Techmk morphologische Aussagen
zulasst, 1st die Mehrzahl der [gG-haltigen Zellen den Meinenund mittelgrossen
Lymphozyten sowie den Plasmazellen zuzordnen, wihrend nur ein gennge-
rer Teal grossere Zellformen umfasst {1, 3]

Mit autoradiographischen Methoden fanden sich an Normalen wemger
als 2%/o0 DNS synthetisierender Lymphozyten [2, 4] Ber verscluedenen Er-
krankungen [3, 5], insb dere ber Virusinfektionen [2, 5] wurde eine starke
Zunahme dieser Zellen beobachtet Rer der Mehrzahl von thnen handelt es
sich um grosse, blastenihnliche Zellen Nur emn geninger Terl (etwa fs) st
klemner und morphologisch den Plasmazellen und typischen Lymphozyten
vergleichbar [5]

Da DNS synthetisierende wie 1gG-haluge lymphatische Zellen ber Virus-
mnfektionen vermehrt auftreten, untersuchten wir das Verhiltms dieser
Populationen zuemnander im zetthichen Verlwuf Daber zeigte sich, dass in
dieser Hinsicht die Zahl IgG-haltiger Zellen den DNS synthetisierenden
Lymphozyten deuthch Korreliert war Allerdings tiberwogen in den ersten
Tagen nach Exanthemausbruch die 3H-Thymdin-inkorporierenden Lym-
phozyten tiber jene mut nachweisbarem IgG-Gehalt Es lag daher nahe, m
den ersteren Vorstufen IgG-positiner Zellen zu sehen Dass solche Vorstufen
nach Immunisierung vermehrt in den Lymphknoten auftreten, honnte im
Tierexperiment gezeigt werden So fanden BALFOUR et al {6) nach Immumni-
wetung von Raven mn versthiedenen Anugenen, $ass m den Temoniren
Lymphhknoten reichiich grosse, basophule Blasten hoher Teilungsahtivitit
auftraten, von denen bis zu 15% immunfluoreszenzoptisch nachweisbare,
speaifische Antihdrper und bis zu 30% Gammaglobuline enthielten Weiter
Lonnten dieselben in hinetischen Untersuchungen zeigen, dass aus diesen
Blasten Plasmazellen und IgG-haltige Lymphozyten entstehen knnen Auch
n unserer Untersuchung hiess sich in bexden in dieser Hinsicht ausgewerteten
Fillen nachweisen, dass sich unter den DNS-synthetisierenden Lymphozyten
auch IgG-positine Zellen befanden Schiiesshch honnten beim Durch-
mustern zahlreicher immunzytol her Priparate auch vereinzelt fluores-
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nierende Mitosen beobachtet werden DesdenIgG positiven Zellen handeltes
sich mit Wahn hetnhehheit um soluhe die zur Immunglobulinbi!dung und
Sekretion befitupt sind [3)

Die unter der rmmrlung von Antigenen beobachteten Blasten stellen
unter Im eine pene Zellpruppedar, innechatb
detet nut ain T:d btt D\Saynthetieterden Zellen als \erstufen von Plas-
marelien charaktenviert werden kénnen So waren in den oben ervwahnten
Untersuchungen von Barroux eraf (6] Immunglobuhine in der Mchrzahl der
Wasten muht nachwensbar Auch wir fanden reichlich DN\S-synthetiicrende
Zellen dre 1n der Immunfloorcszenz negativ waren Ob es sich daber um
Zcllen handelt dee die Fihighat zur Ig Bildung noch nicht erreicht haben
oder ob sie anderen lymphattchen Zelipopulationen angehdren dann aus
dee vothegenden Lntenucheng micht geschloswen werden Immerhun stellt
die Mchrzahl der Bluthymphozten Zellen dar denen Fatwicklungstenden
zen zu Plamagcllen fehlen dic jedoch unter Danwarlung von Antigenen
m totis b aktiviert werden und an Reaktionen der refiuliren Immumtis bee
teshgt sern Konnen

Zusammenfassung

Her ) Fatenten it Rute .en und 3 Maserakeanken bevt mmten w £ 1m Rrankheitse
sertaat rebrfah de 228 15G Bah goesowe DNSaynthet verender Lymphonten m ety
mrunel Sater und 2stond sgrank xher Tabal T dn un eruchten V-
infeltxnen waren besde 7¢™gruppen gepenuter den Norma en deutluh sermehnt Ver
Lufiherbut tungen grgahen € nen glochee € gen Anteg und AMGT bedet untenuchter
Zc porus woen am Lurtbemivrnn Chermoten ad b die DNSayehetiuerenden
Lymeh nten et de gl B gen ZeYen e 2Taen faoden w1 dans sxhon hie rer
TeTder 140 v vem Zetien (12 und 17,1 1m S um des TINS-S nitene hefand

Wemabentnal Waopwatus und 1raa L Mwpistare fur dre herioeragende
Intaake M ogrbe dasien
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Tdentification of Bloed Monocytes by Demenstration
of Lysozyme and Perovidase Activity!

51 Syris and AssacAfaua Rarste

Sccond Depaniment of Pathology Ln vesuty of Helunby

Aot By a smple Qtochemical method for the e Key Honds
menutrstion of Tysonme {muramadase) actnity more than  Lysonyme m tload celis
93% of human and rat-Nocd monco s could be wien fied  Monocyter
and d Ferertis ed from tymphecytes Perotadsse sctivity was Perovydase stanng
ween in 33 834, of the monacytes When a stz ang method  Rat Blocd
o horyme and peronntase pcbwity 1n the wame cefl wataned
moat blaod monerwdear cells showed perther or Both binds of ennyme actnaty Of the
at mononwdeat celt 694, showed peroutase activity alone

The identfication of rat blood monocytes on the baus of morphological
cnteria has proved to be dufficult {6 8] A cntenon clearly separating most
or all monacyte from lymphocytes 1 however, required for quantitatne
imvestipations of 13t monecytes [n studies of monocyte kinetics rat bood
monacytes have been identified av peroudate-pasitine mononuclear celts
19 10}

i s ef of 2] doscnbed an indirect ytochemaal metbod for the
demeniration of hsezyme activity 1 human Mood and bone ramrow cells
Trev otaenved Iy of Microvoecus s seseticus bacterta around moneytes,
aeutrcphile and some counophi's wheres no hwit was seen around hm-
Phocvies

The prosent stady s based on the hypothen that haeryme actinty as
demonstrated by the tabmique of R of of (3} 1 2 cuterion weparating

A" P aontns from hmphoorter The valnd ty of 18 by thes 1 touad
Lot Pumanand at Mg

Tt s neana B past Pt S pad Jan o T ands -
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Materials and Methods

Materials Tait vern blood of § healthy mate rats{aged 5-7 months) of an inbred Wastar
stram was drawm and smeared for peroudase staiming At the same time, 200-250 pl of
blood was coliected into tubes contauring EDTA for stasmng by other methods Blood from
the fingertips of § healthy humans was correspondingly smeared and collected

Perovidase stafnng The peroadase staining techmque desenibed by Rytovan 5] was
used The reaction was tated as fallows - no stavung of the eytoplasm, + yellow staing
of the cyloplasm weaker than that of typical neutrophils Yellow granules fewer than in
neutrophils or present only i part of the cytoplasm, ++ the reaction of a typical neutro-
phil, 1 miense sellow stasmng of the cytoplasm or eltow granules distributed all over the
cytoplasm

Demonstration of lysezyme actnity The techmque of PriGGs et al {2} was skghtly
modified 25 sd of EDTA-antcoagulated blood and 25 al of a fresh suspension (60 mgm
1 mt of sahine) of dried Aftcrococens Iy sode bactena (ot d from W
Biochem Corp ) were mixed in a fube, shalung gently for 5-10s A smear preparation was
made from a drop of the mixture The smears were allowed to dry i air and then fixed for
trunwal 3 mxture of 10%% neutral formalin and 96°%, ethanol After rinstng i 001 &
phosphate buffer (pH 7 0), the smears were incubated 1n this bufler for 10 rmun After this
they were air-dned and staned with May Grunwald Giemsa

Lysozyme activity was scen as a zone of lysed bactena surrounding the leubocyte The
groups of 4 bactena were dissohved by distuption of the capsule, and the staimng of the
individual cocel was weaker than that of unaffected bacteria D of. sue
was also seen Ratng of the reaction

~ no changes m the morphological characteristics of the bacterta immediately sur-
rounding the cell, + part of the bactenia tm immediate contact with the cell are lysed,
4+ + the celt 13 surrounded by a zone of Iysed bactena

Demonstration of peroxidase and b sozyme acnrity i the same cell A mrxivre of blood
and battena was smeared and fred 1n the same way as for the demonstranon of lysozyme
activity The preparations were incubated for 10-15 min n peroudase reagent contaimng
005 M hydrogen perovide and counterstamned with May Griinwald Giemsa (Giemsa 5§
min) {n spie of hight staring of the cytoplasm by May Grunwald Giemsa the yelfow
peroudase reaction was readify seen

When Blood smears were stmned for peroxdase, using 8 63 s hydrogen peroxide and
an incubation time of 10 and 15 rmun, posiuve lymphocytes were not found n greater
number than with the usual peroudase staning ’l’hls speaks aganst the possitwlity of
psendoperoudase reactions coused by the of hydrogen peroude
and the prolonged mcubation ime

Counning method The enzyme activity of typical monocytes, lymphocytes, and neutro-
phuls was assessed by recording of the reactions of 500 cells of each 1ype in human and rat
blood Only cells showing afl the usual morphological charactenstics of the cell type 1
question w dered as typical The 500 cells d 100 cells from each tndividun)

Defimrion of monocytoud cells Mononuctear cells in vat blood were defined as mono-
cytoid cells when they were not readsly classified as esther monocytes or Iymphocytes on
the basis of morphological entenia The diameter of these cells was 10-15 pm The eyt~
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T awm was telannely abundant The sundoss was sregularty enal of beanabaged and the
chroma npa e9n rewerbed 1hat of men Xytes ot large hmpheates (g

Resultr

FPerovdase reacts nof bod leukocrtes (1able 1) The peroudase seaction
of 2 typral monocyte 1n human Mood consisted of light yellow staining of
allerpartefthe qmr!.xm and mra( de of a few yellow pranules urevenl)

< stributed over the evtopl: phils 3nd phils were stronghy
routine whid hasophils were repatne

Dy ame getrany of BT lukeestes (b= D The hsonvme actnn of
A hpwal moreayte way wen a3 brasd zone of hsed bactena surreunding
thecell o rat B aad the 7one of hsed bactora around Fomocytes usually
was broad-r than that surtourd og ncutrop™ s (f2 2) Most counoph s
Wowed £y actiity Bawoph s were rot read Isoidentr? ed hevause of the
baciptound of Mucata munp bactena

Cortomed Bix cvme gm0 pero Wlase ocentty of 8l msavemlegr cel s
s fily TR grest ean ity of the rrororuf=ar cells 154 117 on- of two
g extathoming ra 3ttt (1 P ) asd e showirg ety Lirds of
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Table I Perovidase activity of blood leukocytes Per cent of morphologically typical cells

- + ++ Cells
counted
Human Meonocytes 124 622 254 500
Lymphocytes 1000 00 00 500
Neutropuls 00 24 976 500
Rat Monocytes 166 630 204 500
Lymphocytes 90 10 00 500
Neutrophls 00 66 934 500

Table H Lysozyme activity of blood leuhocytes Per cent of morphologically typeal cells

- + ++ Cells
counted
Human Monocytes 10 56 934 500
Lymphocytes 1000 00 00 500
Neutrophils 02 02 96 500
Rat Monocytes 36 74 890 500
Lymphocytes 1000 00 00 500
Neutrophils 08 198 794 s00

Table Il Reactions of mononuclear blood cells staned for demonstration of lysozyme
and perovdase activity 1n the same cell Per cent of mononuclear cells

L+, P+ L+,P~ L-,P+ L-,P~ Cells counted
Human 21 06 06 767 2500
Rat 147 08 69 76 2500

L = lysozyme activity P = peroxidase activity

Differential leukocy te counts of rat blood stained for Iy sozy me, peroxidase,
and combined lysozy me and peroxidase actnity To get an approximate idea
of the proportion of positive mononuclear cells, blood was drawn from 5
rats and the blood ofeach rat was stained by the above mentioned 3 methods
Tt was found that 12 14 0% (mean £ SD) of the leuhocytes were peroxidase-
positine m lear cells The lear cells showing lysozyme activity
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constituted 1073 2% (mean %SD) and monocytord cells § 92 6% of
the total of 4,100 leukocytes counted in 5 rats Of 351 monocytond cells,
139 (37 %) were peraxidase-positive

The preparations made for demonstration of lysozyme actwvity did not
offer as good a morphological detail as the peroxidase-stained ones Thus,
monocytord cells could not be rehably 1dentified for the study of therr lyso-
zyme activity

Discussion

The results show that lysozyme actinty s a criterion separating nearly
all typical human- and rat blood monocytes from lymphocytes The specific-
ity of the method of BriGGs ef af [2] has not been mmvestigated, butat1s
probable that the agent causing lysis of the bactenia s lysozyme (muramdase)
diffusing out of the ceil Attention has recently been focused on the monocyte
lysozyme [1, 3, 4], and by an ytological tech Iysozyme has
been shown to be present 1n human monocytes, but not 1n lymphocytes [1]

Peroxidase activity was seen 1 rat blood not only in typical monocy tes
but also 1n many monocytoud cells and even in a few small mononuclear cells
classified as typical lymphocytes This result 15 1in agreement with the obser-
vations of WHITELAW (9]

The 6 9% of rat mononuclear cells which showed L—, P+ reaction were
small Since only 10% of the rat lymphocytes were peroxidase-positise,
most of the L~, P+ cells must have belonged to the group of monocytoid
cells

The majonty of the monocytoid cells did not show peroxidase activity
They thus resembled typical lymphocytes in this respect Thirty-seven % of
them resembled typical monocytes in being peroxtdase-positive  Whether
% 2oL e PRyt 2alls of somr past of tham shanld e srganded oS
monocytes, cannot be decided before more 15 known of ther funcuional
charactenistics
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Ultrastructural Aspects of Bone Marrow and Peripheral Blood
Cells in a Case of Plasma Cell Leuhemiat

G Jran, G LAMBERTENGHI Drriuichs, T Ranzi and E Portr

Institute of Medical Pathology, University of Mifan Milan

Abstract The submucroscopic morphology of blocd and ~ Aey Bords
bane marrow clements in a paticat with plasma cell leyherra Electron microscopy
Bence Jones proteinuna (type K) and hypogammga globu  Multiple myelona
timemia s described Highly undifferentiated cells were rarely  Plasmocytoma
seen and tentatively called blast cells Two other cell types Plasma cell leukemia
with a more compltx turai or Ultrastructure tn plasma
the h and the p elements  cell leuhermia
and probably represent different functional stages of the same
cell In particular the absence of large polyribosomes and of dilated ergastoplasmic
cisternae, and the presence of small polyribosome rosettes formed by 5-10 ribosomes, are
correlated with the hypogammaglobulinemia and Wth the hugh L chain synthests m this
patent

The plasma cell leuhemia 1s a very rare form of immunocytic dyscrasia
Chnical course, laboratory findings, therapy and prognosis of this disease
were recently discussed by PRUZANSKI ef of (24] who reviewed 57 cases
reported In the literature in the last 20 years Furthermore, few studies
concerming the ultrastructure of blood cells present in thes type of leukema
have been published [1, 20}

The purpose of this paper is to describe the submicroscopic morphology
aof blood and bone marrow cells in a patient affected by plasma cell leuhemia
with Bence Jones protetnunia (type K) and hypogammaglobulinemra and to
discuss the ultrastructural features of some cellular organelles in relation
with the abnormal proten synthesis

Case Report

A 65 year oldman(M G No 101)wasadmitted to the Institute of Medical Pathology
of Milan (Italy) on Apnl 1969 complaining of weakness, epistavis and Tower chest pain

1 This work was supported by a grant from CNR (N 69021710 115 2386)
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Ultrastructure of Plasma Cell Levkemia 39

totypical plasma cells Moreover, several nuclear and cytoplasmic anomaties
Iike those described 1n multiple mycloma [8] were frequently observed

At the ultrastructural fevel, thus broad spectrum of cells was more esident,
but their ¢l mto d tive morphologic was difficult
Nesertheless, it was possible to recognize vartous degrees or stages of ultra-
structural organization considening the nucfeolus size, the heterofeuchro-
matin ratio, the extension of the Golgi apparatus, the deselopment of the
rough endoplasmic reticulum, and the number of the polyribosomes

The elements with the simplest submicroscopic orgamzation are stmilar
to the blast cells (fig 1) and both in the bone marrow and in the circulating
tlood they are seen very rarely In the large and rounded nucleus the finely
dispersed 15 prevalent and the nucleolus 15 well evident The
relatively scarce ¢ytoplasm contams many polysome rosettes, fare mito-
chondniz a futtle Golgr apparatus and a few profiles of rough endoplasmic
reticulum

Through transitional stages 1t 15 possible to observe 2 types of elements
with a more ext topl: organclles {n the first
type (fig 5) the nucleus 1s always eccentric and often hidney-shaped, the
interchromaunte substance 18 abundant, the chromatin clumps are small and
adjacent to the nuclear b and to the nucleolus The mainch: 15~
tic of the pl Is the Golgt mostly formed by
vesicles and vacuoles which occupy a farge portion of the cell (fig 7) On the
contrary the iibosomes, both arranged in polysome clusters and associated
with I lum, are chiefly in the periph area
(fig 7} N hond ! philic incl and fib-
nillar formations ¢an be seen (fig 5)

The second type cells (fig 6) have an ultrastructural organization symslar
1o the plasma cell The eccentric and irregular outlined nucleus has a very
Jarge nuc and perich granules Coarse chromatin

are distriby n of the nuclear membrane but also
centrally In the cytoplasm, the rough endop): Tum s

P

Fig 1 Blast cell with a targe and rounded nucleus with finely dispersed chrormatin
The relatvely scarce cytoplasm contams many polysome roseites rare mitochondria and
rough endoplasnuc reticulum profiles (peripheral blood  x 10,500)

Fig 2,3 Companson between the nibosome organization in & normal plasmacyte
{fig. 2) and in the elements of the plasma ccll leukemm case (fig 3) Note the simplest
assembly of the nbosomes in figure 3 { x 137 000)

Fig 4 Two large perichromatimic granules surrounded by a light halo (arrow) are
evident 1n the nucleus of a perspheral blood cell (x 37 000)
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Ukeastructure of Plasma Cell Leuhemia 4

and represented by Rattened and concentnic cisternac which rarely appear
dilated (fig 8) The Golgi zone 1s well evident Osmiophilic inclusions and
bundles of fibrils are frequently seen

In spite of these different submnroscopic ofpanuzations, the described
clemerts share some unusual features 1 Some perschromatine gramales
(fig 4) often hase a greater suze than normally (900 1000 A 2 Insoveral
nucler elec paque granular oxeres brpger than infer.
chromatume granules can be seen (600 700 A} (fig 12) 3 Muclear bodies
sirnlar 10 those desenbed in mveloma cells ate rare (fg 18 4 In maay els.
ments except blast ke cells the rucleofus has a rounded outhmeand assumes
a‘target’ 3 for the of¢ lavers the central
region 15 a light area contaming amorphous m.terial without granules, the
external layer 15 composed by a matnic of moderatz density 1n which RNP
particles are recognizatle (fig 9) Sometimes these 2 zoney are cleatly
separated by an satermediate nrg of higher denvity which appears to be
fibrillar (fig 10) Small clumps of irtranudleclar chromatin are frequently
found § Innormal plasma cclls the pofy some size 13 different because of the
variatle number of nbosomes (fig 2) On the cortrary. 1n every cell desenibed
here the polisome size 15 more con<tant and only small clusters of
approumately 5-10 nbosomes are present (fig 3 1)

Discussion

The submicroscopic analysis of this plasma cell Jeukemia case allows to
consider vatious ultrastructural problems about the cells
These da niot represent & morphologically homogenous group i fact, 1a
expertmentat di . the elements hi g r-globuling range from
blast cells 10 Yymphocyte ke celis and 1o typical plasma cells [6 13 16)
Whether or not this vanabiliy demonstrated the dernation of the plasma
eells from the lymphocyte remains to be determined Nevertheless a similar
broad marphologic spectrum was also described 1n the bone marrow of
patients affected by muluple mycloma [8, 19]

Fig 3 First type cell The nucleus 18 ecoonine with amall chromatim clumps The
nllopl:um contains a Lusge Golgr apparatus (G while the pofysomes and the rough endo-
plasmic reucutum lamellae are chuefly concentrated in the peripheral ares A centricle

l;,xl’muochcndru and (wo osmiophilic inctasians (0 ee evident (penpherst
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Ulirastructure of Plasma Cell Leviema 43

According 10 these data the bone marrow and peripheral elements in thrs
case of plasma cell leukemita show sarious degree of ultrasteuc tural organizz
ton Firstof al) rare highly vpdifFerentiated cells were noted and fentatively
called Blast cells They duler from phstohemagglunnim stimulated Iy mpho-
ovtes because of the absence of rough endoplasruc reticulum of pinocytoss
vescles of multnesicular vacueles of electron-dense inslusions and because
of the poor development of Golgr apparates 1t 15 also difFcult to consider
these cells as plasmoblasts becauce of the atwence of ergastoplasm On the
contran thev resemble the hemocvtoblast descnibed by several authors
24

1!h= other cells with a more complex ultrastructural orpamization probably
deme from these undifferentiated clements beuause tranutional stapes are
noted they can be conudered more mature for the thieh mawes of
chromatm clumps In the first type celf the Golgt zone 1s promnent and the

1 m are scarce pared with these of the plasma
cells They faiely resemble the mtcrmediate lymphovytes described i
cultures of phvtohemagglutinin sumufated lvmphocytes [15 36] and in the
Hood of patients affected by infectious mononucleosis [26 36) and by severat
diseases assocated with elevated ~plobulin lesel [35 36] Some authors
(12 13 6] believe that these “intermediate fymphocytes synthestze antt
bodies

Finall there are cells with well deseloped rough endopl, lum in
the form of concentric lamellae Thev more sharply resemble plasmacytic
clements although they have a more dispersed chromatin a big nucleolus
and rarely dilated erpastoplasmic ensternae

Both plasmacvtic and lymphocyte ike clements probably sepresent
different functional stages of the same cell In fact thor classifcation was
diffcult because of the presence of cells with a tranutionat mospholagy

The vltrastructural features of the cellular organelles permit other con
siderations

Target nucleals The deselopment of nucleolar fight central area with
loss of granules was observed in mature plasmacyes lymphocytes and
monocytes [30 3] i cultnated lymphocytes not set stimulated by phyto-
hemagglutinin [33) and n some cells after actinomycin D treatment 32

7 & 6 Swcond type cell The ecentric nucleus conta ns & nuxcleotus and coarse cheo-
mat n aggregate The rough end plasm ¢ retculamy 15 prom aent and represented by
Dattened and concentric cisternae The Golgi Zone (G) 15 v dent (bone marrow x 17 000y
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L1 rastry-tuze of Plavma Cell Leukemua 48

Tt as generalls known that this drue inhubits RNA synthests and it has been
reported that 1n small mature lymphocytes of peripherat blood RNA and
protesn metabolism appear 10 be repressed [9 30] According to these datz
the absence of grantles an the central area of the so-catled *target’ nucteals
might be an inde of 3 dimsnished or anomalous production of nucleolar
RNA

Perickromatinie granalcs Attempts to determine the biochemical nature
and funcuonal significance of these structures have faded so far Mosstros
et al [22) found a moditication of these partacles 1n the Inver cell after treat
ment with aflatoune which inhibits RN A synthesss Therefore the large
perchromatini granules in the described plasmacstic and [ymphocyte ke
cells micht indicate a disturbed nbonucleoprotern syntheses

Intranuclear granule agerezotes The nature of these snclusions 35 un
known, they arc umilar to anterchromatime granules but larger Never
theless similar agpregates hate been ot<ersed 1n mouse plasmacitoma celfs
{3] and in human mafignant hmphoma 17, 34]

Muclear badies They have been desenbed in cells from numerous human
tumors {14] and also n anomalous plasmacytes [5] Recently Stk [28 29]
demonstrated their increase i plasma cells after immunization and correlated
ther presence with an exalted protein synthesis

Polyrihosomes WiLtiamsos and Asvon S expenments [3%] have indicated
thatin the mause §563 plasmacytoma heany and Light chams are separately
symthetized by polynibosomes of different sizes Heavy chains are formed by

the large 300S polyriby pp Ty corresponding to 12-18 nbo-
some clusters [7] On the contrary light chains are made by smaller 1808
polyriby with $ 6 nib The subseq assembly of light and

heavy chains mto 1gG molecules occurs mn ergastoplasmic cisternae which at
the electron microscope appear dilated and contaimng flocculent matenal
In the described cells the Jarge polynibosomes are absent and only small
polyribosomes formed by 5 10 ribosomes are present Bestdes the ergasto-
plasmic cisternae are very rarely dilated These data can well correlate both
with the hy pogammaglobulinemia and with the high L chain synthests in the
patent In fact the absence of large polynbosomes and of dilated ergasto-

Fig 7 Particular of a first type cell The prom nent Golgr apparatus (G) and the smal)
polyfibosome clusters (arrows) are well evident (bone marrow = 21 000)

Fig & Parucular of a second 1ype ceft The rough endoplasmsc reteculum is welldevel
oped and concentric to the nucleus (n) (peripheral blood  x 25 000)
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Ultrastricture of Plavma Cell Leubemiy Ly

plasmuc cisternae might mdicate the 1ncapacity of these eclls (o synthetize
heavy chans and then complete j-globulins

Toconclude, in thiscase of plasma cell leuhemua thecell population 1s less
homogencous and presents @ more pronounced degres of cellular orpanclle
modificatrons 1n companson with the multiple myeloma This fact might be
related to the more rapid climetl course of this rare immunocytic dyscrasia
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The Larly Stages of Glass-Contact Haemolysis

D M BARrrTO

RadelifTe Infirmary, Oxford

Abstract ‘The morphological transformations of the  Rey Words
early stages of glass-contact haemolysis of normal buman  Erythrocyte deformation
red cells are deseribed Haemolysis by glasscontact

The purpose of this report 1s to provide the first complete deseniption of
the shape changes that precede contact haemolysis In 1922, Fenw [3]
reported that red cells are haemolysed by contact with the surface of a clean
glass shide He established this by counting the number of cells 1n a micro-
scopical field at different periods of time after addition of the suspensions to
the chambers This also determined, that the rate of contact haemolysis 15
nfluenced by the presence of serum haemolysis occurred after a shorter
peniod of contact 1n washed than i unwashed suspensions FEnN added,
that he thought that the cells mught assume a hermspherical shape before
haemolysing In 1938, PoNDER and NEURATH [9] confirmed the view that the
cells haemolyse 1 a § pherical form They did not, however, describe
the transition from the biconcave disc to the hemisphere

The tramsions forms rongmg f1om tne meonein e it to the nermsphrre
of contact haemolysis were 1dentified during a reinvestigation of the disc/
sphere transformation between shde and covershp [1] It was found, that two
differing shape transformations occur when red cell suspensions are enclosed
between shide and coverslip One 1s the reversible disc/sphere transformation
of freely floating cells 1n closed proximity to closely opposed (<200 um
apart) glass surfaces The other 15 associated with contact haemolysis The
shape changes preceding contact haemolysis were found to commence long
before haemolysis oceurs, and to become irreversible before the assumption
of the hemispherical form The two tsansformations have been inextricably
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confused 1 the hferature In addition, maru published photeaucrographs
ndseate the wid d and m cusrent red cell
research of the early stages of the h:emolmc process This has continted
despite Brssts” {2] repeated seference o ore phase of the tranution, and
PoNDER'S repeated reference to contact haemolysis

Materlals ond Mettods

Red cell suspenuons were rade from ether penphers! of venous Hood drawa from
Bealhy donon. The blood dramn by venrpuacture was dof brinated or had an anty
couputant addrd. The am coagutsrn wed were ACD LDTA, hepanoe s otrd e
Ursiashed cell suspensions were prepsred by 28dng 002 il of dlocd to S micla saspen
oo fuid. The nnpension Curds wed were (3) 1% MaCl, () 4 pH 69 susture (4 1) of
1% NaClaad Q.11 % Srensen®s phosphate buffer ], and (0) pH 73 Mackael s veronal
acetate buffer [SL \\nM celt supenyons were prepared from the Lowathed cell suspen
vong, The &, and the SUpErna.2ts were gpieRt
of off The colls were then maded 1 tmes. The producere for saduag tw oells was 1o
sesuspend them in & Teeh 10-mI porven of an approprs ¢ suspension fuxd This way
followed by eentrify and asp.ranon of the wuperrata=t fad. Afict the turd watung
the cells were reswvpended 1n 8 fresh Sl poriion of an appreprate suspenuon fuid

The Anctican Hospital Supply studes #0d coverst pa were made from ¢xtremely hard
glass with Jaw alkads content, and the sbdes were precizaned. Both the alides and coverny! 91
were cleaned before use They weer scaked 10 haerno-sol detergent from 2 1o 24 h, nnwd
w 5 changes of hot wp warer and then 3 changes of glawed sulled water and a ¢ dowed.
The shides #nd coveny! ps were manipulated in pyrex cxmers duning thn prooedure and
the faces that were fa come in contact with the supensions were ot touhed when the
MATOICOPKCA] Prepantions wefe frade,

The mxToscopral prepartions weee pade by placing 2 or 3 deops of suspenssons on &
hde and then putting & covership on the drops The eidges of the covent! g were coated
wilh vaschine before they were placed on the drops Thut sesled the prepanations, and
elped 1o encure that the glass susfsces were more than 200 gm apart, The preparations
were observed with 1 ght and phase<ontrast mxroxepy

Results ond Descussion

The observauons wese unaffected by either the method of collecting the
blood or the suspenston fluids ysed

Wistied red ceifs started to undergo subtfe dynamuc shape transforma-
tions shortly after they scttled on the shide Within § mim of the making of
the mucroscaprcal preparations, those duscs which had settled and were fying
D1t on the shdes showed rapid movements along these outer edges These
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appeared as many exceedingly shallow waves The rapidity of their forma-
tion and disappearance, coupled with their small amphitude, made 1t 1m-
possible to determine the length of these waves, or to establish whether they
ran into each other They did not, however, seem to be orgamsed i any
general pattern No changes could be detected over the top of the rim, nor
along the inner edge of the nim, nor over the biconcavity

Ten mun after the washed cell suspensions had entered the chambers, the
cells which had settled down first displayed an easily recogmisable and
distinctive static phase of the pre-contact-haemolysis shape change There
were still no detectable changes over the top of the nm, nor along 1ts inner
edge, nor over the concavity The outer edge of the cell, however, was
decidedly serrated These serrations were all in the plane of contact of the
cell with the glass, and had sharp points and broad bases,1 ¢ they were much
wider than they were high [10] The bases were jomed to each other by such
smooth curves, that no trace remaned of the onginal circular edge The
shape of these serrations suggested, that they were as much the result of
retraction of patts of the cells, as projections from the cells 1t 1s impossible
to decide between these alternatives by measuning the diameters of the cells,
because the edges are too irregular for such measurements The density and
phase-contrast halo of these cells, but they lost the shimmer or flicher that
1s seen 1n free-floating cells viewed with phase-contrast microscopy [12] The
form persisted from 10 to more than 30 min from the time of its first appear-
ance

These serrated concave discs changed, 1n 7-9 s, into prolytic hemispheres
This was accomphished by the cells simultaneously regaiming a circular
circumfe which ded beyond the points of the serrations, and
losing their concavity This change was not smooth, 1t was accompanied by
sudden violent distortions of the cell This form had a larger diameter than
the ongimal disc, and had the dusky appearance common to prolytic spheres
6] In phase-contrast microscopy, the dusky appearance 1s associated witha
decrease 1n density and a smaller halo around the cell The duration of this
form also varied from 10 to more than 30 min Haemolysis of the prolytic
hemispheres occurred n 2-3s without any further shape changes The
ghosts underwent the detenoration of ghosts stuck to glass or plastic as
described by PONDER and BARRETO [8]

Unwashed cell suspenstons followed the same course as washed cell
suspenstons, but the process began 20 min later

The coverslips were tapped to set up currents 1n the preparations i an
effort to dislodge the cells from the shides All of the hemspherical cells
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hacmotysed 1n 1hat form without being dislodged from the glase suzface
The serrated concave discoids could be dided into 2 groups The cells 1n
one group appeared more ngid than the normal ccll, 1e they were not
distorted 1n the fluid currents, and frecly floating biconeave discs bent
around them Morcover, those that were successfully distodged persisted as
crenated discords wath the dusky appearance Othets of this group that were
not distodged, haemolysed as serrated discords, and therr ghosts retamed
this form for a short while These ghosts also eventually underwent spontan-
tous contractions {8] The second group of serrated discords were eather
stages of this form They showed the usual Liquid drop-like distortions of
cells stuck at | or 2 posnts 2o a shide When these cells were finally floated
free, they regained the normal biconcave form

The addition of plagma or serum to preparations contaag freed dusky-
crenated discords caused no changes 1 these forms Tt seems therefore, that
these are the irreveruible forms observed by Furencort [4) and Povore (7}
1n glassball treated exll suspensions, and they are prolyne Finally, it 18
apparent that Terer-Bervaro found the nipd serrated form birefangent
[11] Thus these serrations are, hike type 1 crenations, associated with local

of h. tobin, and a of Poxpex's R [6)

Little more can be said as 10 the cause of these changes other than that
they result from a spreading of the ccll on the surface of a shide Butat1s
important (0 recogmse that 10 min afler a shide and covership preparation
has been made many of the normal red cells are changed by contact with the
glass surface and, 1n some 1nstance, these alterations are irresersible
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The Quantitative Bone Marrow and Spleen Composition
in Male NMRI and CBA Mice

Al Brran and B TRIOUKAIT

Institwre of Rad obielogy (Head A Forsuro). harol oska Institute, Stockbolm

Abstract The splenogram myelogram and quarttatve  Key Hordr
data 01 the bone marrow and spleen of 2 stramns of rice are  Haemopowesis 1n animaly
presented. Unng 2 techniques, the abrolute aumters of & Mouse bone marrow
ferent exlls per mg of bone marrow end per femur are de-  Mowse spkeen
termuned. The resu™y are discutsed with respect to the quan
titatve evatuation of the whole body haemoporetic tissue in mice

Mice as expenmental animals are used under widely varying conditions
where reactions of the haematopoests occur and are of interest In spite of
this only a lumsted number of references, relating to the normal bore marrow
are available [2, 15, 20] The references quoted for the morphology of the
bone marrow cells often faif to present quantitatve data [2, 15) and vice
versa (11, 13] and no data seems to be available on the spleens of these
ammals In thts paper the results of the qualitative and quantitative evalua-
tion of the whole hacmopotetic system (n 2 strains of mice used for radio-
biological studies in our laboratory are reported For the quantitative
evaluation, 2 different techniques are used and the results from both are
compared As the recognition of the different cell types in the bone marrow
presents considerable difficulties, therr morphology 13 descnbed

Material and Methods

Male mice of the 2 strains were stud ed The commerauslly bred NMRI albeno mice
were between 4 a0d 6 weeks old and weighed 25-32 £. The CBA mice obtained from the
Institute of Genetics Unuvernity of Stockholm, were 8 weeks old and weighed 25 g The
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fmice were caged n the same room and were fed on standard pellets and water provided
ad Libitum

For the bone marrow and splecn studses, the nuce werc hlled by cervical fracture As
1n prehiminary studtes, neither qual nor were found between
the cell populations of the right and left femur, the left femur was used for differential
counts and the determunation of the number of cells per mg of tissue, the right femur was
used for the determination of the total number of cells per whole femur

In determination of the iron uptake of the bone marrow, $¢Fe was used The mice were
mjected intraperitoneally with 0 1 4Ci99Fe (fernic citrate, 25 mCi/mg), 1n 0 2 m! saline and
killed § h later

Deterrmination of the number of marrow cells per mg of nssue The modified method of
Po-CHUEN CHAN ef al [17] was ysed Each femur was sphit longitudinally, the marrow was
asprrated nto preweighed heparimized vy tubes and r ghed to d
the net marrow mass After expelling the marrow 100 a tube containg a Anown amount
of Hank’s medium, the 3%Fe activity was determined as 2 percentage of the injected actvity

Jculated per 1 mg A h was then made using 2 fine Pasteur pipette
and the total number of nucleated cells in the was ¢ d ustng a haemo-
orcell lloscope 302, Ljungberg, Sweden) In the Iatter case, cetrimide

\vz\s used for erythrocyte lysis [16} and the aperture current and ampltfication were fixed 1in
order to discriminate between a volume range from 25 to 750 um?, thus avoiding counting
of thrombocytes and cell debns, but permutting all nueleated cells to be counted The
number of nucleated cells per mg was After fi the cell susp the
diluent was removed, the packed cells were resuspended with calf serum and multple
smear preparations were made The smears were stauned with May Griénwald Giemsa
starn at a controlled pH of 4 § which gave the best statming results Two stained smears
were sclected for the d:frcrcnual counts, 500 cells were evaluated i each shide and the
number of each cell typ permgofb Damaged cell:
about 10-153% of the cell poptlation were not included m the differentral counts There 1s
no evidence, perhaps with the exception of reticular cells, that certain types of the 3 man
cell hines are more casily damaged than others durmg the smear procedure and thus the
number of damaged cells was assurned to be randomly distributed among the marrow cell
types This is supporied by the evidence that in spite of profound changes in the marrow
cell composttion after the cessagion of hypowa [1] the relative number of damaged cells
was approximately the same

Deternunation of the number of marrow cells per fermur The femur was cleaned carefully
from the surrounding tissue ang the 89F¢ acusty was measured Then, the proximal epi-
physis was cut at a standard point (the proximal end of the trochanter tertius) and the
$3Fe activity of the shaft was determmed again The bone marrow was expelled into the
Hank's medium, and the total number of different cell types per femur shaR wasdetermined
vang the same procedure as mentioned above From this, assumtng the ratio between the
number of cells per shaft and femur to be the same as the ratto between the ##Fe actvties,
the number of nucleated cells per femur was ealculated

Exanunation of spleen The spleen was removed, weighed and placed in Hank’s solu-
tion Cell suspensions were made by gently chopping and teasing of the tissue and by re-
peated aspuation through a fine Pasteur pipette The suspension was then slowed 1o
sediment for & standard time of { mun for chimmation of the stroma, then the supernatant
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was carefully removed and repeatedly aspirated through 8 fine needic The evalustien of
the spleen was the same a3 for the bone marrow Because in the spleen it was the enthro-
ocse and the myelopoess which were of prumary inttrest, the morphological clasuification
of the otter cell typet has not been carned out In detard

Classification of bone marrow and spleen cells For mouse haemopcrenc cells it 1 not
posuble to apply the eritena routinely used for human cells The erythrold eells reta o the
oytoptasmue hasophlia later than the corresponding celly in man ard thus is it map.
proprite W classily notmoblasts as baso-, poty-, and erthochromate. Therefore, clasufy
cation was based on the muclear structure and cell size and the ahernstive clatufication of
early, and e fages [9] were wed. (proer
were somewhat smafler than myeloblasts (1§ 0 #m) They were urually round with a finer
puclear structure and mere cytoplasmic basophila. There was frequently a pate halo nesr
the nucleut. Early normoblasts correspond 11 suze (3 6 pm) and morpholegy to thow of
man and Migher mammals Interinediate normoblasts had a persrstent fugh degree of
cytoplasmue basephila. These cells were smaller in seze (63 gm) 1han the carly notmo-
blasts, but the nuclear morphology was very simular except that larger blocks of chromati
‘were presert. Late normoblasts (4.5-5 pm) were, in our preparations, very often cells wath
basophilic cytoplama The nucles contamned erther haghly condensed chromatin of were
pycnowe:

Afyelold ecllr The scartity or compkete absence of eytoplamis neutrophil granules and

{: f) 21

by
tic metamyelocyte-stab eell sequence complicate the identfication of cells Tathe case of
a e d (26] that forms: duate, betw
metamyclacyte stage According to our observations, which agree with those of Hevse [71,
the centra! hole in the nucleus is not confined to one particular stape of maturation, and
appears first 3t the promyelocyte stage
Myeloblans were cells, having round or somewhat brvegular nuctel with fine chrematn
and recognisable mucicols without & central hole and sparse basophilic cytoplasm contain-
ing no granules The mean diameter was 135 gm Promyelocytes were cells with 8 mean
diameter of 125 yom in which the chromatin was somewhat coarser and which 10 some
™ pranulain P Nucleols wereless apparent and
3 very tiny central hole was sometimes present in the nuckeus Myelocytes formed the most

Bt s g = . N N

Pliud aid a relatively high nuclearcytoplasmic rao In the first case, the nucleus was
round or shghtly oval, excentrically situated If the central hole was present in the nixcleus,
the cell was classified 23 a myelocyte, when the hole dameter did not exceed approximately
11 of the total nuclear diameter, baving smocth nuclear borders and a basophibic cyto.
plasm. The cell diameter vanes considerably with 8 mein of 10 € f=, Aerqmvaines my
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1ng to the nuclear they were as il ytes {mean dias
meter 12.7 um) or eosmophils (mean diameter 10 1 zm)

Lymphoid cells For the evaluation of lymphoid eells n the bonte marrow Yorrey's
classification [28] was used with small L d cells with b: h
cytoplasm but rather dense pachychromatic nucleus and mean cell size about 9-10 zm,
not classifiable as transitional eclls, were termed ‘basophile mononuclears® In the spleen,
the term large lymphocytes and not transitional cells was used  All blasts not clearly clas-
sifiable as erythro- or myeloblasts were grouped as lymphoblasts

‘The prcture 15 rather complicated, and it 1s necessary to achieve preparation of smears
with even distibution of cells sufficrently spread out, and accurately stawned, so that nu-
clear details are tn enidence

Results

For the quantitative evaluation of the bone marrow, 2 techniques were
used, based either on the estimation of the marrow cellulanty per mg of
tissue or per whole femur Both results are summanzed 1n table I For the
differential counts and quantitative estimation of the cellulanty per mg, the
left femur was used and the studies were made with 3 2::0 1 mg of bone
marrow 1n CBA mice and 2 60 2 mg :n NMRI mice Using radioactive
1ron, the radioactivity for the femur shaft was found to be 78 844 5% of
the 1dentical whole femur radioactivity and this ratio was assumed also for
the marrow cellulanty Both techniques were q wely compared using
the correlation between the radioactivity per mg of the bone marrow and the
whole femur activity corrected for the activity of the bone only Carefully
cleaned from marrow cells, the femur bone still contains 1422% of the
whole femur activity The amount of bone marrow in one femur was de-
termined 1n this way in 6 CBA mce to be 10 5:£0 6 mg, and the ratio be-
tween the number of cells per 1 mg and 1 femur about 1 10, which fit well
with the results presented m table I In the bone marrow differential counts,
1he erpfnind pamt s nigoficomtly homer o ATe CBA 1ot amd thns dfieremee
15 still seen 1f the number of erythrowd cells per mg 1s used as cntenium, be-
cause there was no sigmficant difference 1n the number of nucleated cells
per mg of tissue However, when the results are exptessed per femur, the
difference becomes smaller (table I)

The differential count and the quantitative data on the spleen arc pre-
sented 1n table 1T The total number of nucleated cells recovered per spleen 1s
sigmsficantly hugher in the CBA mice and the Iymphoid and myelord part of
the spleen are responsible for this The total number of erythroid cells in the
CBA muce 1s somewhat lower then in NMRI




ared Spleen Componition in Alxle NMRY and CRA Mice

LCL N £ £4 LRI 1 X W04 X dmaof B0 PR
0T 0T (i S 0f x Wourw
. U J7 B ¥[{20 paruAN
DY o 1T 149 g 4 (LAY o L4 10 0% H132 S0
o orp L6 65¢ t0 $€1 W6 e ef  Sit 10 90 23 PASEL P
we  foo st L34 £00 10 00 oo £ $4 80 Wo s bsossexeday
WO sot o6y TSWN 9 TEY 660 w2 £52 %L el 95 g3 prouardy o
e o 95 st 0 st t0s 5o ¥ 168 e 9N RSe parn
“UIRILIPUY puR strqoyJiasg
08 {10 ¥F 1 10§00 O £r 9 5¢ L0 e eTUO pIoTTL
(14 I 1 ¥ oI Tigt [ 1] 90 £t f4'24 orst 88 €9 A RUaieae]
ST TY S VTR 3113 ¢t vSU O I50 f55 8 eses $T 1R sy oqdindy rwg
$91 2TE $Em PSPl 00 LSF $SO0 46 e £5601 1T 8L S33 propsdia ol
“e Wo 01 g (L2 54 00 90 134 LA R4 S 4 FPIDUNO%
e sre ¥ (31 ot L o 1"Ho ry iyt 10 %0 R0l pdovsoy
o ct3 S0 1908 $1 €00 S50 QW 169 £t *T $0C s donnan
o BT 8y FR¥ed 181 i o et age e 90 €L 100 Swey
#Ho T o3r jEred Tt 60 800 {14 ¥ L86 ro sV a0p4e
tio uvo $ 443 ro. 30 81 00 o 131 £4E s 9t #100p W
wo 0 1f et 10 36 WO %O T 68t to i0 SRS
o k¢ t414 £1l £ T Ho o sre &L DEOY oz okt 0 POl oL
wo i 4L £918 8§ ¥ o wi s1¢ (ol ol 86 SITGOQLOY 2T
610 ofg ({11 $6f io 9t elo  fot ail frcdd 50 1§ SBTIQRUING HEPAULIN]
88 a0 §¥ 46 o t0 00 wo 2 i 0 Gt SR AT
sap  aio r oL o §0 e v [ 33 €1 10 ¢0 ST U
RS w3y o5 e s vl 5wy pisd w9y #s  uediv
“atx) Gornl LAy x) aixi
anwd)gay Bwssid wesdop iy MBI By MY wRBNAGY
Vi3 THivN

SPRYIE K135 PATIUSIAIPUD L, PIEROD 313 3]
A5 Cow ] THINN DITW 1 J0GE2) DU 338 TR MOLITUN BUOKY Ju Rick 23d 52041 133 S0 (AOF ) 33QWNG Ayt

FI30 [y nIopU2 DT JEIAMIL %120 vusEpd
199 (00 { WIS @iE UDNY oY1 §O I03II PAEPURS I PUR URI SUL I (m 1) VLD POV
QY At QUR §24 PITalit JYL § ANEL

133 293 Lopsig m3f ¥

PR oo



BERANJTRIBUKAIT ‘The Quantitative Bone Marrow

0191 OL LvE - e oy £V 00981 - e 501 % UAAs{5ya0 pagapanyy
12314 §L00E sT 6L8 05 68 $5 €91 v 698 ({33 progdwsy [roy
90 [5:¥4 0 60 [451] ato 1o 0 ${{50 pAjENUIIIIPUN
500 900 o w00 o0 6o 70 144 S[(30 SUOHN
9Lo tor 70 Tr oro (U4} io 0 {132 vwseld
€60 [U¥Y [44] ¥l 990 81 70 Lo $1130 profisig]
01 65 € 70 o1 ££0 wl 10 20 sIe3pRuouow pydoseg
060 ay 0 Ti 20 S01 €0 60 sisejqoydd|
8L 8E 65 Lo 981 (194 2714 91 142 sa00qdwAf adey
(AR 5082 1 959 19¢f 9 #EIl st 869 saLo0qdik] jrus
030 1862 60 vi ¥l SveL 90 (%4 $[[20 poj3dw e10L
¥i0 o£0 $00 800 y10 o 90 80 spydoursog
7o 810 0o 500 0 o s31k50p34ut jrydourso]
(¥4 8y Zl v 9¢ 150 97T £9 91 spydonnen
[ 008 144 €T tso I 3] £0 (4 sALopAwTIoN
8LO fr 49 0 st 030 j1¥4 £0 11 $314034
610 £20 s0 %0 o @o oo o $NA0RAWOIT

0 0 00 Y 00 200 SISEIQOPAIY
oLt {356 91 6T fA34 9l [ ¥4 98 5120 PIONPAII jEI0L
o1 e £91 9C 1og 6€6 18] (43 fisejqouLioy ae]
e sLo £00 ze oI (484 60 LT $IsEqouLDY PIsepIuLAu]

[ 0 oo 0t z0 Lo §ispqolou ey

4 o o 15] 00 200 siseqosqidsg

g8 WeI g8 eI
(WOIx) a8 Uy GOIx) s uedpy
u2dds/saD uresSoasjds (3D
van TN

PAUN0D 2334 §[{30 PUTSNOY) SUQ UIALE alp ueawr sy? JO JO112
PATPUESS SH2 pUT BTAWAL W YD PuT [UIIN e ul ud31ds 33d $3dA41 122 70 (401 x ) 3egiunu Anjosqe 3y pue swexdousjds oy, 71 quL



and Spleen Compounon ia Male NMRIand CBA Mwe &

Duscussion

There appear to be 3 main factors cecounting for the differences 1o the
bone marrow picture reported tn the terature The first 18 the difficulty
assocated wath the classification of mouse bone marrow cells. There ate no
&ifferences regarding the erythroid and myclowd senes, but the cells of the
lymphoid complex are grouped in rather different ways i different reports
The second factor 1s correction for the numbers of damaged cells which 1n
most rstances, depending on the techniques vsed, about 10-20%.
of nucleated cells The third factors ts the differences between the strams
©On account of these factors exact companson 18 very difficult The man
point appears 1o be the different relationships between the erythrord and the
fymphowd parts of the bone marrow, according (o the strans used in the
different 1nvestigations [2, 15, 19] However, companson of the quantitative
data 1¢ sull more difficult even if the same mouse strain 1s vsed 1n different
etpenments  For quantitative marrow studies pnnopally 2 different
techmiques have been used in the mice The first1nvolses the counting of cells
washed out from the bone marrow cavity after the ends of the bones had
been cut off and the number of celis caleutated per fersur shaft or per unit
length of dhaphysis (4, 11, 13, 25) The second 1s based on measurement of the
cellulanty per mg of marrow [17] or per mm?® of marrow [14] The valdity of
the determination per mg of tissue 18 based on some assumptions discussed
cather by others [17] In spite of the small amount of bone marrow used, the
results are faly reproducible and the values obtaned sn our studics on
NMRI altine mice arc in very good agreement with those reported by
PO-CHUEN CRAN ¢f al [17) on Swiss mice The data obtained i1n the CBA
mice differ 1n some respects regarding the defferent proportions of the cell
types However, unng the determmation of the cellulanty per mmd, Proa
{14] reported values of 2 41 X 108 cells for CBA mice, which nearly correspond
to our results for the same mouse strain

Its not possible to compare the results of the techmques which use the
determmnanon of the cells per femur shaft, 1f the relatson to the cellulanty of
the total femur 15 not specified and the calculation ss made per unit length
To eliminate these difficulties, the measurement of the 33Fe¢ actwty 1n the

whole and va, diffieren, pasts of whe (emmat Sl e wad o Sefime W Parn
meters

Tn the mouse, splensc eryth was d as the ch
feature of the normal state [8] In special situations the spleen s capable of
greatly increasing the erythropoictic actvity [1, 3, 10, 12, 18, 24} and this
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Proliferation Disturbances of Erythroblasts in Congenital
Dyserythropoietic Anemia Type I and IRt

W Qumsser, £ Spirtz, E Jostand B Hrvrnu

Abstrazt. DNA syntheus of enthwoblaty in - Key Wordy

congenutal dyserythroponetic anemua (CDA) type  Autoradiography

Yand 11 was studied. In CDA type L typenieta Congenital dysenythroporeta. anemia

ploid and oxtovlond cells are present in ali stages  Cytophotometry

of np DNA synihens

only a Tew labelled celly ate observed and the  Enthroporess

majonty of cells thow DNA valucs 1n the pree Fleredatary refractory wnema

setraplond range The results supgest s disturbance

of mitotic divinion which becomes apparent already i the b:wrhal-c stage, and an srrext

of DNA syntheus in the more mature fuclea’ed red cells, dependent from Sytoplasmie

femoglobin concentration In CDA type 11, 8 shuft of the Gy'S ratio was obvenved 1
and benuck cclls conustent with reprevsion of DNA

syntheusnduction carlier than nbrm.\l The braucleated cells sre probably the result of

normaf karyokmess not followed by cytoplasmie divsion

The term ‘congenital dyserythropoietic anema’ (CDA) has been introduc-
ed !‘or a gmup of hereditary refractory anemias, which are chnr:menzcd by
er e , speafic ¢y hology of the nucleated red cells
m the bone marrow and secondary hemoch 12,12) A subcl;
fication of CDA 1nto 3 types according to the different motphological
abnormalities of the nucleated red cells Wu propostd by Hfnveer and
WENDT[6] and has been sup d by htes of the pen-
pheral red cells 1n patients wath CDA type 11, but not wath type 1 §3,4)
Inorder to cluadate the nature of the structure of the eryth
m CDA typeTand I1, the bonc m;mow has been investigated by 2 combined

and h using tntiated thymudine

¥ Supported by Deutsche Forschungigememschaft
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(*H TdR) i vitro This method winch has been extensively used for the
study of meffective erythroporesis [I] may be smtable for the detection of
prohiferation disturbances in this disease

AMethods

Patients Hustory phystcal findings and the results of laboratory investigations of §
of the § patents have been described in detarl in a previous paper {71 For this reason only
the most important hematological data at the time of the bone marrow aspiration wiil be
represented (table 1) In table I the case numbers of the previous publication are given
The marrow of case 6! showed 1dentical cytopathology of the other 2 cases with CDA
type It

General procedure ‘The marrow was aspirated into a syringe containing 0 5 m} EDTA
solution (1% Na:EDTA 1n 07° NaCl), and incubated for 1 h with 3H TdR (concen
tratton 2 #Ci/ml, speatfic activity 2.0 Ci/mvi) at room temperature Smears were made

from the marrow spreules and staned with P h stan The individual cells
were marked with an object marker and ph hed for sub: locall for

y and d and for the determuination of the
nuclear size by pl y Upon 1t of the P; herm stain was

leached out by treatment with 30°e ethanol for 3-10 min The smears were restained by the
Feulgen method with hydrolysis for 12 min in 1 N HCI at 60°C. The modification of
GRAUMANN [5] was used applying pararosamlin for Schuff s reagent The stanmng tume
was 45 nn

b 3 For the cy d of the DNA content 2
MPV. h (Lentz, G was used light at 370 nm was
employed with the size of the photometric field being 042 zm? The extinction was mea
sured at 10 or 20 pomnts within the nucleus The relative DNA content (AU =arbitrary
umits) of individual nuclet was calculated from AU=E x A (E=cxunction A=nuclear
arca) The nuclear areas were d by 'y (cases 1-3) or d from
the nuclear diameters (cases 4-6)

Autoradiography  Autoradiograms of the Feulgen stained smears were made by the
dipping film technique ustng the Ilford 14 iquid emulstion The smears were exposed for
25-35 days The background was estimated by counting the grans within Iymphocyte
nucler Cells with more than 3 § grains were designated as labelled

Results

Deternunation of the diplord standard For evalustion of the diplod
standard (2¢) the DNA content of about 50 bone marrow lymphocytes
was measured The anthmetic mean was calculated and compared with the

1 The bone marrow of this case could be investigated by the courtesy of Prof Scyiu-
porie Medizinische Universititskimk  Freiburg
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Tetle I Man bematologial values of the patents

- - 2 o -
uRx; 2 2% E&-
gz & 38822 % &8 BT &
CDAL 1) Ch female 93 23 33 33 123 28 4000 219000 1%0
born 1949
23 Flfemale 92 24 29 33 10 26 9300 610000 135
bora 1928
3 Kw.male 102 32 35 34 112 )1 9100 403000 09t
born 1922
CDAIl 4(5) XH.rale 106 37 27 2 73 & 7200 193000 228
born 1930
S Hl.mle 8§38 29 26 M BT & 6500 36000 162
born 1948
[ Fv.mle 110 37 30 30 8 T 490 110000 318
born 1937

I parentheses case numbers of refertoce 7

Table It Companson of the mean relative DNA content of lymphocytes and Gi-etythro-
9

Case Mean DNAoOf  ManDNAof  Difference,
number lymphocytes (22} G-erythroblasts  *o

1 30408 23207 - 79

2 30106 45206 ~106

3 49£03 4704 - 45

4 10.5+21 102217 - 41

5 nixl2 106+13 - 42

6 122217 116£19 - 43

! Standard deviation

mean dipiod values, which were determined from the unlabelled diptord
basophnhc erythroblasts (cases §-3) and the diploid basophihic and poly-

(cases 4-6)

g Gi (table 11) The results

demonstmc that the diploid standard Gl-erylhroblasls 18 41-106%
lower than 1n the lymphocytes

DNA content and DNA synthesis stages in CDA type I Mononucleated
cells The results of the study of case 2 are given in figure 1 The following
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Fig I Relatne DNA content in arbitrary umits (AU) and ¥H TdR labelhng (shaded
arcas) of mononucleated erythroblasts in CDA type I (case 2) Semulogarithmic scale
N Number of cells 2¢ Diplord standard from p Gi-erythrobl
4e Tetraploid DNA content gc Octoploid DNA content For numbers of cells measured
see table 11T In the basophilic compartment at least 100 large, 100 intermediate and 100
small basophulic erythroblasts were counted

stages of the cell cycle can be distingwished by the method used the diploid
cells not iabelied with *H-TdR represent the post mtotic resting penod {(Gi),
the tetraploid and not Jabelled cells the pre-mitotic resting peniod (Gq), and
the labelled eells the DNA synthesis penod (S)

As seen m figure 1, 2 normal cell cycle 1s observed only in the basophilic
erythroblasts showing a number of cells 1n Gy, S and G In the poly-
chromatic campartmeat only a few cells are labelled The distnbution of the
DNA content 1s highly pathologrcal in all cell types An appreciable number
of hypertetraploid and octoploid cells 1s present The majority of the poly-
chromatic as well as of the oxyphihic cells shows DNA values within the
pretetraplord range, and diplord celis are rare

The data related to the above mentioned stages of the cell cycle i the
3 cases (1-3) studied, are given m table I Column U represents unlabelled
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Fig 3 Relative DNA content 1 arbitrary umts (AU) i binucleated polychromatic
crythroblasts and pol cells by bridges 1n CDA type 1
(case 2) In the lower graph all values are summarized *H TdR labeliing was not observed
m these cells

cells, which on the basis of their DNA content cannot be attnbuted to one
of the resting periods Overall labelling index (S) 1n the basophulic erythro-
blasts 15 between 65 and 70%, and the number of cells 1n G; equals the cell
numbern Gz In the polychromatic and oxyphilic compartment, more than
95% are dessgnated as U cells due to the lach of labelling 1n these cell types
The percentage of hypertetraplowd cells nses with progressing maturation

Binucleated cells The results of the study of binucleated cells and cells
interconnected by thin chromatin bndges i the basophilic and poly-
chromatic compartment are shown i figures 2 and 3 In the lower graphs all
nucler are summarized 1n a cytogram, 1n which the same distributton of the
DNA content, the different stages of the cell cycle i the basophlic nucler
and the lack of labelling 1n the polychromatic cells as in the mononucleated
cells arc demonstrated The upper graph i figure 2 shows that in the
basophilic cells only lly both nucler have a different DNA content
In the polychromatic cells, however, (fig 3, upper graph) the DNA content
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able IV P ofer of CDA type 11 in the different stages of the cell cyc

ase hilic erytt Polychy ery Oxyphilicer

wmbet 5 G S8 Gt U n G S§ G U n G 5 G U
327 199 €82 110 0% 121 380 438 124 08 110 1000 00 00 O
324 154 716 102 28 116 405 465 121 09 101 1000 00 00 O
328 167 785 42 06 119 462 387 118 33 115 1000 00 00 0

{ean 173 728 85 14 416 446 121 17 1000 00 00 0O

fean normal

alues (4 cases) 208 635 151 06 187 653 153 07 960 40 00 0

For explanation see table ITT

Binucleated cells The resuits of the study 1n case 5 are given m figure 5
As seen 1n the lower graphs, the different maturation stages of the nucleated
red cells show the same DNA synthesis periods as found 1n the mono-
nucleated cells In the polychromatic erythroblasts, the GifS ratio 1s shll
more shifted 1n favour of Gy than in the mononucleated cells Wath a few
exceptions, DNA content and labelling of the nuclear pairs are concordant

Discussion

The erythroporesis of 3 nonrelated patients with CDA type I and 3 non-
related patients with CDA type II has been investigated by combined
Feulgencytophotometry and 3H-TdR-autoradiography The results have
been 1dentical 1 each group, but different between the 2 groups, supporting
the assumption that type I and type II are different disease entities

In CDA type I, a complete cell cycle was d rated mn the t
compartment only The distnbution of the different phases of the cell cycle
was the same as 1 normal erythropoiests, as established by Coorer and
WICKRRAMASINGHE [1] and by QUEISSER et al [11] Therefore the proliferation
1n the basophilic compartment appears to be normal, corresponding to the
lack of structural and ultrastructural abnormalittes (8] The existence of some

121

Fig 5 Relatnne DNA content 1n arbitrary units (AU) and H TdR labelling (shaded
areas) 1n binucleated erythroblasts in CDA type I1 (case 5) In the lower graphs all values
from a cell type are summarized
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hypertetraplord cells and binucleated cells with different DNA values of the
2 nucler suggests a disturbance of mitosis n a few cells, which occurs prior
to the changes m interphase observed 1n the more mature erythroblasts

In striking contrast to normal erythropoesss, the majonity of celis con-
tawung visible ts of h lobin were unlabelled, and most of them
showed a pretetraplord DNA content (fig 1) This obsersation mdicates an
arrest of DNA synthesis in Iate S-phase Such an arrest in S-phase has also
been described 1n megaloblastic anenua due to vitamin Bye deficiency
{10, 13, 15] However, 1n pernicious anemia, DNA synthesis arrest ss not
restricted to polychromatic cells and the decrease of the labeling mndex
within the polychromatic compartment 1s by far not as stnking as in CDA
type I In addition to the abnormalities in mterphase, hypertetraplo:d mono-
nuclear cells as well as binucleated cells and cell pairs with unequally
distributed DNA content were seen 1n the polychromatic and oxyphulic stage
As stated above, these findings are interpreted as results of disturbance of
mtosts

Electron mucroscopic studes in CDA type I gave evidence of a defect of
the nucler or nuclear membranes, the erythroblasts showing widening of the

membrane pores, ol and v ! of nuclear ch and
entrance ofcytoplasmnc matenal mto the nucleus {8, 3] On the basis of the
data p d, two pathophysiol { h seem to be responsible

for thc morphologxca] nbnormalmcs and the meffective erythroporesis
present Lach of mitosis after normal DNA synthesis, incomplete or
abnormal mitosts leads to hyperplord nucles, nuclear parrs interconnected by
chromatin bridges and nucler with unequally distnbuted DNA content This
disturbance of mitosts 15 fested already 1n basophilic stages With
1ncrease in hemoglobin concentration, DNA synthes:s 1s arrested, preventing
further prohferatton The fact that this iaterphase abnormality 15 not
manifested 1n basophilic cells, favors the hypothesis, that hemoglobin m-
truding tnto the nucleus wnteracts with nuclear chromatin and prevents
normal DNA synthesis in polychromatic erythroblasts The arrest of
proliferation 1 the polychromatic compartment 15 responsible for the
farlure of production of normal oxyphilic normoblasts which are virtually
absent It cells escaping dullary destruction, cy
may progress without further division

In CDA type I, no arrest of DNA synthests duning S-phase was obsenved
The man pathological finding 15 an increased number of diplotd unlabelled
polychromatic cells {fig 4), which was even more pronounced m bucleated
erythroblasts (fig 5) These polychromatic normoblasts showed a small round
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Decreased Hemoglobin A, Concentration in Iron Deficiency
Ancmia

1 Stuxer, H R Marniand D DreaN

Department of Interna) Mediaine Rantonsspial Asrau

Abstract A companson of the Hb As concentration in 100 Key Bords
patieats with teon deficency anema and 100 healthy aduls  Hemoglobin Ay
shows a significant decreass in casct with won deficency (p = Tron definercy anemia
<0 05). The mean value was § 8%, for the iron deficient patients  Hemoglotn syntheus
and 2.3, for controls. The 25 range was found to be 1 1-2.4%¢
and 1 7-19" « tespecuvely To correlation between the smount of Hb Axdeorease and the
degree of anemia and hypochrona could be demonstrated.

The concentration of Hb Az n human adults 18 genetically determined
and amounts to 1 7-29% of lhe total hemoglobin In 1961 CHERNOTF [4]
reported several cases of ron d with s of
Hb A~ Simular cases have since been descnbed by HorTow and Hutsuan
(6] and Jonxis and Huwsuwan [7] There 1s therefore evidence that Hb Ay
synthesis 15 to some extent more inhibited by iron defiaency than Hb A
synthesis However, up to the present time no large scale study has been
published In this paper the Hb A concentratrons of 100 patients with tron

deficiency anemia are compared wath the normal vatues found in 100
healthy control persons

Material and Methods

Toz study the of internal medicine ©f 21 Swiss
hosprtals and 3 general practmoners, 100 cases of iron deficency anemua have been
examined. In all these patients there was a hypochromic., muxacytic ansmia wub, MCHL
Selow 28 pg and serum iron concentration Jess than 60 pg*s The 100 healthy controt

Dersons have been examined 1n a survey study for thalassemia They belong 10 famihies in.
which a halassemia could be ruted out.

10 all rron deficiency and ]| the Hb Ay was inthe
same laboratory by starch block electrophoresis using Veronal/Veronal Na buffer pli 8 6
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The concentration of the eluted Hb As fraction was measured spectrophometrically in a
Beckman DU spectrophotometer at 415 nm

For statistical evaluation arthmetic mean standard deviation and student-dispersion
were calculated

Results

The Hb A: ration of 100 p with 1ron deficiency anema 1
compared with those of 100 healthy adultsn figure 1 and the statistical values
are represented sn table T The anthmetic mean of 178% Hb As niron
deficiency and 2 31% Hb As 1n healthy adults shows a difference which 1s
statistically sigmficant (p<0 05)

A companson of the Hb As concentration 1n 50 cases with severe iron
defirency (Hb 2 2-8 5 g%) and 1n 50 cases with moderate 1ron defictency
(Hb 8 6-12 2 g% ) reveals no duference {fig 2) The anthmetic mean amounts
to 179% Hb Az 1n the group with severe anema and to 1 77% Hb Az
patients with shght anerma Even the extreme values of 1 1-2 6% Hb Az
found 1n cases with marked anemia and 09-2 6% Hb Az in cases with
moderate anerma (fig 2), as well as the standard deviation of 0353 and
0309 respectively, show no real difference In figure 3, 50 cases with more

204

Fig I Hb Aa concentration 1n 100 adult patients with 1ron defictency and 100 adult
healthy control persons — = Cases with 1ron deficiency, —-— = control persont.
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marked 1ed cell hypochsomia (MCH 9 53-222 pg) are compared with
50 cases wath only shght hypochromia (MCH 22.3-270 pg) Here agan,
10 duff: 1 the Hb Az ¢ can be found Anthmetic mean.
extreme Salnes aad standard deviation ate almost identical The anthmetie
mean of the }ib Az concentrationn the group with more severe hypochromsa
15 179% as compared with § 76%s tn cases with shight hypochromia The
extreme Values are 1 1-2.6% and 09-2.6%. the standard deviation 0359
2nd 0 302 respectively

Discussion

Hb Ax concentration 1n normat human adults shows nearly a Gaussan
cunve of distnbution The starch block electrophoresis 15 8 quanutative

Fable § b Ayin peroen of the otad b ot in §00 a0l B haron defuency
anenuz and 100 bealthy adult controls

Amthmencmean Sundard deviton, 2 range,

2o Hb Ay 2 Nb Ay %y Hp A2
Tron deficency 178 b33 1124
Healthy aduhs kAL 02 t1-29
L
v
»
% 5
¥
g DAl T v e
5 3 20 ES) 2
% HD Az

Fig 2 Hi Aq concentraton and degtee of anemia i iron deficicncy » = Hb 2.2~
83g% O~ Hb86.122¢%
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Fig 3 Hb As concentration and degree of red cell hypochromia i wron deficiency
@ = MCH 953-22.2pg, © = MCH 22.3 270 pg

method for Hb Az deternination with an accuracy not surpassed by any
other techmque The normal 2s range in adult blood found 1n our laboratory
15 1 7-2 9% Hb A2 and agrees qute well with the values found by CHERNOFF
{4] and Jonxts and HuisMaN [7] using chromatographic methods CHERNOFF
found a normal range of 2 1~2 9% Hb A», while Jonvis and HUISMAN re-
ported values of 1 5-3 0% Hb A»

Decreased Hb Az concentrations have been descnibed in 2 number of
acquired red cell disorders In addition to the above mentioned cases of :ron
deficrency, FLATZ ef al {5] observed low Hb As concentrations 1n mnfections
with Ankylostoma duodenale, which may be explamed as a result of ron
defictency RE£D and MOLLIN [9] reported subnormal concentrations of Hb
Ag in 13 patients with sideroblastic anemna In 4 of these cases, the Hb Az
concentration was less than 1% It follows therefore, that a Hb Az decrease
can be found 1 different disorders of wron metabolism An ncreased con-
centration of Hb Az 1n cases with acquired red cell disorders has been
described as well ARENDS {1, 2] published 15 cases of malana with 3 0-3 8%
Hb Ay Van Ros ez al (10] found a slight Hb As merease 1n certain cases of
schistosomtasis befare, as well as after treatment A shightly increased Hb Az
concentration tn untreated permicious anemua was first descrbed by Josert
SON et af {8] Jonxis and Huisuan [7] reported 3 cases of megaloblastic
anemsa with 3 0-3 5% Hb A- Reep and Morun [9] found a shght increase
of Hb Az 1n 70% of patients with megaloblastic anera and finally BRIDGES
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et af {3 obsened 3 lemporsny }b Ay tncrease in 3 patients 10-20 days after
homograft of fetal hematopatenc tissue

The results of this survey confirm, as (3r as we are anare, for the first
ume at a srapstically sigmificant Jevet, thatron deficrency reduces the Hb A
concentraion fo a greater eutent than the 11 A concentration However, 8
quanttatne correlaion between the degree of anema of hypochroruaand &
cotresponding decrease an the Hb Ay cannot be d
The mechamsm responsible for the preferential decrease of Hb Az syntheus
\nrondefiaency snot known HbApsibe latest hemoglobin philogencucale
Iy appeanng first 1 pamates, snd the latest hemoglobin tn human onto-
genesis and 15 produced only in small quantities dunng hfetime The sya-
thesis of this hemoglobin component Js mostly affected by rron deficiency
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Fig 3 Hb As concentration and degree of red cell hypochromia in 1ron deficiency
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method for Hb Aa determination with an accuracy not surpassed by any
other technique The normal 2¢ range 1n adult blood found 1n our laboratory
151 7-2 9% Hb A and agrees quite well with the values found by CHERNOFF
{4) and Jonxis and HuisMAN {7) using chromatographic methods CHERNOFF
found a normal range of 2 -2 9% Hb A, while Jonxis and HUISMAN re-
ported values of 1 5-3 0% Hb Ae

Decreased Hb Az concentrations have been descnibed 1n a number of
acquired red cell disorders In addition to the above mentioned cases of iron
defictency, FLATZ et al [5] observed low Hb A. concentrations in infections
with Ankylostoma duodenale, which may be explained as a result of 1ron
deficiency ReED and MoLLIN [9) reported subnormal concentrations of Hb
Az 1n 13 patients with sideroblastic anerma In 4 of these cases, the Hb As
concentration was less than 1% 1t follows therefore, that 2 Hb A decrease
can be found 1n different disorders of 1ron metabolism An increased con
centration of Hb Az 1n cases with acquired red cell disorders has been
described as well ARENDS [1, 2] published 15 cases of malana with 3 0-3 8%
Hb A VAN Ros et al {10] found a shght Hb Aa increase 1n certain cases of
schistosomiasts before, as well as after treatment A shghtly increased Hb As
concentration 1n untreated pernictous anemia was first descnbed by JosepH-
SON et al [8) Jonxis and HuisMan [7] reported 3 cases of megaloblastic
anema with 3 0-3 $% Hb A: Rrep and MoLLIN [9] found a shght increase
of Hb Az 1n 70% of paticnts with megaloblastic anemia and finally BRIDGES
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eral 3] obsenved a temporary Hb Az 1ncrease in 3 patients 10-20 days after
homograft of fetal hematoposetic tissue

The results of this survey confirm, as far as we are aware, for the first
ume at a statistreally sigmficant Jesel, that sron deficrency reduces the Hb Ay
concentration to a greater extent than the Hb A concentration However, a
quanutatrve correlation between the degree of anema or hypochromuz and a
corresponding decrease in the Hb A cannot be di
The mechamsm responsible for the preferential decrease of Hb Az synthesis
intron deficiency 1snot known Hb Asis the latest hemoglobin phylogenetical
ly, appeanng first 1n primates, and the latest hemoglobin 1n human onto-
genesis and 13 produced only 1n small quantities duning fetime The syn-
thesis of this hemoglobin component s mostly affected by iron deficiency
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RNA and Protein Synthesis in Proliferating
and Non-Proliferating Blast Cells of Human Acute Leukaemia

B W.B Cuan

Department of Med, u y of Camb

Abstraer Cell size can be used 1o distinguish betweenthe  Aev Words
1 and the non prol or resting cells n Actinomyen D
human acute leuk The large, i blast cells  Autoradiography
not only have a higher rate of RNA synthesis, but also syn-  Cell culture
thesise more labile RNA, compared to the smaller, restingcell  Cell s1ze and prohieration
No difference 1n the life ume of templates was found between  Leuhaemc cells
the two cell types RNA synthests

Recent evidence suggests that the proliferative cell cycle consists of a
sequence of biochenuical steps, some of whuch, including the critical decision
to 1muate the process of DNA replication, involve the synthesis of short-
lived messenger RNA [1-4] The cell population in human acute leukaenna
15 not a uniformly rapidly prohiferating cell population [5-8), but may be
regarded as consmisting of proliferative and non-prohiferative cells The
present work tnvestigates RNA synthesis and degradation and their relation-
ship to protein synthesis in the two cell types

Material and Methods

Cells for culture were obtained from marrow ot blood of patients with acute myelod
feukaemua (6 cases) and acute lymphoblastic leukaemia (6 samples from 5 cases) 6 of these
samples (2 myelowd, 4 lymphablasic) were studied in greater detasl Alf the samples
contaned > 85% of blast cells The culture medium contained TC 199 (Glaxo) 70°, and
either autologous plasma or AT Rh+1e serum 30°,  Labelled compounds were obtained
from the Radiochemical Centre, Amersham and their specific actvities and concentrations
11 the cultures were as follows 3H thymudine 5 Cifm, 1 £Cyml, unidine-5-3H 3 Ci/mss,
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2 45 ml, M1 denaane 0.5 Ci my, 10 xCmt Acunomyan D (AMD) was obtained from
Merck, Sharpe and Dohme 114, and wsed in & condentration of 4 pp ot

Prelinunary cxperiments wung nuclease digestion €stablished that most of the Libelin
undine-$7H appeared 1n RNA and less than 3% 10 DNA. The dosage of AMD used
suppressed >95%, of the RINA synthedrs 1n these cells

Afer incybation with rad achemxals o deta led below 1he cultures were sampled god
ameared on glass shdes. Autoradiographs were then prepared, wung 1iford G5 emufsion
1 the FHthyaudine experiments, the labelling index (*s of cells labelled) was detcrmined
by countsitg 2,000 cells from each autoradiograph Tn the other expenments, grain counts
were made on 30 cells from exch mnoradiograph The labelling tndet was alsa detetmuned
by countarg $00 cells and # correction w31 then made to the mean grua count Cell nze
was measured gratnle calibrated on & stage Thelonpatand
shoriost cell diameters were Pxeasured and 4 mean was taken

Results

In 12 expeniments the cultuces were incubated with 3H thymidine for | h,
the sizes of Jabelled and unlabelled cells were then pared In cach case
the Jabelled cells were signsficantly barger than the unladelled cells {table Iy
This suppests that cell 122 35 3 wseful entenon for separating the pralileratne
and non-prohiferative cell populstions

Table I Companison ol suzes of *H thymidine labelled and unlabelied cells in 52 leukaemic
cclis samples The number of cells seored in each group 1s 30

Sample Labetiing labclied cells  Lnlabelicd cells Significance
number nde, ¢y dameter, pm - dameter pm of
imean+SD)  fmean2SD)  difference

1 40 12514091 1002145 P 0OOL
2 13 12762089 10292146 P 0001
3 9s 199121 998£1 12 P. 0004
4 3% 12614183 10414148 P-0004
H 134 12805331 103%138  PLOOO)
6 32 1242£102 5952128 p-OOO)
7 1o 1261£119 9944121 P<000}
3 (LR 122101 SRILI1Y P. 000!
9 96 12464105 10054160  P-000f
10 104 12405102 10032140 p.0UGY
n 150 12002421 10124126 P<0001

12 36 1252400 101821 34 r-0001
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RNA and Protein Synthesis in Proliferating
and Non-Proliferating Blast Cells of Human Acute Leuhaemia

B W.B Cuan

Department of Medicine, University of Cambridge

Abstraet Cell size can be used to distinguish between the  Key b ords
prohf and the non prol: or resting cells 1n  Actmomyein D
human aeute leul The large, blast cells A d h
not only have a higher rate of RNA synthesis, but also syn-  Cell culture
thesise more labile RNA, compared to the smaller, restingcell  Cellsize and proliferation
No difference in the life ime of templates was found between  Leukaenuc eells
the two ceil types RNA synthesis

Recent evidence suggests that the proliferative cell cycle consists of a
sequence of biochemcal steps, some of which, including the cntical deaision
to imtiate the process of DNA replication, involve the synthesis of short-
lived messenger RNA [1-4] The cell population 1n human acute leukaemia
1s not a umformiy rapidly proliferating cell population [S-8], but may be
regarded as consisting of proliferative and non-proliferatve cefls The
present work 1nvestigates RNA synthesis and degradation and their relation-
ship to protein synthesis n the two cell types

Material and Methods

Cells for culture were abtained from marrow or blood of patients with acute myelowd
Teukasmia (6 cases) and acute lymphoblastic leubaemia (6 samples from § cases} 6 of these
samples (2 myeloid, 4 iymphoblastic) were studied in greater detaf Afl the samples
contained > 85% of blast cells The culture medium contammed TC 199 (Glaxo) 70%¢ and
either autologous plasma or AB Rh+ve serum 30%s Labelled compounds were obtained
from the Radiochemical Centre, Amersham and their specific activities and concentrations
1 the cultures were as follows *H thymidine 5 Cijmy, 1 #Cy/ml, utidine $ 3H 5 Cifmy,
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2 #Ci ml, ¥ teucine 08 Ci mu, 10 xCi m! Actinomyain D (AMD) was obfained from
Merck, Sharpe and Dihme L1d, and used 1 & concentration of 4 sz mi

Prelmimary expeniments wng nuchease digestion established that most of the latel in
unidme-S3H appeared m R™NA and Jegs than 3% i DNA. The douge of AMD ted
suppressed > 95%4 of the RNA synthess s these ceffs

ARer incubation with radicchemicals as detailed befow, the cuttures were sampfed and
smeared on glass shdes Autoradiographs were then prepared wang Hford G3 emyluon
In the THahymidine expeniments, the labetling index (*e of cells labxlied) was Jetermined
by counting 2,000 cells from cach avtoradogrsph. In the othet expetimenty, gram counts
were made on SO cells from each astoradicgraprh. The Labelling indet was aho determined
Yy tountng 500 cells and 3 correchion aas Then made 10 Yhe Mean P toum. Cellane
was measured yung s librated on a stage The fonpest and
shortest cell dumeters were m\ured and & mean was taken

Results

In 12 experiments the cultures were incubated with 3H-thymdine for | by
the sizes of labelled and unlabelled cells were then compared. In each case
the labelled cells were sigmificantly Jarger than the unlabefled cells (1able J)
Thus suggests that cell size 1s a useful ententon for separating the proliferative
and non-proliferative cell populations

Table I Comparison of sizes of *H thymidine labetled and unlabelled ccllsin 12 leuksemae
cells samples The number of cells scored sn each group 1s 30

Sample Labciing Labelled Lntabelieg celts S
number ndet, *s duameter, pm  dameter, g of
Imean:SP)  {mean2SD)  difference

1 40 12512091 10024145 P-popor
2 138 12762089 10292146 Ir<ooor
3 9s HIR-EE 5] 9934112 P- 000!
4 32 1261113 0412145 P-oo0)
s 184 1280£121 10311138 P 000
6 82 12424102 995£124 Peaony
7 no 1261119 9944121 P01
L] us 22100 9824145  pegony
‘z 96 12464105 1005160 P-goop
1o 104 12902802 19032140 P<gpg

150 12008121 )01241.36 Pr0001

12 56 12522000 )0rsAr Yy P00t
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Table 1l Correlation between cell diameter and intensity of *H uridine labelling

Sample Celldameter, gma Grain count n
number (meanSD) (mean SD)

2 1030151 728214485 058
3 10924147 46 18+38 57 075
7 10271160 3010£2788 075
8 1089182 49 38+3735 0
9 0217 354213109 082
10 1063£193 4026£3471 083

1 p<0001

In the 6 cell samples selected for more detailed study, paired cultures
were set up, one incubated with 3H-thymmdine for 1 h and the other with
3H-undme for 30 min In all 6 cases there was a sigruficant correlation be-
tween cell size and the intensity of 3H-undine labelhng (table ) Two
typical examples are tllustrated in figures 1 and 2, wiich also show the size-
distnbution of 3H-thymidine labelled cells These resuits suggest that the
farger, proliferative cells are also engaged 1n an increased rate of RNA
synthesis, whereas the smaller resting cells are much less actne i the
synthesis of RNA

In the 6 cultures incubated with 3H-undine for 30 mn, further RNA
synthesis was stopped by adding AMD to the cultures, and the dechine of
radioactivity 1n the cells was followed for 4 h This dechine was studied
separately 1n the larger prohiferative cells (‘P’ cells, defined as having a mean
cell hameter of > 11 pm) and the smaller resting cells (‘R cells, defined as
having a mean cell diameter of < 10 pm) In the corresponding cultures
incubated with SH-thymidine, determination of the labelling index separately
for ‘P’ and ‘R’ cells (table I11T) shows that the proportion of ‘P* cells syn-
thesising DNA was much fgher than the proportion in the cell population
as a whole, whereas 1n § of the 6 cases no DNA synthesising cells were
included in the ‘R’ group and 1n the remaning case only a very small
proportion of such cells were included These results suggest that a good
degree of separation between the prohiferative and resting cell populations
was achieved

The decline 1n RNA radioacthivity following AMD treatment in the two
cell types 15 shown n figure 3 The rate of degradation of rapidly-labelled
RNA appears much greater in the larger proliferative cells
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Fig 1aad 2 Relatonsh p between cell stze and RNA syntheus (top graph) and between

celf size and DNA symithesn (bottom graph) 1n two Icukacmic cell samples stad ed by the
paired culture technique

The effect of the inhibition of RNA synthesis by AMD on the synthesis
of proteins was also studied n 2 of the 6 cell samples Cultures were
prepared and icubated with 2H leuctne for 1 h AMD was then added and
the cultures were sampled at intervals dunng the next 4 h Results for
P and R cells are shown in figure 4 Dhfferences in intensity of labelhing
between the cell types were not statistically sigmificant In both cell
types protein synthesis continued for about 90 min after the addition of
AMD but after this ime very httle further synthess occurred In a control
culture not treated with AMD incorporation of 3H Leu continued at a near
uniform rate throughout a penod of 4 h These experiments thus revealed no
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Fig 3 RNA degradation i prohferative ( P) and resting ( R*) cell populations

Table 111 3H thymrdene labelling index (L1) 1n preliferative ('P) and resting { R') cells

Sample Llmwhole P cells *R* cells
number  sample, e SofShole LI, % "oofwhole LI, %
sample sample

2 138 30 354 36 31

3 95 48 225 kil ]

7 1o 36 296 s1 0

8 145 46 294 37 0

9 96 32 250 56 [
10 104 47 212 46 0

differences in the fe-time of templates for protemn synthests 1n the two
cell types

Discussion

The finding that cell size can be used to diffcrentiate between prohferatne
and non-prohiferative or resung cells i human acute leukaema 1s 1n
agreement with the work of MAUER and FisteR [9] and Gavosto eral [10,11]
That the larger leukaemic cells are more active 1n RNA synthesis 1s also
supported by the report of Foapi et af [12]



RNA Synthests in Leukaemi Cells 8

Mean gran court

vz
Hours after AW

Fig 4 Effect of AMD on protein synthesrs 1n prohferative { P)and resting ( R') cells
2 studies)

The conclusion of chief interestin the present work 15 that the proliferative
leukaemic cells, as well as having a high rate of RNA synthesis, also syn-
thesise more labile RNA This 1s consistent with the hypothesis that cclt
proliferation 1s a special example of the expression of genetic information,
1¢, that for cell pro} 1s encoded 1n nucl
of DNA When these genes for cell proliferation, which Burrotaii [13] has
called the *‘mitosis operon’, are actinvated, for example wia a feedback
mechanism 1 terms of the cell population size, the synthests of messenger
RNA occurs, wh:ch 1n turn direct the synthesis of enzymes essential for

hymidine kinase Such ger RNA may be expected
to have the pmpcrucs of being rapidly 1abelled and rapudly degraded How-
ever, 1t must also be borne in mind that not all raprdly-labelted RNA can be
assumed to have messenger function [14)

The fadure to demonstrate long-Ived templates for protemn synthests 1s
not unexpected Such long ived messenger RNA are generally found in
celts highly specialised for tissue function, ¢ g, liver cells [15] and reticulo-
cytes [16] and there 15 no evidence that the non-proliferative leukaemic cell
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15 @ biochemically specialised cell and no tissue function can be postulated
for1t

Acknowledgements | am grateful to Prof F G J Havwoe for advice and to Mr
R J Frestans and Miss Caror St for excellent techrical assistance This work was
supported by an Elmore Research Studentship

References

1 BastrGa, R Biochemustry of the cell cycle A review Cell Tissue Kin 7 167 (1968)

2 BaseroA R, EstenseN, R D, and Peversev, R @ Inhubition of DNA synthesisin
Ehrlich ascties tumor cells by acttnomycin D Proc nat Acad Sci, Wash ¢ 1141
(1965)

3 BaserGA, R, Estensen, R D, and Perersty, R O Delayed iphibition of DNA
synthests tn mouse yejunum by low doses of actinomyen D J Cell Physiol 68 177
(1966)

4 LieBeRMAN, I, ABRAMS, R ,and Ove, P Changes in the metabolism of RNA preced
ing DNA synthesis in mammalian cells J brol Chem 238 2141 (1963)

5 KiLLMANN, S A Proliferative activity of blast cells in leukaemra and myelofibrosis
Acta med scand 178 263 {1965)

6 KiimanN, S A Acute leukaemia  the kinetics of Jeuhaemic blast cells m man
Ser Haemat [ 38 (1968)

7 Gavosto, F, Marart, G, and Piters, A * Nucteic aaids and protern metabolism m
acute leukacrma cells Blood 76 1555 {(1960)

8 Gavosto, F, Pierr A, Bacir C, and PEGorARO L Proliferation and maturation
defect 1n acute fevkaerma cells Nature, Lond 203 92 (1964)

9 Mautr, A M and Fisuer, V. Cl of cell prolife n four patients
with untreated acute leukacmus Blood 28 428 (1966)

10 Gavosto, F, Piery, A , Gasurti, V, and Masera, P Non selfmaintarung kineties
of proliferating blasts :n human acute leuhacmea Nature, Lond 2/6 188 (1967)

11 Gavosro, F, PiLeri, A, PoNzosE, A, Masera, P, Tarocco, R P, and Gasurm,
V  Dufferent blast kinetics i acute fobl. and lymphobl. Acta
haemat , Basel 47 215 (1969)

12 Forot M D, Coorer, & H,and Haroisty, R M Prohferatne gctoity of leukae
e cells at various stages of acute leukaerma of chuldhood Brit J Haemat 15 269
(1963)

13 BurtoucH, W S The evolution of d. (Acad Press London 1967)

14 Harris, H Nucleus and cytoplasm (Clarendon Press, Oxford 1968)

15 Rever, M and Harr H H  The stabihity of liver messenger RNA Proc¢ nat Acad
Scr, Wash 57 810 (1969)

16 CHANTRENSE, H |, Burny, A and Marsalx, G The search for the messenger RNA
of haemoglobin Progr nuclerc Acid Res 7 173 (1967)

Author s address Dr B W B Cha~n Department of Pathology AcMaster University
Hamulton, Onr (Canada)



Acta haemat. 43 89 98 (1971)

Lvmphoid Myeclofibrosis
Abost 10 Furtber Obrervatiom

G Dunavit.

Serxce d'Hématol sg ¢ Hbp tal St Antone Par

Ahstract Lymnho d myelof bros s represents an anstomo-  Aey B st

o axesl syndmmc of com!anl symptomatology character ze¢  Bone martow biopsy
few lymp path et pan-  Lymphord myed fbroas

¢ytopenia w th Nood Iymphocytos «, and a hypoplasie my  Myelof bros s
elogram compriwng lymphooytes and b st ocytes Hstolopical  Pangytopenia
study of bone marrow bopsy shows atsocat on of ymphond  Retylous
prot ferat on as welf 2 network cell prol ferat on gy AR e
10 & dense latice of reticulum and coflagen fhers, w hout osteoxcieren s The cytology
of the s ndrome and sts rela onsh p 1o lympho d leubem 2 Waldenutr Ym s disease and
those syndromes termed reticuloendothel oy s or mal gnant b st ocytos v 15 & scuned It
1100t €2sy 1o evatuate the eficaency of thetapeutsc measuren $ nce myclofibros s prechudes
shat k nd of chemotherapy a3 1s currently used sn lymphoprol ferat ve syndromes there
fore prognos s 1s ncerta n a! hough ct A cal evolut on 18 slow

In 2 previous publications {10 1) we singled out among vanows lympho-
prol ferative syndromes one climical and hematological p cture character
1zed by inconstant lymph node enlargement fairly constant spleen enlarge
ment pancytopema with relatise lymphocytosts and constant hypoplasia
of the myelog; that d over 50%, Iy The converg ng
point of these findings 1s system ¢ myclofibrosis eas ly demonsteated by
histological stud es of the bone marrow In such myelofibrosis normal med
ullary tissue has disappeared replaced by lymphoreticular prol feration ap-
peaning as an even pattern through the network of fibrosis In this syndrome
several d seases described in the ] terature under such vanous titles as aleu
kemc lymphocytopenic leukemua splen ¢ sarcomatosis medultar histiocytic

reteulos s malignant histiocytosis etc  appear to center round myclo-
fibrosis




90 DutamrL

Table 1 Peripheral blood values

Case number

1 2 3 4 S 6 7 8 9 {0
Erythrocytesx 108 21 36 2 23 32 39 25 28 23 32
Hb, g% 65 9 9 72 98 107 8 88 17 102
Reticulocytes,®s 18 12 [} 2 01 [ 12 08 32 24
Leucocytes 1000 2500 1400 13500 1100 1300 2200 2300 3200 2400
Neutrophuls 10 40 3 22 23 37 13 57 33 16
Eosinophls 6 2 2
Basophils 4 i
Large
Lymphocytes k53 px) 81 69 60 n 45 30 50 49
Small
Lymphocytes 4 4 16 51 k2] 5 12 22
Lymphoblasts 2 29 13 3 1 4 5 n
Monocytes 3 3 ! 4 3 2 2
Plasmocytes 2

‘Thrombocytes 110000 80000 5000 100000 SO000 70000 90000 80000 320000 25000

In several subsequent publications attempts have been made to mark
out 1ts imits and to emphasize the relationship between myelofibrosts and
lymphord prolferation [1, 2, 4, 5, 7-19, 21-24) We would like to resume
the dscussion, 1n connection with 10 further observations, of which the
hematologrcal characteristics are summarnized in tables I and 11

Clincal and Hematological Synthesis

The 10 observations, together with others previously published, corro-
borate the chnical, h logical, and histol | features of lymphoid
myelofibrosis The dise1se 1s observed most often i males, espeasally after
50 years of age Lymph node enlargement 1s not always secn On the other
hand, the spleen 1s usually enlarged although not often bulhy Deep-seated
nodes do not seem to be involved In no case were mediastinal adenopthies
observed Lymphography which was carried out in 2 cases, was normal

Pancytopenia 1s 2 most stnking and baffling feature in this syndrome,
it may lead to an inaccurate diagnosis of bone marrow faillure Anemia,
often sc\:re, occurs early and shows no signs of regeneration Leukopenia
and are y find yet we observed one case with

B! T




Lymphond Myclofiboous 91

TaMe I Bane marfow d fferentiahon

Case number

v 2 3 4 s & 1 8 9 10
Nevtrophils & 1 2 1 H 1" 3 L] 12
Ecsunophils 2t ! 1

hats 1 2

l::fmnlw,m 1S 2 3 o 3 y s
Ayelocytes s 6 12 2 S8 8 1 2 3
Promyelocyies 201 42 22
Myeloblzsts ? H
Lymphocytes LI A ] p2} JLE-) 2 0 9
Lymphoblasts LT BT B 1) 0 5 g B 8
Monocytes 4 4 2
Plhamecytes 1 1 3 3 1 1 2 2 2
Naked pucler 14 7 ¥ 2 8 10
Erythroblasts 3 B 12 % 5 3% 2 4 8

marked 1nnial Teukocytosis and Wartz e1 a! [24] have alo teporied 2 such
cases with a high rate of leukocytonis Such feubocytosts eventually dis-
2ppears dunng evolution Blood lymphocytosis savolved Mainly the lacge
and the small lymphotytes with few lymphobl. The platelet count was
always decreased

The myelogram of aspirated matenal was always hypoplastic, a fact
which may inctease the hazard of its betng mstaken for medullary fajure
Theze w25 a preponderance of lymphord and histiocytic ceffs The types of
cells will be further d d below Myelofi ly revealed by
‘bone marrow tiopsy, accouts for the apparent hypoptasa of the myeto-
gram The reticulin network. on silver stuning, appears much developed,
forming a tight lattice which surrounds afmost every cell Its fibers are
thickened and largely branched The Tattice 1s hined wath a less regular,
looser, lattice of ¢ollagen, visuahzed on tnchromie stuming (fig 1 and 2)
In the mesh, normal myelowd cels have almost torally disappeared, re-
placed by popul of lymphocytes, b
arranged between the meshwork of myefofibrosis

and reticular cells, loosely
There 15 no osteosclerosis

the 3
The spleens which was examined 1n 2 cases, 1s the seat of lymphoid and
reucdlat p: d ) forms. The Mnic tex-

ture of the red pulp 1s increased Liver biopsy revealed hyperplasia of the
Kupfler cells and large numbers of ymphacytes 1n the wnuses 1 2 casts
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Fig 1 Bone marrow biopsy trichromie coloration  Medullary tissue 1s yeplaced by
dense felt bhe retculin and collagen fibres Loosely scatiered lymphotd cells are seen in

the network Note active dilatation of medullary siuses (> 180)
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The lymph nodes, studied 1 2 previous cases, show lymphatic and fympho-
blasue with density of the hime texture
Thus, all hemoporetic organs exhuibit the same bipolar prohferstion in-

volving both the lymphord line and the cells gencrative of the stromal fibers
of the organs

There 15 an elevation 1n immunoglobulins 10 moss cases, but st 1s an
uneven one, without any evidence of monoclonal production (fig 4) The
ESR s increased 10 almost all cases

Diagnostie Discussion

The cytologie problem While myclofibrosis consttutes the most strilang
and constant ch the d cell prohfe may ofien gine
nse 1o controversy, owing 1o sts polymorphism

Fig 2 Bone matrow biopsy Gomon Estremcly dense rerculin hetworh, almost
every cell 1s surrounded by the mesh ( x 4803
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Fig 4 Duagram of scrum clectrophoresis 1 cases 1-10

In the blood the lymphocytes are moderately increased 1n absolute num-
ber An actual increase was found in one case only (case 1} Large lympho-
cytes are clearly predomnating, 1n 7 of 10 cases they constitute more than
50% of the cells seen on smears The small lymphocytes are relatively less
mereased The presence of lymphoblasts in the blood 1s constant The rather
large, rounded, nucleus 1 or 2 nucleoles (fig 5) The high percen-
tage of these, led to an inaccurate d. of acute Iymphobl. leukemia
n one case As opposed to such lymphocytosis, the monocytes are normal
or even reduced m number, which rules out the hypothesis of primitive
retrcular or endothehal proliferation The lymphoid nature of cells 1 the
blood 15 further confirmed by electronmucroscoprc studies which show the
nuclear structure to be of a lymphocytic type 1n 2 cases Also, the macro-
phagic test of carbon particles by those cells shows but sery weak trapping,
thus excluding their being of a monocytic nature These lymphocytes are
PAS negative In culture with PHA they transform normally 1nto blast cells
on the third day

On bone marrow smears — always poor, owing to myelofibrosis - a
simlar lymphocytic and lymphoblastic proliferation 1s found A fairly 1m-
portant number of mesenchymal cells 1s also seen, indicating the involve-
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Fi § Pet pherad blood Clustcrs of lymphocytes and fymphe blas { x 1,200y
Iz 6 Bone marrow Lymphocytes hymphoblast ret cular cell (x 3,200)

ment of the medullary network in the trssue damage (fig 6) Such cells are
polymorphous They sometimes resemble reticular cells witha ﬁm:ly beaded
chromatin  more often they are ytes with a h a
Tound often nucleated nucleus and a narrow pale blue-staining cytoplasm
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sometimes fibroblastic or endothelial differentiation 1s visualized on smears
There are always large numbers of bare nucler indicating that such tissue
cells have been torn from the medullary network Thus, such cellular pro-
hferation as a whole suggests a dual polanty, lymphord and reticulohistio-
cytic This 1s explained by a study of the framework of the hemopoetic
tissue, the most evident and accessible example of which 15 provded by
bone marrow biopsy

The my elofibrosis problem The involvement of the reticulin and the col
lagen network 1n tissue damage 15 the most sigmficant feature of lymphod
myelofibrosis But only by histological examination of the bone marrow
wll this symptom be demonstrated, since myelogram entirely fails to do so

Histological on d hes between 2 categones of cells 1n
such dens network on the one hand, reticular and histiocytic cells that
contnbute 1n the formation of the lattice, on the other hand lymphoblasts
and lymphocytes, arranged 1n clumps 1n 1ts mesh A sinmlar type of damage
15 also seen n spleen and lymph nodes [11]

Thus, the parallel prohferation of the network and its lymphoid cell
content accounts for the cellutar polymorphism 1n the disease and the dif-
ficulues 1n an accurate nosologic classificatton, depending upon whether
fymphoid- or reticulo histiocytic cells predominate 1n the samples Histol-
ogical study of the bone marrow show both types to be present in constant
association

The nosologic problem The histologic and cytologic charactenstics as a
whole differentiate lymphoid myelofibrosis from other lymphoproliferative
syndromes The disease 1s entirely distinct from chrome lymphocytic leuke-
mmia, which 1s never pancytopenic, where no lymphoblasts are seen, and
where lymphocytes ly exhibit logic defi y We never
1 our expenence found an increased density of the bone marrow network
in lymphocytic leuhemia and this 1s indeed a charactenstic shared 11 com
mon by all types of leukemuas, such diseases involving solely the free hemo-
poretic cells Lymphoid myelofibrosis 1s also distinet from Waldenstrom's
disease, of which 1t lachs the secretor character, despite an often elevated
immunoglobulin level However, both share a few common charactenstics
since, 1n Waldenstrdm's disease, the cytology 1s often polymorphic and the
reticulin network of the bone marrow 1s often denser Thus, Waldenstrém’s
disease also involves ~ though more partially - the cells of the hemoporetic
frameworh

Most likely, lymphoid myelofibrosis groups together several data previ
ously described under the appell of leuhenue loendotheliosis [3]
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histiocyue leukema [6] or malignant histrocytosis [20] where similar fea-
tures, chinical as well as hematological, are found frequent splenomegaly,
blood pancy hypoplasia of the i presence of [ymphord
and hxsnoqnc cells 1n the blood and bone marrow In fact, m such ob-
servations hstological studies of the bone marrow are lacking These would
most Iikely show the partiipation of the network, which goes on a par
with histiocytie proliferation

Some would wast that arculating cells are of an enurely histiocytic
nature 1n the syndrome [2] Such trend seems an exaggeranon, constdeting
the cellular polymorphism observed, and Leeping in mind the nonpartia-
pation of the monocytes which represent the arculating form of reticulo-
hisnocytee cells The histiocyte, by definition, 1s not a aireulating cell, and
1ts presence here brngs evidence for the proliferation of the framework in
a syndrome which, 1n other respects, 15 essentially fymphord

Practical Consequences

The understanding of lymphotd myelofibrosis 1s not of purely theoretical
mterest 1t makes 1t possible to gather together under a single pattern of
tissue damage, several blood disorders frequently encountered, but as yet
too 11l understood for a precise hine of conduct to be adopted n snstituting
therapy or establishing prognosis The finding of myclofibrous should 1n

Ch h

effect snspire the utmost caution in therag d I

currently used in Jymphoprolife e Ji entails a p ity of
prompt aggraration of cytopema, and earhier occurrence of biood aplasia
M the evolution of Tofib 15 very slow and the disease may,

for protracted penods requice no treatment Howeser, the frequent oc-
currence of aplastic complications makes its prognosis rather severe desprte
the usual slowness of evolution
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Stgnificance of Abnormal LDH Isocnzyme Pattern
1n Human Platelets
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Abstract The d stribut on of lactate dehydrogenase  Ary Pords

{LDH) isoerurymes 1n platelets from 41 normal persons  LDH tn thrombacy tes

and 59 pauents was stndied by d« polyacrylsmide  Pobacnlimide clectraphores +
electrophores s The resuhs were analysed satist lly  Thrombadyte enzymes
Compared to the normal contsols a group of Meed ng,
surg cal paients expected to exhub t & predom nance of young platelcts, showed 2 5 gnifi
cant decrease mn the rat o between H and Al monomers (decrease in T value)k W thna
geoup of myelo- and lymphoprol ferative d sorders normal T values were found 1 ¢s-
sential thrombocythaema chronx myelond feukaemez $laste leukaem 2 and chrome

Iymphate feulaema In myelofbrows T values were s gn fcantly decreased whle in
polycythaermus vera they were increased

Normal human platelets extubit a special lactate debydrogenase (LDH)
1soenzyme pattern [10 $3 23 24 30] A decrease in the ratio between H and
M has been d d especially 1n pauents suffering from

oracuté phlebothrombosts [13] The underlying mechanism
might be a shuft 1n mean platelet age andfor mtrinsic defects of platelets
andfor platelet precursors

By manes o Ak pelipmfamide Yactiorhiones s A present voady wined
at evaluating the LDH 1soenzyme pattern n platelets from a group of
bleeding/surgical patients expected to exhubit a predominance of young
platelets [I 5 9 20] and from patients sulTenng from myclo- and lympho-
proliferative disorders which are often assoctated with biochemical ab-
normahites of the platelets [2, § 17 28]
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Significance of Abnormal LDH Isoenzyme Pattern
in Human Platelcts

Fras Ursts KSNUDSES
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Abitract The distnibution of Lactate dehydrogenase Ay Bordt
(LDH} soerizymes 10 platelets from 41 hormal persons LDH in thrombocytes
and 59 patents was studied by disc pohyacrylamide  Polvacrylamude electrophoress
electrophorests The results were anafysed stattically  Thrombosyte enzymes
Compared to the normal canteols, a group of bleed ng.
surgical patients, expected 10 exhubit a predommance of young platclets, showed a ugmifi
cant decrease in the ratio between H 2nd M monomers (decrease 10 Tovalue) Within a
group of myelo and lymphoprohferaine disorders normat Tovatues were found in es-
sentual thrombocythaemia, chroni myelod levkaemia, blastic Jeukaenus, and chronic
lymphatic teuksernia In myelofibrosss, T values were significantly decreased, while in
polycythacmia vera they were increased

Normal human platelets exhibit 2 specal lactate dehydrogenase (LDH)
1soenzyme pattern [10, 13, 23, 24, 30] Adcv:r:asc in the ratio between H and
M has been d P y 1n patents suffenng from

et or acute phleboth: (13] The underlying mechamsm
might be a shift s mean platelet age and/or intninsic defects of platelets
andjor platelet precursors

By means of disc polyacrylanude electrophores:s, the present study aimed
at cvaluatmg the LDH 1soenzyme pattern in platelets from a group of
bleeding/surgical patients, expected to exhubit a predomuinance of young
platelets [1, 5, 9, 20], and from patients suffering from myclo- and lympho-
proliferative disorders, which are often associsted with biochemical ab-
normalities of the platelets {2, 8, 17, 28)
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Toble I Average T values, Standard dewiations and p-values in she total materal

Dugnoss Caces Tralues SD 3

Normal controts 4 awe 004

Surgreal controls 7 019 (11} 03

Blecd ng surgxal group A 01 003 =001

Stored blood 6 027 L1} «000)

Myclo- and lymphoprohferatne

disorders
Essential thrombocythacma 3 ol6 005 ~02
Chronx: myclowd fevkaemsa s 017 002 ~02
velofibroms 6 014 002 00t
Polycythaemia vera 2 025 00} =002
Blastic leukaemsa 4 020 oot >02
Chronie hymphate leukaemia s 017 006 >02

Total 1

Pobycythasmia ere

Blactd Jozema

Chvom hymphore Insaens

Fiz 1 T values in the total material Abscista T = log. H A
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Compared to the T-values of the normal controls, those of the surgical con~
trols did not show sigmificant differences (p>-0 3), whereas the T-values 1n
the bleeding/surgical group were sigmficantly lower (p =001} High T-values
were found 10 stored platelets (p=0 001)

Wathin the group of myelo- and Iy mphoprolferatis e disorders, normal T-
values were foundan essential thrombocy thaenua, chrome myelowd leukaema,
blastic leukaemia, and chromie lymphatic leukaenua Ia myelofibrosts T-
values were sigmificantly decreased (p=001), while i polycythaenua vera
they were increased (p=002)

Duscussion

The 1mvestigations were done to clanify our previous observations of
abnormal LDH isoenzyme patterns :n human platelets related to metastatic
cancer and acute phlebothrombosis [13]

The factors influencing the ratio between H and M monomers in platelets
are unknown Platelet T-values might merely refiect the cytoplasnue LDH
1soenzyme distribution of the mature granular megakaryocyte Howeser, the
T-values of platelet precursors are unexplored

Another mechanism might be operative, 1 e, a change 1n Twvalues duning
the hifespan of the platelets Transitzon from cathodal to anodal forms ofso-
enzymes 1n the bovine lens 1s associated with cellular ageing [27] Age-de-
pendent T-values have been demonstrated 1n erythrocytes, probably cor-
related to faster inactivation of M monomers dunng agetng i oo [25] 1
the same applies to the platelets, T-values might be decreased 1n young,
increased 1n old platelets

Protein synthesis i the platelets scems mited {11, 12] and decreases
duning thesr hfespan (26] H and M monomer synthesis, based on the cxst-
ence of stable messenger RNA in the platelets [31], can hardly be behieved to
play any significant role in the shifts m T-value duning the Ifespmn of the
platelets However, no data concerming this problem are avarlable Further-
more, T expresses a relationship betwcen enzymatic achivilies, a simple cor-
relation between activity and amount of H and M does not necessanly eust
Frnally, it cannot be excluded that ceilular environments are able to exert
an effect on the 1soenzyme pattern by mfluencing the stability of the mono-
mers 1n the tetramerc state {3]

The present study demonstrated abnormally low T-values 1n a bleeding/
surgical group. known to exhibrt an excess of young platelets Low T-values
were p Iv found tn 1c cancer and 1n acute phicbothrombosis
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(33}, disorders often combined with non-speaific thrombocytosts [18]. prob-
ably duc to young platelets This supports the view that T-salues might be
related to mean platelet age

The hugh T-values found in stored blood agree with the well-substantiated
(nstability of the M monomer to cold i sitro [16) The low T-vatues found
1n the bleeding/surgical group were not due to blood transfusions

Most previous authors have reported normal or shehtly shortened platelet
surval in myeloproliferative disorders {21} As a shortened platelet survinal
has been found 1n cross transfusion studies, 1t has been suggested that plate-
lets from such patients have intnnac defects [17) Abnormal platelet atkaline
phosphatase actinty [2] and zymogram [28) have been reported in myelo-
prohferative condiions The low T-values fourd 1n myelofibrous might be
correlated to a shortened survisal of the platclets, but the high parameters
1n polycythaemia vera can hardly be associated with a shift in platelet age,
as no well documented prolonged sunival has been descnibed in such cases
[8] The heterogenesty of T-values in myelo- and lymphoproliferatine dis-
orders ss so far unexplamed The sub-band pattern of the LDH 1s0enzymes
was previously found to be normal in myeloproliferaunve disorders [14}

The present results are suggestive of a correlation between T-values and
platelet age, although not all data are compatible with the theory As young
and old platelets extibit essential morphologcal {11, 12] brochemcal (6, 1),
functional [12, 19), and kinctic [11] differences, studies of T-values 1n extreme

platelet cohort populations would be of interest Such investigations are in
progress
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Carrier Proteins of Folic Acid Activity in Human Serum
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Abstract The nateral fohic acid acunity (FAA)an the  Aey Hords
serum, on Sephadex ® G 200 gel filtratron, 1s divided into  Carner protens of folc acid
3 fractions  the first 1n the band of 1 lecular pro-  Dusc elec
teins, the second n that of small molecular protems, and  Folic aad fractions
the third outside the protein band The second fraction,  Fohce acid tn human serum
o the present study, was purified by hydrovyapatite  Hydroxyapatite chromato-
chromatography, with the result that FAA emerged over  graphy
a narrow area of fractions In immunoelectrophares:s and
disc electrophoresis this arca contained only albumin

According to our carher studues, the folic acid activity (FAA) n the serum
of healthy human subjects was divided, on Sephadex® G-25 gel filtration,
mto 2 mara {ractons some 40% were taside and 60% outside the proten
band (5] Continued studies revealed that the FAA of the protein band 1s
firmly attached to proterns No separation was achieved either by ammonium
suiphate precipntation or by repeated Sephadex filtratons Tt appeared,
furthermore, that the FAA of the protemn band, on Sephadex G-200 filtra-
tion, was divided into 2 fractions [3] One of these was filtered wath the high-
molecular protems [4, 5) and amounted to some 5% of the total serum FAA
The other, about 30-40% of the total FAA, was filtered from the column
with the small-molecular proteins [5] This fraction will be reviewed in detat)
in the following study

Vaterial and Methods

The followtng phases of work were required to identify the FAA-carrying protem 1
the small molecular protemn band (1) gel filtravion (2) hydrovyapatite chromatography,
and (3) 7 and dise
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1 The gel fi trat on of fresh sera taken from venous blood was carned out w th Scpha
dev G 200 w thout protect ve agents 1 the wav dewer bed 1n detz | prevwanly [3] Unl ke
1he former method the molar ty of the sod um phosphate buffer was 001 m pH 70 The
prote ns of the fract ons were determuned w th the Beckman DU equ pment at a wave-
length of 230 ym The fract on volume was 10 ml FAA was detcrnuned from the frau
10ns a5 descr bed before {1).

2. For hydroxyapat ic chromat sraphy the FAA<arry ng smallmolecular prote o
fract ons obta ned in phase I were taken apart ( ndicated by arrow in g 1) The chro-
matogranhy column was prepared as follows B o-gel HT (B o-Rad Labonatores Rich
mond, Ca! £} was suspended in 0 01 3 50d um phospha ¢ buffer and pacled in th s buffer
into the 40 x 80 mm column The filttaton was started by wa hing the column w th0 01 M
sod um phospha ¢ buffer (about 100-°00 mi). The cluat on of the prote ns now took place
w 1 0075 3t 50d um phosphate buffer at pH 70 Fraction volume way $ mt and prote ns
and FAA were determ ned after th s phase as descr bed before {1] (g 2)

3 The FAA<arrying protemn fract ons obta ned 16 phase 2 { ndwated by arrow
fig 2)were stud ed by [ 8jandd scel s[1)10 Went fy
the Prote ns, as previously descr bed in detat The results are shown in Fgures Yand 3

Results

1 1In Sephadex G 200 gel filtration the serum FAA was divided into 3
mauma the first 1n the band of large molecular protetns the second 1n

20 r ooe
£
gl!) 0
g
s
T
; :
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£ 0 o P

F actons. "

Fz i X
eur r‘ | Sephadex G 200 ﬁl-lnl on of the test serum The pat ent was & man aged 32,



MARKBANEN/PFLTOLA

108
az 200
.
* .
. * ERCTYIN || -
. oee £
104 o . o 100
I3 . vee
£ . Ca LPeat, " .
£ . . T
c . g
s . s
¥ od - + o0&
k-] 50 7
Fractoos

hy of the protein frac

Fig 2 Conttnued n hy pat te ch
nons obtained on Sephadex G 200 fihrauon {fig 1) The prote n and FAA contents are

mdicated 1n the same way as in figure 1 Wath the protein fractions of figure ! 1475 ng
FAA was apphed to the column and the recovery was 14 00 ng FAA (95%) Fracuon 59
for protein 1de by

was taken from the FAA
(fg 3) and drsc electrophoresis (fig 4)

serum of fraction 5

with

Figla
obtatned by hgdrm)ap:ul:chromalogrzphy (t theantisera from Behringwerke AG Mar
burg FRG) & Identificatton of the same fraction with antialbum 1 (1)
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Fig ¢ Dusc electrophoresss (AY of the test serum, (B) of the Sepbadex G-200 fraction
indicated by arrow in fig 1, 20d () of fraction 59 obtained on bydrotyapatite chromato-
graphy The last mentioned contains enly pure albumin The arrow imdicates the point
where the run ended

that of smalt-molecular proteins, and the third outude the proten band
(fg 1)

2 When the fraction of small molecular proteins was further fractionated
by hydroxyapatite chromatography, all apphied FAA was found tn the band
Df\hc fast pmmm The recovery was 95« (fig 2)

and disc el b revealed, that the

FAA-bmdmg fractions obtained 1n hydroxyapatite chromatography con-
tained only albumin (fig 3 and 4)

Discussion

Tn our carhier studies we have been able to show that scrum FAA was
divided 1nto 3 mauma  the largest (about 60°%) outside the protein band, a
small portion (about 5%) in the band of large-molecular proteins, and the
vast majonty of the FAA of the protein band (about 30-35%% of the total
FAA)wn the band of small molecular protetns {3-5] As a result of the present



110 MARKRAMIN/PELTOLA

study, 1t was seen that the fast mentioned FAA-carrying serum fraction was
alburmn In discussing FAA - and outside the protemn band, it should be
noted, however, that the external FAA may hwve become detached from the
fractions of the protemn band dunng filtrations On the other hand, the FAA
attached to protemn fractions seems to be firmly bound, since it tolerates, e g,
an Ip} precip and repeated gel filtrations without
to the corresponding proteins [unpublished data]

bandonng its attach
FAA recovery in these cases was nearly 100% Similar results concerming the
occurrence of FAA in- and outside the protein band have been reported by
Rener and Huskisson [6, 7] Their absorption stuches with charcoal pre-
prrations coated with molecules of varymg size suggested that the mam
serum folate binder 1s of molecular weight 70,000-120,000 Since the mole-
cular weight of atbumin 1s 69,000, 1t seems probable that the concluston of
these authors concerning the FAA-carrying protem agrees with our finding

Before the kinetics of FAA 1 pathologreal clinical cases can be studied,
the proteins to which FAA 1s bound n the band of large-molecular proterms
must be ascertamed (fig 1) The technical solution of this problem may be
very difficult, for according to prehmmmnary studies these fractions carry
several high-molecular protemns [5) difficult to differentiate It may be
pomted out, however, that FAA 15 firmly bound even in these fractions, for
the complex withstands chemical and physical mampulations without
degradation

According to the experience obtarned 1n our laboratory, the tpartition
of FAA in the serum of 2 young and healthy subject s the rule The first FAA
maximum (in the large-molecular protein band) has exceptionally (though
seldom) been found mussing in the aged, espectally women Prel y
studies have also revealed that FAA associated with albumin was exception-
ally low m folate deficiency and Addisomian pernicrous anaemia When

galoblastic tapeworm was corrected, FAA 1n the albumin band
seemed Lo increase lunpeblisked data) In chnncal apphcations it 15 also -
teresting to study the effect of d affecting albi metabolism on the

binding of FAA to the albumin area

Achnonledgemenr Our thanks are due for techmcal help to M S¢ M Puukka
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The Occurrence of Homozygous Hemophilia in the Female

H Morita, M. Kacawi, Y. Epata and H YosHivura

First Department of Internal di School of Med Toho Ul ity, Tokyo

Abstract A case of homozygous hemophilta in a female  Aey Words
isreported Her father was hemophiliac and her mother was  Factor VIIT deficiency
carrier of hemophilia She has 2 sons who are both hemo-  Hemophilta in the female
philiacs The patient has had many bleeding eprsodes The  Karyotype m hemophiba
Jaboratory studies revealed that the patient has impaired  voN WILLEBRANDS disease
clotting mechamism attributable only to factor VI defi-
ciency

Although MachLin [1] demonstrated the possible eustence of female
hemophilia, 1t has been thought that true hemophiha in the female could not
exist because the double dose of the defective gene which mught occur in the
female bleeder would be lethat i wrero MoriTa [2) was apparently the first
to recogmze the existence of homozygous hemophilia, 1 a case first pre-
sented at the Annual Congress of the Japanese Society of Hematology held
1n 1943 From the results of the coagulation tests and fanuly pedigree, this
case showed all the features of true female hemophita Recently, the
authors re-investigated the same patient and the members of her fanuly
The resuits are incorporated into the present paper

Case Report

Y T Housewife, born July 1911

Fanuly kistory Among her relatives there are a number of persons with a hemorrhagic
dhathesis which was transmutted by sex-linked recessve inheritance (fig 1) The patient
and her probable bleeder sister had married normal males, and they had 2 and 1 sons.
respectively These 3 boys have been as hil with severe ar Js

Past kistory Nothing relevant except for the bleeding episodes
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LA,
Fie t Family ped gree

The course of the Bleeding illnest S nce her early ch 1dhood, ecchymones and ntra
fmuscular bleedings have occurred frequently #nd there was profonged bleed ng from
™ nor cuts. When her deoxduous seeth fell out she fad severe hemorhage espeaally st
2 ght Also, many hemarthroses ymo Yhe knees and ankie jovms have frequenty oecaritd
since her prlhood When she was 2bout 16 yeart old these ep sodes wers frequent and she
was Laken 10 school by car almost every 3 days desp te the school wasonly 1S maeak
away from her home In the same year she had an ep sode of hernaturis wh ch fasted for
several days

Menophania was scen when she was 15 years ofd At that 1 me menstrual cycle was
regular w th 4 days bleed ng period The del venes of her 2 soms 1934 and 1936, were
foltowed Dy very severe hemorrhages which caused anemza to such degree that she was
almost dead For the past 7 years she seems 1o be in menopattse However bleed ng

episodes 1€ hematoma and st Hoccur frequent
R4

Present 3ta us Physical exam nat ons reveal no ev dence of organic d scase She isa
housen fe who has grown normally wth average intell gency No anemia is prevent
1t 15 observed no abnormal ty in her chest and abdomen except for 31 ght hepatomegaly
There are some ecchymot < areas on both legs and on the back of the nght hand There
15 N0 severe restrict on 1n the range of mot on of her jo nts but muscular atrophy of 1 ght

leg sclearly recogn zed X ray exam nat ons on both knees and ankle jo nts show arthrosis
deformans

Methods

The bleedimg t me was measuced by the method of Duxe In out laboratory 2 bieed ng
time of over 5 m n 1s cons dered morb d Tourn quet test (Rumpe! Lecde) was performed
W h (he cuff of a sphygmomanometer and a pos ¢ ve pressure was mamta aed foc S ma
3t 10 mm under the systol ¢ blood pressure

Blood platelets were counted by the ind rect method of Mortra 2nd Yostrvura [3]
(normal value 525000119000 mm?) Blood used in the coagulat on stud es was pro-
cured by atraumat ¢ ven puncture us 1g a two-synnge method. Plasma was separated
from the whole blood by centr fug ng at @ C the m xture of the blood and ant coagulant
(38% sod umctrate} at the rat o 9 parts of blood and 1 part of ant coagulant
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Whole blood coagulation time was determined by the method of Lex and Warre [4)
{normal values 7-12 min 1n glass tube 20-30 min In sthicone coated glass tube)

Restdual prothrombin n serum was d at one hour after the
coagulation was completed at 37°C by Rosenp1eLd and TUFT s one stage procedure [5]

Thromboptastn generation test was performed with 3 modified method denved from
erigmal Biaas and DovGLas s method (6]

Q of bin factor V, factor VII and X complex factor
VI were performed by WARE SErGers two-stage method Worr s method [7] OwREN S
method {8] and Pri~ey s method 9] respectively The actinity of factor IN i serum was

by test

The of I: was performed by determimng res
caleified clotuag time when increasing amounts of the patient s plasma were added to
normal plasma Plasma fib) was d by tyrosin i
method

Results

Blood cell count and the hemogram are shown in table [ and the results
of the basic coagulation studies are summarized 1n table IT The results of
the thromboplastin generation test are presented in table TII Correction
studies using the mixture of patient’s and known hemophiliac’s adsorbed
plasma as a reagent in the thromboplastin generation test revealed no cor
rection of the defect (table 1V) The presence of crrculating anticoaguiant
could be excluded 10 reducing the clothng time to normal range by the
addition of 20% of normal plasma to the patient’s plasma

These results have led the authors to conclude that the patient’s plasma
was sigruficantly defictent in factor VIII The number of chromosomes was
46 with normal haryotype

Discussion

The hemorrhagic tendency of the patient appeared with ecchymoses and
mntramuscular bleeding when she was 1n her early childhood Subsequently

Tabdle I Hematolog cal data of the patient

Hemoglobin *e 90 Neutrophuls stab ®e 20
RRC *10¢ 490 segrcated *» 25
Colour index 092 Eosmophils *e 13
Reticulocytes %oo 27 Basophils *s 1o
Thrombocytes x10% 330 Monocytes o 50

WBC 9100 Lymphocytes *e 180
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Table Il Hemostatic studies on the patient

Bleeding me, min 24
Rumpel Leede test negaine
Platelet count, = 10* 580
*Whole blood clotting time.

1n glass tube, min 24

1n slone tube, mun 150
Recalafied plasma clotting time, se¢ 290 (166)
One stage prothrembun time, 100
Prothrombun concentration ®e 95
Factor V activty, *e ns
Factor VIl and X complec actinity, o 100
Factor VI activaty, *o -2
Factor [X actmity, *» 2%
Residus! prothrombun in serum, 1 b, *s 100
Plasma clot retraction normal
Plasma clot lysis, 24 h, 37°C negatne
Plasma fibrinogen, mg *+ 360
Platelet thromboplastic (actor normal

Table 111 Thromboplasuin generation text

Thromboplastin generatng mutture  Teme 1n pun that thromboplastin generating mux
ture was incubated before added to substrate

platma

Sourceof Sourceof Sourccofl 1 2 3 4 3 6 T

platelets  adsorbed  serum Clotung time 1n sec of substrate plasma to which
plasma thromboplastin generating muxture and CaClg

solution were added

Normal Normal Normal 36 103 100 92 90 94
Notmal Normal Patient %6 w01 98 94 92
Normal Patent Normat 330 364 215 192 (84 182 202
Patient Normal Normal 384 14 102 94 92

94 92
shie fias fad A episodes including p bleeding
foll cuts and h h Lab. 'y observations have led to the

conclusion that the substance deficient in the patient’s plasma 1s no other

than factor VIIT A and other mhibitory could be
excluded
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Table 11" Cortection of prolonged recalarfied plasma clotting timie of the patient s blood
by the addition of normal plasma, bariem adsorbed normal plasma and Anown hemo-

philie plasma

Miang ratio
Patient plasma 10 8 5 2 [
Normal plasma o 2 5 8 10
Clotting time, sec 692 2 133 129 138
Pauent plasma 10 8 5 2 0
Adsorbed plasma o 2 5 10
Clotting ime, sec 762 163 134 129 1,800
Patient plasma 10 8 5 2 °
Hemophthe plasma o 2 5 8 10
Clotung time, sec 756 672 716 738 1019

There are 2 possibilities that can give tise to a true female hemophilia
One 1s when a male hemophiha marries a carner female, both contributing
an X-chromosome containing hemophilic gene, the other 1s probably when
mutation 1 & carner female occurs The former possibility was proved by
BrinaHous [10] by pr the female hemophilia of the dog The authors®
patient 1s a daughter between a h hiliac and a carrier. And 2 sons of
the patient have true hemophilia Therefore, the patient 1s no doubt homo-
zygous hemophiliac

This case was first reported 1n 1943 [2] At that t:ime, the defective clotting
mechamsm and the large famuly pedigree definitely suggested that the paticat
was a female hemophuliac It was the very first case report of a true female
hemophilia In 1951, MershEY {11] reported 2 cases in which the laboratory
data corresponded to the data of hemophihia In the Iiterature there are 4
additional cases of homozygous hemophihia [12-15] These patents, n
addition to charactenistic heredutary pattern, had laboratory findings show-
g true hemophibia, though the factor VI assays were not performed

Some years later, LARRIEU ef af [16] and others [I7, 18, 19] reported
several patients with bleeding tend stmlar to hemophiia and lacking
1 a plasma factor which, they thought, was factor VIIT This discase, how-
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over differs from berophil 3 10 several aspects. [n these cases the hemor
thag « terderces appeared with domunant bered tary pattzmm ard the beed
tng tirs were constar 1y prolore~d This coad tion was later referred to
as vos Witterrasn s d scase [20 21 22] Our patient bas nothing to sug
25t VO WILLERRAND S ¢ s2ase 1n every serse There are many other re
ports [21] on fema'es with Feorrhape d atbeus whose Mood coagulstion
tr~e was prolon==d. But, it 8 rean rzles 1o d wctss about the previowly
rpont=d cases whch Lk the 1mest zat ons wh h are coni dered recoyary
today

Treech pore to be duactssed 04t 4 pat ent v be to distimge shoaar
ner st2 2 from the true Femort 2 Whent the eoport~d cases of the carrer
frrales {24 32 2 viewed 1 1 foumd that they enly pase Heed ~g
epsodes and that several carrers 2% 35] had par al -7 e ey of factor
ST In cur laboraton 23 corfrmed carmers of Frmogh 12 A Faue beo
1" estn =2 [A] These carmess, exertfor 2cases. were bea' Ypard » Fout
blesdag b s ary The awrpteral 2 qsa ke had - W Heed -~z terderans
such as exsy 10 brane aad pemorrhaga. Facter VT crecemrrye an of the
blood was ¢ ¢ v but s~ fcanrly Tow abTe the others 0l & B the
nor=al paee

[nf eported case {311 tre stadv of the chromosearer of 3 foma ¢ bemo-
TF 2 sbou-d 1227 sbe was pretal's ma'e desp te ber phvscal rak- Ly
T+ a2 bors e corcaved 3 £ ex. whi® proves that the case 11 0t
Prae Abo the chromasere studs pearred for tofrrece deror
$rad 3 frmale sotehecmaia po .
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Prophylaxis of Joint Hemorrhages in Hemophilia?

S vaN Crevelpt

Hemophtha Cltmc, Huzen NH

Abstract A description of the continued experi-  Aep flords
ence acquired by iy of eny Cryop
respectively 2 and 3 times a weeh m the prophylactic  Hemophilia
treatment of 2 young patients with hemophilta A now  Joint hemorrhages 1n hemophilta
extending over peniods of almost 3 years and more  Transfusion in hemophilia
than 2% jyears The conclusion that with 3 trans
fustons per week of one cryoprecipitate equivalent ta 900-1 500 U of AHF weekly,
effectine prophylaxis of joint hemorrhages 1s achieved in these patients seems Justified
Durng these periods hosprtal admissions were reduced fo a few only, and were with one

account of & trauma d the changes in the jomnts already ewusting

before prophylactc treatment was started showed practically no progresston

In a previous article [2] we described the expertence acquired 1n pro-
phylactic treatment of jornt hemorrhages n two boys, H and K, suffering
from hemophiha A who had repeated ot hemorchages in the past, and
who were 1n danger of becoming crippled

Lase Reports

‘The prophy lactic treatment was carried out by (3 of {i dried cryoprean
itate® prepared by the Central Laboratory of the Netherlands Red Cross Commenang
with 3 transfustons & wech of respectinely 1 2 and %-1 frecze-dried cry oprecipitates each

+ YWathtechmeat assistance from Mes D L FrEse Vorsteemav The Editors announce
with great sorrow the sudden death of Prof Dr StvoN va~x CreviLp on March 10 1971
at the age of 76

2 Each frecze-dried cryoprectpitate 1s prepared from 1000 ml plasma The AHF-
contents of 1 cryo 1s at the most 30-50%s of AHF 1n 1 000 ml plasma
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prepared from | 000 ml plasma #nd equnalent fo a mimmum of 300 U AN, when the
bays were 10 years and 10 years and 4 months ald, we gradually came down to 3 trans.
fusions a week of half a frecze<dned cryo The latter done was, thercfore, equivalent to
approumately 490-750 U ANT per week

Prophvlactic treatment of patient H was first begun o 17 11 1957, and of patient K
on 10 2. 1968 Ina previous article (2] we reported on our findings afier 10 and 8 menths.
respectively Since then prophylaus was continued, and to date {Ist November, 1970)
covers a penod of almest 3 years for patient H and more than 2*, years for patient N

‘The shght complants of various points with restracteon of mosemnent. but not accompa+
nied by redness or swelling of the joint, and not requining extra transfusions which oce
curred when prving half a cryopreapitate 3 umes 8 week inimallv caused s Rot (o alter the
frequency of the prophy ! but the amount of cryopreaty tostesd of 3
times & week s cryo we fint gave a whole and # haif ¢ryo afternatnely We then for 3
while gave 3 nmes 8 week 1 ¢rye Some months ago we had 2gain come down to wice 8
week 1¢ryo, but 1n view of the fact that when gnving thes amount lemporary complaints of
the Joints agun occurred more frequently, two months 2g0 we went back to 3 tramfuvons
a week of [ cryo, equivalent to 900-1,500 U AHT per week This was sucoessful

Durmg the penod following upon the one described t our previous article both
ratients had several injunes The<e required temporary additional therapy, and on one or
%0 occasions admisuon to the Clmsc was pecessary (The fact that i general such in
qunes in hemephibia occur more frequently in childhood and during adolecence thanat an
adult age makes 1t difficult to compare the fesults of prophylactic treatment of children
suffering from hemophilia to that of adutts with the same disease )

Cemplaints of the joints not only accompanicd by restriction of movement, but also
by sheght swelling and & nise 1n temperature of the afficred joint also occurred at longer or
shorter intervaly particularly whea we were phang 2 transfusions 2 week However, by
temporarily grving an extra transfusion, of by Increasing the dosis of cryoprecipitate fo the
ume being these complamts quickly disappeared, and without exception much more
Tapdly than belore when no prophylats was given

When trying to find an explanation for these symptoms we should probably in addition
10 shight, unnotwed tjunies alo take into xccount Ihe Increased bleeding tendency 1n
hemophilia which 15 oftens manifest at certatn times of the year, as well 23 the d flerences
11 the AHF-contents of the various cryoprecipitates and the fact that the panents are
growing Patient H s weight increased from 308 kg in November, 1967 to 493 kg on

111 1970, and patient K s weight from 27 2 kg in February, 1968 to 38 kg in October,
197

11w of great importance that we took X rays at long intervals of several younts of both.
Patients 1n which frequent hemorrhages had occurred before prophylactic treatment was
started. We took X rays particularly of those jonts which had given most frequent fise to
somplants exther or nat accompanied by swelling and heat duning the period of pro-
Phylactic treatment A few of these X rays are shown in figures 1-5 (1 and 2 pavent H ,
3,4and $ panent N ) The malformations of the joints already in eustence when pro-
Phylache treatment was begun show no further increase From this we think we are
Justified in drawing the conclusion that during these years there has been no question of
%vere joint hemorrhages Simultaneously the functional condition of the jonts has atso
femained unchanged
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Fig 1 Pavent H, 26,6 1968

~T

Fig 2 Pavent 1, 12.8 1970
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Fig 3 Panent h 6 10 1968

Tablc I shows the pumber of admisuons to the Hemophilia Clintke on account of severe
before and afier hylactic trestment was started The d fference 16 sell

evident In recent ycars the admissions were, therefore, much fewer than before and with
one exception were always connected with obsious injunes

The fibrinogen contents of both patients plasma was repeatedly determuned  This
fuctuated between 330 and 420 mg®s There was thercfore no question of a pathological
elevation Furthermore the liver functions repeatedly praved 10 be normal, to which we
should add that after the great number of’
developed nerther were anubodies against the Av antigen found (Dr BauMueLHL1s)

Moreover the frequent transfusions continued over several years never caused un
pleasant cimical symptoms Both patents remarmed in excellent general condition, they
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Fig 4 Patrent K B 10 1969

both make a perfectly normal impression They both swin and nde a bicycle There ts ne
tonger any question of exther the boys or thair parents being 1n a state of depression which
they were repeatedty before prophylatis was started and both boys were often bed ridden
on accaunt of frequent hemorrhages

Trrespective of those occasions on which the boys were hept at home by therr parents
as a precavtion on account of shight complimts of the joints or on account of an obvious
imyury their absences from schoot have been snsignificant During their periods of ad
mussion (o the Clinte thev recenved regular msteuction

Discussion

Since our first article appeared there hve been several more publications
on the subyect of longer or shorter penods of prophylactic treatment of
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Fobfe § Number of admusuans Lo the Clsie

Pauent )1 Fatient X
1965 3 2
1966 2 S
1967 5 N
1968 I once ta evtablnh
prophylactc treat-
ment, once ahier
inyury
1969 2 both ames oq gacount 2 once aficr ingury,
of injury of which once for & days on
oNCE 1AV Capitid account of a shight
Jowt hemorthage
19710 1 on account of a doghute 1 afiee iy
(untd Nov 1) 1 the feft hand

hemorrhages in hemophilia A (and B) The starung pant was as a rule the
fict that in subhemophidia A 10 which the AHT-level of the plasma 1s above
5%« bieeding will only occur afier a more or less severe anjury. Therefore, 1f
31 were possible 1o hold the AHF-level of the plasma abosve 5% a good
hemostasis could glways be mantamed, and no more joint fiemorrhages
would occut, This, howeser, would require at least one daily transfusion of
an adequate amount of AHF which 10 actual practee 1s not feasible for our
patients Moreover, those msesugators who did apply such a method did
ot all get the same results In our patients 23 h after transfusion of one
cryoprecipitate the AHF-contents of the plasma had already descended 1o
2-3%, and after 48 h to the ongimal Jow jevel
KasPer e1 af [5] treated adults suffening from severe, clasyic hemophihia
who had frequent hemorrhages When they gave 250 U AHF daily the
frequency of the bleeding peniods was reduced to half, and with 500 U/day
10 ‘4 of the frequency without prophylaxis When they gave 2,000 U once a
week no blerding occurred dunag the fiest 24 b, bat did agn an the muddle
of the werk when she AHF contents of the plasma had again descended to
the original tow \eye)
Brrnkuous e af (1] found that when they
divided 1nto equal dasly porhons the AHE lesc
above 5% dunng 70% of the 24 During the re:

pave 3,000 U AHF[week
L in the plasma reoamed
MAInNg part of the peiod
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Fig 5 Pauent K,29 7 1970

the AHF-level of the plasma was between 1-4% When this weekly dosis of
3,000 U was given m 1 transfusion the AHF-level of the plasma remained
higher than 5% for approximately only 2 days after infusion, or during
33% of the ime At the end of the period no demonstrable quantity of AHF
was found n the plasma When the 3,000 Ufweek were divided 1nto equal
doses given every 48 h the AHF-level of the plasma remaimed above 5%
durning the first 24 h after injection, or during 50% of the ime Durning the
remaining pentod the AHF-leve!l in the plasma was from 1-4% No hemor-
rhages occurred during any of the test periods, although they were frequent
when no prophylaxis was gnen This expenience 1s not qunte 1n Iine with the
findings of KASPER ef al [5]
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HirscrivaN ef al [4) reported their expenence in the prophylactic treat-
ment of 4 patients over peniods up to 2 years Two of these panents suffered
from hemophitia A The other 2 patients were twins with the unusual combi-
nation of hemophilia A and yon WILLEBRAND'S discase When the Ist
patient was gnen a dosis of eryoprecrpitate prepared from 3 1 of plasma,
comparable to 1 200-1 000 U AHF, 4 umes 3 weeh, no joint hemorrhages
oceurred duning 2 months When he was given a lower dose they did again
from ume to time The an patient required considerable more AHF 1n
ordertoasoid dmgs Thetwins with h h A combun-
£d with Yov WiLLEBRAND $ discase had occasional jont hemorrhages when
they recened 4 transfustans a weel, though conrsiderably less than before
The dosis of AHF (900-1,500 U) gisen weekly to our patients in 3 trans-
Tustons, when considenng their warght, corresponds quite well to the doses
found to gine effective prophylaus in the adult patients descnibed above
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R Buranarot Farbatlas der Mimschen H fe vor h h und hoochen,
Springer, Berhn 1970 NII+1t5pp, 7"l Pp DV 248~

Dielangerw dnschte Ernaiterung dragnostischer Maghchheuten diber die Knochenmarks.
zytologie, die Ronr schon 1960 praktisch ausgeschSpft hat, hinavs zur Markhistologie am
unentkalkten Gewebe mut erhaltener Organtopographte 1st durch die von BURKNHARDT ¢nt-
wichehie Techmh endlich wahr geworden Der vorhegende Atlas bemgt die Frichte pbre-
langen Bemithens um cine verbesserte Aufarbeitung des Gewebes durch Kunsistoffein-
bettung, d hnk muttels Har rotom und Firbeme-
thoden, dic v a der vertrauten May Grinwald Gremsa-Farbung nahehommen Uber 700
Farbmikroph hen der Qualuit zeugen von optrmaler Steukturerhal-
tung des Gewebes, geben e ab, d Bild des Spektrums von Erv
Arankungen des Knochenmarks und Knochens als Organ und demonstrieren iberzeugend
die Uberlegenhest ciner homb ! 1 histol hen Di L Der 1S
Seiten starke Band bningt zuerst eine hrend h der dien Technih
und kurze U iber die all Histomorphologte und Pathologie sowie
iiber die Mimsche Bedeutung der Histopathologie des markhaluigen Knochens frt Ver-
zerchms der emnschligigen Literatur) Der Bildtei! dohumentiert sodann die normale Hi-
stologie des spongiosen Beckenhammhnochens, zeist die Strukturelemente des Knochen

dre normale Blutgefa und die El des retihuliren Grund-

gewcbes und des Mark sowie des myeloischen Pareachyms Der spczxdlc Terl
hreibt zuerst Panmyelopathren {mut avsfuhrhcher T von Myeltisb

dre der Autor offensichtich bcscnders sorgfalug erforscht hat), dann Verinderungen der

Erythrop d:rT' poese, Myelop ungen uad schliesslich die

hen Himob das Ost lofiby und -shlerose-Syn-

drom sowie myeloische Neoplasien Daber ward bet jedem gezeigten Fall ganz hurz die
Klinische Symptomatologie mutgeteilt und jede Bildserte bringt - nach Art der Fussnote
dargestelit ~ une Lnappc generelle Beschreibung mit Anmerkungen zu Momhogenese.
hol der Bilder und mut
Uberltgungcn Aul glewche Veene veelihet der Autor bet der Darstellung tymphatischer
und retihularer Veednderungen und schhiesst mut dee Demonstration der eigentlichen Osteo-
pathien und yon Tu Eme ernh rte pra\tische Jdee des Verfassers
Dem Band ward emne o hablone mit tatte zum Auflegen avf die Mikro-
photos mutgegeben, de die Lokalisation der jewetls beschriebenen Detalverinderungen for
den Leser serenfacht Der Atlas st eme willkommene Berercherung der himatologisch-
morphologschen Literatur und st far alie titigen N ) fur }
pischnteressierte Kiiniker, aber auch fiir den ahadenmschen Lehrer e wertvoller Berater
i Fragen der Diagnostk und Klassifihatron Der Immunologe, Endokrinologe oder der
Onhologe findet 1n diesemn Atkas die 1 vicler K sm, von
Erkranhungen aus seinem Spe2nalgebiet und nicht zuletzt kann sich der junge lermende
Mediztner rmt Hilfe dieses Bandes nut der Knochenmarksmorphologre sertraut machen
L Biancwm, Rasel
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Introduction

E Poru

The progress made dursng these fast 2 years in the study of the physico-
chemical and metabolic propetties of human normat and feukermic DNA
concerns {1) the discovery that the chromosomal DNA of cukaryotes
comprebiends famihies of molecules having = different repettivencss of the
nucleotsde sequenc, (2) the stedy of the different molecular forms of human
normal and leukemic mitochondnal DNA, (3) the discovery that DNA-
polymerase, at least in Escherichia coh, 1s not the enzyme that determunes
DNA synthesis 1 rivo, DNA-polymerase would only play a role of repair
enzyme in fivo
Concerning the first pornt it has been shown recently by studies on the
kinetics of renaturation of DNA that the genome of cukaryotes contans
repeated nucleotide sequences, which are formed by short nucleotde se-
quences, a few hundred nycleotide fong, repeated 1n a more or Jess identical
way 2 hundred thousand times, up 4o one or two pullion umes along the
genome These hughly repeated fractions of the genome correspond to the
nuclear satelite DNAs, which can be isolated from the corresponding main
beterogeneous DNA because they band an a different postion 1n density
gradients of neutral caesium chlonde or of silver and mercury-cacsium
sulfate at equilibrium
Beside sateflne DNAs there 5 1n the genome of eukaryotes a fraction of
DRA, having intermediate properties between thoss of the hughls ted
satellite DNAs zad of the not repeal N
4 epeated nuclear heterogeneous DNA

Ths DNA, called “the stermeduate fraction® accounts 1n human genome
for slmost 20% of the fota} As satellite DNAs account in humans for
“l;mlmzle\y 3-4% of the total genome, the remaiming B0% 15 made up
Ol not repeated heterogeneous DNA
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Concerming the function of repeated DNAs there are at present 2 mamn
theones According to the first, they should have a function of regulation of
gene transcniption According to the second theory (the one at present sup-
ported by more experimental data) some repeated DNAs (te those having
the highest repetive frequency) should have a structural role they appear
to be located 1 the heterochromatin in the mtermitotic period and n the
centromeres of chromosomes during mutotic cycle, and should have a func
tion 1n the organization of chromosomes

Regarding the second point, human mitochondrial DNA, extensne
msestigatiops have been carned out sn vanous kunds of leukema by Vino-
GRAD's group 1n Califorma The presence of circular dimers 1 the mito-
chondrial DNA of chronic myeloid leuhemsa has been particularly studed
Ttus molecular form 1s almost pletely absent i the hondnal DNA
of normal subjects and of patients affected by other kinds of leukerma
Furthermore the frequency of circular dimers appears to be reduced follow-
ing a treatment with antdeukemic drugs The interest of this finding was
due to the fact that for the first time after the discorery of the Phuladeiphia
chromosome a correlation was established between the leuhemtc process and
a speafic modification 1 the DNA of the leukemic cell As it 15 almost
certam that mitochondrial DNA codes for some structural protems of the
membranes the presence of arcular dimers 1 mitochondnial DNA of
chronic myeloid leukemua cells could be in relation with a structural modifi-
cation of the membranes The presence of circular dimers could be a conse-
quence of a modified activity of the enzymes which regulate DNA synthesis

Recently 1t has been shown that circular dimers are present 1n the mito
chondrial DNA of cells 1n tissue culture in particular conditions They were
found in tissue culture cefls mantaned 1n a stationary growth phase, ot
following starvation of amioacids or treatment with cycloheximde, which
inhibits cytoplasmic but not mitochondnal protetn synthesss These consid-
2aataons, honsien, do not seem 06 Gecrease the relevance of the obseryalon
of CLAyTON and VINOGRAD

Concerning DNA synthesis Dr GALLo, wha kas been wnvited as a dis
cussant, will review the argument 1 would only like to point out the recent
discovery that Kornberg’s DNA-polymerase 1 Escherichia coli does not
seem o be the enzyme responsible for DNA synthests i 1iro ‘This could
perhaps open a new senes of imvestigations on the enzymes which regulate
DNA synthesis also 1n human leuhemuc cells

For what concerns RNA, a considerable progress has been made 1 the
study and charactenzation of new types of RNA the 5 S and the 7 S,
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among the RNAs having a low molecular weight. New asofation techmiques,
particularly the gelclectrophoresis have been acquired, by these techniques,
attempts to 1solate and charactenze specific messenger RNASs, Like those for
hemoglobins and antibodies, are being made

Important progress has been made i the study of transfer RNA Tt
has been suggested that methylation of transfer RNA may be associated

with the 1 of 1 hyp hyla-
tion appears 1o cause & prog decrease in d P The
role of 1 sinth enzymes in neopl. d has been 1a-

vestigated. T think that Dr Cirve will speak as a discussant on RNA
about all these arguments, as well as about nbesomal RNA and its pre-
cursors I would only like to make a bef comment on the piant heterogene-
ous nuctear RNA This RNA, extensively studied 1n HeLa cells, but as far as
Tknow not yet tharoughly studied 1n human leukemic leukocytes, 1s charac
tenized by its hugh molecular weight and sts nuclear localization It could
have the function of transfernng a message between different sections of the
genome It mught be concerned with the function of gene regulation, which
has been suggested for the repeated DNAs E pour
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Synthesis and Metabolism of DNA and DNA Precursors
by Human Normal and Leuhemic Leuhocytes

A Summary of Reeent Information

R C Gauo

Section on Cellular Controi Mechamsms Human Tumor Cell Biology Branch Nattona!
Institutes of Health, National Cancer Institute Bethesda Md

Abstract ‘The synthests of DNA and the metabolism  Key Hords
and synthesis of DNA m human  Ch of leukem 2
leukocytes are reviewed Despite the difficulties from in DNA metabolism
complete nformation on leukocytes only data from  Leukemuc cells
leukocyte systems have been employed Emphasisis placed  Leukocyte metabolsm
on (1) control mechanisms (2) pathways and enzymes
that appear to be the most relevant to chemotherapy of leukemia, (3) some of the rechnical
problems and difficutties 1n interpretation of data in a heterogeneous celtular system {4)
enzymatie quantrtatne changes during leukocyte maturation, (5) the control and alternate
routes for synthesis of thymidylate the key DNA precursor, and {6} on recent information
partcularly regarding DNA polymerase(s)

The task given to me by Dr PoLLIss to review the information we have on
the metabolism and synthesis of DNA and some of the enzymes of DNA
metabohism i normal and leukemic human leuhocytes Because of ime and
space hmitation and my own farmittanty 1 have in some cases utihized studies
from our laboratory to illustrate specific pownts and [ have concentrated on
the most important aspects of this topic, namely, control of DNA rephcation

Abbreviations used wn the text A=Adenine G=Guamne T=Thymme TdR= Thy
mdine (deotythymiding) TMP or dTNP=Thymid late (thyrmdme 5 monophosphate)
U=Uncal UR=Undine UMP=Undylate dUMP=Deoxyundylate DHT = Dihydro-
thymine DHU=D hydrouraclt dGTP=Deoxyguanosine-5 triphosphate  dTTP=De-
ovythymudine 5 triphosphate  dCTP=Deoxyeytdine § trphosphate  JATP=Dcoxy-
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adenosine § tnphosphate  CTP=CyudineS anphosphate PHA=T

dR 1 P=Deoxynbose 1-phosphate 5-PRPP =S Phosphonbossipytrophosphate duDP=
! dine-$ “Aiphesphate CDP=D dine § diphosph:

‘Whether one 1s chiefly e d 1n the molecular p of leuk

o the more practical aspects of present-day chemotherapy, cellular mecha-
nisms forthe fine control of DNA synthesis forma major focus of our interest

Some Probiems in the Interpretation of Data on DNA Syathesls in Levkocyter
Before reviewing information on the metabolism and control of synthews of deoty
desand DNA P fibep hetent
1ty these Measurements, partcutarly apphcable 1o leukooytes
1 Cellular heterogenelty la comparing any brockemical parametet botween Aifferent
pauents, ¢.g., normal And feukemic 3t 15 essential 10 keep in pund that we are usually
dealing 10 both cases with a mrved population of eclls
2 Cells of different levels of maturity Smce leukemie cells are ‘mostly immature and
penpheral blood feukocytes mature cells d flercnces may only reflect differences berween
cells at different levels of differentistion rather than between leukemic and potmal ey
perse
Toatertun degree there a1t some ways of gesuing sround both these problems Firs,
one can sotate in relauvely pure form penpheral blood tymphocytes. € g by mylon cotuma
chromatography, and compare these cells to CLL lymphocytes Secend, one might be
imterested 1 companng pengheral blood of normals with those of Jeukemue patwes 3 in
hematologic renussion Third ong can compare CML Jeukocytes #1th leukemond reactions.
The real problem 1s what normal cell do we compare 1o & leulemic blast ecll® As yet there
1800 satsfactory way of 3 of pure’ myeloblasty ex Iymphorlasts
Trem normal bone marrow This remains one of the most imporiant fechnical probiers
‘hematology Thus, at present, the main compansems made between normal and eukrex
‘plast cells are by radiotutography with ity inherent bimnations For Socherea) coempan-
‘sons some approaches wsed in our laboratory for comparnson of blast® cells kave it ded
ALL N brasoed b PHA srmmctae
uon of normal fymphocytes (38 and (b) compansons of the JymThoblasts that grow m
Tong-term tissue culture originally denived from periphenat blood of patients wih ALL and
from nofmal donors [36, 653 Although thewe are obviously pes kieal Svitems, oo 1 ¢
teast comparmg exlls of simslar type, #nd 1n both cases the ells synthexze DNA amd & wxde
K Leukocytes, the more matire el of [he rvelond
senes, aft nch in nucleases. Thus, to averd artfacts, stuies of the Phyucat 2nd chempa?
propertics of nucleic acids (or 1 the €ase of RMA sy othens of miermed ary £
made w1th great 2y fer—at by
great care Thus may also present & Partiularly formadatle odtack
obtaiing data on DNA »
3 synthesis in cell free systems, e g, s3say1 o DN
The r 1 " A polimee,
'e temaining problems are not pecutiar to leukocytes byt must be Cotudred
system especaally when compartsons are made A
4 ¥ariations fn pool st ¢ Consideration of dffer
encey m pool 128 de 10 & ¥oremg e
vironmental condions or dyfferent cell types 15 ofien ovetlocked in mw:r;‘lr

after PHA stimutation of Tymphocytes is o et
verestima ed o
15 und ne and adjustments for changes in the poo! sze ;l‘{i:; ?r:‘:;‘i;e =
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Lycas[51) reported that undine hinase of § was induced by with
PHA Thus enzyme converts the salvage pathway nucleoside, undine, to the rucieonde
UMP When orotic acid was used, the incorporation into RNA was not nearly so draman-
cally increased Later, HAusEN and Sters {43}, 10 a more comprehensive report, confirmed
and extended ths observation The pomnt 1s that UMP forms from two separate pathways,
de rovo from small molecules leading to orouic acid and eventually to UMP, and {rom
undine (salvage pathway) Hypothetically, we rmght ssy that at any given time 10 pmoles
of UMP cust in a cell, § formed from the de nove pathway and § from undine Totalin-
corperation 1nto RNA per umit of tme 1s 10 With an induction of undime hinase, 8 nmoles
of UMP may come from uridine but the amount from the de novo pathway may dunimsh,
e g ,t02, 5o that the total UMP remains 10 nmoles However, with uridine as the labeled

for of RNA synthesis, an mcrease in ¢pm incorporated into RNA
weuld be found simply due to the tncrease 1a specific activity of UMP, leading to the spurt-
ous conclusion that total RNA synthesis had increased

The same problem exusts with measurements of DNA synthesis when labeled deosy
thymidine {thyrudine, TAR) 1s used as the precursor, since agun o pathways eust for
formation of thymudy late (dTMP), the de rovo (1) and the salvage (I1), as shown in very
abbrevtated form

1 Smali Orotic UMP dUMP
molecules acd
T TdR dTMP

It1s hikely m some cases that DNA synthests is overestimated with TdR as the labeled
precursor due to induction of TdR kinase It1s also likely that difTerences in DNA synthests
reported between different cell types may in some cases be due to cellular dxﬂ’cmnccs m
these relative contnibutions to dTMP That pool effects have not been
ed 1s apparcat from the failure 1n a number of reports to consider gross pool clunges on
data relating to DNA (or RNA} synthesis, as for example, reports on inhubitory effects of
whole RNA or DNA {or nuclear components) on RNA aod DNA synthests as determuncd
by labeled undine and TdR ncorporation without cellular morphologic confirmation such
as a decrease i the mitotic indet

3 Degrodation of the labeled precursor The of labeled p! cE,
TdR, 1s an important factor for measurement of DNA synthests, High concentrations may
tatubit DNA synthesis by terferng with a number cl‘enzym:\!:c steps,and ctﬂ death may
even occur On the other hand, too tow w
DNA symthests due to 2 hrtation 1o the avalability of TdR e g , from dufferences in the
armount of TdR phosphorylase This enzyme can catalyze synthests of TdR from Tand 2
sugar (deoxynbosyl) donor {28, 31, 32, 35) but alko degrades TdR {28, 33, 54,721 the
equilibrium favoring degradation Thus enzyme vanes in different types of leukocytes 133,
54, 72] and with TdR Iimiting may be responstble for marked differences 1n counts -
corporated 1to DNA between different cells when, o fact, no real difference exists [s¢¢
more detailed discussion in previous review, ref 5]

6 Repleationys repair Incorporation of a labeled DNA precursor molecule into DNA
does not mean that actual replication of DNA has talen place Alternatively, incorporation
may reflect repar synthesis mvolving only small segments of the DNA
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Tt followmg approaches in ot laboratery ta duninush problers with porats 3 xod 4
are (a) use of more than one label, e g, for DWA symhests, TdR, #2P, ard crotic acid,
(b3 pool determunations; (¢) supporirg merphelopaal data e g, mitotic irdex

*Levels” of Control of DNA Synthesis
There are atleast 4 major areas for examinng the control of DNA ymbess 1 Control
of the supply elmnml prrcuncn. particularly thyridylate X Regulat on of the actmty
of the 3 Treinterplay of factony that govern the
phyncal stae of the DVA prmer 4 The regulation of the aTount and the localiztion of
“nmater* and ‘repressor’ molecules This discussion wall deal with only the first 2 of these
areas.

Control of the Supply of Pyrimid.ne Deoxyrucleotides

Although precursor control of DNA or RNA syntheus 18 increasingly
being viewed as 2 coarse rather than a fine cortrol, nonetbeless it remams an
area of great smportance simee some of the most effectinc anti-tumor agents
appear to work at this level In any event, st s at thus level of control that we
have the greatest anounl of mfomunon on leulocytes The essential reac-
tions of p d hests and lsm which have at
least bc:n partally venfied 1n lcukoqu-s are presented in figure 1

From small mo! hosphate 1s t d These reac-
tions have been well studied and mne\\:d elsenhere [24] Howerer, in lcuko-
cytes the mechanism of carbamyl phosphate formation has not been clearly
demonstrated  For this reason in figure 1 the de noto biosynthesis of the
pynoudine nng begins with carbamy! phosphate In Icukocﬂ:s the senes of
teactzons leadiag to f of the first d dyl
(OMP), has been studied chefly by Ssmiand Barer [76] and by Syt fl al
{78,795 An important pomnt about this portion of pynmidine biosynthesis
1sthat feedback control of the enzyme
reaction 1, has not been demonstrated 1n human levkocytes {62, 77) This

Protéin s an allostenc enzyme in £ colt wnh a regul:ltory subuml allowing
3 F T L R N T e T AT

- " .
normal and CML leukocytes was found Thus, 1n human leukocy!cs the
mecharasm of control of the early enzymatic activities remaras to be shown
Itas important to bring this out again since even 1n recent texts the concept
that normal cells but not CML cells have feedback control of pyrtmidine

nucleotide formation was agan quoted A more detarled discussion of leuko-
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Lucas [51] reported that unidine kinase of lymphocytes was induced by treatment with
PHA This enzyme converts the salvage pathway nucleoside, undtne, to the nucleotde
UMP, When corotic 2czd was used, the incorporation mto RNA was not nearly so dramaty
cally increased Later, Hausen and STENN [44], in a more comprehensive report, confirmed
and extended this observatton The pomt (s that UMP forms from tw o separate pathways,
de novo from small molecules leading to orotic acid and eventually to UMP, and from
uridine (salvage pathway) Hypothetrcally, we might say that at any given time 10 nmoles
of UMP exist 1 a cell, § formed from the de rovo pathway and § from undme Total in-
corporation mto RNA per unit of tme 1s 10 With an induction of undine kinase, § pmoles
of UMP may come from unidine but the amount from the de novo pathway may diminish,
€ g,102, 50 that the total UMP remams 10 nmoles However, with uridine as the labeled

for of RNA synth 80 Increase tm cpm mcorporated mto RNA
would be found simply due to the mcrease i specific aamry of UMP, leadimg to the spun-
ous i that total RNA hesis had

The same problem ewsts with measurements of DNA synthests when labeled deovy-
thymidine (thymidine, TdR) 15 used as the precursor, since 2gain two pathways exist for
formation of thymudylate (dTMP), the de novo (1) and the salvage (11), as shown 1o very
abbreviated form

I Small Orotic UMP dUMP
molecules acd
nT TdR dTMP

Tt s Likely tn some cases that DNA synthesss 1s overestimated with TdR as the labeled
precursor due to induction of TdR hanase Itis also hikely that differences tn DNA synthests
reported between different cell types may in some cases be due to ccllutar differences in
these relative contributions to dTMP That poo! effects have not been adequately errphasiz
«ed 13 apparent from the failure 1n 2 number of reports to consider gross pool changes on
data relating to DNA (or RNA) synthests, as for example, reports on ihubutory effects of
whole RNA or DNA (or nuclear compenents) on RNA and DNA synthesis as determuned
by labeled unidine and TdR ncorporation without eellular morphologic confirmation such
as a decrease in the mutotic index

3 Degradation of the labeled precursor The of Jabeled cg.
TdR, 1s an factor for of DNA synthesis High may
intibit DNA synthests by interfenng with o aumber of enzymatec steps, and cell death may
even occur On the other hand, too low concentrations may give artifactual ditferences 10
DNA synthests due to a limitation in the avalability of TdR, ¢ g, from differences i the
amount of TdR phosphorylase This cnzyme can catalyze synthests of TdR from T ands
sugar (deoxyribosyl) donor [28, 31, 32, 35] but also degrades TdR [28, 33, $4,72] the
equilibrium favoning degradation This enzyme vanes in different ty pes of lenkocytes 33
54, 72] and wath TdR hmiung may be responsible for marked differences 1n counts in-
corporated into DNA between different cells when, 10 fact, no real difference eusts [see
more detaled discussion 1n previous rewview, ref 5]

6 Replications repair Incorporation of  labeled DNA precursor moleculento DNA
does not mean that actual rephication of DNA hastaken place Alternatively, tncorporation
may reflect repair synthesis involving only small segments of the DNA
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The folfowing approsches in our laboratory to duminssh problems with points 3 2nd 4
are {s) use of more than one labe, e g, for DNA symhens, TOR, 1P, and oroue acd,
(b) pool {c) supp T 1 data e g, mutotic index

SLevels* of Control of DNA Synthests

There are atJeast 4 mayor areas for examuning the control of DNA synthesis 1 Centrol
of the supply of essentual s, farly thymidy 2 of the actmty
of the physiologcal DNA replxcatusg enzyme(s) 3 Tre Interplsy of factors that govern the
physical state of the DNA primer 4 The regulation of the amount and the localization of
“nitiator* and repressor® molecules Thus discussron will deat with enly the first 2 of these
areas

Control of the Supply of Pyrumdine Deoxynucleotides

Although precursor control of DNA or RNA synthesis 1s increasingly
berng viewed as a coarse rather than a fine control, nonctheless 1t remams an
area of great importance since some of the most effective ants tumor agents
appear to work at this Ievel Inany event, st1s at this level of control that we
hase the greatest amount of information on leukocytes The essential reac-
tions of d f b hesis and which have at
least been partially venfied i feukocytes are presented 1n figute 1

bamsl shossh b

From small molecul phosp i d These reace
tions have been well studied and reviewed elsewhere [24] However, in Ieuko-
cytes the of carbamyl phosphate fc has not been clearly

demonstrated For this reason mn figure 1 the de nmovo biosynthesis of the
pynoudine ning begins with carbamyl phosphate In leukocytes the series of
reactions leading to of the first d; orotidylate
{OMP), has been studied chuefly by Swrmiand BAker [76] and by Ssartin et af
178,79) An umportant pount about this portion of pynmidine biosynthests
1s that feedback control of. transcarl lase, the enzyme eatalynng
reaction 1, has not been demonstrated in human leubocytes (62, 77] This
Pprotein ts an allostenc enzyme wn £ cols with a regulatory subunit, aliow g

for feedback inhidition by cytidylate and undylate, end products of pynmud:-
nebiosvntheere Trtally Dpacem s 1t 1

4 wdaa usulhies was Jound  fhos, o human lenk
mechansm of control of the early enzymatic actities femamns to ;:’:1:»:::
Tt 1s important to brng this out 2B2mm since even in yecent texty the concept
that normal cells but not CML cells have feedback controf of pynmidine
nucleotide formation was agam quated A moge detarfed drscussion of Jeuko-
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Enzyme 1is theall transcar i’ 5, decarboylase,

7 and 16, nibonucleotide reductase, 6 and 13, undylate kinase, 9, thymidylate synthetase,
10and 11, !hymldyhtckmase |2:|nd ls DNApol !

20, deovycytid:

21 and 26, p (phosphatascs), 23, deotynboaldoase, 24,
h . 27 and 30, dih and dih b dihyd:

22,pyr d by 25, thyrmid hory lase, 3!and32,lhym|dme

(dcoxyundmc) kmase, 28, unidine kinase, 29 undine phcsphorylasc Abbreviations CP=

Carb Asp aspartate, Dihydro OA =dihydroorotic acd,

OA=orotic acid Other abbreviattons are described 1n the footnote on page 136
[Fromref 58, p 1252, with the premussion of the publishers }

cyte regulatory (allosteric) enzyme has been recently presented elsewhere (58]
Since the thymine nucleotide (instead of urael) and deoxynbosyl {in place
of ribosyl) are the only components of DNA that distingussh 1t from RNA,
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the mech (or thew i h are of particular nterest In
addition, some anti-tumof agents are thought to exert their effects at these
fevels

Thymne Mucleotile Synthests

Reaction 9 of figure 1 1l one h for the formation of
3TMP, the comersion of AUMP 1o ATMP A conuderable amount of an-
formauion on this reaction n Jeukocytes 1s available, particulaely from the
contnbutions of BrRTING ¢f of [8-10) SnBER er af [74, 75) HUenwIEMNS
et al [47). and RogerTs and HaLL [66, 67 The r:amon of course, requires
two enzymes, dTMP h and dihy ! The former 1s
mhibited by FUdR and the latter by ricthotrexate However, studies on
reststance of Jeukemic cells to methotrexate leave some doubt that thes 1s the
only site of its action

The second mechanism for dirzet synthesis of dTMP 11 by phosphoryla-
tion of TdR catalyzed by TdR kinase reaction 31 of figure § Thus reaction
and the subsequent further phosphorylation of dTMP to dTDP and dTDP
to dTTP (catalyzed by dTMP kinase, see reactions 10 and 11 of fig 1) have
been d and d 1n Jeuk larly by Bravci
111}, and by Bavcut er af [12), and by Naxat er af 1n CRaDDOCK's L3bora-
tory [55) This salvage pathway enzyme may be increzsed followtng inbubntion
of the dr noro formation of dTMP, ¢ g, afier ammoptenn and this increate
could be an reason for desclop of to the cytocsdal
effects of this agent by bypassing the celfular sequitements of STMP from
dump

The relative contnbution of the salvage pathway enzyme (TdR kinase)
compared 10 the de nove pathway for dTMP formation 1n leukocytes has not
been completely clanfied, although conwiderable information has been
provided, particuarly by the studies of Coorer er af [20 21) There are a
number of reasons 10 believe that TAR kinase plays an important role when
growth s stimulated [of ref 58 for a detailed discusvion] 1 18 known thatf
the contribution to dTMP from the salvage pathwsy is mcreased, e g.by

tutar TdR, the f of dTMP from the de nava pathe

way 18 mof inhibrted, at least 1n CML Jeukocytes {20] This has not been vers-
fied in normal cells Does this mean that increastng intraceilular TdR should
10 113¢lf 1ead to DNA synthesis by increasing the availability of dTMP? We
know of no direct studies which indicate that this 1s the case, which indicates
that although the supply of dTMP might be a factor imiting the rate of DNA
synthess and ats formation 13 clearly favored undar growth stimulating
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Fig 1 Pyomdine d leoude synthesis, boll and The
bersreferto R ldl:adtolhcI'orm;monoflhcpynmldmcnng
Cazyme Listheall s,

7 and 16, nbonucleotide :edumse 6 and 13, undylate Lmasc 9 lhylmdylale synmmse,
10and 11, lhymldylalekm“e lZandlB DNApol.

21 and 26 hosph 23. & Tdol 23,
27 nnd 30 dihyds 1 and diby dik

22, dine d: b 25, thymudine phosphorylase, 31 and 32, thymd

(deoxyundine) hinase, 28, unidine kinase, 29, uridine phosphnr)lasc Abbreviations CP=

carbamyl phosphate Carb Asp Drihydro OA =dihydroorotic acsd,

OA=orotic acid Other abbreviations are described 1n the footnote on page 136
{Fromref 58, p 1252, with the premusion of the publishers )

cyte regulatory (allostenic) enzyme has been recently presented elsewhere [58]
Stace the thymine nucleotide (instead of uracil) and deoxynbosyl (in place
of nibosyl) are the only components of DNA that distinguish it from RNA,
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of intracellular dTAMP  As would be antiipated, alkaling phosphatase
actissties are hughest 1 fully matuce leukocytes where no DNA synthesis
occurs and least in the blast cells where DNA synthesis occurs
In fact blast cells were thought not to contain any alkaline phosphatase
as determined by a hustochemical assay (84] However, this may b not the
case, as shown in figure 3 Thymudylate, dTMP (abbreviated TMP 1n the
figure), 1s metabolized by intact leukemc human Iymphoblasts 3H-dTMP
(5 pm) was added to the cell suspension and aliquots of the medta were
analyzed at the di d intenvals for di of dTMP and appear-
ance of labeled TdR, T, and the breakdown product of T, dihydrothymine
(DHT) The dTMP 1s very ropidly converted into TdR, virtually all of it 1s
metabobzed within 1 h and the majonity within 10 min The appearance of
TdR correlates with the decline 1n dTMP As TdR stself 1s metabolized, T,
and stilf later DHT, appear yn the media The remarming counts are tncorpo-
rated into DNA as 3H TdR 15 reconverted by TdR kinase and ATP back to
3H-dTMP 1n the cell

The available evtdence suggests that most nucleotides are not taken up or
minmally taken up by mammalian cells How then was exogenous dTMP
metabihized? Does exogenous dTMP get incorporated dlrecﬂy nto DNA?
We analyzed this question by the foll g h from
a patient with ALL were incubated with medm 2 myt phosph
buffer and either 5 yve SHAATMP or 5t dTMP P2 (labeled) The media
was analyzed at intervals for the appearance of mnorgamsc phosphate ¢"P-P1)
and the DNA of the cells 1solated for measurement of the incorporation of
either P or 3H Jabeled ATMP The data are shown in figure 4 No tncorpo-
ratien of dTMP"P was found while very s:gmﬁmm mcorporauon of 3H-
dTMP took place Furth pp d 1n the media
almost parallel with the incorporation of *H coun\s nto DNA From these
findings we can conclude that exogenous dTMP 15 not tncorporated into
DNA, but as illustrated also 1n the previous expeniment (fig 3), it 1s rapidly
dephosphorylated to TdR The TdR in turn 1s then converted in the cell back
to ¢dTMP and mto DNA A ly, dTMP cannot enter the
cell but 15 probably metabolized at the membrane to form TdR, which 1s
readily taken up by the cell and converted back to dTMP intracellularly

After a Growth Stimulus Changes in Pyrimidine Metabolism Favor Formaton
of dTMP

Following a sumalus to growth {¢ &, partial hepatectomy, serum addition
1o contrast inlubsted tissue culture cells, PHA stimulanion of ‘resting’ lym-
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Fig 4 Companson of the incorporation of base labeled 3H TMP (2) and phosphate
labeled TMP P (@) mnto human Iymphoblast DNA Celis were incubated 1n media with
2 m M phosphate buffer and labeled TMP Aliquots obtained at the designated intervals
and (1) the media was analyzed for the of labeled (G
~P1, and (2) the cetlular DNA 1solated and the incorporation of counts deterruned No 3P
‘TMP was incorporated nto DNA, tn contrast, counts from YH base labeled TMP were
ancorporated The results indicate that mtact TMP does not enter the DNA but is metab-
olized at the membrane to form TdR ‘The latter in turn enters the cellto reform TMP which
is then incarporated into DNA

[Fromref 58, p 1259, with the permusston of the publishers |

phocytes, etc), several biochemical changes occur which favor formation of
dTMP to meet the cell’s requirements for DNA synthesis The salvage path-
way contribution to dTMP formation increases by the following mechanisms

(a) synthesis of dR 5-P from glyceraldehyde-3 P and Idehyde increases
(see reaction 23, fig 1) [14] By conversion of dR-5-P to dR-1-P (deoxynibo-
phosphomutase) dR-I-P may also C ly, intracellular T
may since its catabohsm to DHT 15 di hed [16) Withanincrease
n intracellular T and dR-I-P, TdR synthesis (catalyzed by TdR phosphory-
lase) 15 favored Furthermore, sncrease in T wnhibits TdR degradation by
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phosphorolytic clearage, further favoning TdR formaton The wmerease 1n
TdR should be very effectively utilzed since with a growth stimulus the
actmty of TdR kinase 15 also enhanced [13, 85], (b) the formauon of UdR
should be favored by the same mechamsms favonng TdR synthesis Further-
more, UdR 15 aso a substrate for TdR hinase (UdR + ATP-~dUMP+PPy),
Thus dUMP formation 1s also favored and since a stmulus to growth has
also been reported to enhance dTMP synthetase (dUMP-»dTMP) [17] a
second mechanism for tncreasing dTMP 3s avardable Finally, the catabolism
of dTMP by § -nucleotidase was reported to be dimimished after a growth
stumulus [26]

Another mech for possible of dTMP (from
dUMP) 1s by enzymatic deammation of dCMP to dUMP Thss enzyme,
deoxycytdylate deaminase, has interesting allastenic properties, and has been
characterized extensively by SCARANOD et af [70] and Jater i human leukocy-
tes by Steeew [73] and isactivity s alsoenhanced by a growth[$3]

) for Chemotherapy of the Metabolic Inferrek ins of Pyni-
mudine Deoxynucleotides and Their Al with Growth
One of the key targets for inlvbition of cell proliferation has been to
‘starve’ the cell of the essential DNA precursor dTMP This may be achiesed
for example, with 5-FU, 5-FUdR, and BUdR R to
h herapy 1s 2 complex ph which may mvolve many mecha.
nisms In view of the alternate paths for dTMP formation and the inter-
relationships of dTMP precursors 1t1s apparent that infubition of one path-
way although perhaps imbally effective, might eventually resultin compen
satory increases 1n other pathways It 15 not difficult to envision just from
ths point of view the advantage of present day combnation chemotherapy
oser single agent chy herap larly when ants b are used
In an acute blastic phase of leukenmia with more rapid cell prohiferation, an
nerease n the for favoring di feotide bio-
synthesis probably occurs as llustrated in the preceding section for dTMP
Thus in these chinical sitvations 1f ant: metabolutes alone were used, the

amount and number required ta kill a goven nurmber of cells might be sub-
stantially increased

The Use of In Vitro Assays of *DAA Synthesis’ for Estimanng the Chinjcal
Efficacy of Antl Leukemic Agents

In recent years there have been some reports of laboratory tests designed
to estimate the efficacy of anti tumor agents They have prmanly consisted
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of measunng the effect of a given agent on ‘DNA synthess' by determimng
the mcorporation of labeled TdR 1nto leuhocyte DNA in vitro The purpose
of this approach 1s to help individualize chemotherapy by ob g predictive
information Thus, the effect of different agents on DNA synthesis of leuko-
cytes obtamed from ndisidual patrents might be a guide for the chmical
response of the patient to the drug in questton However, the problems in
mterpretation of these results are formuidable For instance, by mhubiting
formation of dTMP from dUMP by methotrexate a true inhibition of DNA
synthesis might occur because of limiting supply of dTMP Howeser, the
use of TdR as the labeled precursor may give any one of 3 results (1) inhubi-
tion (reflecting the true diminution of DNA synthesis), (2) mncreased 1n-
corporation of TdR because of a greater specific actnsty of Jabeled dTMP
(due to a decrease in the pool of unlabeled dTMP more counts are incorporat-
ed but the reduction of total available dTMP 1s sigmificant enough that DNA
synthesis 1s, in fact, reduced), (3) increased incorporation with a true tnerease
i DNA synthests The decrease in dTMP from methotrexate inhibition of
TMP synthetase may be more than It d for by anind of TdR
kinase, the result being that the pool of dTMP s normal Ifaninereased TdR
incorporation was found in this case, 1t would really reflect the true status of
DNA synthesis in the leuhocytes of this patient To complicate matters more,
differences exist among cell types and between different patients on the rate
of TdR catabolism Thus TdR may become limiting 1n some cases and give
a false low value for DNA synthesis Finally, the mechanism by which
resistance develops to drugs may wnvolve metabolism by tissues other than
leuhocytes It1s not surprising then that these types of tests have not gamned
widespread use, and 1t 1s doubtful that they will have any real practical
usefulness as predictive tests for response of a given patient to chemotherapy

Control of the Supply of Purine Deoxynucleotides

As with pynmidines, the biosynthesis of purine deoxynbonucleotides may
proceed from two alternate routes, de novo and ‘salvage’ pathways However,
1t has been indicated that leukocytes have Ittle capacity for formation of the
purme ning de novo {48, 711 This ts remarkable for a proliferative cell, and
for Jeuhocytes the salvage pathways for punine nucleotsde and deoxynucleo-
tide formation would appear to have greater importance The work of
LarTHA and VANE {48] suggests that the punine bases may 1n part be denved
fromtheliver Anothersource may,of course, be from nucleicacid catabolism
In either case the formation of the final immediate punine DNA precursors
punne deoxynucleoside trphosphates, would occur via the salvage pathways
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Fig 5 Probable major pathways for punne deovynucleotide synthesis in leukocytes
Both pathways utilize preformed purine bases (salvage pathways) which apparently are
derned from other organs and from DNA catabolism.

These pathways are tlfustrated 1n figure S There are at least two possible
punac d de salvage p: ys The more ymp pathway
appears to be the durect synthsis of the nibonucleotide from a punne base and

phosphonbosy! pyrophosphate (PRPP) The nucleostde monophosphate 1s
then d to the diph

P by a purine nucl Linase and, as 10
the case of p; thed ! 18 formed at the diphosphate
level via nbonucl, d The punne phosphonbosy! n

leukocytes have been studied by LuGanova and Servz [52) and by DavipsoN
and WINTER [25) As expected this enzyme activity 1s hugher 1a leukemic
leukocytes compared to normal leukocytes from peripheral blood It has been
suggested that one of the mechanisms for resistance of tumor cells to 6-
mercaptopunne (6-MP) may be by Joss of this enzyme activity with the result
that the active form, 6-MP nucleotide, would not be h d However,
if that 15 50, and 1f this 1 the man pathway for punine nucleotide synthesis,
how does the resistant tumor cell continue to live? A second “salvage’ path-
way studied 1n our laboratory also exists i lenkocytes Thus 15 shown a the
lower part of figure § Here, instead of direct formation of the nibonucleotide,
the purine base, by reacting with deoxynbose I-P forms the respective deoty-
nucleoside The latter are converted to deoxynucleotides by purine deoxy-
nucleaside kinases Ths pathway then differs from the other in (a) requirting
a deoxynucleoside intermediate, (b) not requining a nbosy! intermediate,
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of measuning the effect of a given agent on ‘DNA synthesis’ by determining
the incorporation of labeled TdR into leukocyte DNA 1 vitro The purpose
of this approachs to help individualize chemotherapy by abtaining predictive
mformation Thus, the effect of different agents on DNA synthesis of leuko-
cytes obtained from individual patients nught be a guide for the climeal
response of the patient to the drug in question However, the problems in
nterpretation of these results are formidable For instance, by mmhibiting
formation of dTMP from dUMP by methotrexate a true inlubition of DNA
synthests might occur because of hmiting supply of dTMP, Howeser, the
use of TdR as the labeled precursor may give any one of 3 results: (1) inhib:

tion (reflecting the true diminution of DNA synthesis), (2) ncreased 1n-
corporation of TdR because of a greater specific activity of labeled dTMP
(due to a decrease in the pool of unlabeled dTMP more counts are tncorporat-
ed but the reduction of total available JTMP 1s significant enough that DNA
synthes:s 1s, in fact, reduced), (3) increased incorporation with a true ncrease
in DNA synthesis The decrease in dTMP from methotrexate intubition of
TMP synthetase may be more than compensated for by an induction of TdR
Kinase, the result being that the pool of dTMP 1s normal Ifanncreased TdR
tncorporation was found 1n this case, it would really reflect the true status of
DNA synthesis in the leukocytes of this patient To complicate matters more,
differences exist among cell types and between different patients on the rate
of TdR catabolism Thus TdR may become limiting 1n some cases and give
a false low value for DNA synthesis Finally, the mechamism by which
resistance develops to drugs may mvolve metabolism by tissues other than
leukhocytes It s not surprising then that these types of tests have not ganed
widespread use, and 1t 1s doubtful that they will have any real practical
usefulness as predictive tests for response of a gnen patient to chemotherapy

Control of the Supply of Purine Deoxynucleotides

As with pynimidines, the biosynthests of punine deoxyribonucleotides may
proceed from two alternate routes, de novo and ‘salvage’ pathways However,
1t has been indicated that leuhocytes have little capacity for formation of the
punne ning de noio [48, 71] This 1s remarkable for a proliferative cell, and
for leukocytes the salvage pathways for punne nucleotide and deoxynucleo-
tide formation would appear to have greater importance The work of
Lartita and VANE [48] suggests that the purme bases may in part be denved
fromtheliver Anothersource may, of course, be from nuclerc acid catabolism
In either case the formatton of the final immediate punine DNA precursors,
purine deoxy nucleoside triphosphates, would occur via the salvage pathways
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Fiz § Probable major pathways for purine deotymucleotide syntheus m leukocytes
Both pathways utiize preformed purme bases (salvage pathways) which apparently are
dernved from other organs and from DNA cstabolism

These pathways are tlustrated i figure S There are at least two possible
punne deoxynucleotide salvage pathways The more mmportant pathway
appears 1o be the direct synthsis of the nbonucleotide from a punine bas¢ and
phosphonbosy} pyrophosphate (PRPP) The nucleoside monophosphate is

then d 10 the drphosphate by a punne nucleotrde kinase and as
the case of the de s formed at the diphosph
level via nibs {{ di The purine phosphonb fe m

leukocyies have been studied by Lucanova and Savz {52} and by Davipson
and WiNTER [25] As expected, this enzyme actiwity 1s hugher in feukermc
leubocyt P 10 normal feukocytes from peripheral blood Ithasbeen
suggested that one of the mechanstas (or resistance f tumor cells to 6-
mercaplopunine (6-MP) may be by Joss of ths enzyme actrvaty with the cesult
that the active form, 6-MP de, would not be d However,
+f that 15 50, and if thes 1s the mamn pathway for puniae nucleotide synthests,
how does the resistant tumor celf continue to Uive? A second *salvage’ path-
way studied 11 our laboratory alsa exists i leukocytes This 13 shown m the
lower part of figure 5 Here, instead of direct formation of the nbonucleotide,
the purtne base, by reacting with deovyribose-I-P forms the respective deoxy-

de The latter are d to d des by purine deoxy-
sucleoside kinases This pathway then differs from the other in (a) requiring
@ deoxynucleoside intermediate, {b) not requinng a fibosyl intermediate,




148 Garro  Synthesis and Metabolism of DNA and DNA Precursors

of measuning the effect of a gien agent on ‘DNA synthesis’ by detc
the incorporation of fabeled TdR nto leukocyte DNA i vitro Th
of this approach s to help individualize chemotherapy by obtanmne «
mformation Thus, the effect of different agents on DNA synthes:
cytes obtamed from wndividual patients might be a gwde for ¢
response of the patient to the drug i question However, the 7~
interpretation of these results are formidable For mstance, b
formation of dTMP from dUMP by methotrexate a true inhibit
synthests mught occur because of imiting supply of dTMP }
use of TdR as the labeled precursor may give any one of 3 resu!
tion (reflecting the true dummnution of DNA synthesis), (2}
corporation of TdR because of a greater speaific activity of !
(due to a decrease 1n the pool of unlabeled dTMP more counts

ed but the reduction of total avarlable dTMP 15 sigmificant en
synthesis 1s, 1n fact, reduced); (3) increased incorporation wit

n DNA synthesss The decrease in dTMP from methotrer

TMP synthetase may be more than compensated for by an
knase, the result being that the pool of ATMP 1s normat If
ncorporation was found n this case, 1t would really reflec

DNA synthess in the leukocytes of this patient To comp'
differences exist among cell types and between different |

of TdR catabolism Thus TdR may become Imiting n

a false low value for DNA synthesis Finally, the r

resistance develops to drugs may mvolve metaholism

leuhocytes It 1s not surprising then that these types of

widespread use, and 1t 1s doubtful that they will h

usefulness as predictve tests for response of a grien p

Control of the Supply of Purine Deoxynucleondes
As with pyrimidines, the biosynthesis of punne d
proceed from two alternate routes, de novo and ‘saly
1t has been indicated that leukocytes have httle cap
purmne nng de novo [48, 71} Thus 1s remarkable
for leukocytes the salvage pathways for punne n
tide formaton would appear 1o have greater
LaITHA and VANE [48) suggests that the punne t
fromtheliver Anothersource may, of course, be
In esther case the formation of the final ymmed
punae deoxynucleoside teiphosphates, would o
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(&) RNA-dependent DNA polymerase The recent unique obsenations
of Tewmy and Mizurant {820 and Bautivore (4] that RNA oncogenic viruses
synthesize DNA from as RNA template, thus providing 2 mechansim for
reversal 1n the ‘flow” of genetic mformation, gave dramatic new inyight nto
how an RNA virus might introduce a stable *lesion” 10 an ammal cellae,
how the characteristic (neoplasye growth) could be passed from one cell
generation 10 the next without the wirus containing DNA Thes finding was
capidly confitened and extended with several RNA oncogenie viruses n
many faboratories, but in particular by SeirGesaveral (80, 81) Greeneta!
{42] Rokutanna 7 af (68]. and GerwiN et af [41] Recently, we reported
the finding of 20 analogous enzyme 1n human acute leukemic cells [37, 38]
and showed that within hmits of sensitnify of our assay the enzyme was not
detected in normal pertpheral blood Jymphocytes The enzyme, which was
partially punfied, was inhubited by N-demethylnfampici, a denivative of the
antibrotic afamptein [n contrast, DNA dependent DNA polymerase from
normal fymphoblasts was net significantly inlubited {37] Ts ths the enzyme
of one of the RNA oncogenic viruses and if so, will ishsbition of the enzyme
have a direct ants tumor effect or perhaps more logically reduce the develop-
ment of relapse after remissions have been obtamed? If the enzyme 1s m
normal issues as suggested by the subsequent finding of an activity with the
DNA-RNA hybnd poly dT rA wath established normal tssue culture hines?,
does 1t function to amplfy genes for speatfic RNAs  cell differentiation?
These are some of the cnitical questions that rematn to be answered

DNA Repair Enzymes
The repair of chemically or physically altered DNA (repair replicatson)
tmvolves a break in the cham, followed by removal of the damaged region,
inszrtion of new bases, and then ‘closure’ [43] Although a great deal more
needs 1o be learned, presumably these steps sequire different enzymes, a
fic end the tepair repl, enzyme, and pol, leotide liga-
se Fibroblasts from patients with xeroderma prgmentosum have a defect in
the early process of reparr, app the end fease which the

' While this manuscnpt was mn preparatron Scownick ef of [Scouniex,E M,
AsRaNsoN, S A, TooAxD, G I, and Pazks, W P ANAdependent DNA polymerase
zmvnymmmm.manmv.\.Na(ure, Lond, 129 3181 (1971)]reported detecting an enzyme

At v heha PATE DA a4

st ek of the presence of the enzyme
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damaged region and breaks the polynucleotide chan {19] There 15 no
evidence for a defect in these enzymes in human leukemia

Summary of Comparatne Results of Enzymes Imohed i Metabolism and
Sythesis of DNA in Normal and Leuhenue Levhocy tes

A great many quantitative differences can be found 1n the activities of
different enzymes from normal and leukemic leuhocytes In the vast majonty
of cases these differences simply reflect differences 1n degree of celfuirr ma-
turation  As leuhocytes differentiate the quantity of a great many protein
changes, e g, the enzymes involved 1n the biosynthesis of deoxyribonucleo-
tides and DNA dimimish and 1n some cases cannot be detected by the time
a mature granulocyte has formed Concomitantly, there is an increase 1n
‘mature cell protewn’, 1 ¢, enzymes involved tn the function of the mature
leukocyte, ¢ g, the hydrolases of granulacytes take part m *digestion” of
matenal taken in during phagocytosis While DNA brosynthetic enzymes
diminish, deoxyribonuclease activity, for example, 1s increased Thus, many
enzyme differences are expected when leukemic blasts are compared to nor-
mal penipheral blood leuhocytes which, of course, constst primaniy of mature
granulocytes Even when compansons are made between leukemic blasts and
teukemord reactions, differences may occur due to differences in degree of
cellufar matunty rather than leukemia per se

In 2 few cases ¢ enzyme diffc have been found between
normal and leukenuc cells, even though the degree of maturation appears to
be the same by morphological crtena  These include (1) alkaline phospha-
tase, which s by far the most extensively d d enzyme diflc
between a leukemic and normal leuhocyte The initial observations 20 years
ago by Beck and VatenTine [6) showed that Jeukocytes of patients with
chrome myelocytic leuherua (CML) have d hed or have non-d bl
activity Even when patients with CML are 1 complete hematologieal re-
nussion with @ sermal number of mosphologieally normal mature grapulo
cytes, the level of this enzyme may be reduced, (2) pynimdine deoxyribosyl
transferase was also found te be reduced 1n CML lewhocytes compared to
normal leuhocytes, even when the CML patients were in remission with
morphologically mature granulocytes (34], (3) DNA polymerase, wihich
according to Ove ef af [57] 1s hugher 1n cells from CML patients (not tn
remussion) than in smmarure normAl celis In tius case the activities were ot
determined 1n normal mature g I and mature granulocytes from

CML patients in remission
1 would stifl attsibute the differences n these enzymes to comparisons of




@n by Hyman Normat and Leukemic Leukorytes 153

cells that are not of dentical matunity, 1 €., even though morphology suggests
that the level of matunty 1s the same, these enzyme differences may indicate
that brochemscal results are a more sensitve index of the degree of matura.
tion than morphology A possible exception to this (at least quantitatively}
may be the RNA dependent DNA polymerase which has been found 1n
teubemic Jeukocytes 1 our laboratory (37, 38] and by SeirGersaN et of
(personal commun and from hus presentation at the 2nd Annual Lepetit
Sympositm  Panis 1970] Usually no detectable activity or lower activity
has been found (n proliferating controls However, more studies are needed
before this 1s established

11t o case has a quat enzyme diffe been d d between
normal and leukemic cells Physical and chemical properties such as pH
optima, thermal stability, Km's, Ki's molecular weights, and regulation by
metabolites, substrates, analogues, etc, have been identical i every case
where these types of enzyme comparssons have been made

Miutochondrial DNA

During the last few years 1t has been shown that the mitochondna of
ammal cells contain DNA which s metabolically actise [3) and which consists
of sevesal structural forms (18, 46] One structural form, a circular dimer
(1e, acircle of DNA twice the length of the 5 ym monomer) was discovered
by CLAYTON and VINoGRAD it CML leukocytes but not normat cells which
lead to a proposal that this might be contributory to the encogenic process
[17) However, Nass later showed that by altening growth conditions, these
dimers could be regularly produced i L-cells, which under usual condittons
do not contan the dimers {56}

The State of the DNA Template in Control of DNA Synthests

‘The physical state of the DNA primer may be cnitical to the control of the
mtiatron and rate of DNA synthesis, but there 1s little information on this 1o
feukocytes The reports by Pottt ef al and by Potet and SsooTer indicate
that some physteal prpoerties of DNA from leukemic Seukocytes differ from
normal leukocytes {59, 60] These differences might provide future leads to an
understanding of why DNA of leukemic cells remarns “active’ while normal
‘redkocyic TINA progressively Toses its ability to replicate dunng maturateon

Rates of DN A Synthesis and Mitosis
Despite and diffi m P of comp data
on rates of nuclesc synthesis of normal and leukemsc cells, 2 number of
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observations over the last decade have r bl bhished that feuk

cells are not the ‘wildly’ prolferating cells common)y referred to Thus, leuk-
emuc cells apparently do not synthesize DNA or divide faster than normat
blast celis In fact, if anything, synthesis of DNA may be reduced This idea,
derned particularly from the studies of Astacpt and Maurt {1, 2), Gavaste
et al {39, 40}, CraDDOCK and NARAL [22], and CRONAITE ef o/ 23] appears
to me to have been one of the most important concepts affecting the develop-
ment of new thoughts on human leuk and therapy
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Regulation of Deoxyribonucleotide Synthesis by Ribonucleotide
Reductase in Leahemie Leuhocytes

S Funoxka

Ylaman Tumor Cell Buotogy Branch, Natonal Cancer tnstnate,
Nationa! [nstitutes of Hea'th, Bethesda, Md

Abstroct A 13-Lold increase was observed m the snea’c Ky Words
actmity of sibanucleotide reductase in the spleen of mice in- DVA metatelen
Jected with & murine Seukermia wrus There was an absolate  Levkerue cells
requ rement for a hydrogen donot, d tuothreitol The do.  Mouse leukermia
d phoaph preferted substrates. The ted . reductase
tion rate was affected by the prewence of nuclcosde triphos.
phates ' ] Xemia leuko-
cytes Normal and chromic lymphocytie leukermua leukocyles showed 1o significant activie
ey Coenryme 81 does not simula’e the enryme from mepaloblastic bene marrow

reducts

Regulation of the enzymatic reduction of nbonucleotides to deoxynbonu.
cleotides has been ivestigated sn several mictobial {1-3) and anymal systems
[4-7) This red is catalyzed Teotd and is ge iy
regulated through the concentrations of nucleotide, which act as allostenc
eflectors {8-11} The fact that deoxynibonucleotides are present only in very »
smail amounts in celly suggests that the reduction of nibonucleotides
deoxynbonucleotdes would be a sutable Jocus for the regulation of DNA
formanon 13, 12] In view of the probable importance of this reaction 1n cell
prohferation, and the potentiat value of this reaction as a target site for
sntimetabolites {13, 14) 4 seemed pertinent 10 determine the levels of the
enzyme and regulation of this system 1n the course of virsl leukemogenests
wnd i e e Yedkemic Tewkocytes

Materlals and Methods

¥ emale ndutt Swive mice were Inocutated |

y with Friend )
witas Qroup of 6-10 animals were sacrificed st vanious ime intervalt The enzyme was
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Fig 2 Specific acuvity of ribonucleotide reductase in mouse $pleen after infection
with munge leukemia virus 7],

Table I Punfication of ribonucleotide seductsse from mouse leukenuc spleen [7)

Step Yolume Protan Total Specific

L] mg aamty actnty
#mol #mel mg

Crude extract 12 o ns 0014

Sephadex G-25

chromatography i €78 H6 004

% Streptomyain

sulfate sypernatant b2 04 568 on2

25-40% Ammonium

sulfate precipitate 25 29 293 1022

The specific actinty of nbonucleotide reductase 1 the spleen following
tnfection with murine leukemea virus 18 shown 1n figure 2 On the sccond day
after inoculation, the specific actiity bad msen to over 3 times that of the
controf Over the next 3 days, there was 3 sharp tncrease m the enzyme level

to a peak specific acuvty approximately 13 umes higher than the average
for sormal spleen Thereafier,

+ 2 gradual decline oceurred

The punfication of nibonucleotide reductase from leukemic spleen 15
svmmanzed i table I Afier ammonyym sulfate precipitation, the €nzyme
became very labile Attempts to stabilize the enzyme with 2-mercaptocthanch
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Fig 3 Effects of d b leosids hosph: and nb 1 tnphos-
phates on CDP reduction {7}
Fig 4 Effects of deo de tnphosph and \] h
on GDP reduction [7)

dithiothrestol, ascorbic acid, 10% glycerol, EDTA, Mg*+, Cat+, or phenyl-
methyl sulfonyl fluonde were without effect dCTP and ATP dud not stabilize
the enzyme for storage or purnification Precipitation of the enzymeat pH S 0
resulted 1n a 75% loss in specific activity

The reduction by ribonucleotide reductase 1s generally influenced by the
presence of different nucleoudes A companson of the effects of different
nucleoside tniphosph: on CDPred 1sshown in figure 3 Theaddition
of dCTP and ATP resulted 1in marked sttmulation of the reaction, dTTP and
dATP were less effective than dCTP and ATP Figure 4 shows the effects on
GDP reduction GDP reduction was greatly increased by the addition of
dTTP Optimal actvity was observed at a dTTP concentration of 104w
dUTP and dGTP showed lower sumulatory effects

Allostenc activators of nbonucleotide reductase from E coli [8], rat
Nowvikoff hepatoma [9], and mouse lecukeric spleen are compared 1n table IT
Activator's speafiaty of nb Teotide red from mouse leuhemic
spleen closely resembles that of E colt and Novihoff hepatoma Exception
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Table I Actwators of nibonucleotde reductase from different sources.

Enzyme source Substrate

CDP uDpP ADP GDP
E.rols 4arTP 4aTTP 4TTP aoTe
ATP ATP dGTP eGTY
Rat ATP ATP 4GTR aTTe
Novikofl hepatoma
Mouse 9CTP ATP GTP
Levkemcspleen  ATP 4dGTP

Teble JII Ribonucleotide reductase activity of penpheral leukemic leukocytes {15, 17]

Dugoss Numberof  ACDP, pmol mg'h

patients Crude extract Eluate through

sephadex G 23

AL 4 T0%60° 160100
CML 9 7832 97162
CLL 3 1313 20+ 20
‘Normwal 4 0302 0x 0
*Mean £standard error

Table [V The effect of §-deoxyadenosyl Bu on nbonucleotde reductase activity of
human megatoblastic bone marrow {16]

Enzyme squrce. Substrate  dCDP formed, pmol/mg proteinh
5 deoxyadenosyl Bu o 157 1o
conecatration (M) " o
Bone masrow op & 3
E 70 18 7
t :eu»mu [ b3 1679 1903 2063 2051
exchmanmi P 1462 1974 1504
plus bone marrow i
Bone marrow cTe 1 12 10 s
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Table V C of nb 1

Parameter E coli L. leichmanmi  Rat Mouse Human
Nowikefl leukermic Teukemic
hepatoma spleen leukocyte

Level of

phosphorylation

substrate Triphosph Diph Dy h Diph

Requrement for

cobamide coenzyme no ¥yes no no no

Physiological

hydrogen donor Thioredoun  Thioredovin  Enzyme §

Allosteric regulation

of substrate

speaificaty yes yes yes yes yes

dATP as general

negative effector  yes no yes no

Requirement for

Mg+ absolute elative absolute Telatne

15 that dCTP stimulates CDP reduction and GTP sumulates ADP reduction
1n mouse leukemic splieen However, no marked differences were found
between the enzymes punfied from leukemic spleens, normal spleens, and
spleens of control animalsinjected with phenylhydrazine The activities were
t0o low to allow any conclusion concerming snhibition by negative effectors
Ribonucleotide reductase s present 1n human leukocytes from blood of
patients with acute or chromc myelocytic leukerma Much lower speaific
activities were demonstrated in Iymphocytes from patients with chromc
lymphocy tic leukenmua and even loner Jerels in nosmal levk ocytes The lesels
of nbonucleotide reductase activities in the crude extracts and the enzymes,
which were subjected to gel filtration on Sephadex G-25 to eliminate endo-
geneous nucleotides, are shown 1n table IIT Leukocytes from patients with
acute leuhemma or chromic myelocytic leuhemua retain a proliferative capacity
which has largely disappeared from the cells found in normal blood and
patients with chronic lymphocytic leukermmia The properties of the enzyme
of leukocytes from chronic myelocytic leukerma were mvestigated There s
an absolute requirement for a hydrogen donor Ribonucleoside diphosphates
are the preferred substrates CDP reduction was stimulated by the presence
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of ATP (17} Further nvestigations u necdcd to estabhish the mode of
allostenc of hum:n T d

The nb Jeotsd by nb: feotide red from L. lerch-
manmi Tequires B1s §18] and the red occurs at the tnphos-
phate level {19] Tt1s1mportant to confirm whether coenzyme-Baz 15 involved
1n hurnan bone martow system As shown 1n table [V, the nbonucleotide
reductase from the Bre deficient human borie marrow was not sumulated by
the addition of several levels of coenzyme B2 (16] The reduction by L leich
manny enzyme and the mixed enzyme were greatly stimulated by coenzyme
Bir

Table V shows a p of the of nb leotid
reductase from different sources Ribonucleotide reductase of amimal system,

Tuding human leuk bles that of E cols 1n 1ts substrate spmﬁ-
aity, non of Bys, and the mfl of

effectors However, some differences eust in the mode of the effectors in-
fluences

Ribonucleotide reductase 1s the enzyme which1s rcqulred for dcox)’nbo-

nucleotrde synthesis The all control of deo
by nbonucleotde reductase may play one of the regumory m]es 1 DNA
h 1n leukemc | ytes Studies on nb 15

mmportant for chemotherapy on leukema because hydroxyurea inhibits the
human nbonuclzotide reductase action {16]

Acknowledgement 1 wish to thank Dr Rozert Suprs, New York University, for hus
support and collaboration m this mvestigation
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Repeated Sequences in Human Leukemic DNA

G Corxxo, E. Gizeru and E Portt

Tnsutute of Medscal Pathology and Center of Molccular Pathology,
University of Milan, Milan

Abstroct The DNA extracted in macromolecutar form  Aey Words
from human din  Leukemic eells
AR CLS0H a8 BE--CaSOy prepanaive demsng 2 DNA mtene
dents. Three satellte DNAs and a repeated DNA frac-  Ultracentnfugation of DNA
tion have been 1solated and therr properues have been
compared 1 leukemic and normal tssues., So far, no dfference has been found with the
1echrugres used.

Humm genome contans the following different groups of families of
‘having different pl that 15, dufferent repets-
non frequencies (1) hughly repeated sequences, corresponding to the nuclear
satellite DNAs, which form distinet bands 1 equiliboium density gradients
1w the analytical ulteacentnfuge, (2) the so-called wtermediate fraction
which has an d {3) the h not
tepeated DNA which m:counls for approximately 80% of the total genome
{1 2] Thus has been established by studies on the hinetses of renaturation of
the different DNA fractions {3]
These different DNAs have been 1solated from the bulk of human DNA,
extracted yn macromolecular form from human leukemic leucocytes, by

sitver- and sulfate i and some of ther
properties have becn studied

Materials and Methods

Ultracenteifugation of DNA 1n Ag* CaSOu demslty gradsenss Toe DNA was eviracted
fcom buman feukemic leusocytes as previously described (4], Analyucal ultracentrifugas
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Fig I Human feukemic DNA centnfuged to the equiibrium in an Ag*-Cs:SOs
density gradient 1n the analyucal ultracentnifuge

Fig 2 Isolated human satellite DNA I centnfuged 1o equilibrium in neutral CsClin
native a, d d b and d ¢ cond and 1y alkaline CsCl d

uon of human leukermic DNA 1 Ag*-Cs:5Oa density gradients and the isolaton of
satelite DNAs from Ag*Cs+504 preparative gradients were carned out according to the
techmques reparted 1n a previous paper (2]

Ultracentrifugation of DNA in Hg*+-Cs:SOa density gradients The techmque reported
by CoRNEO ef al [2] was used

Ultracentrifugation of DNA in neutral and alkaline CsCl gradients, and denaturation
and renaturation of DNA This was carned out according to techniques currently used in
our laboratory (2, 5, 6}

Results

Different DNA fractions, binding different amounts of silver 1ons, change
their densities to a different extent, so that they band at different levelsin a
density gradient Figure 1 shows a densitometer tracing of human leukemic

[N
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Re st v8 borbance 200nm

Fig 3 Absorbance temperature curves of isolated human satellite DNA 11 1a native
(0-0-") denatured (@ ® @) and renatured (9—0-—0) cond tons.
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Fig 4 Fracuonat on of total human DNA m a preparat ve Hg  Cs:S04 grad ent
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Fig 5 Patterns 1n neutral CsCl of different DNA fractions obtained from preparatine
Hg**-Cs:S04 centrifugation The numeration of the fractions corresponds to that of
figure 4

DNA centnfuged to the equlibrium in Ag*-Cs2S04 1n the analytical ultra-
centnfuge The main peak 1s the main heterogeneous not repeated DNA,
which 1n this experiment prehends also the intermediate fraction The
nightest peak is satelite DNA T, which has a density of 1 687 g/ml n neutral
CsC1[7] The peal on the heavy side 15 satellite DNA II, which has a density
of 1 693 g/m! n neutral CsCl [2] and the peak between the main peak and
the hightest peak 1s a new satellite, called satelite DNA III, which has a
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Absorbance ——v

——Dwraty

Fig 6 Human interrediate repeated DNA, obtained as descnibed 1n the text, n
natve g, denatured b and renatured ¢ conditions, centnfuged to equilibrium in neutral

CsChin the analyucal ultracentnfuge The peak on the left 1n each tracmg corresponds to
the density marker, 2c phage DNA,

density of 1 696 g/ml i neutral CsCl, and whose properties are now under
study

In figure 2 some properties of satelite DNA II ate analyzed Al satellite
DNAs, aithough differing one from the other, have general properues 1
common The first tracing (fig 22) shows the native density 1n neutrai CsCl;
after heat denaturation the density increases as for any double-stranded
DNA (fig 2b), and after renaturation the density tends to go back to the
native value (fig 2¢) 1f the satellite DNA 1s centrifuged 1n alkaline CsCl the
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2 complementary strands separate having a bias i the distnibution of punines
and pynmudines (fig 2d)

Figure 3 shows the absorbance temperature curve of satellite DNA I,
nnative(fig 3a), denatured (fig 3b) and renatured (fig 3c) conditions From
the curve after renaturation st appears that this DNA has tn such condition
partially regained sts native double stranded structure Thisis an index of the
low plexity of satellite DNA pared to the marn heterogeneous DNA

Figure 4 shows the pattern of human total DNA mn preparative mercury-
caesium sulfate centnifugation In the shoulder, which 1s evident on the light
side of the peak, a DNA fraction which displays the properties of the nter
mediate fraction [1] 1s located

Figure 5 shows the patterns in CsCl of the fractions corresponding to the
shoulder region of the gradent of figure 4, after extensive dalysis to get iid
of the mercury 1ons The smaller peak 1n each fraction of this slide 1s the
intermediate DNA This has been 1solated by a subsequent preparatinve
centrifugation 1n neutral CsCl, and, as shown in figure 6, 1t has then been
analyzed in the analytical ultracentrifuge 1n neutral CsCi in native (g 6a),
denatured (fig 6b) and renatured (fig 6¢) conditions Also this DNA tends
n part to renature

The rephcation of satellite DNAs has been studied by incubating i vitre
human leukemuc bone marrow with tritrated thymudine This was in-
corporated to the same extent by the main DNA and the satellite DNAs
More interesting will be to carry out this experiment 1n synchromzed human
cells to establish whether satelite DNAs are replicated 1n a specific time
during the S peniod

Duscussion

This investigation has been carmed out on DNA extracted from human
leukemie leucocytes So far no defimite difference has been found between
leukemic DNA and human normal DNA ob d from human pl 2]
by the techmques used Other techmiques, hike hybndization between normal
and leukemic DNA fractions, or the direct analysis of nucleotide sequences,
Dike the investigation of the pyrimudine tracts 8] will be used

Further mvestigations will be carried out on the localizatien of satellite
DNAs in the cell There 1s evidence that in mammalian speaies, satellite
DNAs are located 1n the constitutive heterochromatin [9) Furthermore by
n situ hybnidization expeniments mouse satelite DNA appears to hybndize
specifically with the centromeres of chromosomes during mutosis [10] The
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actions takes place, 1n which 458 precursors are converted to smaller intermediates (318
and 368}, and finally to 325 RNA which 1s subsequently cleaved to yield 28 and 185 RNA
Some of the RNA 15 degraded 1n the process If one Jooks at the overall balance sheet,
about 50% of the 455 ribosomal RNA precursor 1s made up of sequences that are ulti-
mately used to make nbosomes The other half of the molecule 15 synthesized and then
apparently destroyed

It 1s well Lnown that ribosomal RNA functions i the cell tn close assocration with
proten packaged as ribosomal units A single nbosome consists of subunits containing
285 RNA and 185 RNA It appears likely that the first assoctation of ribosomal RNA
with protetn to form the subunuts of these ribosomes occurs within the cell nucleus Thus,
285 RNA 1s packaged to form a 60S subumt, and 18S RNA 1s packaged with protein
to form a 40S svbunit These subutits rapidly leave the nucleus for the cytoplasm to
form §0S single nibosomes winch are soon utilized for proten synthesis

At this point, one must mention for the sake of completeness the 55 RNA mouety,
this 13 contarned within all the mature ribosomal RNA particles which contan 285 RNA
It 1s also contaned 1n the nucleolar particles which contam ribosomal precursor RNA
1t s clear that although this small 5S RNA 1s associated with the larger 455 RNA pre-
cursor, 1t 1s not a part of the larger molecule The precise place of 58 RNA in the cell
economy 1s at the moment uncertain

Let us now turn our attentton to other cellufar RNA species The role of transfer
RNA 1n protemn synthesis and the cheoustry of this molecule are far better known than
those of any other RNA species However, very little 1s known about the site of transfer
RNA synthests in the ceil

While the ribosome 2nd transfer RNA molecules have roles to play in the synthesis
of every protemn within the cel), the actual dictation of amino actd sequence 13 accom-
plished by the messenger RNA Many events in aimal cells ace expresstons of the changing
patterns of protein synthests, for example, differentration and cell division  These pro-
cesses must revolve around the avatlability of messenger RNA

In bactena, RNA a small of the total cellular RNA
and 1s rapidly synthesized and degraded Therefore, 1f bactenal cells are exposed to
labeled precursors for only a brief period of ume, then the amount of radioactivity 1a
messenger RNA relative to that 1n other RNA spectes ts huigh enough so that messenger
RNA can be studied Another pornt of tmportance i bactersa 1s that ntbosomal RNA
represents a distinct species of RNA and does not therefore necessanly reflect the average
compositton of the total cellular DNA On the other hand, messenger RNA 1n bactena
commes fromy many genes and 13 peofemed o refleet e average DNA compostion,
therefore, 1t 1s 2 DNA-like RNA

In anmmal eells, of cytoplasmic extracts of briefly labeled cells are examiped, st 1s
found that about 5 to 10% of the total incorporated radioactvity is cytoplasmic, rapidly
labeled RNA In the polynbosomes of cells labeled with *H unidine for 30 mm or less,
fabeled RNA can be recovered free from protern Two features of this polysome-as.
sociated, rapidly labeled RNA will be recogmzed (1) 1t sediments more slowly than the
heterogeneous nuclear RNA of hugh molecular werght, (2) it docs not conform to the
sedimentation pattern of either nbosomal or transfer RNA In addition, st has been
found that the base composition of this polysomal RNA 1s very different from the other
RNA spectes and 15 more similar to celfular DNA This rapsdly labeled, DNA Itke RNA
spectes from pol has been d: to rep RNA
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To summanze the major features of RNA syathesis in mammalian cells
Under the influence of RNA poly , Tib leotsd: hosphates are
polymenzed into a chain which 15 a transcription of one of the twin strands
of DNA It is hikely that only certain regions of the chromosomal DNA are

bed, those ding to the The nucleolus ap-
pears to be a prncipal site of nbosomal RNA synthesss before its transfer
to the cytopl to form the p The pnactpal species

of RNA made by the mammahan cell are 2 Jow molecular weight 45 RNA
which 1s principally transfer RNA, a high molecular weight RNA which
undergoes rearrangement to yield 28 and 18S nbosomal RNA morctes,
and ger RNA which 1s tentatively dash and
of relatnely low molecular weight In addilion, constderable quantiies of
55 and several other RNA spectes are synthesized, the function of these
*munor’ RNA components 1s not known, but ali are found in the RNA
fraction which ‘reads the genetic code Kinetic evidence suggests that there
1s a very high turnoser rate of nuclear RNA, a considerable fraction of
which 15 short lived and never reaches the cytoplasm

Tt appears that these basic features of RNA metabohsm are also true
for human leukocytes, although we are sull uncertain about the sites within
these cells 10 winch different events in RNA metabohism take place

What are the interesting or unusual features of RNA metabolism in
norma! and mahgnant human leuhocyses? Let us consider first the rate of
RNA synthesis and of RNA turnover in human leukocytes It was apparent
to the hematologists of the sunety fortys and fifties that leukeric blast cells
had more RNA than did differentiated end cells By the early mineteen-
Staties 1t was lished that the fymphoblast and the mycloblast also had
very lugh rates of RNA synthests and turnover This tmvolved all the clas-
ses of RNA then defined nbosomal RNA, 4S RNA, and heterogentous,
rapidly labeled RNA An unexpected and interesting observation was that
the abnormal leukocytes of patients with infectious mononucleosts had ex.
tremely high RNA turnover rates, equivalent to those of blast cells Another
unexpected observation was that granulocytes had sigmficant levels of RNA
synthesis despute the absence of a well developed endoplasmic reticulum
and identifiable nucleolus
kd\:\\:;;::'lﬁ}: mx'z&‘;ﬂlcmg RNA synthesis and turnover 1n human

question, one must congder the ndivtdual

types of white cells Let us first look at the lymphocyte and the plasma cell
In cells denived from lymph nodes of hypenmmunized amimals,

§ protein syn«
thesis occurs on nb. sensitive poly ik

s The wize of poly-
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nbosomnl aggrega(:s mereases dunng the course of immuruzation A poly.
nb proten with the antigemc determinants
of 3+ glohuhn \\as found by NorToN to be composed of aggregates of § to
10 nbosomes He considered the size to be consistent with n messenger
RNA molecule in lymphoid cells large enough to code for polypeptides 1n
the range of 20,000 to 40,000 molec wt Additional studies indicated that
the heavy cham 15 synthesized as a single polypepuide unt, rather than as-
sembled from a number of smatler chams

An important observation in myeloma cells was that heavy chans and
hight chans appeared to be made on different classes of polynbosomes
Certain plasma cell tumors of mice and men appear to synthesize an excess
of the fight chamn of y-globuhin This may be a mahignant counterpart of a
normal process, since lymph node cells from normal ymmumized animals
also produce an excess of hght chains relative to heavy chains

RNA synthests 1n lymphowd cells can be influenced by external factors
Tt 1s now welf established that enhanced RNA synthesis precedes the in.
creased protem synthests and thymudine mncotporation of penipheral blood
and lymph node lymphocytes exposed to speaific antigens or to nonspecific
mitogens such as phytohemagglutinin  The increased synthests induced by
specific antigens and phytohemagglutimn involves all classes of phenol-
extractable RNA that can be differentiated

The response of lymphocytes to phytahemagglutinin is reduced 1n patients
with chrome lymphocytic leuhemia, certain iymphomas, and 1n patients
recening chemotherapy 1t 15 also reduced by the add of the 1
agent amantadine, by corticosteroids, and chioroquine

Interestingly there 1s no convincing evidence at present that simulating
agents such as spearfic antigen and nonspeaific mitogen increase the pro-
duction of j-globulin or of speafic anubody Therefore, the reason for
the enbanced RNA jurnover is uncestasn, 2lthough we do Anow thay
blocking of RNA synthesis will also block the blastogenic response of
lymphoud cells to spearfic antigen and to phytohemaggiutimin

‘What factors modify the RNA bolism of the difl d granulo-
cyte? The best defined 15 phagocytosis After particle ingestion there 1s an
sncrease 1n the rate of entry mto the cell of labeled RNA precursors and the
specific actvity of the acid soluble nucleotide pool of the granulocyte n-
creases Pre-existing granulocyte RNA 1s broken down at an accelerated
rate and new RNA 1s formed In other words, with phagocytosis the RNA
turnover rate 1s ncreased  What role does this increased turnover rate serve?
The answer 1s not known Although the changes in RNA metabolism with
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phagocytosis are among the early post phagocytic events, blocking of RNA
synthesis has no effect on the other metabolic changes accompanying particle
ingestion Thus, the post phagocytie degranulation and mcrease m glucose
oudation and lactate production appear to be tnggered by particle tngestron
aself, and do not require RNA or protein synthesis An interesting recent
obseevation 1s that the production of lehocyte pyrogen following phago-
cytosis does require new RNA synthesis
Vfessenger RNA There have been no direct measurements of the stablity
or turnover rate of messenger RNA 1n mammalian leukocytes All mea
surements have been indirect and based on the rate of decay of protein syn-
thesis after inhibition of RNA synthess with actinomycin D Such mea
surements have shown a fall in the rate of protein synthesis, the half lfe
being between 30 and 60 muin 1n populations of granulocytes and myclo-
blasts, a rate which 1s slower than that of the messenger RNA turnoser of
bacteria but faster than that of hiner cells and smmature red cells Interest
ingly, the hughest turnover rate of messenger RNA thus far recorded 1n
man was 1n a patient with lob and h with
bone marrow and blood stream invasion The circutating mahgnant hym
phord cells were manufacturing [gM The half hfe of messenger RNA svay
thesis 1n these cells, measured ndirectly, was about 30 min
We now come to the last area of current interest concernmg the RNA
metabolism of human leukocytes The interaction of mononuclear prage-
cytes with lymphocytes in certain phases of the immunologic fesporse 1
supported by several observations (1) Pure populations of hymphocyrss
containg no phagocytes show a reduced blastogensc response £ spea e
antigen 1 wtro addition of phagocytes restores response 0 om0
Human monocytes and macrophages exposed to antugen 12 7 170 a~d was*ad
free of extracellular antrgen can induce transformation of . autelogous hae
phocytes, togethet they form an smmunologic plard (3) Morma! par
mmune Jymphoid cells can induce antbody svathesss 11 \ rraciaed re-
eiprent ammals, 1f fving macrophages contaimiag ant g are aho trars-
ferred (4) Close contact and ytoplasmie conrecticns hase bee demon-
s e b nd g s () B e
acTophages exposed 10 antigen can induce the corresnond np

[P

.
4 epeedie L produce specific antibody Thus was called the
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nstruction hypothesis Several recent studies make the RNA instruction
hypothesss unlikely Itis clear, however, that macrophage RNA contaming
mrute amounts of antigen can indeed induce specific antibody synthesis
by lymphocytes Furthermore, 1t 1s clear that the macrophage RNA en-
hances the rmmunogemcity of these minute amounts of antigen In other
words, macrophage RNA may act as an adjuvant

It 15 clear that these studies of RNA synthests by normal and abnormal
human leukocytes should now be repeated n the light of the more sophis-
ticated knowledge of RNA metabolism in mammalinn cells i general and
with the more refined techniques now available, such as DNA-RNA hy-
bridization and polyacrylamide gel electrophoresis For example these ob-
vious questions arise (1) Is the pattern of RNA synthesis and control dif-
ferent in the normal and the malignant cell? (2} In the cells of wnfectious
mononucleosis, are there RNA species homologous to the DNA of Epstemn-
Barr virus? (3) Are there multiple forms of RNA polymerase controlling
cell differentiation in the leukocyte as i the sea urchin and the hepatic
cell? (4) What 1s the influence of viral transformation? The answers to these
questions are contaned 1n areas of mvestigation which are both fruntful
and demanding

Author s address Dr MaARTIN | CLne Cancer Research Institute Umiversity of Calr
fornsia School of Medicine San Francisco Calif (USA)
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RNA Metabolism of Circulating Lymphocytes
Studied in Man After Autotransfusion and
in titro *H-Cytidine Labeling!

K Bremer and T M FLIEDNR

Department of Clinical Physiology Center of Basic Clinical Research University of Ulm,
Ulm (Donau}

Abstract Thelabelng panern of inmirodH-yud ne Aoy $hords
1abeled blood lymphocytes was studied afier autotrans-  Autoradiography
fusion 1 2 hematologically normal patients and m 6  Chromclymphocyticleukemia
patients with untreated chronic lymphocyue leukemia,  Lymphocytes
An in vtro incubation time of 45 mun resultsin arapid - RNA metabotism
loss of label during the Brst hours, whereas after a
4 h mcubation time the Tabel 1s much more stable The results are taken 10 indicate that
during a 45 mm mcubation time predominantly metabolically unstable RNA fractions
become labeled while afier a 4 h in virro sncubation period a larger proportion of the
stable RNA fractions 15 labeled

There are only a few data concerning the 1 ine RNA metabolism of
cells 1n human bewngs {13, 20, 22] Thus we have designed expeniments to
study the RNA metabolism of circulating human blood lymphocytes 1n
patients with normal h and with chrome lymph
leukemia (CLL) This has been achieved by the method of autotransfusion
of 1 vitro 3H cytidine labeled blood Iymphocytes [9-11] In ear]m s(udncs
1t was d that y all lymph of h
normal persons and of patients with CLL are actively engaged in RNA
synthests but not m DNA synthesis [2-4] The tn viro labehing procedure
with 3H-cytidine resu]ls 1n the labeling of close to 100%» of all human blood

IR, was d into h far more
extensively than lhc RNA specific labeling substance 3H-undine [4] 3H cyti-

* Research supported by Euratom contracts No 031-64-1 BIAD and No 07268 |
BIOD and the Byndesmnisterium fur Wissenschaftliche Forschung
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dine 15 not only a suitable Jabel for human blood Iymphocytes but also -
due to the very low number of cells tn DNA-synthesis — may be regarded
under these circumstances to be a speaific RNA marker The basic studies on
the labeling of lymphocytes and their i vitre RNA turnover pattern have
been pubhished elsewhere [3, 4]

During the i 3itro incubation of the lymphocytes with 2H-cytidine newhy
synthesized RNA will become labeled Further 3H-cytidine mcorporation
will be stopped by the addition of a large amount of unlabeled cytidine and
by the subsequent rapid autotransfuston of these labeled lymphocytes The
pattern of the loss of the labehng intensity studied 1in autoradiograms of the
autotransfused, circulating lymphocytes will refiect therr m 1no RNA
metabohsm

Materals and Mecthads

The autatransfusion studies have been performed in 2 hematologreally normal persons
and in 6 patients with an chrontc Iymphocytic feukemia The peripheral blood
Iymphocyte count varied among the 6 CLL-patienss between 10 000 and 500 000 mm*
blood

One unit of venous blocd (500-600 ml} was collected i a plastic bag containng 75 m!
of ACD (Ihotest S=rum Institut Frankfurt/Mamn, FRG, ACD Stabilisator USP XVI1 A}
and was meubated with 300-2,000 yc1 of SH-tytidine (spec Act 4 S o/m M {Schwarz Bio-
research Inc Orangeburg, N'Y , USA) or 2 0 ci/m a (Radrochernrcal Center Amersham,
England) for 45 mun or 4 hat 20 or 37°C At the end of the incubation persod non radio
actnve cytrdine was added to the bag in a concentratron 1 000 tmes the quannty of
cyudtne 1 the radioactive matenial Thereafter the blood unit was autotransfused mto the
patients within 10-20 min

After completion of autotransfusion 2-3 ml of venous blood were removed at senal
time intenvals 10-15 samples were taken duning the first day 4 on the following day 3 on
day 3 to 5, and 2 daily until day 7 or 10 and then once a day for the following week
Thereafter samples were faken at greater mtervals The blood was nuxed immedratety with
1 mlof 1 EDTA - plasmagel mutture i order to prepare leukocyte concentrates after

erythrocy J (3 4] The cell smears were immediately arr dried
fixed in methy! alcohol (3 x 10 nun) and processed for autoradiography
A modified strpping Rlm tech of d hy was used ding to the

method described ongmally by Perc [4 17] The exposure times of the
ranged from 42 to 310 days and were determuned on the basts of the intenstty of labeling
n control shdes

At the time intervals studied at least 2,000 small lymphocytes were evaluated for their
labelmg intensity 1n the autoradiographic smears The mean gram count determmnation
was based on a mintmum of 50 to 100 labeled Jymphocytes per shde

Because the background varied in the shdes from patient to patient an arbitrary back
ground himit was chosen for each patient In the leukocyte concentrate smears of pauent
EF and M S all tymphocytes with 4 grains or more were cansidered to be labeled
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MEAN GRA N COUNE
OF THE AUTOTRANSFUSED LYMPHOCYTES

DAYS AFTER AUTOTRANSFUSION

Fig I Changes in the labeling intensity of the autotransfused circulating fymphocytes
of a patient (A G ) wrth CLL after a 45-min s virro incubation time with *H<cytidine The
upper part of the diagram gives the changes in the total cell labeling intensity { x
0 the lower part the changes of the nuclear (o ) 2nd cytoplasmic {
label afe shown separately

A background hmit of 5 grains was chosen for the patients VP F S, M R, and A O
and of 7 grains 1 patients M K and A G

Results

Figure 1 shows the decrease of the labeling intensity of the autotransfused,
labeled lymphocytes 1n a patient with CLU after a short 1z vitro meubatton
time of 45 pun  Whereas the ge of labeled lymph

1 the blood did not change significantly during the first hours after
autotransfusion [10, 11}, the total cell labeling intensity shows duning this
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MEAN GRAIN COUNT
o

05,
L] 0 20 30
DAYS AFTER AUTOTRANSFUSION
Fig 2 Changesinthe labelingintensity of th fi i} 1 of

a patient (M § ) with CLL afler a 4 hours i vitro incubation time with 9H cytidine, given
for the total cell labeling (o #) and the cytoplasmue label (o 0) separately

time a rapid loss mn labeling intensity of about 50% (upper part of the
diagram) In the following hours and days this rate of diminution of labeling
ntensity slows down and after about 10 days the mean grain count reaches a
relatively stable phase

The lower part of figure I demonstrates the behavior of the labeling
mtensity for the cell nucle: or for the cytoplasm separately Most of the label
15 seen over the cell nucles and determunes largely the pattern found for 1082)
cell labeling However, there 1s a distinct increase of labeling intensity over
the cytoplasm durning the first 2 days after autotransfusion, followed by a
slow decline which 1s nearly parallel to the pattern of the nuclear labeling
Thus patient 1s one example out of 3 CLL-patients studied in the same way
In these patients the patterns of the loss of the labeling intensity are simifar
to these cunves (fig 4)

1f the usual incubation period of 45 mun 1s prolonged to 4 h, then the
labehing intensity of the autotransfused CLL-lymphocytes remains prac-
tically constant for the first S d1ys and declines slowly thereafter (fig 2)
Thecytoplasmshows againa marked increase n labehng intensity duning the
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PERCENT LABELING MIENSITY

DAYS AFTER AUTOTRANSFUSION

Fig 4 Different rates of loss of the labeling 1ntenuity over the autotransfused arculat-
g fymphocytes in 6 CLL-patienis demonstrating the different fabeling stability after a
short (45 mun) or a prolonged (4 b) 1y itro incubation time with 3H-cytidme  The mean
grawn count value diately before i 15 taken as 100%, and all subsequent
Iabeling values are expressed as percent of this labeling level

Figure 4 demonstrates the differences n the loss of the labeling mntensity
n 6 CLL-patients, in which the lymphocyte incubation time was 435 min in
3 and 4 hn the remaiming 3 The mean gram count over the blood lympho-
cytes of each patient immediately before autotransfusion was taken as 100%
and ali subsequent values for the labeling intensity in each patient after
autotransfusion were expressed as a fraction of the mean grain count before
autotransfusion As indicated above a short, 45-min incubation time results
1n a marked 1mtial loss of labeling intensity In contrast, when lymphocytes
were autotransfused after a 4-hours incubation time, then the label was much
more stable

The behavior of the labeling ntensity according to different i vitro
mcubation times with 3H-cytidine was investigated not only i leukemic
but also 1n normal lymphocytes after their autotransfusion The first few
results of these studies are shown in figure 5 After the autotransfuston of the
lymphocytes incubated only for 45 min with 3H-cytidine, there seems to be
an imtial rapid loss of the labeling intensity, followed by an increase with
s maximum on the second day After 10 days, a more stable pattern
evolves The cytoplasmic label increases during the first 3 days followed by a
dechine nearly parallel to the total cell fabeling The lower part of this dia-
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siability during the 1 vitro incubation ttme This has been studied previously
by comparing the RNA synthesis rates of blood lymphocytes immediately
after blood withdrawal with the rates of those lymphocytes which were kept
w vtro for a time interval of 45 min or 4 h [3, 4] Comparing the increase of
labeling ntensity parallel to the duration of i vitro tncubation time with
3H-cytidine all these lymphocytes studied showed no distinet difference in
their incorporation rates of ¥H-cytidine thereby presumably reflecting ua-
altered rates of RNA synthesis

The changes in the labeling intensity of the autotransfused lymphocytes
studied are interpreted to indicate their 17 vno RNA turnover since almost
all lymphocytes lost their label after treatment of the cell concentrate smears
with perchlone acid or with the speaific RNA degrading enzyme nbo-
nuclease {3, 4] Only about 0 1% or less of the labeled cells remamed stll
heawvily labeled demonstrating that these cells were in DNA-synthesis dunng
the time of incubation with ¥H-cytidine

Because under the conditions of our studtes *H-cytidine can be considered
as a nearly RNA speaific labeling substance, the differences 1n the rates of
toss of label according to different long i vitro incubation times of the blood
umit with 3H-cytidine should reflect labeled RNA fractions of different
metabolic stabihity Therefore in the lymphocytes incubated for a short ime,
45 mn, predomantly unstable RNA fractions appear to become labeled,
to which one would have to assign turnover times n the order of some
minutes and hours (fig 1) If the i virro 1ncubation time was pralonged to
4 h, then the autotransfused lymphocytes showed a much more stable
labeling pattern Thus 15 taken to demonstrate that in these lymphocytes a
larger fraction of more stable RNA with turnover times 1n the order of days
and weehs had become labeled Sumilar observations have been obtaned 1n
brochemical studies investigating the m yiro RNA metabolism of mamma-
han cells [5, 6, 18, 21] But 1t remains to be determined, whether or not the
various rates of dechine of the labeling mntensity obsersed over the auto-
transfused lymphocytes can be correlated to the RNA fractions of known
different metabolic stability and with well known biochemical charac-
teristics Appropriate studies are underway

The fact, that the lymphocytes incubated for 4 h show a much more stable
fymphocyte label than those incubated only for 45 mm, may not only be
explained by a larger fraction of metabolically more stable RNA labeled
dunng a 4-hours incubation ime In addition there may be a larger pool of
volatile, intracellular tritiated ds from which sntracellular re-

utilizatron may occur There is also a large amount of trtiated RNA break-
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down products from the labeled metabolically unstable and therefore rapidly
decaying RNA fractions which then may be meorporated into the more
stable RNA molecules Furthermore there 15 an ntracellular acid soluble
pool which may contan a larger quantity of labeled RNA precursors and
which may then feed into the continuous RNA-synthesis resulting 1in 2 more
stable labeling of these fymphocytes This acid soluble RNA precursor pool
1s not detected 1n the present studies by autoradiography because 1t as
extracted by methyl alcohol fixation [1] The addition of an excess amount of
non-radioactive cytidine to dilute the radioactivity 1n the acid soluble RNA
pool and later of the intracellular located RNA breakdown products

ly did not pletely prevent the lut: 1} of this
tntiated matersal [7, 8]

In this study a wave of tritium labeling was found over the cytoplasm
indicative of the movement from the nucleus to the cytoplasm of tntium
labeled material, which 1s presumably RNA That RNA moves from the cell
nucleus into the topl: was d d also tn many
other myestigations {12, 15, 16, 18, 19, 23]

The labeling patterns of the pormal lymph. showed
a more complex cune with some decrease and wncrease in the labeling
intensity These undulations have yet to be analyzed 1n more detad and  a
larger number of patients If they are reproducible, then they could reflect
waves of 1 1y labeled lymph I Prelt-
minary results have shown that the mean labeling intensity of the recirculat-
1ng lymphocytes in the thoracic duct Iymph 1s higher than in the blood

popul (unpublished data)

Whether or not the 1 sn6 RNA-metabolism of leukemic and normal
lymphocytes is different from each other, remains to be determined
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Autoradiographic Studies on the Kinetics
of Nuclear-Cytoplasmic Transfer of RNA in Blast Cells
of Acute Leuhacemia

D Quacuing, U Torerwl, G. Estuia, A pL PasQuare and C. Maurt

Institute of Medical Pathelogy, Unnersity of Modena, Modena

Abstract  Autoradiographic imvestigations on normal PHA-  Aey Nords
stimulated lymphocytes and on blast cells of acute leuhaemra were  Autoradsography
carried out 1n order to evaluate the nuclear-cytoplasnuc shift of SH-  Leukenuc cells
unidine and the degree of nucleolar labelling with the san e radicactive  PHA sumulation
precursor The results obttned indicate that, 1n contrast with PHA  Transfer of RNA
blast cells, a vartable proportion of leukaemic blasts, cven after pro-
longed periods of incubation show a delayed transfer of uridine to the cytoplasm, as well
as a reduced concentratton of label in the nucleol The implications of these findings are
discussed aho 1n the Iight of recent biochemical acquisitions

When normal human fymphocytes, stmuiated by phytohacmaggfutimn
(PHA), are incubated 1170 with an RNA radioactive precursor, such as
undine-5-1, labelling oceurs at first over the nucleus and subsequently, after
the first half-hour, also m the cytoplasm [3} When performing chase
studies on PHA-1mnduced blasts, it may be observed that nuclear grain counts
decrease from the dth to the 6th hour, while the cytoplasmic counts reach a
peak at 5h (3]

In leuhaemic ceils, autoradiographie studies with undine-5-T [5] have
confirmed the carly work of Gavosto ef al [1), who reported that uptake
with labelled RNA precursors was much dimrnished compared with that of
normal tmmature celis of the haecmoporetic system Chase studies on leu-
haenuc cells have mstead given some controversial results QUAGLINO and
Havtor [5) supgested that the nuclear-cytoplasmic shift of label might be
delayed 1 a varable proportion of leukaenic cells, while later studies of
Sinks and HayHoE [6] appeared (o mndicate that the time sequence of label
transfer from nucleus and nucleolus to cytoplasm did not differ cssentially
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from that seen in PHA induced blast cells and 1n other cultured mammahan
cells
We have therefore cammed out a further senies of autoradiographic
Jnvestigations mm an attempt 1o clandy this controrersial issue We hase also
studied as accurately as possible the uptake and distnbution of tabel within
the nucleolus, since SInks and HAYHOE [6] did not report any vanation in
nucleolar gram counts 1 3 cases of acute leukaemia [t1s clearly important
to assess the functional sigmificance of nucleoly, since m leukaemie cells these
are more developed and p than n normal tmmature
cells [2, 4}

Material and Methods

Our cases consisted of 3 normal sutyscts, whose penipheral blood hmphocytes were
incubated with PHA and 9 cases of untreated scute leukaenias § myetoblasue, 2{ympho-
blastic and 2 myelo-monocytic

Samples of cells from each case were cultured in a medium consisting of the patient s
serum and medium TC 199, the cell concentration bemg adiusted to approumately
2.500-3 000 cells mi

Undine 5-T at a concentration of 02 and 05 ¢ ml and (ntiated thymidine at a
concentration of 0.5 gc m! were added to different samples from each case studied Cell
samples were obtamed at 30 mm 2and 4h and autoradiographic preparations were made

were evaluated separately in the nucleus and in the cytoplasm

Results

Table I shows the results Leukaemic cells showed considerably lower
total grain counts than normal PHA cells Howeser the greatest difference
was observed 1n the cytoplasm, leukaemic cells showing m all cases a much
lower urnidine tneorporatton It 1s notewarthy that even in those cases of
acute leukaemia with farrly high nuclear gram counts {cases 2, 3,7, 8), the
shuft of label from nucleus to cytoplasm, after 4 k of mcubation, was n‘xuth
delayed compared to normal PHA cells In the [atter the percentage of
ytoplasmic grams varied from about 30 to 40%, while in leukaemic cells ;¢
was usually well below 15% with one exception (fig 1)

The nuclear gram counts obviousl;

y refer to the whole of the nuclea;
but 1t 1s necessary to emphastze that T area,

while for PHA blasts this means thata
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Fig 1 Percentage of cytoplasnuc gramns in normal PHA blasts and in leukaenuc cel's
after 30 min 2and 4 hancubation of seven cases

considerable number of granules are concentrated in the nucleolus, n
leuhaemic blasts the majonty of granules are widely scattered over the
nucleus and the nucleolus 1s often poorly 11belled or labelled at the penphery
(fig 2and 3) Within a given leuhaemic cell population, there s an extreme
samability of nuclear/nucleolar labelling and in parallel of nuclear-cyto-
plasmic shift in different cells (fig 4) In particular 1t has teen possible to
observe quite frequently cells whose uptake was many fimes greater than
the average grain counts of the majonty of other leuhacmic blast cells (fig
5 and 6)

There was a positive correlation between the degree of undine uptake
and the percentage of thymidine incorporation, 1€ the proliferatie activity
of the cells The cases with the lowest rates of RNA synthesis showed also @
Yo praceniage oA WyTndnne wRoTpuIalen Cakthe By

Actinomycin chase studies, carrted out i 3 cases of acute leukaerua,
showed a cansiderable reduction 1n total gran couants, but a distribution of
labet not sigmficantly different from that observed in the untreated spect
mens

Fig 2 Group of 3 blast cells from a case of acute leuhacnua The Tower blast cell
shows a promunent nucleotus which 1s labelled only at the penphery

Fig 3 Group of leukaemic blasts showing 2 diffuse nuclear scattenng of the label
The largest blast cell also shows a peninueleolar concentration of unidine
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Fig 4 Extreme vatiability of labelling with uridine 1n leukaemic celf populations from
2 cases of our senies

Discussion

The results concerning the degree of nuclear-cytoplasmuc shift of label
in acute leuhaemia cells scem to confirm the preliminary data reported by
one of us a few years ago The existence of conflicing reports may be
cxplaned on the basis of the different approach or evaluation used in each
study For instance, cells with very low grain counts, have been excluded 1n
some studies This fact may greatly influence the final average grain count
and consequently the general pattern

it 15 obvious that owing to the low rate of incorporation of the RNA
precursor 1 leukaemic blast cells, the baseline being too high, one will tend
to exclude from the final count a sigmificant number of cells, especially after
short incubation periods Consequently the cells taken into account will not
refiect the whole cell population, but will comprisz manly that fraction,

Fig 5 Two leukaenuc blasts one of which shows heavy uridine uptake both nuclear
and cytoplasmie

Iig 6 Group of S blast cells [rom a case of acuteleukacnua Thecellat the botiom left
15 more heavily labelled than the remaiming
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endowed with greater synthetic actnity and whose metabolic features, at
least from the point of view of the kinetics of RNA transfer from nucleus to
cytoplasm, are mote ahin to those of PHA blast cells

It s worthwhile recalling that in cells such as PHA blasts characterized
by intense synthetc actinty, this i1s predominantly (80°%) nibosomal, while
1n cells with a low degree of synthetic activity, as for example arculating
{ymphocytes [7] and normoblasts C [9] the RNA synthesized appears to be
non ribosomal but DNA Iike and this fraction appears to be metabohzed
almost exclusively 1n the nucleus and 1s not significantly transferred to the
cyloplasm One could therefore suggest that the low average grain counts in
a high proportion of leuhaenue blast cells 1s an indication that in these cells
the latter type of RNA 1s pred synth d This hypoth would
te supporied by the fact that the lower the grain count, the lesser the amount
of label transferred to the cytoplasm

However, biochemucal studies [8] carried out on some of the cases
tncluded 1n our series, suggest that in | cells there 1s an 1;
tion of unmethylated precursor RNA which 1s not processed and s not
therefore transferred to the cytoplasm

Our autoradiographic investigations are unable to discnminate between
the 2 types of RNA excepting for the fact that the pattern of RNA distribu-
tion 1n leukaemic cells 1s httle affected by actmomycin Biochemical studies
[10} show that foll, with the largest portion of
*H undine stll remains associated with nuclear fractions

Our autoradiographic studies also indrcate that a variable, but usually
smalt number of leukacmic blast cells are heavily labelled with unidine-5-T
and show a normal nuclear-cytoplasmic shift of label This observation 1s
0 keeping with the fact that in feukaemic cell populations a certain amount
of iibosomal RNA s still produced despite the general overall reductron of
RNA precursor synthesis {10}

Finally we have observed a positive correlation between uridine uptake
and ®4 of thymidine wncorporation If this observation 1s confirmed, 1t may
be possible to postulate the existence of a direct corselation between the rate

of nbosomal formation and the proliferatine activity of leukaermic blast
celis
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Impaired Pri ing of Rib 1 Precursor RNA in Blast
Cells of Acute Leuhemiat

U L Torettr G M Torettr A AnpRreoLl, and C MAURt

Institute of Medscal Pathology Unnersity of Modena Modena

Abstract Homogeneous blast cell poputahions from 9 cases of acute  Aey M ords
feukemia were mcubated for periods varying from J0 min to 6 hsimul  Leukemic celts
taneously with undine 5-2H and MC methyl-methionine The distribu  Ribosomes
tion of label in the different classes of RNA molccules was studied after  RNA synthesis
their separation by sedimentation 1 sucrose gradients At vanance
with normal proliferating blood cells, n leukemic blasts methylation and cleavage of 35S
precursor RNA occurred at a very lowrate F f
Tabeled RNA molecules 1n the size range of ribosomal precursor RNA was observed
presumably due to an unbalance between rate of synthesis and rate of processing of 45 S
RNA

Results obtained in different laboratories suggest that RNA 1s synthesized
1n blast cells of acute leukema at a low rate {3, 9, 11] This low rate must
surely affect nbosomal RNA synthests since about 80% of total RNA in
any type of cell 1s made up by the laster [2] However 1t1s hard to reconaile
this fact with the existence 0 acute leukemia cells of highly developed
nucleol: [4 8]

The physiology of nbosomal RNA synthesis has been elucidated to a
considerable extent 1n recent years Nucleolus has been shown 1o be the se
of synthests of a large 45 S molecule which m the nucleolus itself is then
methylated and cleaved through some intermediate size short Iived mole~
cules, 1o a 18S and a 32S molecule The 18S molecule reaches the cyto-
plasm immediately the 325 molecule 1s converted into a 285 molecule m‘)‘he
nuc‘leolus before reaching the cytoplasm [S, 6, 10, 16, 17)

n rapidly growing cells such as HeLa cells [5 ¢
lymphocytes [12) systhesss methylation and n!le:\a]geo ro:')l:}‘: s:::,:m:d]
* Research supported by 4 grant from the Consigl o Nazionale delle Ricerche o
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Fig I S=di

profile of rad RNA extracted from feukenic blast cells
ncubated for 1 h with 3H 5 unidine (10 ¢ ml) and 1*C methyl methionine (5 gc/ml)
Cenmnifugation for 16 h at 16 000 rpm on § 20% sucrose gradients The absorbance
profile 1s manly due to unlabeled RNA from KB cells extracted simultaneously

precursor molecule occur very rapidly when the cells are incubated with
labeled RNA precursors the label 15 found assocrated with 45§ RNA after
periods as short as 5-15 min while 28S and 185 RNA are labeled after
longer peniods
The problem of nucleolar function m acute Jeukemia cells has been
tackled 1n our laboratory by studying in these cells the rate of methylation
and processing of nbosomal precursor RNA We have imvestigated by sedi+
mentation analysis in sucrose gradients the distribution of the label 1 the
various pre bosomal and ribesomal RNA molecules after diflerent peniods
of exposure to labeled unidine and methy! labeled methiomne Some of our

0
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Fig 2 S*dunentation prafile of radioactive RNA exiracted from leukemic blast c-lls
meubated for 3 h with 3H endine (10 g mD) and HC methyl methionine {3 pc mb)
Ceninfugation for 16 h at 16 000 rpm on 5-20%s sucrose gradients The absorbance profile
1s mainly due to untabeled RNA from KB cells extracted simuttaneously

results have been already reported [13] The present paper will give further
informations about the data which were obtaned in all cases so far examined
by the double-labeling techmque

Materials and Methods

The cells studied were obtamed from 9 acute leukemsa patients chosen because of the
homogeneity of their perpheral cell population Five of them had acute myeloblastic
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Fie 1 S=d profile of rad: RNA extracted from leukenvic blast cells
incubated for 1 h with 3H S-undine (10 ¢ ml) and “4C-methy! methionine (S s< mlk
Centrifugation for 16 h at 16 000 rpm on 5-20% sucrose gradients The absorbance
profile 1s mainly due to unfabeled RNA from KB cells extracted simultincoushy

precursor molecule occur very raprdly when the cells are incubated with
labeled RNA precursors the label i1s found assoctated wath 45S RNA after
periods as short as $-15 min, while 28S and 18S RNA are labeled alter
longer peniods

The problem of nucleolar function 1 acute leukemsa cells has been
tackled 1 our Iaboratory by studying in these cells the rate of methylation
and processtng of nbosomal precursor RNA We have ivestigated by sedi-
mentation analysis tn sucrose gradients the distribution of the label in the
sanious pre-nbosomal and ribesamal RNA molecules after different peniods
of exposure 1o labeled undine and methy labeled methtonme Some of our
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radioactivity corresponding to 28S  Furthermore, stnce formation of 325
RNA was observed tn all our cases. ssimultancous appearance of a cor-
responding radioactive 185 peak should have occurred 1n heeping with the
presently accepted scheme of clearage of 455 RNA (17] In many of our
cases this was pot observed, and it s therefore necessary to presume that
185 RNA 1s for the greatest part degraded soon after hus formation

1t must be emphasized howerer that, in addition to the slow processing
af nbasomal precursars, 1t s apparent from our results an accumulation of
unmethylated Jabeled RNA molecules m the size range of nbosomal pre-
cursor RNA This suggests that crrculating leukermie blast cells are character
1zed by an unbal between p g of 1p RNA and
rate of synthesis thus causing an accumulation of unmethylated precursor
This seems to be a major difference between the metaboltc pattern of these
cells and that of normal mature cells such as lymphocytes and normoblasts
{12, 1] 1n which the low rate of nb ] RNA 1s not
with any relevant of thylated p

Tt 1s interesting to point out that 2 metabohe pattern of nibosomal pre
cursor RNA similar to that scen in acute leukemra cells may be observed

in rapidly growing cells following treatment with protein synthesis mhibitors
[{RERL]
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The Application of Cytochemtcal Methods to the Study
of Acute Leukerma
A Review

F Scivarzi and H BRAUNSTENER

Unvers ty of Innsbruck Depaniment of Internal Med aine [nnsbruck

Absiract The compar son of cytochem cal entera wih  Key Bords
convent ona! morphologic and cytologic eneria as wellas  Acute beukem a
w thelegtron m croscop ¢ and b ochem cal invest g3t onsall  Cytochemistry
confirm the value of cytochemustey in 1dent fy ng and elasss  Esterasesinlevkem ceells
fying acute of ymmature leukemias A clearcut and reason  Leuksemua d fereatiat on
able charactenzat on of the part cular leukemic ypeisuse  PAS reaction
ful n improv ng the qual ty of treatment

Cytochemical msestigations of the blood and bone marrow cells when
based upon the appropriate techmques lead to the demonstration of char
actenstical patterns in the various types of cells (19 35 58] The relatonship
between these cytochemical staiming patterns and certain subcellular struc
tures has been partly elucrdated by wltrastructural mvestigations used n

with the J; h [3 5 6 36 55] and by cell
fractionation and biochemical methods [8 10 11 56] Thus it may now be
generally accepted ﬂm acid phosphamsc activity 1s local zed 1n the granules
lyplcal of P ytes and in the other less
! blood and bone marrow
cells [3 6 36 551 Alkaltne phosphatase [25] scems to be localtzed in the
secondary or specific neutrophil granules which morphologically differ

fu

fromthe pnmary or hil granules g acid ph Bé
7 56] In neutrophls peroxidase [43] 15 prob:lbly locahized 1n the same
azurophil granules already das g acid phosph 36

10 11 56) In monocytes peroxidase was found to be confined to granules
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The Application of Cytochemical Methods to the Study
of Acute Leukemia

A Review

F Scviarzt and H BRAUNSTEINER

Unuvers ty of Inasbruck Department of Tnternal Med cine Tnnsbruck

Abstract The compagison of eytochem cal eriteria w th Key Hords
convent onal morphologic and cytolog ¢ criteria as wellas  Acute leukem a
w th electron microscopsc and b ochem calinvest gat onsall  Cytochemlstry
confirm the value of cytochem stry 10 dent fy ng and class

Esterasesinleukem ceells
fy ng acute or immature Jeukem as A clearcut and reason  Leukaem a d flerentiat on
able characterizat on of the particular feukem e type s use  PAS reaction

ful 10 tmprov ng the qual ty of freatment

Cytochemical investigations of the blood and bone marrow cells when
based upon the approp h Jead to the d of char
actenstical patterns 1n the various types of cells [19 35 58] The retationship
between these cytochemical staming patterns and certain subcellular struc
tures has been partly by used 1n

with the hi (3 5 6 36 55] and by cell
fractionation and biochemical methods [§ 10 11 56] Thus it may now be
generally accepted that acid phosphatase actyvity 1s localized in the granules
typlml of and and in the other less

I 1 of add: ! blood and bone marmrow
cells [3 6 36 55] Alkaltne phosphatase [25] seems to be localized 1 the
secondary or specific neutrophil granules which morphologically differ
from the primary or azurophsl granules contain ng acid phosphatase [3 6
7 36] In neutrophils peroxidase [43] 1s probably localized 1n the same
azurophil granules already d as acd p h Be

10 11 56) Tn monocytes peroxidase was found to be conﬁned to granules
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specific for this cell type [8, 14] Comparatne hight microscopical studies
yielded strong evidence that the Sudanblack-B positive granules in the neu-
trophils are really the same primary or azurophil granules referred to as con-
taining both acid phosphatase and peroxidase [35, 54) and probably naphthol-
AS-D chioroacetate esterase actvity [37) This assumption 15 further sup-
ported by the cytochemical pattern of the Auer bodies, which are regarded as
pathological forms of primary neutrophil granules, Auer bodies, 1n addition
to acid phosphatase, also contain peroxidase and naphthol-AS-D chloroace-
tate esterase as well as Sudanblack-B-posttive hipids [2, 15, 17, 27, 59]

Monocytes are characterized by promient nonspeeific esterase activity
[30, 44], however, they also show a fant, but usually distinct, positnve stamn
g for peroxidase, chloracylesterase, and Sudanblack B {47] The combined
latter 3 cytochemical features as we have already stated are highly specific
traits of neutrophuls, and, excepting monocytes, are not sharcd by other blood
or bone marrow cells The similanty of the cytoch p d
by these 2 cell types as well as the fact that the mye)ogcnous ongn of true
blood monocytes [16, 29, 46, 48 57] has been unquestionably established seem
to suggest a close genetcal relationship between monocytes and neutrophils
This suggestion 1s further supported by the observation of simiiar cyto
chemical and functional defictencies occuring 1n both neutrophiis and mono-
cytes 1n some congenttal affections of the neutrophil system (unpublished
observations)

At the beginming of the sixties, cytochemmcal methods, based on the con-
sistently charactenistic patterns seen 1n normal blood and marrow cells, were
employed as mids in wdentifying the various types of acute, or better named
precursor cell leuhenuas {20, 27, 31] The perovidase reaction had already
been tn use some decades as the established method for identfying immature
myeloid leuhemas

As just pointed out, most of these cytochemrcal procedures (table I)
specifically stain subcellular structures and, therefore, may help in recogniz-
ing atypical cells which can otherwise hardly be identified In fact, the presence
of such cytochemcally stamnable cellular structures, as for instance the pnma-
ry granuies in neutrophil precursors may be regarded as an unequivocal sign
of a tendency toward specific cellular differentration

Cytochemical methods also led to improyed diagnostie detection of mono-
cytic leuhemia [9, 20 29 31 47) Some of the cases, now identifiable with
considerable certainity as belonging to the monocyte series, werc n the past
incorrectly diagnosed as cases of myeloblastic leukemia [47] The critena that
have proven to be most useful i diagnosing monocytic leuhemia when ex-
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specific for this cell type [8, 14] Comparative hight mucroscopical studies
vielded strong evidence that the Sudanblack-B-pasitive granules 1 the neu-
trophtls are really the same primary or azurophil granules referred to as con
tamtng both acid phosphatase and peroxidase [35, 54] and probably naphthol
AS-D chloroacetate esterase activity [37] This assumption 1s further sup-
ported by the ¢y tochenucal pattern of the Auer badies, which are regarded as
pathological forms of primary neutrophul granules, Auer bodies, 1n addition
to acid phosphatase, also contam peroxidase and naphthol-AS-D-chloroace-
tate esterase as weil as Sudanblack-B-positive pads {2, 15, 17, 27, 59]

Monocytes are charactenized by promment nonspeaific esterase achinhy
[30, 44], however, they also show a faint, but usually distinct, posinve sta
ing for peroxidase, chloracylesterase, and Sudanblack B [47) The combmed
latter 3 cytochemical features as we have already stated are highly speaific
traits of neutrophils and, excepting monocytes, are not shared by other blood
or bone marrow cells The similanty of the cytochermical equipment possessed
by these 2 cell types as well as the fact that the myelogenous onigin of truz
blood monocytes [16 29, 46,48 57] has been unquestionably established seem
to suggest a close genetical relationshup between monocytes and neutrophils
This suggestion 15 further supported by the observation of similar cvio-
chemteal and functional deficiencies accusng w bath neutrophuls and mono-
cytes 1n some congenital afik of the phil system (unpublished
observations)

At the beginning of the stxties, cytochemical methods, based on the €0t
sistently characteristic patterns seen 1 normal blood and marrow cells were
employed as auds n 1dentifying the vanous types of acute, or betier named
precursor cell leukernias [20 27, 31] The peroxidase reaction had already
been 1n use some decades as the established method for identifying immatere
myelowd lenhemms

As Just pointed out most of these cytochemucal procedures (table U
specsfically stain subcellular structures and, therefore, may help in recogmz
ng atypical cells which can otherwise hardly be dentsfied In fact, the preseac
of such cytochemically stanable cellular structures, as for mstance the pom3
ry granules 1n neutrophil precussors may be regarded asan unequi ocal 20
of a tendency toward specific cellylar differentiation

Cytochemtcal methods also led (o improved diagnostic detectron of mone
cytic leubenua [9 20 29 31 47) Some of the cases now sdentifiable with
considerable certaimty as belonging to the monocyte series, were1n the pist
wcorseetly d 4 a8 cases of myeloblastic leuhemia [47] The critena that
have proven to be most useful i diagnosing monacytic lenhema when ¢%
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hibited as follows are The presence of marked amounts of sodium fluoride
{NaF) - and organophosphate - sensiie esterase splitting naphtho! AS-
acetates accompanted by relatively famnt positive staining reactions with
Sudanblack-B and for peroxidase as well as for chloracylesterase |1, 47) In
fact, all the cases 1dentified by these means as monocytic leuhemia behaved
accordingly in the further fairly specific tests (1) they showed an early and
abnormally rapid monocyte emigration in shin window expenments [45] with
consecutive transformation into macrophages [45), (2) when cultured wnvirro,
the leukenmc cells transformed depending upon to the culture technique 1nto
large vacuolated macrophages or fibrablast-hhe cells [38, 39, 50), (3) 1 all
cases showing predominantly mature cells the serum and urinary lysozyme
levels were very high [4, 9, 40, 41], (4) 1n the few cases tested, the leukemic
cells showed an IgG receptor actinty [9] reported to be specific for the mono-
cytes and macrophages [22

The 4 critenia histed above plus the cytochemucal pattern previously cited
provide the most reliable methods for establishing the diagnosis of monocytic
leukermia {9] We had the occaston to study some cases which according to
other authors [27, 29, 32] shouid be identified as monocytic leukerma but in
our tests failed to show either the typical NaF-sensttis e naphthol-AS-acetate-
esterase as well as the charactenstic lysozyme levels or the behaviour typically
observed in the skin window experiments or 1n the in yizro cultivation Based
on the critera reported above a further type of leukemua could be identified,
which 1s charactenized by a rather immature monocytic or promonocytic cell
population [23, 52] which, however, clearly differs from the mature monocy tic
leukema as well as from the myelo monocytord type or the mycloblastic and
promyelocytic types

Based upon cytochemical features, an atypical hind of leukema could be
1dentified which showed a pattern of differentiation faliing 1n between that
of the typical monocytic and the typical promyelocytic patterns [51) Sinuiar
discrepancies were also observed 1n electron microscopic and 1n biochemteal
vestigations [23, 51] giving further indications of the atypical maturation
which we denoted ‘myelomonocytod® {51]

Although other bone marrow cells do not contan organelles which may
be unequwvocally cytochenucally charactenized, they do show when the
approprate cytochemical starming procedures are used, highly charactenisic
patteras, which may sometimes be distinetly altered m pathologtc circum-
stances For mstance, inacuteerythremias and erythroleukemiasthe levhemc
erythroblasts extubit very strong esterase sphtting a naphthyl acetate for
mast part exceedng the enzyme activity observed in normal or otherwise
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hotl erythrabl, Further traits frequent! d 1 leukemic
crylhrobhsls 1nclude an merease 1n the normal acid phosphatase activity in a
lear area, as well as diron content and marked

PAS-posmvny 10 the leukemc erythroblasts [1, 13, 28, 32)

Myeloma cells and leulemic plasma cells may be identified by the charae-
tenstically greater actwities of both their paranuclear acid phosphatase and
their a-naphthy} acetate esterase [1, 33, 42]

An other group of acute Jeukemmas lacks any typical cytochemically

ble enzyme activity butis d by small or coarse granules
of PAS positive matenials [21] The majonty of these cells are umformly
smalt displaying a narrow cytoplasmic nm, wn other cases ac additional num-
ber of larger sized cells may be present, According to vartous authors (20, 27,
31}thus particular king of leukemra has been referred to as an *acute lymphat-
ic’ or *lymphoblastic” lewkemia Howeser, the lymphatic ongin of this type
of leukemia has not been satisfactonly confirmed, and the term 1s based only
on the stratlarity between the PAS-positive granules wn thus type of leukemta
and those encountered 1n the lymphatsc cells of chronic lymphatic leukemia
and lymphosarcoma Furthermore, the granular deposits of glycogen [35]
are not related to thy 1. linked to the identifying
functional charactenstics of these cells Granular deposits of similar PAS-
positive substances could be seldom ebserved n typical myeloblastic cells
but are a well known occurrence 1n monocytic leukenua [35,45] Probably
these deposits are 1n some way related to the metabolic features peculiar to

h s and, as1t has been rep noted by various authors, the amount
of stainable glycogen may v;u—y considerably during the course of the disease
andmay be d by oy (12.18,24]. Nevertheless,

the presence of PAS-positive granules 1n leukemic cells without any other
characteristic eytochemical features has led to the distinction of a group of
leukemnias which are particularly inchined to respond favorably to glucocorti-
cord therapy and usually permut duning their fatal course, repeated therapeut:-
cally induced remissions

In respect to this behaviour thcse feukemias d:ﬂ‘er somewhat from those of
the h il d' group Although the mem-
bers of the latter group may respond well 10 therapy, they commonly show a
lass it Prchidin Yrem Yne PAS-pe types [26] The
term ‘cytochemically undifferentsated” refers to the lack of any charactenstic
cytochemical features in the leukemic cell populauion although very weak
nonspecific esterase and acid phosphatase activities have been observed, as
well as that of some oxidative enzymes {32)




214 SCHVALZL/BRAUNSTRINER

In comparatne studres the dentification of acute leuhenmia based on cyto-
chemical methods was found to be superior to the conentional morpholog-
teal classification approach, in that the detection of the frequently distinct
cytochemical traits allowed a reasonable classification of a grven leuhemic
cell population, whose morphologic 1dentification was otherwise erther
arbitrary or uncertain

Furthermore, atypical features revealed by cytochenmeal methods may be
encountered in the blood and bone marrow cells of patients with leukema
A dagnostic value may be attributed to these cytochemcally atypical cells
similar to that of the well known abnormalities of cytoplasmic maturatton
and of nuclear morphology For instance, atypical neutrophils showing a
markedly reduced or a plete lack of Sudanblack-B 2. or of the
peroidase and the naphthol-AS-D chloroacetate esterase activities may be
frequently observed 1n myeloblastie, myelocytic, myelomonocytic, mono-
cytic and erythroleuhemuas [20] An atypical increase in the enzyme activities
1 the cells may also be regarded as a sign of leukemic deviations from the
normal physiological maturation For alkaline phosp} which
ts not present under normal conditions, was found in leukemic myeloblasts
[34, 53), and considerably more naphthylimidase activty than usual was
observed 1n abnormal leukemic neutrophils (491, leukenic monocy tes repeat-
edly showed cven greater nonspecific esterase activity than normal ones
(unpublished observation]

Conclusions

Cytochemcal stang procedures have been well estabhshed as additiona
mds 1 dentifying the various types of acute leukemtas Some of the technr-
ques employed are based on the demonstration of the presence in subcellular]
organclles of certain enzymes and chemucal constituents which specifically
charactenizeboththe tendency and the degree of differentiation of the leukemic
cell population Using cytochemical cniterta 1t 1s possible to specrficaily
identify the varous acute granulocytic leukemias, monocytic leuhemia,
erythremia, and erythroleukenma as well as plasmocytoma and plasma cell
leukemia The granular PAS-posutiaty as a charactenstical cytochemical
feature of acute ‘lymphatic’ leukemia 1s discussed A group of morpholog:-
cally immature leukemias lacking sufficiently charactenstical features 1s
termed an *undifferentiated type’ The cytological pertinency of tins type s
not yet clear
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Studies on the Nature of Acquired Immunity Against Leuhemia
in Guinea Pigs!

Lupwin Gross

Cancer Umit Veterans A Hospital Bronx N Y

Abstract  Sulx f: of leuk cell  Aey Hhords
suspenstons of 10-"to 10 @ concentration into 84 ‘stram 2 Immunity aeamst leukemia
and Fi hybrid guinea pigs produced subcutancousleukemic  Leukemra in guinea pigs
snfiltrations at the site of moculation 1n 80 of the nocu  Leukemia virus
lated ammals leading to a generalized stem-cell leukemia
When 96 *strain 2 and F; hybrid gumea pigs were moculated intradermally, 67 of them
developed intradermal tumors, 34 of these tumors (51%) regressed spontancously
Twenty one females and 11 males yn which the intradermal tumors regressed were rein
oculated subcutancously Nineteen out of 21 females (90°0) and 7 out of 11 males (64°4)
resisted the challenging inoculation suggesting thereby that the induced immunity was
more pronounced i females than i males The acquired rmmunity could not be trans
nutted to other guinea pigs by a setum coltected from the immunized amimals

We have reported briefly in a previous study [9] that ‘stran 2 or F,
hybrid gumea pigs can be actively d aganst a plantable stramn
of stem cell leuhemia The immumzation procedure consists of intradermat
moculation of a very small dose of a diluted suspension of leukemic cells
A small intradermal leukemic tumor develops at the site of inoculation,
preliminary esperiments previously reported, the ntradermal tumors re
gressed spontaneously 1n 13 out of 31 gumea pigs (42 %) leaving the amsmals
immune to a challenging remoculation of heavy doses of lewhemic cell
suspenstons by any route

The present study describes additronal experiments dealing with the 1n-
duction of active immunity 1 guinea pigs by ntradermal moculation of
{eukemic cell suspenstons

+ Aded in part by grants from the Damon Runyon Memonal Tund and the
Americen Cancer Soctety
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Marerials and Mthods

The 1+C feukemuc stramn which eriginated as = spontancous leukerma 1 onc of
straim 2 guinea pigs (3] and which has been carmed by cell graft in amimals of this inbred
Jine {5-11] was emploved 10 ths study Ve have already mentioned 11 our previous study
[9 10] that this stran of stem-cetl leukema s uniformly leukemogenic en cell graft
transfer for strain 2 or Fi hybad guinea pigs and that 1t induces in these animals a
rap dly progressing and un formly fatal stem-cell leukema

Practically all strain 2 gunea p gs employed in this study were bred by brother-to-
Suster mating in our laboratory a few were obta ned from Horton s Laboratory Ammals
Inc inLos Gatos Calf Fyhybrid guinca pigs born s our laboratory to Hartley females
and stran 2" males were also used

Preparanion of leuheruc cell suspensions A guinea pig with advanced leukemia was
sacrificed by ether inhalation After the skin was shaved the abdominal cavity was ex
posed A fragment of the subcutancous lcukemic tumor from the site of inoculation
also small fragments of spleen of the mesenteric tumer and of an enlarged peripheral
Ilymph node were removed aseptically weighed cut wath scissors, and ground in a mortar
stenle physiofogical sabne solution being added to obtain a cell suspension of 10%
concentration the cell suspension was then passed through a voile cloth 2nd poured
1nto a stenile tube immetsed in a smalt glass jar filled with 1ce cubes Serat d lutions of

des red concentration were then prepared from the onigimal cell suspension and wsed
immediately for 1noculation

Results

Subcutaneous Inoculations of Levhennc Cell Suspensions
Leukemc cell suspensions of 10 2 to 10 8 concentration were Inoculated
under the skin of the right flank into young adult 3 to 6-week old strain 2
or Fy hybnd gumea pigs Table 1 summanzes the results of these expen
ments Fifty three out of 55 strain 2 guinea pigs inoculated subcutancously
with Jeukemic cell suspensions of 10 2 to 108 concentration developed leu
kemuc cell infiltrations  which appeared at the site of 1noculation grew
fyand led toa 1 and fatal stem-cell leukemta Among
(h: 16 strain 2 guinea pigs noculated with 10 7 and 10 # dilutions only
3 developed leukemsa the remarming 13 ammals did not react to the imtial
toculation during an observation period extending from S to 8 weeks Ina
parallel sertes 32 Fy hybnd gumea pigs were moculated subcutancously
with leukemic cell suspensions of 10 ” to 10-? concentration and 30 of them
developed generalized leukemia
Of the 15 strain 2 and 2 F| hybrid guinea pigs whlch did pot react to
the 1mitial sub: 13 were d under the skin
of the opposite te left flank with leukemic cell suspensions of 10 2 con
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Table I Results of of leuk cell susp into young
adult ‘stramn 2" and Fi hybnd gunea pigs

Strain Leukermic  Number of Leu- Average latency,
cell Buinea pigs femia days
coneen inocu-  devel- mei. mtial  ternunal
tranon' lated oped dence,

leu- %o
hemia

‘Strain 2° 102 24 24 100 “ 2
103 10 10 100 16 b2
104 8 8 100 k2] 45
103 6 5 83 b2 30
10 ¢ 7 6 86 27 36

Total 10 210 10 8 55 $3 96 - -

‘Strain 2 107 14 3 21 34 39
108 2 ] - - -

F1 hybrids o2 12 12 100 18 ki
102 6 5 83 H 20
101 6 s 83 20 kil
103 1 i 100 28 36
10¢ 4 4 100 25 4
107 3 3 100 28 37

Total 10 *t0 10 7 32 30 ™ - -

t 03 to 05 mi each, inocutated under the skin of the night flank

centration. and 11 of them dcvelopcd Jeukemie cell infiltrations at the site
of remnoeul which prog mpid\y 1nto a generahized and fatal leu-
kema Ther 4 1 llenged by intradermal retnoculation
of a leukemie cell suspension of 10 2 concentration, as a result, 2 of them
developed leukemia (table 1D

Intradermal toculanions of Small Doses of Lewkenue Cells

In another senes of experiments, small doses {0 1 ml) of leukemic cell
suspenstons, varying 1 concentration from 10 3 to 10 7, were tnoculated
sntradermally into young. adult, 3- to 6-week-old *stran 2° or Fy hybnd



Immunity Agaunst Lepkemia 221

Table 1 Susceptibility of gutnea pigs that did not react 1o the 1mtial subcutaneous in-
oculation to a challenging remoculation of leykemic cells

Strawn Route of Number of guinea pigs
¢hattenging  inocufated developed temauned
smoculation® leukemia negative

Stran ¥ 5¢ 12 10 2
w 3 2 1

Fu hybrids sc 1 1 o
1q ] a H

* Subcutaneous challenging inoculation consisung of 53100 5 mi e 2 10-2 tevkemuc
ecll suspension The intradermal challenge consisted of @1 1o 02 m! of a 10-3 concen-
tratron of a leukermc cell suspension

* Both guinea pigs recenved a second challe ting of 1
of a leukemue cell suspension of 10%4 concentration and both deseloped leukemia

guinea pigs Among 82 tnoculated ammals, 56 developed intradermal tumors
at the site of moculation after a latency varying from 10 to 22 days

Microscopic exarmnanion revealed that these small sntradermal tumors
did not actually consist of solid tumor masses, but were caused by a diffuse
infiltration of the upper, and 1n some Instances also of the deeper layers of
the derms, by clusters and strands of leukemc cells (fig 1) The leukemic
cells contained large numbers of virus parucles (fig 2)

Among the 56 intradermal leukeric tumors thus mduced, 30 (54%)
regressed spontaneously within 4-8 days after their appeatance (table 110)
In the yemaining ammals, the mtradermal tumors persisted for 1-2 weeks,
then gradually increased 1n size, changed mnto solid tumor masses, metas-

tasized to the adjorning lymph nodes, and eventually led 1o the develop-
ment of a generalized leukema

In a simlar, parallel sevies, 14 Ft hybed guinea P23 were inoculated intradermalfy
with Teukemic cell suspensions of 10-2 1o 167 concentration and 14 of them developed
ntradermal tumrs The tumors regressed spontaneausly m 3 out of 4 guinca pigs which
feceived the 10 dilution, and n 1 animal inoculated with the 107 concentration Thus,
a total of 4 animals out of 11 recovered from the intradermal tumors (36%)

Under the conditions of our £xperiments,
diffe m the d of sp
tumors induced 1n the moculated ammals

there was no apparent sex
of the d
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Table 11t Results of mteadermal inoculations of smalt doses of leukemic cell suspenstons
imto *strain 2 guinea pigs

Leukemic Number of guinea Average Number Inci- Asver-  Number of

cell pigs umetd 1d dence  age  guinea pigs

concen-  inocu.  devel | tumors tumors  vd ume  devel re-

wation Tated oped  devel- e tumors  1d oped  mawm-
v oped,  gressed  regress  WUMONS pener. od
tumors  days ed, re- alized  neg

‘. gressed, ey, atnve
days kemn

103 17 12 " 3 25 5 9 s

104 29 25 13 17 8 3 8 4

108 15 9 15 4 “ 4 5 6

0 13 10 20 6 60 6 4 3

10° 8 0 - - - - - 3

Totat all

ditutions 82 56 30 54

Dilutions

10420

107 65 as 2 61

In our previous studies carried out with a transplantable sarcoma on rmuce [} a
signrficant sex difference was observed in the natural resistance of the nocufated ammals
to the induced mtradermal tumors The small intradermal tumors regressed more fre-
quently 10 females than in males However, this difference #as observed only in those
anmmals 19 which intradermal tumors had been induced wath high diluttons of tumor

<21l suspensions Castration decreased the higher ressstance of females and increased the
resistance of males [6]

Sorse of the amumals iy which the intradermal tumors regressed were
kept for further observation, a few were sacnficed for microscopic and
electron studies The gwinea pigs Were submtted

bsequently to a chalk g i} of leukemic cells

Fig 1 Photomucrograph of a fragment of an intradermal tumor which was induced
n a young adult F; hybnid mate by intradermal inoculation of © 1 ml of a fekermic cell
suspension of 104 concentraton The mtradermaf tumor appeared 14 days after inocuta-
Uon was temoved the next day, sectioned, stamed and examined 2 Leukerme celis
the g, fibers and arownd has follictes © Ex 150
b H gher magnificauion showing mononuclear leukemic cells with large vesicutar nuclet
There 35 2 mtote figure 1 the center H Ex 600




Fig 2
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Table IV Resistance of immuruzed! gutnea pigs to subcutancous remoculation of lev-
Xemic cell suspenstons, influence of sex on induced immunity

Sex Strain Number of Number of Leukenua Average
immunized  guinea pigs inadence, latency
guneapigs  deseloped %o leukemia
challenged  levkemia developed
sc wocy- days
lanon®

Females *stran 2 19 2

Fy hybnds. 2 [
Total 2t 2 10 26

Males *stran 2" 9 3

F1 hybrids 2 1
Total 1 4 36 3

* Those guinea pigs 10 Which the mtradermal tumors regressed were considered to
be “mmunized” Some of the smmunized guinea pigs received a second Intradermal in
oculation (02m)) of a leukemic cell suspension of 10-3 concentration (booster dose),
prier o the challenging subcutaneous moculation (s text, page zm

£ 05mlofal 10 ated 1

Resistance of amimals in which the intradermal tumors regressed to chal-
lenging remnoculation of leuhemic cells Influence of sex on induced immunsty
As already reported m our previous study [9]. most of the guinea pigs 1n
which the mtradermal tumors regressed spontaneously, were resistant to a
challenging remoculation of heavy dases of leukenmue cell suspensions by
any route tested

Fig 2 Electron micrograph of a fragment of  leukemic cell from an mtradermal
tumor This tumor was induced n a Fy hybrid, young, adult, male gumea pig by mtra
dermal inoculation of 01 ml of a Jeukemic cell suspension of 10-1 concentration The
ntradermal tumor appeared 14 days afier inoculation and was reraoved the next day,
embedded, secuoned and examuined in the electron microscope X 68 000 Many charac-
tenistic immature virus particles in the cisternae of the endoplasmic reticulum The dough
nut ke particles are about 90 mu in diameter, and have a thick, granular, rather fuzzy,
outer coat They are similar 1o those descnibed in our previous study [4, 10] Electron
micrograph prepared by DOROTHY G FELDMAN tn our laboratory
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In our current experiments here reported, the challenging reinoculations
consisted of subcutaneous injections of 0 5 ml each of leukemic cell suspen-
stons of 10 2 concentration (table 1V) Tn a few istances, cell suspensions
of 10 percent concentration were also moculated

There was a remarhable difference between the immumzed males and
females 1n therr to a chall lation of leukermic cells
N out of 21 d females (90 /o) resisted completely challeng-
ing reinoculitions of heavy doses of leukemuc cells, as compared with 7
out of 11 ymmunized males (64%) Four out of 11 males in which the imtial
mtradermal tumors regressed, did not resist a challenging remnoculation of
leukemc cells

A simlar observation on sex diffe n of d ammals 1o a chal
lenging reinoculation of tumor cells, was made previously 1n our earlier studies carmed
out on a transplantable mouse sarcoma [5]

Attempts to wicrease the resistance of the immunzed ammals by a second
intradermal woculation of leukemic cells (booster dose) Some of the gumea
pigs i which the intradermal tumors regressed, recened a second intra-
dermal noculation (02 ml) of a I:ukemm cell suspenston of 10 2 concen-

tratton, prior to the chall lation Although ad-
ditional expeniments are necded to evaluate the enhancing effect of the
booster dose on the of the d Is, results of pre-

liminary experiments thus far performed, suggest that a second ntradermal
moculation tncreased the degree of acquired immunity

When 10 immunized femates that had recerved a booster dose were chatlenged by a
subcutaneous inoculation of leukemic cells, none developed leukemia, whereas out of
9 immunized guinca pigs that had received a booster dose, 2 developed leukerma
foll a stmilar ch In a paraffe! carried out on males, 2 out of 7
immumized amimals lh:u had not received a booster dose, developed leukemia following
a h as with 1 out of 2 immunized males challenged

without a prior booster inoculation

Susceptibility of guinea pigs which did not react to the mtal intradermal
wnoculation, to a challenging remoculation of leuhenuc cells Among the guinea
migs inoculated intradermally with small doses of leubhemue cell suspensions,
some did not react to the imtial noculation These ammals were then re-
moculated with leukemic cell suspenstons It 1s evident from table V that
among such ammals, some were resistant to reimoculation of heavy doses
of leukemic cells The results appeared to be influenced by the route of the
challenging inoculation and the dose employed Thus, among 13 gumea pigs
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Table ¥ Suscepbilny of guinea pigs which did not react to the (il mteadernmat m
oculation, to a chaffengmg remoculation of leukemic cells

Stram Route of Number of guinea pigs
challenging moculated  developed remained
moculauon® leukemia negatve
Stran 2 intradermal 12 3 9
Fi byboids imtradermat ! ° 1
Subiotal ) 3 10t
“Strain 2 subcutancous 18 13
Fi hybnds subcutaneous 2 2
Subtotal Y 15 5t

% Subananeous chalienging mosvlaton conwisied of 8310 05 mb of a 10  Jenkerue
cell suspension The intradermal challenge consisted of 01 to 02m! of 2 10°? concen
tration of a leukemic celf suspension

* Of the 15 guinca pigs whick d uve after the fiest ol
13 were again s and 8 and 1 gumea pig 1n
each of these groups developed feukemia

! by d 1 1; of01to02mlofal0 2 dilution of
leukemuc cells, only 3 developed leukermia Among thase challenged by sub-
cotandovs moculation of 0 5ml of a 10 % diluton of leukerne cells, 15 out
of 20 developed leukemia

The question remams 1o be answered why those guinea pigs which did
not visibly react to the imtial intradermal mnoculation of leukemic cells,
developed an immunsty Itis possible to assume that such animals developed
small feukenne celf wnfit . which remained unnoticed,
and subsequently regressed without trace

We have stressed in our previous commumcation {9] that recognition of’
small intradermal tumers, which may dt’\ﬂop following ntradermal 1n-
oculation of very small doses of leukerme celis may be difficult In some
instances, such tumors may be barely visible as a small, shghtly elevated,
ound tiuckemng of the skin about 2-3 mm 1n diameter, may persist for
only a few days and then disappear without trace Such small intradermal
wmfiltrations may be readily nussed, unless the animals are examined care
folly on a daily basis and their hair 15 closely chpped
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It 1s possible, therefore, that we could have mussed a few small intra-
dermal tumors in some of the amimals observed, and that, consequently,
among the gmnea pigs that had been inoculated intradermally and were
thought not to have reacted to the imtial inoculation, there were same that
actually did develop very small tumors which subsequently regressed, leav-
ing such 1 to a chall retnoculation

In our previous studies carned out an mice we have repeatedly made the observation
that amimals which did not react to the imtial intradermal moculanen of tumor cells
and which did not develop, and tecover from, intradermal tumors, were not rendered
wmmune {7, 8}

Attempts to Transmu Resistance from Immumzed Gunea Pugs by Immune
Serum

An attempt was made to determine whether the immunity which devel-
oped in those guinea pigs in which the itradermal tumors regressed, could
be transferred passively to other gunea pigs by a serum collected from such
ammals

Two ‘strain 2 gwinea pigs 1 which the intradermal tumors regressed spontancously
and which did not react to a chall 1 of leukenuc cell susp were
bled Sera obtained from blood collected from these animals were inactivated at 56 C
for 30 mun, distibuted and stored 1n ampoules at =20°C, and then used within a few
weeks Normal sera were at the same time obtamed from blood collected from 2 healthy
*strain 2 guinea pigs, wnactivated at $6 C for 30 mimn, then stored at ~20 C and used 1n
a control series Immune serum from the first ammal was emploved in expenments 1 and
2, the other immune serum was used tm expenment 3

In the first Teukemie cell of 102 were mived
each with an equal volume of 10 1, 10 *, and 10 dilutions of smmune scrum 1na simul
tancous control experiment the leukemc cell suspensians were mived with umilar dilunons
of a normal guinea g serum The muvtures Were tncubated for €0 min at room tem
perature, followed by incubation at refrigerator {(+4 €) temperature for 75 mun, they
were then snoculated subeutancously (1 ml each) nto young adult ‘stran 2° guined pigs.
Three guinea pigs were inoculated with the leukemie cell immune serum mistures and
2 with tedkermic cell normal serum nustures, @il 3 ammals developed et Wi
12-14 days

In a second expeniment, leukemic cell suspensions of 102 and 104 concentration were
muted each with an equal volume of 2 1 10 dilution of ymmune serum In a control
expenment, the leukemue cell of equal were mixed with a
simlar dilution of a normal guinea g serum  The mdtures were incubated for 1hat
room temperature followed by an additonal incubation for 3 h at refngerator (+4 O)
teniperature Two Fi hybrid guinea pigs were inoculated subcutancously (1 mi cach) with
the leuhermic cell immune serum mistures and 2 control animals were inoculated with
Teuhenue cell normal serum muxtures All 4 guinea pugs developed leukerma after 2 3
weeks
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1n the third exp Teukemic cell of 10-$and 10 were
mited, each with an equal volume of a 1 | dilution of immune scrum In a control ex-
periment, levkemic cell suspensions of equal concentration were muxed with 2 similar
dilution of a normal guinea pig serum The mixtures were ncubated for 1 h at room
temperature, followed by 3 h at refrgeratar (+4°C) temperature Two Fy hybrid guinea
pigs were noculated with the feukemec cell immune serum mixtures and 2 controfanimals
were inoculated with the leukemic cell normal serum mustures All 4 gumea migs desel-
oped leukema after 3 weeks

The results of these prelimmary experiments suggested cleacly that nei-
ther of the serum had any apparent ! effect on the leuk
potency of the leuhemic cells Under the conditions of our expertments,
immumty observed 1n those guinea prgs 1n which the intradermal tumors
regressed could not be transferred by serum collected from such animals,
to other gummea pigs A similar observation was previously made 1n our
studies carried out with BESREDRA on a transplantable epithehoma 1n rab-
buts [1] and on the Rous sarcoma 1n chickens (2]

Acquired immunity not transmuited to offspring The ammals which de-
veloped, and recovered from, intradermal tumors, did not transmut the
acquired 1tmmunity to their offspring This was illustrated in the followmng
experiment

Strain 2 femate No 40 and ‘strain 2 male No 56 were inoculated intradermally
with leukemnic cell suspensions of 104 and 104 dilution respectively They both developed
mtradermal tumors, which regressed spontaneously Both animals recewved mtradermal
booster inocutations and fater 2 successive challenging subcutaneous moculations of
heavy doses of leukemic cells They remained 1n good health and were now constdered
10 be immunized

Female No 40 was then mated to male No 56 Their first htter consisted of 1 female
and 2 males_the second Uiter, born 2 monihs later, consisted of 3 females and 2 males
When these Fy offsprig reached the age of about 6 weeks, they were challenged 2 were
moculated mtradermally with 10-? difutions and the remaming 6 were soculated sub-
cutancously with 10-# dilutions of leukermic eell suspensions They alt developed local

feukemic tummors at the site of ioculation, which enfarged progressnely and led 1nto a
generalized and fatal stem-cell leukemia

Conclusions

Subcutaneous noculation of leukemic cell suspensions of 10 2 to 10 &
concentration 1nto either “strain 2’ or Fy hybnd gumea pigs tnduced 1n
practically all inoculated ammals local leukemic infiltrations, which pro-
gressed gradually and led to a generalized and fatal stem-cell leukema
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None of the subcutaneous leuhemic tumors induced at the site of inocula-
tion regressed spontaneously

When higher dilutions of leukenuc cell suspensions were tnjected some
of the amimals did not react to the imtial inoculation Such ammals did
not develop immumity, when challenged by a second inoculation of a suf-
ficient dose of leukemuc cells most of them developed, and died from, gener-
alized Jeuhermia

Intradermal inoculations of very small doses of leukemuc cell suspensions
resulted in the development, at the site of mnoculation of small mtradermal
leukenyc infiltrations, which regressed spontancously and eventually dis-
appeared in over 50% of the inoculated amimals

Those amimals i which the intradermal tumors regressed, were 1n most
instances reststant to a challenging subcutaneous remoculation of leukemic
cells This resistance was more pronounced tn females than in males Ninety
per cent of the immunized females resisted remoculition of heavy doscs of
leuhemic cells as compared with only 64 % of males The resistance of the
immumized ammals could be tncreased by intradermal remoculation of a
small booster dose of leuhemue cells

In several experiments 1t was noticed that a majority of those guinen
pgs which did not apparently rexct to the intial intradermal inoculation of
small doses of leukerme cells proved to be resistant to a challenging sub-
cutaneous remoculation of heavy doses of leukemic cell suspensions It 1s
possible that at least some of these ammals developed sery small intra-
dermal tumors which remarned unnoticed, and then regressed without trace
leaving such ) to a chall remoculatton of levhemic

cells

Attempts to transmit reststance of the immunized guinea pigs to other
ammals by an immune serim have not been successful Under conditions
of experiments thus far employed immumty observed in those guinex pigs
1 which the wntradermal tumors regressed, could not be transferred by a
serum, collected from such ammnls, to other guinea pigs
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Serum Iron-Binding Capacity in Pregnancy

V Aupvzou-Terzakl, H GifYA, A S VRerros, M Kisse-ELias and
M Mavrians

Department of Clincal Therapeutics of Athens Unwversity and
Matermity Hospital *Alexandra’, Athens

Abstroct Ahthough sron binding capaoily ncreases during  Aey Words
pregnancy, there 1s no correlation of it with mean values of serum  1ron tinding capaaity
1ron and h lobin levels The ad of drugs (- Pregnancy
tamuns or vitarmns + iron) do not mfluence either mean haemo-  Serum wron
globn, serum iron levels or ron binding capacity

1t has long been known that pregnancy causes anacrmia the nature of
which 1s not so clear A low haemoglobin level may be due to hydraemia
observed in pregnancy, levels, however, lower than 12 g/100 ml are compat-
sble with true anaemua 1] The anaemia of pregnancy was attributed at
first to iron balance disturbances In recont years detaled studies have
demonstrated that other factors also, such as vitamin Bye and folic acd
deficiencies contribute to its appearance  Although the responsible factors
are hnown, the relative role played by them in the causation of anaema of
pregnancy 1s not easy to estimate because more than one factor appear to
operate Also the incidence of difl types of m preg y vary
greatly geographically [7]

This mvestigation constitutes part of a study of anaemia among Greek
pregnant women, and was carned out 1n order to deternune the incidence
of iron deficiency among these subjects The subjects were not selected and
we do not hnown whether any of them had an sron deficiency before
pregnancy Also 40% of them recenved vitamns

Materiat and Methods

Unsaturated and total serum won binding capacity were measured in 250 pregnant
women 21 various stages of pregnancy
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Toble I Total sron binding capacity (TIBC) unsaturated ron binding capacity (UIBC)
1 Hb) d

women
Weeks  No of TIBC uisC Het o Hbg*s  Serum wron
of cases  pig's pe' 42100 ml

prégaancy b +1SD X +15D X +15D X *1SD & £1SD

10-20 n 425 87 324 6 389 32 122 153 91 321
21-30 63 443 79 379 9% 37 36 1ng 142 9 N7
- 156 471 93 408 82 383 413 117 248 79 372
Non

pregnant 20 s 2467627 4106268 139 13 9%6 238

apd and counts were also
carnedout n (UIBQ) h
using Irosorb-59 (Abbott radio-pharmaceuticals) The procedure goes through the
following steps (1) mexing of the patient $ serum with the radioactive wron, (2) addition
of the Irosorb, (3} radiodssay of the above mixture plus Irosort, (35 [rosorb repeated
nasng with distilled water (S} radioassay of the sponge The results are expressed as
unsaturated 1ron binding capacity
(Net onginal cpm} ~ [(1 05) x (Net sponge cpm)]
Net original cpm.
¥0 220 of the cases, total sron bind ng capacity (TIBC) was estimated by determining the
serum iron

x yg Fe added x 100 = pg Fe/100 mi

Results

According to the weeks of gestation, the results are shown in table I The
mean value of the haemoglobin does not show any significant change
duning pregnancy, while the mean serum iron level falls but not below
normal values (table T)

The pregnant women were ais0 divided into 3 groups accarding to their
haemoglobin level group A, with haemoglobmn level lower than 10 g% had
a TIBC of 450 ug%, group B with haemoglobin level between 10 and 12g%
had a TIBC of 454 ug%, and group C, with haemoglobin level higher than
12 £% had a TIBC of 462 up%

Discussion

There 1s an increase 1 unsaturated and total won binding capacity
h gnancy more p m UIBC This 1s 1n agreement
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with the results of other imvestieators [3 7 9] Statisical analvsis of these
results showed that there 1s a sigmificant difference only in the mean values
of UIBC tetween the preanant women in the 10th to 20th week and m the
31st to 41st week of eestation (p —~ 0001}

In preznancy there 1s a need for iron thus carly mobihization of storage
sron occurs [4] This mobilization 1s achieved by an mcrease in tron bindme
capacity which is probably caused hike in other serum binding capacities by
an crease production of oestroren [2 5] Besides oestrozen low serum
wron level 15 also constdered to act as a sumulus for won binding capacity
increase [4] In the present studs it 1s supposed that the first mechamsm
rather exists since UIBC and TIBC increase though serum tron levels
remain within the normal ranges

No correlation was found between the haemoslobin level and total rron
bending capacity  The steady lesel in haemoglobin concentration observed
m tlus study can be explamed by the increase of red cell volume which
follows the mcreased plasma volume [6 8]

1t should be noticed that 40°, of the studied women secened sitamins and
sometimes a combination of vitamns plus iron But despute this there 1s no
differences of iron binding capacity serum won and haemoglobm level
between women who recenned the above drugs and those who did not
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Mlcmspcctrophotomcmc and Electron Microscopic Studics
of Bane Marrow in Hereditary Siderablastic Anacmia

S N WichrAMASINGHE, M J FULAER, M S Losowsky and R Hawn

Department of Haematology, St Mary's Hospital Medical School, University of London,
Department of Expenimental Pathology and Cancer Rescarch University of Leeds, and
Unversity Department of Medicine, St James® Hosputal, Leeds

dbstract Ultrastructural studies n 3 patients with hereditary — Aey #fords
A d

B

sideroblastic anaenua have shown iron laden ma p
proportion of the pon drviding, late polychromatic ery L Cytoch >3

In contrast 1o the siwabon m pamary acquired s:derob!asnc Erythropoiesis
anaemia, the hondria of the if eryth Electron microscopy
were rarely infiltrated with iron, and a bined M hond,

h 1 ang d study showed no significamt  Sideroblasuc anaemia
arrcst of cell proliferation 1t1s Iikely that impaired hasmoglobin
synthesis 13 more important than weffectve erythropoiesis tn the pathogenesis of the
anaemua 1n this disease

Electron microscopic studies of ery throblasts in pnmary acquired sidero-
blastic anaemia [2, 11, 14, 16}, and the sccondary sideroblastic anacmias
(5, 6] have shown abnormal accumulatrons of yron within the mitochondna
Hereditary sideroblastic anaema 1s rare, and ultrastructural studses have
been described 1n only a single case by Henvever et al [8 10 In this patient,
mutochondnal 1ron deposits similar to those seen m the non-hereditary
sideroblastic anaemras were present

Thus paper describes the ultrastructural features of the erythroblasts in
3 further cases of hereditary sideroblastic anaemia In addmon haemo-
potetic cells have been studied by the tech of b ne
cytoch ry and autorad: hy to determme whether lhcrc 15 any
evidence of intcamedullary cell death during the proliferatine phase of
erythropotesis The patients studied were 3 members (cases 1, 2 and 8) of the
fanuly descnbed by Losowsky and Haru {12], in which 10 out of 110
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members in 4 generations were affected The disease showed a well marked,
sex-hnked partially recessive inhentance

Vethads

Marrow aspirations were made from the stermum and a portion of the aspuate was
incubated in heparinised Hanks’ solutson contaming 10 £Ci tritiated thymsdme (H TdR)/
mi (specific actvity =5 000 Ci ) at 37°C for 30 min pror to the preparation of smears
The distnbution of the vanous haemopoietic cells 11 the different stages of interphase
(G, S and Gs) was determined as described previously [17 19]

The remander of the marrow aspirate was immediately fived 10 4%, glutaraldehyde in
@4 w Sorenson s buffer for 1 hat 4 C, for clectron mucroscopy The martow fragments
were washed in the same buffer, post fixed for 1 h in buffered 1% osmium tetroude,
dehydrated and embedded m Araldite Sections were cut on a Huxley microtome (Cam
bridge Scienufic Instruments Ltd ) ustng glass knives, and mounted on uncoated grids
The sections were double-stained with uranyt acetate 2nd lead curate and examned i an
AET 6 M electron microscope

Results

Under the light microscope, all 3 samples of bone marrow showed a
normoblastic erythroid hyperplasta, with an increased proportion of baso-
philic cells Ringed sideroblasts were frequent, and this abnormality was
seen n the dividing, late polych erythrobl;
Numerous siderocytes were also present Myeloporetic cells and megakaryo-
cytes appeared normal

The electron microscopic findings were quahtatively similar 1n all 3
paticats Fernun molecules were observed 10 the cytoplasm of erythroblasts
as dispersed granules, aggregates of varying size, and withtn micropino-
ceytotic vesicles and larger vacuoles A similar distnbution of ferntin 1s seen
m normal eryth butin the siderob): marrows some ecyth

showed an mcrease m the number of dispersed ferntin molecules Mito-
(hande 11

€ s v stase HIdLLLAL LESEILVIME the iron micelles described by
y Bessis and
gnfm\x Gortus [1] The cnstae of the affected mutochondnia were less
istinet than normal and the abnormal
matenal was s
Detsen o Rotmal 2 » electively deposited

hond
the fil consisted of
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Fr; 1 Eleairon mcrograph of late erythroblast showing iron laden mutochondria
(case 1)

Fig 2 Marrow siderocyte from case 8 showing ron taden mitochondria and aggre
gates of membrane bound ron which are probably muochondnal remnants
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Fz 3 Detals of vary ng appearances of ton-conita n ng m tochondria in the erythro-
blasts of hered tary s deroblast ¢ anaem a {case 2) @ The granules are very coarse and
tesemble the d spersed fernt n molecules seen n the adjacent cytoplasm 6 and ¢ The

filtrate s often finely granular
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Table § Distribution of haemoporetic cells in the various stages of interphasein heredntary
stderoblastic anacmia

Celi type Case Percentages §Gs  Number
Gy s Gs U of
nucker
assessed
Basophilic erythro- ] 14 81 5 04 175 260
poretic cells 4 2 73 6 0 125 325
8 18 3 8 07 98 268
Normal vafues 24-36  58-20 37 009 92.25533
Early potychromatic 1 16 ” 6 b 127 297
cells 2 20 7 8 1 88 299
8 24 7 3 4 24 212
Normal values 4-14 7185 410 007  83-212 868
Promyelocytesand 1 65 2% 6 0 138
myelocytes 2 bz px) 2 oS 215
8 65 33 2 07 149
Normal values 61-70  25-34  3-5 0-12 633

Gi=Post mutotic cells with a diploid (2n) DNA content

8= Cells synthesising DNA

G2=Post synthetic, pre misoic cells wih fetraplond (4n) DNA contents

U=Cells with DNA contents Iying between the 2n and 4n values which were not
labelled with 9H TdR

compact accumulations of coarser granules which could have been ferntin
Not all of the late erythroblasts showed these sbnormalines, a proporhon
had normal-looking mitochondna and same mitochondna only had a few
scattered fernittn molecules within them

Table 1 shows the distrybution of the vanous prohferating haemoposetic
cells in the different stages of interphase Apart from anincreased percentage
of basophilic esythropoetie cells 1n S, and a concomitant decrease in the
percentage i Gy, the results do not deviate appreaiably from normal [n
view of the difficuity in distingwistung earfy polychromanc cefis in Gy from
non-dividing, late polychromatic cells (which also have a diplond DNA
content), the shght wcrease of early polychromatic cells in Gy 15 probably

not significant {3)
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Discussion

The ultrastructural studies reported in this paper establish that the
siderotic granules seen under the hight microscope 1n hereditary sideroblastic
anaemia are qualitatively similar to those seen in the primary acquired type
These 1ron-c granules pond to hondna filled with a
finely granular, electron-d b Al i} of iron within the
mitochondnia were not present 1n the early erythroblasts unlike the findings
n pnmary acquised stderoblastic anaenua [6 11] Although small deposits
of mitochondnal 1ron were seen infrequently in the intermedrate stages,
1ron laden mitochondna were usually seen n the late non dwiding stages
only The sigmficance and chemical form of this iron-contamg matenal
have been discussed previously [2, 5]

Q ¢ytoch 1 and d hie studies 1n 4 cases of
primary acquired sideroblastic anaemia have shown a disturbance in the
progress of early polychromatic cells through interphase [3, 18] The two
abnormalinies detected were an increase 1n the number of early poly-
chromatic erythroblasts in G relative to the number of these cells in DNA
synthesis, and an 1ncrease 1n the number of cells which were apparently
arrested after a period in DNA synthesis {*U" cells) Precise kinetsc con-
clusions cannot be drawn from such an analysss of a single marrow aspirate
{table I1) Howeser, as the proportion of cells in Gz was highest tn those
early polychromatic erythroblasts with the largest accumulations of stainable
tron and because only a small proportion of early polychromanc nng
stderoblasts were found to be in DNA synthess, the abnormahtres were

Table 11 Possible explanatians for the abnormabuies detected i peimary acquired sidero-
blastic anaemta

Reduced S Gy rato U cell

} Arrestin G- leading to cell death 1 Arrest after period in DNA synthesis

{permanent, temporary)

2 Prolongation of G2 mitosis foll
2 Frolongaion of G ows i Gross slowing of DNA synthess

of § with
greater prolongation of Gs
4 Shortening of

4 Loss of DNA from arrested Gy cell
5 Decrease in thymud ne kimase activity
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attributed to an arrest of proliferation caused by the pathological accumu-
lation of tron within these cells In support of thns hypothesis was the
electron microscopic demonstration of ron laden mitochondnia in the carly
and late erythroblasts i this disease [6, 11], and the fact that mstochondnal
damage 1s hnown to produce a Gz arrest 4]

In the 3 cases of hereditary sideroblastic anaemea there was no ‘pile up®
of basophilic or carly polychromatic erythroblasts 1n Gz and only a small
number of ‘U’ cells were present Therefore, unlihe the primary acquired
form, 1n hereditary sideroblastic anaemua, cell death m the proliferatne
phase of erythropotests must be either absent or mimmal Thus may be due
to differences 1n the distnbution of erythroblast 1ron 1n the hereditary and
the pnmary acquired types [7) In the hereditary type, ninged sideroblasts
occur predonunantly 1n the non-dividing. late erythroblasts, whercas in the
primary acquired type ringed sideroblasts occur at all stages of erythroblast
maturation (prohferating and non-prohferating)

The high ®H-TdR labelling index 1 the basophulic erythropoictic cells 1n
hereditary srderoblastic anaemia may be due to (1) a shortenmng of interphase
with either a normal S penod or a proportionately smatler reduction of §,
(2) a prolongation of 8§ with a normal duration of interphase, or (3) a
prolongation of S with a proportionately smaller prolongation of interphase
In /i thalassacnma mayor, where a simular finding has been reported proh-
feration n the basophilic cells appears to be increased with a constderable
shortening of both tnterphase and the S period {20)

This investigation excludes the presence of a major arrest of erythroporetic
ceil prohferation mn hereditary sideroblastic anaenua, but 1t 1s stil posstble
that a proportion of non-disiding late polychromatic cells with extensive
mutochondial damage may dic within the marrow Radioactive tron studies
1n this disease have shown a normal or increased plasma iron turnoser, and
the red cell wron utilisation has usually been moderately or markedly
reduced, suggesting the possthility of intramedullary cell death 9, 12, 15]
However, ferrokinetic studies cannot distnguish between impatred haemo-
globin synthesis with re<cyching of excess non-hacm sron, and ineffective
erythropoteats 18] The blood picture 1n hereditary sideroblastic anaema
shows a more strihing hypochromasia and a fower MCHC than in the
primary acquired form [13] It 1s therefore Itkely, that the contnibution of
meflective haemoglobin production and meffective cell production to the
pathogenests of the anacmia in these 2 conditions 1s different, with i
effective haemoglobin production bemng the major component i the
hereditary form and sneffective cell production in the primary acquired 1ype
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Normal Human Red Cells Treated in ritro with Cephalothin
A Scanning Electron Microscope Study

S FERRONE, G LAMBERTENGHI-DELILIERS and T Ranzt

Institute of Medical Pathology, University of Milan, Milan

Abstract Norma! human erythrocytes mal:d in  Key Words

vitrg with cephalothin were studled by C treated eryth
On ofthe  Electron microscopy
numerous tiny umsform in

size and length were observed Somecellsmthecen  Surface uhtramicroscopy

ter or 1n the nm presented a few round and large pro-

tuberances It 1s suggested that the morphologic abnormalities can be ascribed to an
alteration of the cell already with
mvestigations

and enzymatc

1t has recently been shown that normal human red cells treated in vitro
with the antibotic cephalothin under sutable expenmental conditions
develop a positive direct Coombs test [11] and became abnurmally sensitive
to the lytic action of il 17 M
which 1 located 1n the outer surface of the erythrocyte, 1s markedly reduced
{6, 71, sumlarly the oxygen uptake 1n the presence of methylene blue, which
reflects the 15 {6) All these findings indicate
that a lesson of the erythrocyte membrane occurs as a consequence of the i
sitro treatment with the drug

In order to evaluate whether the above serologic and enzymatic abnor-
malities have a morphological counterpart, treated cells were studied with
the transmission and scanning electron microscope The aim of the present
PAPRT 15 & Tepott the Tesults otaimed

Materials and Methods
Blood drawn with acid. 4 1adult individ

at { 500 rpm for 10 mun and the plasma and the bufly coat were removed by suction The
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erythrocytes Were washed with saline 3 times and an ahquot treated with cephalothin
(Kefln®, Lilly) as previously desctibed {17} Another ahquot was treated 1n the same way
cxcept the exposure to cephalottun and used as a control After the last washing woth salme
both control and treated erythrocytes were fived yn 2%% phosphate buffer glutaraldehyde
(pH 74} for 30 minatd C After atriple ninse in disniifed water for 30 min the eyrihrocytes
were resuspended in distriled water One drop of this suspension wis placed and dried on
a supported disk After coatmg with gold platinum m a Hitachs vacuum chamber, the
speaimens were exanuncd in a Cambridge ‘Stereoscan’ electron microscope at an anglé of
45° at 20V, using Tr1 X Kodak film

An ahiquot of treated cells were fixed with cold 2°% glutaraldehyde buffered at pH 74
with Millomig s solution [10], briefly rinsed postfixed with phosphate buffered 2%s 05Oy
rinsed with Ringer s sofution and treated with @ 5%, cold uranyfacetate (5] Dehydration in
ethanoland propylenc oxide and embedding 1n Epon R12 were carnied ot following rovtine
procedures Thin sections staned with uranyl acetate and lead citrate were exammed under
a Htacht H 11 A electron nucroscope at 7S kV

Rusults

The examination of treated cells with the transmission clectron nucroscope
did not show any sigmficant abnormalty, tn particular, the erythrocyte
membrane mamtaned its classical triple-layered appearance Vacuoles n-
clusion bodies, ferntin granules were not obscrved On the contrary the
aspeet of treated red cells under the scanning electron microscope was marks
edly different from that of the control specimens The majority (90 %) of the
erythrocytes had lost their normal biconcave shape, assunnng an seregular
globular appearance {fig 1) The surface was charactenized by numerous
nny projections, uniform i size and Jength (fig 1-3) Some cells did not
show such stnhng changes however they too appeared abnormal since
either 1n the center or in the nim they presented a few round and large pro-
tuberances (fig 1. 4)

Discussion

Serologic {11, 17 and enzymaue {6 7] investigations have produced evie
dence that cephalothin can cause an alieration of the red cell membrane The
present study confirms this ption through a diff approach Two
Lands of red cell alierations have been found under the scanming electron
microscope a munor percentage of cells showed a few round protuberances
on the surface and most of them the stnling finding of numerous tny

projections
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Fig ] Cephalothin treated erythrocytes at low magnufication x [ 600

Fig 2and 3 Cephalothwn treated erythrocytes with an irregular globular appearance
2nd numerous tiny projections x 8 700

Fig 4 Cephalottun treated erythrocyte with a few round and large protuberances

*8700

The interpretation of the above findings 1s not easy The two kinds of
leston may be the expression of a cell damage of different degree, perhaps
reflecting a different sensitivity of the erythrocytes to the drug Although not
50 asin treated erythrocytes, t es have been
described in vanious conditions newborn [12] and splenectomized subjects
12} patients with autoymmune haemolytic anaemia [14] and
nocturnal haemoglobinuna [9) Moreover protrustons have been

paroxysmal
observed in
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erythrocytes treated 1 vitro with sodium fluonide to mhibit glycolytic capa-
bility and produce deficiency of ATP, that is essential for the muntenance of
normal membrane structure and deformability [1]

On the other hand, a morphologic picture characterized by so numerous
tiny projections has been observed in other conditions Bessis ¢ af [2. 3, 8]
reported that washing with saline can deternune projections 1n normal red
blood cells, they however disappear after glutaraldehyde fixation Following
Bessis et al [3], their persistence after fixation 1s an expresston of abnormality
of the cell membrane In fact projections have been described 1n abeta hpo-
proteinemia [8] The above data suggest that the morphologic abnormalities
observed in cephalothin-treated erythrocytes can be aseribed to an alteration
of the cell membrane This conclusion 1avites companison with other cells
carrying a membrane lesion that we had the opportunity to investigate with
the scanntng electron mrcroscope, 1¢ paroxysmal nocturnal haemoglobin-
uria (PNH) erythrocytes and normal red cells treated with the sulfhydryl
compound AET {2 hyhsotiouromum bronide) (PNH-lthe cells)
Both types of cells, similarly to cephalotin-treated erythrocytes, are abnor-
mally sensitive to the [ytic action of complement [13, IS5, 16, 19] and display
low acetylcholinesterase activity [4, 18] However the aspect of PNH and AET
red cells1s different from that of cephalotin-treated erythrocytes, tn fact PNH
red cells present protuberances, pits and craters on the surface [9) and AET
cells appear completely deformed and show pronounced abnormal depres-
sions (unpublished observations) Although differcnces in appearance could
reflect artifacts venfied during specimen preparation rather than a different
membrane alteration, the above suggests that cells that give similar serologic
reactions can have a completely different morphol PP under
the scanning electron microscope

Acknowledgments We thank Prof E Bawpacct Director of Istituto di Patologia
Vegetale dell Unwversitd di Milano, for access to the Cambridge Stercoscan electron mi
croscope, and Mr S Quaront for the technical assistance
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Haemoglobin K Woolwich (a,4, 132 Lysine -~ Glutaminc)
in Ghana

B RINGELUANN, F. 1 D KornoTEv-AnuLy, N C TALAPATRA,
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and Medical Research Counail, Abnormal Haemoglobin Unnt
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Abstract A fast moving hacmoglobin, K Woolwich  Aey Words

was found in patients admntted to Korle Bu Teaching Hos-  Abnormal haemoglobins
pital, Accra, and tn members of 2 tribes which Iinen differ-  Haemoglobuns in Ghana
ent regions of Ghana and differ and ethau 3 i K Woalwich
cally Although haemoglobin K Woolwich is the third most

common aknormal haemoglobin in Ghana, it has not yet been found except in these tnibes
This 1s possibly due to the difficulty 1n detecung the haemoglobin varsant in the presence
of haemoglobm A} would be interesting to examine the ammo acid sequence of cases
of *haemoglobin K* reported from other parts of West and North Africa 1n order to
determine whether they are cases of haemoglobin K Woolwich This may throw hight on
genetic inks and nugration routes of tnibes 1n West Afnica

Haemoglobin K 1s a ‘fast® haemoglobin which moves between hacma-
globins A and J on electrophoresis at pH 86 It was first discovered
Algennn Berbers [4] and since then a number of other examples have been
found in Afnca, for instance in Upper Volta {20] Liberia {19] and Portuguese
Guinea [23) E 1on of the h lobin structure showed that there

were a number of hiemoglobins K with different amino-actd substitutions
but similar electrophoretic mobiliies For example, K 1badan (46 Gly—
Glu) and K Woolwich (#132 Lys+-Gln) are f-chain vanants [2] whilst the
haemoglobin K descnibed 1n an East Indian famuly [ probably has a sub-
stitution n the a-chain

In a sunvey carned out tn Northern Ghana by EpingroN and Laing (7]
among the Dagomba, 3 blood samples were found with a haemoglobin
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fig I Paper electrophoresis pH 89 Hb A and K on the right do not scparate

fraction moving faster than haemoglobtn A 1dentified by AGER and Len-
MANN {{] as haemoglobin K [n Ghana we have now found 24 people from
11 families with hacmoglobin K In one case each from 4 different families
the haemoglobin has been identified as K Woolwich 1n which the 132nd
amino acid residue of the 146 residues of the f-cham is one of glutamme
mnstead of lysine as in haemoglobin A

Material

Paper clectrophoresis 1s carried out routinely on samples taken from patients admitted
. . . . N e cete

Electrophorests and Fanuly Studies

On paper electrophoresis at pH 89 the fast moving haemoglobin was
seen just ahead of hacmoglobin A but there was no clear separation. When
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Haemoglebin K Woolwich (a,f, 132 Lysine ~ Glutamine)
in Ghana

B RINGELHANN, F [ D Konotgy-Anuiy, N, C TALAPATRA,
F. K NRRUMAH, BARBARA G WILTSHIRE and H. LEHMANN

Departments of Chemical Pathology, Medicine, Haematology and Paediatrics,
University of Ghana Medical Schonl, Accra,
and Medical Research Counal, Abnormal Haemoglobin Unit,
University Department of Biochemustry, Cambridee

Abstract A [ast moving hacmoglobin, K Woolwich,  Aey Words

was found in patients admitted to Korle Bu Teaching Hos-  Abnormal haemoglobins
mtal, Accra, and in members of 2 tnbes which Live in differ-  Haemoglobins in Ghana
ent regions of Ghana and differ ) Mty and ethm- 1 b K Woolwich
cally Although hacmoglobin K Weolwich 1s the third most

common abnormal haemoglobm 1o Ghana, 1t has not yet been found except mn these tribes
This is possibly due to the difficulty in detecting the haemoglobin varant in the presence
of haemoglobin A It would be mteresting to examine the amino-acid sequence of cases
of *haemoglobin K’ reported from other parts of West and North Africa, 1n order to
determuine whether they are cases of haemoglobin K Woolwich Thes may throw light on
genetic links and nugration routes of tribes t West Africa

Haemoglobin K 1s a ‘*fast’ haecmoglobin which moses between haema-
globms A and J on electrophoresss a1 pH 86 It was first discovered 1n
Algenian Beghers (4] und since then a number of other examples have been
found 2 Africa, for instance in Upper Volta[20}, Liberia [19) and Portuguese
Gusmnea (23] Ex n of the h fobin structure showed that there
were 2 number of h lobins K with difl amino-acid substitutions
but similar electrophoretic mobilities For example, K Ibadan (46 Gly->
Glu) and K Woolwich ($132 Lys--Gln) are f-chain vanants (2] whilst the
haemoglobin K described tn an East Indian fammly [1] probably has a sub-
stitution n the a-chain

In a survey carried out in Northern Ghana by EpINGTON and LAING [7)
among the Dagomba, 3 blood samples were found with a haemoglobin
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1

1

o mmew b ine of applcation

!

Fig I Paper electrophoresis pH 89 Hb A and K on the right do not separate

fraction moving faster than hacmoglobin A 1dentified by AGER and Len
MANN [1] as haemoglobin K In Ghan4 we have now found 24 people from
11 families with haemoglobin K 1n on¢ case cach from 4 different families
the haemoglobin has been 1dentified a5 K Woolwich 1n which the 132nd
amino-acid residue of the 146 residues of the f-chaimn 1s one of glutamsne
nstead of lysine as m haemoglobin A

Matenial

Paper electrophoresis is carried out routinely on samples taken from patients admitted
tocertain Wards of Korle Bu Teaching Hospital Accra the tptal number of samples being
between S and 6 thousand annually Also s March 1970 wewentto Mpraeso and Abenfi
two towns belonging to the Kwahu tribe {sce fig 7)and as part of a larger survey collected
163 samples from secondary schoots and from & Nurses Traiung College

Electrophoresis and Fanuly Studies

On paper electrophoresis at pH 89 the fast moving haemoglobin was
seen yust ahead of haemoglobin A but there was no dlear separation When
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Fig 3 Paperclectrophoresis pH 89 Separat on of Hb N from Hb C

this haemoglobin was found not with h; lobin A but with h lob
S or C ats detection was easter For example when A +8 was compared with
K +$S 1t was possible 1o see clearly that in the latier case the non S fraction
had a greater mobility than haemoglobin A (fig 1 2 and 3) Table [ gives
some data about the samples in which the fast haemoglobin was found and
figures 4 and S are family trees showing segregation of A S and K
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Table I Hb K Woolwich in Ghana

Hb K Woolwich found Number Total number of
samples
@) In hospual samples between
November 1969 to April 1970 9 50006 000 per year
b) In samples taken from students
belonzing 10 the Kwahu inbe 2 163

Tribal origin of the proposit
with Hb K Woolwich

3) Kwahu 7
1) Busanga 4
Haemoglobin type found n proposite

2) AK 7
b) SK 4
Total number of relatises wvest gated 24
a) AK 10
b} CK 1

There were no morphological changes in the red cells of mdiiduals with
A+X S+K heterozygotes did not show classical sickle-cell anaerma and
the child with C+ K did not have a modified haemoglobin C disease In 2 of
the A+K heterozygotes osmotic fragiity tests were carned out and the
sesults were within the normal range In the S+ K heterozygotes the ratio
of S K was about 3 2 but there was too little matenal in the C+K sample
to make accurate measurements though there was clearly more C than h

Idennfication of the Fast Haemoglobin

El

p n starch gel c 6 M urea [5] showed that there
was an abnormal f-chain present moving in a position which indicated one
additional negative charge or one fewer positne charge The haemoglobin
wassolated by ch phy on DEAE Seph withapH gradient [10)
followed by paper electrophoresis at pHBI[6] The fingerprints (fig 8) were
prepared and stained (21] and showed only traces of the tyrosine contaiming
Ppepide FATpXIIT (#121 132) and the histidine con

taining peptide FATpX vV
(B133 144) A new peptide was pregent which stamed for both lyrosms and
mshdine This sug, d that the b, i! was b 1 K Wool

wich 132 (H10) Lys—+Gln 121 m which there 1810 tryptic hyd{o!ysxg at
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Fig 4

Fig 4and 5 Farmly trees, segregation of Hh A, K, Sand C

Table §1 Ammo acd sequence A121-144 of the fchain of human hacmoglobin

ATpXIN BXIV
Restdue number 121 125 130 132 135 140 14
B-Chanof Hb A Glu Pro Tyr Lys ¢t Ala Al Lyst
ARChanof Hb K Glu Pro Tyr Gln Ala Ala Lyst

The arrows show points of tryptic hydrolysis In Hb A 2 tryphic pepuides are formed
because the bond alter lysine 132 is broken by wrypan

In Hb K restdues 121-144 form a single trypuc peptide because the Iysine m position
13215 substituted by glutamine
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{ Wb K Woolwich “~
from Ghana LY
(traces ot Hb A prcgnt) o
g ot t »
pot ot
Fuv ' - @ hew prmaw

v

Fig 6 Fungerprint (peptide thromatogram) of the tryptic peptides of haemoglobin
K Woolwich Electrophorests was carnicd out at pH 6 4 Tryptic peptedes §4 X111 and X1V
are present only in traces These are due to the contamunation of the Hb K by Hb Ag which
1as the same electrophorenc mobility The new peptide £X XU X1V 15 sndicated For
details see text and table 1

posttion 8132 as there 1s no lysine, and peptides X1II and X1V are replaced
by FEXU-XIV (able 11y

The abnormal peptide was eluted from preparative fingerprints, hydrolys-
ed and then analysed [3] In all 4 cases amino acid analysis of the abnormal
peptide showed that the composition was that of residues $121-144 but with
only one fysme and with an additional glutamic acid The electrophoretic
mobility of the haemoglobm and of the abnormal peptide (fig 6) mdicated
the loss of only one positive charge and, therefore, the lysine must have been
substituted by glutamine and not by glutamic acid

Discussion

Two abnormal haemoglobins are common i Ghana, haemoglobins S
a0d C{7, §, 17 22] Some rare haemoglobins have also been found, but only
1A sungle fanuhes, G Acera (13], D Punjab [18], Korle Bu [i1] 20d Osu-
Christiansborg (12] Haemoglobin K Woolwich was thought to be a rare
vanant, having been found only 1n one West Indian family [16) and 11y the
Ivory Coast [CABANNES, CHARLESW ORTH, PRicEand LENMaNN, unpublished]
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Upper Volta

vory Coast

Fig 7 Map of Ghana showmg the places where the 2 tribes, the Awahu and the
Busanga, Ive

The bination ofh. globins Sand K Woolwich described by O*Gorsian
ef al [16), caused a muld anaemia and the ratio of S K was simular to that
i our cases However, we did not find any symptoms of disease in people
with the genotype S+K It now seems that haemoglobin K Woolwich 1s
more common than was thought, and 1s the third most frequent abnormal
haemoglobin 1n Ghana In the present study, all the cases of haemoglobin
K Woolwich were found 1n members of 2 tribes, the Kw.thu and the Busang?,
which are widely separated geographically {fig 7) The language of the 2
tribes 15 quite different, the Kwahu belonging to the Akan and the Busanga
to the Mande language group According to therr tradition, accepted by some
fustorians [15,24]. the Akan people came from the river bend between Djenne
and Timbuktu and were forced to mugrate southwards at the end of the 13th
century They settled first in Northern Ghana where the Gonja tribe now
Iives, and then moved further south to their present territory, the Kwahu
plateau This 1s the only stretch of inhabited highland 1n Ghana, which s
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protected on the West by the Kwahu Scarp, on the North-East by the Afram
river, on the East by the Volta, and on the South by Akwapim Hills Geo-
graphical isolation favours inbreeding, with an increase 1n the adence of
rare genes The Busanga are part of the Mande group who formed the king-
dom of Mak, which was at the peak of its power in the 14th century Other
members of the group can now be found m Mid-Sahara, Niger and Upper
Volta

The ofh lobin K Woolwich 1n both tribes conld suggest
that they come from a common stock, and 1t 1s noteworthy that for both
connections can be traced to present day Malt However, 1t 1s difficult to
reconctle thus with their Janguage difference and with the apparent lack of
haemoglobin K Woolwich n tribes known to be more closely related to
either of these tvo

“The exact incidence of haemoglobin K Woolwich both in general and 1a
these 2 tribes cannot be assessed from our studies According to a Population
Census {9110 1960 there were about 132,000 Kwahu and 56,000 Busanga in
Ghana From finding a number of unrelated cases 1n hospital patients and
of 2 in Kwahu students 1t seems that haemoglobin K Woolwich 15 quite
prevatent The reason that it has not been found more frequently 1n Ghana,
and pot at all 1n the United States [14] 1s probably that haemoglobin K
Woolwich 1s easily overlooked i the presence of haemoglobin A
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"The Effect of Certain Lipid Substances on Sickling

W AKIN Isaacs

Department of Hasmatology, Umiversity College Hospita), Thadan

Abstract Fifty Je cell d T h Key Words
stereids for males and for females) st a  Arachus oil

dose of 10 mg or arachis oil mtramuscularly Sickling with metabi  Progesterone
sulphite way assessed at daly mtervals for § days afier the admims-  § ckleceliduease
traton of the drug It 1s concluded that these steroids inhibit sickling  Steroxd hormones
for a few days and that arachus ol inhibits transiently and less

profoundly whilst physiological saline did not affect sickling The sig

nificance of dauly varration in the generation of cnses 13 discussed.

The mansfestations of sickle cell disease are ultimately explicable on the
basis that the d hed solubility of b bhin S 1 with
lowered oxygen tenston results 1n sickling, and the distorted shapes prod-
uced erther block the flow of blood to various organs or are sequestered off
for d by the \! dothelial system Various workers have
adminsstered drugs of various types to Hb SS individuals 1a an endeavour
to reverse sickling {1, 2, 3] Isaacs and HayHoE {4] observed 2 reversion of
sickled erythrocytes to a normal contour in vitre 1n the presence of either

or durabolin Samples of blood from 3 patients
with sickle cell disease also proved to be resistant to sickling with sodim
metabisulplute after admimstration of these steroids and 1t was hoped that
these agents might be useful in the treatment of sickle cell disease It was
not certain at that stage whether the effect 15 imited to a few indivmduals
or whether 1t 1s of general appl A double blind ted stody was
plaaned to mvestigate whether there 1s any dfference between the effect on
sickling of an oily of or and that of
arachus oil (the base 1 which the steroids are dissolved)
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Material and Methods

Filty subjects (including children and adults of both sexes) with hacmoglobin geno
types S SC or S/thalassaemia were used m thus study Each male subject chose randomly
erther testosterone or ol and each female subject chose progestesone or oil

1 mtl of the solution chosen was injected mtramuscularly (the steroids being at a con
centration of 10 mg/mt) and samples of blood were taken tmmediately afler and at 24
hourly mtervals following the mection for 5 days The metabisulphite sicklmg test [5)
was performed on each sample The sickling preparations (consisting of sealed shdes of
deoxygenated blood symples) were scored 1 b after they were made to determune the
percentage of total erythrocytes sickled

Results

The results are shown i tables I, [T, Il and summansed i table IV
The proportion of cells sichied on different days are compared using the

Table 1 Percentage of erythrocytes sickled after incubation for 1 b with 2%, sodium
rostabrsulphite Testosterone injected group

Ist day 2nd day  3rd day 4th day Sth day 6th day

83 28 3 - 7 -
8l 84 77 %0 (Y -
73 82 - 14 2 2
68 1 33 19 38 -
[ ki 6 8l 7 %
8 - S5 30 s 100
53 21 28 53 - -
%0 84 43 45 - 28
70 98 30 7 3t 80
[ 73 16 12 2 20
60 95 30 ” 42 24
93 93 40 13 30 14
94 % sl sl kN -
53 50 23 30 28 -
13 21 30 16 8 16
90 96 33 k2] ~ 4
72 83 81 53 24 36
50 88 46 - 9 -
40 7 16 46 27 6
40 73 5 20 £ €3
X &2 699 409 H4q 422 476
n 20 19 19 18 17 13
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Table 1l Percentage of erythrocytes sickled after incubation for 1h with 2% sodum
fetabisulphite it injected groups (males and females)

ladsy ndday 3rdday  4thday  Sthday  Gmday

62 46 8 13 96 32
54 %0 E2l 21 ki) [
40 84 53 8 67 7
% 1% @ 96 25 b1
66 0 2 16 3t (73
43 n 35 30 43 62
40 32 3 - 28 $8
k] 24 2 62 3 n
66 2 13 16 38 9
62 10 24 2 42 6
56 0 36 k3] 4 ko
80 26 42 12 3o 66
50 20 14 26 44 -
42 4 45 " 8 -
18 94 61 30 42 -
3 80 - sz 26 -
82 46 96 9 61 -
b4 578 s01 316 407 “7 607
n 17 n 16 16 17 12

Student's t test and the results are summanzed n table V It will be seen
that the mean percentage of cells sickled 1n the o1l injected groups 18 only
sigmificantly lowered on the 3rd and 4th days, when compared with the mean
of the Istday However, in the testosterone and progesterane treated groups,
there 1s 2 clear difference between the mean proportion of the cells sickled
on the 1st day and the means of the 3rd, 4th, 5th, and 6th days respectively

Over the 5 days, the depth of depression of sickling was also more with the
sterosds than with ol When a group of 12 sickle czll disease patients were
tested using physiological saline (table VI) in place of the oil and stesords,

there were no significant differences found between sickling tendencies on
vanous days

Discussion

It would appear, therefore, that wheteas there 1s only a transieat dimy-
fution 10 the proportion of cells sickled following the administration of
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Table 1l Percentage of erythrocytes sickled after mcubation for 1 h with 2% sodim
metabisulphite Progesterone inyected groups

1st day 2ndday  3rd day 4th day 5th day 6th day

5 97 87 51 32 -
86 50 7 32 3 -
88 3] 62 17 14 -
8 77 18 23 22 -
0 40 63 23 [ -
78 80 30 20 23 ~
45 57 36 25 43 -
42 28 10 10 14 60
%0 7% 41 53 0 40
56 52 17 14 23 36
7 34 2 20 28 4
46 34 42 H 32 3]
2 34 3 86 63 26
R 652 [ 406 27 37t 375
n 13 13 13 13 13 6

Table IV Proportion of red cells sickled at intervals after drug admimsstration

Testos 01 Proges-

terone terone
1st day 692 85 576+ 92 658140
2nd day 699126 5214138 602+130
3rd day 409% 96 376£118 406140
4h day 444212 407&£138 27151
Sth day 422120 447£111 EIAE tR1
6th day 476%166 607 92 375+ 97

Maxmum 1 41 6%307 232152 382%144

depression
of sickling

Population means for a 95-percent confidence it Means £2 % standard error

1m! each of either 10 mg/ml of testosterone proportionate m oil, 10 mg/ml of pro-
gesterone 1n oif and [ mi of ofeum arachis B P was myected intramuscularly ito each
patient and samples of blood were obtained by fingerprick immediately after and at
24 hourly iotervals after the inxctions Vascline-sealed slides of 2% metabusulphite
treated cells were scored after one hour to denve the percentage of cells sickled

1 5 1 the percentage drap i sickling tendency over the duration of the study on
each :ndividual, where the change 18 maintamed for at least 2 days.
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Toble V Comparison of sicklng on day 1 with each subsequent day using Student's
1 test of sigtuficance

Student’s Testosterone o Progesterone

ttestio T De p T De- p t De- p

compare gree wee gree

mean of of of

sidmg free free- free

for day 1 dom dom dom

with each

subsequent

dayt

Uty 009 37 >015 09 35 >015 06 24 >0475
<020 <020 <0 4875

iy 45 37 <00005 27 34 0005 26 24 >0005

<001 <001

Uty 34 36 <0002 21 31 >00125 36 24 >00005
>00005 <0025 <00025

-t 31 35 <O0WS 18 1 >0025 32 24 >00008

<005 <00025

tte 23 31 »00125 05 29 >030 3317 00005

<0as <035 <Q 0028
Ki—Xe
dent’s t = ———m—e
Student’s t e
1o 199 34 >025 p-o 144 28 >005
é <005 8 <01

fi-faetc = Student’s ¢ test to compare the means for day 1 with day 2,
t-cand p—o | t1test to compare the drop i sicking achieved with the hormones
4 testosterone and progesterone as compared with ot

wme b wowseavit Jks UMD, LS BUELL TCDIEsents “averape’
bch:mour 1 erythrocytes of sickle cell disease patients 1 response to ad-
mimstration of these steroids However, 1t should be emphasized that ap-
proxxmmely 10% of subjects fail to respond to these sterords with any
m the of cells which sickle m environ~

ments wth lowered oxygen tension
Thus study also shows that erythrocytes from each sickle cell ndvdaal
vary from day to day i their ability to sickle Tt has been suggested that
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Table VI Perc:nmgc of :rythrocytcs sickled ar:er ncubation for 1 h with 20, sodium
treated group {n=12)

15t day 2nd day 3rd day 4th day Sth day
68 68 70 83 70
20 86 80 - k)
82 64 82 87 86
96 9% it} " %
738 76 K 83 89
97 85 93 94 S7
83 87 80 - -

98 2] 94 98 “
96 48 9% 19 -

75 78 95 12 82
95 85 85 45 %
94 96 50 99 80

X 8192 s 8533 69 50 %30

selective destruction of erythrocytes 1n sichle cell disease with a lugh HbS
content might add to this vanability [6) However, this varation mght also
be due to the effect of a substance (or substances) situated inteniorly or ex-
teriorly to the red cell membrane which influences the ability of the mem-
brane to change 1n response to intracelfufar crystal formation n situations
of lowered oxygen tension Prehminary results from expenments yn which
cells from patients on high sickiing days were mixed with plasma from the
same patients on low sickhing days and vice versa suggest that the abshity
of cells to sichle 15 influenced by plasma factors The vanation in fevels of
plasma factors and the vanation in sichling ability which 15 associated
would explain why sickling ‘cnises’ sometimes oceur and other times not
10 individuals with a constant amount of HbS

A project separating sickling into 2 parameters iz (a) proportion of
cells already sickled i vitro, (b) rate of sickling of the unsickled ceils in
AHYo 1n TRSp to deoxy 15 1n progress to determine which of the
2 factors 15 more 1mportant 1n the development of crises Blood gas studies
have shown that differences occur between sickle cell disease patients and
normal tndwiduals with respect to pQO2 and pCOz 1n the blood [7) Studies
are 1 progress to determine whether the effect of the steroids on sickling
1s mediated through changes 1n these blood gas parameters, ¢ g an effect
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on artenovenous pOz difference might cause a change 1n the metabolism
of the erythtocyte membrane fesulting m a change in its Tesistance to de
formaton by ntracellular crystals Plans are also in progress to determine
what effect the administration of these steroids will have on sickling crises
and how their continued adminsstration will affect the sncidence of recur-
rent crises
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The Kinetics of Plaque-Forming Cells in Experimental
Hypersplenism

F Scuurrartd, H W BAENKLER and K H Pprrr!

Department of Chnical Immunology, Unnersity of Erlangen Nurnberg
(Director Prof Dr F SCHEFFARTH)

Abstract By p apphcation of methyleellulose (MC)  Aep Hords
hypersplenism has been induced 1n CS7B1 mice Decrease  Antibody formation
of red blood cells (RBC) and increasc of: il and E h
spleen index resemble the hemolync anemia mman No  Macrophages
antibody formation aganst RBC of treated anmalscould  Methyleellulose
be found After sensiisation with sheep red blood cellsa  Mouse spleen
significantly impaired 195 and 7S antibody formationin  Plaque forming cells
single spleen cells could be demonstmt:d These findings  Spleen cytology

suggestan inhib, by th eof MC.
By application of methyleellulose (MC) in rodents hypersplentsm can be
duced [2] The histolog wn of the enfarged spleen shows a

diffuse hyperplasia of the reticulum of the red pulp that was taken up by
clusters of macrophages [6] These cells enlarge also formung vacuols filled
with MC [5, 8] The half-life of red blood cells (RBC) 15 shortened and the
bilirubin level 1s increased |5, 7, 8] Removal of the spleen prevents from
these pt These find ble the hemolytic anemia 1n man
They let to suppose that the immune system and especially the spleen are
mvolved by MC 1n any way This was to demoustrate using the ‘plaque
technmique’ Hereby single antibody-producing spleen cells can be detected
after sensitisation with sheep red blood cells (SRBC) Spleen cells of sensitized
ammals are dispersed in gel among SRBC Adding complement after incuba-
tion at 37°C for 90 min 19S-antibody producing *direct plaque forming celfs”
(DPFC) are marked by local hemolysis 1n gel (LHG) around those cells
Adding anti-mouse globulin as *developing serum® before complement 75-
antibody with low hemolytic activity producing ‘indirect plaque formng cells®
(IPFC) can be identificated
1D
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Plaque techmque was also performed to demonstrate, if by LHG anti-
bodies against RBC of treated ammals can be detected

Mater:al and Methods

Ammals Female mice of the strain C57B1 have been used Theur weight vanied about
30 g. Each anumal was 8t least 4 months old

Treatment with MC Powder was dissolved 1n warm distilled water and 1p myected
Twice awetk doses of § 1ol of a $*% sotution were gven until the toral dose of 100 mg was
teached

REC, white blood cells { WBC), renculocytes and spleen index' Ten antmals have been
sacrificed 2 days after the Jast simgle dose of MC. After differential stuming RBC and WBC
wese counted The spleen has been 1solated from fat and conbective tissue and weighted
The quotient ;:t;n;:;?‘ % 100 has been (spleen 1ndex)

Controls were 10 untreated ammaly

Demonstration of PFC The ammals were separated into dufferent groups Series 4 was
sensitized with 4% 103 SRBC i p 1 week after the Tast dose of MC. At the 204, 3th, 5th,
9th, 10th, 14th and 21th day after the senstisation (in the following day +2, +3andso on)
the spleen was removed The 195- and 7S-antibody producing cells were detected by LHG
1n the usual way [1, 3.4} Each spleen was examined separately Serfes B were untreated
mice but seanuized with 4 x 108 SRBC1p  LHG was performed at the same pounts after
sensitisation as senies A Seres C consisted of MC-treated muce averding sensiusation In
this series LHG was performed wsmg RBC of the treated animals

Results

An early reaction of the animals to the application of MC could not be
seen Five weeks after the begmng of the treatment they became lethargic
and weak At the end of the treatment the enlarged spleen could be palpated.
through the walls The sole pathol, 1 finding 1n the opened
abdomen was the enlarged but 1n colour and consistency normal spleen No
ascites has been seen

Changes of the hemogram After treatment with MC the RBC decreased
from R96£049%10% to 758£064% 108/mm?® 1n untreated controls
(P<0001) On the contrary the | d after with
MC from 38+10% to 7821 9% in the controls {P<000I) The spleen
1ndex moreased from 045£009 to 1064021 1n treated mice {P<0001)

The WBC showed no sigmficant changes after treatment with MC

Kinetics of PFC "The tasetics of PFC were different 1n treated tice and

controls Without treatment with MC using the direct method the first DPFC




268 SCHEIFFARTH/BAXNKLER/PETER

were demonstrated 48 h after sensitisation with SRBC The peak value was
reacked at the day +35 After this pomnt there was a rapid decrease At the day
+14 19 S antibody producing spleen cells rarely could be found Usinga
developing serum the first IPFC were demonstrated at the day +5 At this
point there were fewer 7S- than 19S-antibody producing spleen colls After
the day +9 this relation changed Contrary to 19S-antibody producers
7S-antibody producers could be demansteated uatil day+21

After treatment with MC the kinetics of PFC principally were similar
The content of PFC was, however, reduced at each point A sigmficant
dumnution (P <20 001) could be stated regirding the DPFC ot the days +3,
+5 and +9, whereas the IPFC were dimmished sigmficantly (P<0 001) at
the days +5, +9 and +10

The effect of MC has been seen especially at the day +S5, when the peak
value was reached with regard to the 19S5-antibody producing cells The
quotient between treated and untreated animals was at this point 1 10 This
quotient never was reached at other days The maximal quotient in refer to
7S-antibody producing celis was only 1 5 The quotient between treated and
untreated ammals approached to 1 0 with increasing distance from the sen-
sttisation with SRRC

After a single dose of MC and sensitisatron with SRBC no difference to
untreated could be found regarding the DPFC and IPFC Using RBC and
spleen cells of treated mice no PFC could be demenstrated  19S-antibody
producing cells per 108 spleen ceils of treated mice and controls are compared
m table I 7S-antibody producing cells per 108 spleen cells of treated mice
and controls are compared 1n table IT Time diagrams of DPFC and {PFC of
treated muce and cantrols are shown in figures 1 and 2

1 ! Tls1n MC-Areated muce and untreated

Table [ 19S antibody prod I
controls
Days after Untreated ammals Treated smimals Sigmficance
sensitisation 3
2 0,0 0,0
3 7,5 0,0 <D 00}
5 237,211 29,27,27,16 <o
9 9.8 1,3 <0001
1% 2.2 3,3
14 2,0 1,4,2.0
2 5,0 0,0,0
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Table I 7 s in MC 4 duntreated
controls

Days after Untreated animals Treated ammals Significance
sensitisation

2 0,0 0,0

3 1,0 0,0

5 96 , 67 18,17,16, 11 <0001

9 64,58 17,10 <0001

10 38,35 8,5 <0001

1 19,19 1©,3,2,1
2 3.6 3.1,0

Discussion

In these expeniments the changes of the hemogram as described by other
ivestigators could be confirmed The treated ammals shows besides the
decrease of RBC an increase of the reticulocytes Spleen index increases 1o
the s2me manner M , 3t can be ds d that the with
MC taterferes with the kinetics of antibody producing cells in the spleen In
relation to the contrafs PFC are reduced 1n treated anmmals This 15 true 1n
all expeniments at different points after sensttisation with SRBC for 195+
antibody producing cells as well as for 7S -antibody producing cells A sigmf-
cant of PFC after could be d d only at the
peak of the cellular snttbody formation Rut thus 15 sufficent to state an
mifivence of MC on the immune response Howevet, the different counts of
PFEC at other points allow an interpretation i which way MC may have
terfered with the immunologic system

Using the direct method PFC can be found m treated mice § days after
the first seositisation whereas the controls have already DPFC after 3 days,
Both groups reach the peak value at the day +5 Anmals treated with MC
have about 10% regarding the count of DPFC i controls. Later the reduc-
tion of DPFC 1s not so stnnking and at last there 1s no difference between
seres Aandsenes B Pincipally the same 1s true using the indirect method for
detection of PFC Treated muce have those cells at the day +5, untreated at
the day +3 already At the maxymum valve 1o treated mce the reduction of
TS acubody producing splten cels x5 2bowt 20% Later on the reduction is

00t 50 apparent but contrary to the DPFC always below contrals




an SCHTrFARTH/BARNKLER/PETER

1000 4
1004
g
@
% 104
n
L
2 3 5 9 W % 2n
Days after sensiisaton wih SRBE
1000
100
b4
S
s 0
P
L
I 1 % 2
Days after sensd saton wih SREC

Fig 1 Time<diagram of {95-antibody producing spleen cells in treated nuce and

controls {mean values) —— Controls —w-- Treated muce
Fg 2 Tume-duagram of 7S-antbody producing spleen cells wn treated smuce and
controls (mean values) — Controls «~-- Treated mice

These findings pownt to an impairment of the immunologi response m
respect to antibody forming spleen cells This could be explained by aggre-
gation of SRBC by MC This would mean a reduction of antigemie determa-
nants stuated at the surface of the SRBC But ths explanation is sot suf-
ficient because 1t could be shown that the content of PFC 1s not impaired
after ane single dose of MC

An other explanation for this impairment 1s the mhibition of the macro-
phages The uptake of MC as it could be demonstrated histologically causes
a blochade of the mcorporating cells as 1t 15 hnowa for other inert macro-
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molecules Thus means a dimimushed capacity of processing the SRBC Thus
less information is passed to the antibody formng cells Thus interpretation
gaves an explanation for the maximum imparrmant at the peak value of the
immune response

An other possible mode of action of the MC 1s the mnhubition of the plasma
cells This would also reduce the antibody formatyon But thus effect would
reduce the PFC at each pomt after the sensitisation

Usng spleen cells and RBC of treated muce for the LHG nesther 195-anti-
body nor 75-antibody forming cells could be found Ths means that there 15
0o hemolysis induced by an antigen-antibody reaction A direct effect of the
MC on the RBC mducing a speaific antibody formation must be densed
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On the Origin of Human Basophilic Granulocytes

M R Parwaresci, L-D Leper and K E G DANNENBERG

Instnute of Pathology, University of Kiel (Director Prof Dr K LENNERT)

Abstract By a combined application of tohndine blue stain  Key 5 ards

and naphthol AS-D chloroacetate esterase reaction on normal  Basophilic leukocytes
bone marrow smears metachromic and promyelocytic gran  Bone marvow

ules were demonstrated on the same cell Precursors of baso-  Cytochemustry

phils contain NASDCl-esterase actrvity, the intensity of which  Leukocyte cytogenesis
depended on the maturity of the cells All transitional cells were  Mast celis

found between non metachromatic promyelocytes with strong
NASDCl-esterase activity and completely enzymatically nega
tive metachromatic segmented basophuls It is concluded that basophilic granulocytes ke
monocytes, and 3 from non specific Evidence
has been presented for the transition of promyelocytic granules to speaific basophilc
granules Our results confirm the dualistic view of the eytogenesis of leukocytes

Metachromasia

Paur EHRLICH {4) was the first to 1dentify blood basophls tn leukemras
A few years later 1t was shown that the basophilic granulocyte 1s a normal
blood conststuent [t was considered to be a special type of granulocyte which
1s formed 1n the bone marrow This was supported by occurrence of mast
my:lccyles n the bone marrow [5] mutotic activity of‘ mast myelocytes [s.

111, de of p activity m P 12),
ncrease of basophils and their bone marrow precursors in expenmental
b: {1, 16}, and prolife of the basophilic cell stram in myelopro-

liferative disorders

Such observations are sufficient evidence for the bone marrow onigin of
blood basophils However 1t1s not yet known for certain which bone marrow
cefll ulumately gives nise to basophils Mest authors assume a promyelocytic
onign [3, 11, 12, 16] In contrast, UNDRITZ [17] claims that basophils are a
separate cefl line with a so-called basophiloblast as stem cell
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Tn the present work special procedures have been applied i order to
demonstrate azurophilic granules as well as metachromatic substances within
the same cells Our aim was to find out whether bone marrow cells disclostng
both properties could be detected If this should be the case, such cells could
readily be regarded as proof of the promyelocytic origin of basophils

Material and Merhods

Demonstration of metackromatic granudes A dried normal bone marrow smears Were
fixed 1n a 0 1% solutton of N-cetyl pynidimum-chlonde 1n methanol formalin for § nun
Thereafter the smears were stained na 0 1 %6 solution of tolurdine blue 1n 0 1 M Michacks

buffer, pH 40, for 30 min Then the pr were diff d 1n 0t M Mrchach
buffer, pH 20, for 15 mu, and dehydrated twice i sopropanol for 10 sec/charge
Cells with granules were ph and thesr position was marked

The tolutdine blue stain was removed by 0 1 M Michaelts buffer, pH 4 8 and the shdes were
dehydrated with 1sopropanol
of pronefocynic ( philie] pranufes Ina second step the smears were
b, d to the naphthol AS D chl (NASDCI Jesterase reaction [7] 1 drop of
4% pararosanilin in 2 N HCI was mxed with [ drop of 4% sodium nurite in distilled
waler After 60 se¢ 30 ml of 0 1 M Michaelis buffer, pH 7 62 wereadded The pH wasade
usted to 6 3 with 2N HCI 10 mg of naphthol AS D chloroacetate dissofved in I mi of
N,N dimethylformamide, were added The muxture was filtered The smears were cu
bated for 30 nun at room temperature, rinsed in 1ap water, counterstained with hemalum
and mounted 1n glycerme jelly Result nucler blue, neutrophilic and especially promyc
focytic granules red
Those previously marked cells with positive metachromasia were studied for NASDCI
esterase actnty and photographed again In this way, a total of 265 metachromatic baso
philic cells was examined using 30 bone marrow smears from 10 different healthy subjects

Results

As shown previously [14] a broad spectrum of metichromatic substances
can be staincd by tolwdine blue at pH 40 This allows a selective demonstra-
tron of mature as well as immature basophils

Mature basophils displayed a strong reddish violet metachromasia of
their granules, which were roundish, distinctively delimenated and evenly
distributed The nucler stained famtly blue With increasing immatunity of
the basophuls the distribution of metachromatic granules became more 15~
regular and their number decreased Often they appeared as coarsc or thread

Itke structures
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Mature basophy! ¢ granulocytes were NASDCI esterase negative Within
the cytoplasm there were well defined empty vacuoles instead of specific
granules as a result of therr high solubility (fig 1h) However basophlc
band forms (fig 1g) d splayed a weak but unamb guous NASDC] esterase

abeu
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actimity The reaction product was diffusely distributed within the intenacuo
Iar spaces of the cytoplasm Sometimes granular depositions could be seen

Basophilic metamyelocytes (fig le, ) presented a distinct, slightly grany.
lar NASDCl-esterase reaction Myelocytes (fig lc, d) showed strong pro-
myelocytes (fig 1a, b) sery strong enzymatic activity The most immature
metachromatic progenttors contained similar NASDCI esterase acuvitics as
non specific promyelocytes

The cytotopographical locahzation of metachromasia and NASDCI-
esterase pasttivity very often revealed a close correspondence This was partic-
ularly true for cells already contaiming well developed metachromatic
granules but still possessing a fairly strong NASDCI esterase activity not
exceeding that of non speaific promyelocytes (fig Ic, d, f)

In general, a defimite increase 1n metachromasia was observed 1n the course
of maturation However, no strict proportionality between the quantity of
metachromatic granulation and classtcal morphological eritena of the differ-
ent maturation stages could be observed In contrast, the NASDCI esterase
actnvaty di hed very c ly, bemng pletely absent in segmented
basophuls In other words, the enzyme activity closely corresponded to the
vatious develop I stages of the basophils Thus could be abjectinated bv

cytophotometrical imvestigations [15}

Discussron

It 1s generally claimed that basophilic granulocytes deselop from non
specific promyelocytes (11, 12, 16] Transitions between promyelocy tes and
specific granulated myelocytes have been described 1n order to support “\‘IS
view Thesetransitional formswere dtobed ble by Pappenheim’s
stain According to the vanious descriptions such transitronal cells gradually
develop speaific granules, at the same time losing the promyelocylic grany

tation .
However, a critical evaluation of such descriptions gises fise 10 consider-

able doubts about this widely accepted view First of all, 1t 15 not clear from

the terature how the authors managed to make a clear distncuon between
hromatic granules 10 panophic stains
ble to d trate metach (o 1

promyelocytic and early

Secondly, 1t 1s quite
adequately by means of panoptic stamns, because basoplulic granules are
highly soluble 1n aqueous media Accordingly, their preseniation rcquxr:s
special procedures {13} In addition, the more immature the c‘;\lls are, the

| saq

sparser and the more Iabile 1s the met: atic £
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solat.ors 272 tsed with paroptic stuns and as the ﬁung:t does not suflice
for the preservation of cellular g derable portions of the
metachroranc graru‘es arzextracted ard Fence cannot {onger he detected
Ths can exsily be shown with any convertionally stained blood smear, 1
whick most of the basoph s show more or lessempty cytnplasratic vacuoles
which arz el.ared metackromanc grantles

Thied, n garepue preparations promyelocyne granules stan reddish o
siclet and thos take cn a cofour very stmilar to that of the metachromatic
gardles Fenbermorz the cytoplaan of smmature cells 13 strongly base-
philic, which funtFer complicatss the secopmition of wngle granules Therefore,
11 amsement wirk Lewwert [I0] we think a rehable dstinction between
grorvefocvnic and asophil ¢ granules 1s not passible by means of panoptic
atyms This s ¢ farly true for the of the sparse h
matc graayles mt early Easophilic precursors So transitians between promy-

efacvies and earlv basaptils cannor be rdentified with certainly 1n panapte
stamsg

This shows that the derivation of tasoghils from pramyefocytes had ap-
parzwls bes extablished by analogy with the development of the neutea
ehulic eafl straim But 18 not based ort unequivacal expenmental findings

The unceramty of 2 convert onal cptatogical denvat on of the Biond hasaphls s well
Tustrated by vhe theares of s experenced 2 ovtelog stas Laprerz[F7], Lperr s regardt
the basephilie el arun 27 adegendert and clearfy separate from other granulocyt ¢ cell
hres. He beseves tasophufs to develop from 3 so-called tasnphilnFlase He demes that
Tansmenal euls bervers promye.cevies 474 bataph L€ progen tors are demonairakle
Janapve progarat ons. Thie u ceranly eofTect 8% far as Pappenhem s swun s concerned.

fruc e 508 Rl ont the pessibal 13 (hat o suck colls may m fact ex st w tha it heng
dementrable by umple sains

I cantrast o pavopne stuns the NASDClesterase methiod and the

wlewdine biue stn raveal obective and reproducihle erietia for the recognt
nen of ¢

cgranoles resp y By

erl 1 of there dures we ded . d 3 3} develop-
mearal s;avey from non specific promyelocytes w t1 strong actvities of
NAasRCL & 0 mature ted basophils without any activiey
of tis erzvme (g {) This 18 absolute proof of the wew that basophulic
rwlomites L 1911 ghilefR 91 and. Pl W
‘ram non speafic promyefocvtes

snother result of our studies concems the made of basaphufic granufe
STNAten Some authars clam that rewly formed speaific granules replace
azaraphi ¢ granules, as the latter gradually disappear during the maturation
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activity The reaction product was diffusely distnbuted within the intervacuo-
lar spaces of the cytoplasm: Sometimes granular deposttions could be seen

Basophilic metamyelocytes (fig le, f) presented a distinct. shghtly granu-
lar NASDCl-esterase reaction Myelocy tes (fig tc, d) showed strong, pro-
myelocytes (fig 1a, b) very strong enzymatic actiity The most immature
metachromatic progenitors contamned simlar NASDCY esterase actnifies as
non specific promyelocytes

The cytotopographical focahization of metachromasta and NASDCI-
esterase positivity very often revealed aclose correspondence This was partic
ularly true for cells already contaning well developed metachromatic
granules but still possessing a fairly strong NASDCI esterase actiity not
exceeding that of non-specific promyelocytes (fig Ic, d, f)

In general, a defimte increase 1n metachromasia was observed in the course
of maturation Howerer, o strict proportionality between the quantity of
metachromatic granulation and classical morphological critena of the duffer-
ent maturation stages could be observed In contrast, the NASDCI esterase
actnaty d hed very ¢ 1y, being pletely absent in d
basophils In other words, the enzyme actinity closely corresponded to the
varrous developmenta! stages of the bisophils This could be objectinated by
cytophotometrical invest [1s)

Discussion

It 1s generally clatmed that basophilic granulocytes deselop from non
specific promyelocytes (11, 12, 16] Transitions between promyelocytes and
specific granulated myelocytes have been described i order to support this
view These transittonal forms were assumed to be detectable by Pappenheim’s
stamn According to the vanous descriptions such transitional cells gradually
develop specific granules, at the same time losing the promyelocy tic granu-
lation
Howerer, a critical evaluation of such descriptions gives nise to consider-
able doubts about this widely accepted view First of all, it 1s not clear from
the Iiterature how the authors managed to make a clear distinction between
promyelocy tic and early metachromatic granules in panoptic stains

Secondly, 1t 15 quite tmpossible to demonstrate metachromatie granules
adequately by means of panoptic stams, because basophilic granules are
highly soluble 1n aqueous media Accordingly, their preservation requires
special procedures [13] In addition, the more immature the cells are, the
sparser and the more labile is the hromatic granul As ag
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solutions are used with panoptic stains, and as the fixation does not suffice
for the preservation of cellular glucomucanes, considerable portions of the
granules d and, hence, cannot longer be detected

Ths can easily be shown with any conventionally staned blood smear, 1n
which most of the basophils show more or less cmpty cytoplasmatic vacuoles
which are eluated metachromatic granules

Third, m panoptic preparations promyelocytic granules stain reddish to
violet and thus take on a colour very simlar to that of the metachromatic
granufes Fusth the cytop of cells 1s strongly baso-
philic, which further complicates the recogmtton of single granules Therefore,
n agreement with LENnerT [10] we think a relrable distinction between
promyelocytic and basophilic granules 15 not possible by means of panoptic
staims This 15 p: larly true for the of the sparse
matic granules in early b hilic p So, between promy-
elocytes and early basophils cannot be identified with certainly in panoptic
stamns

This shous that the derivation of basophils from promyelocytes had ap
parently been established by analogy with the development of the neutro-
philic cell stram, but 1s not based on unequivocal expenmental findings

The uncertainty of a conventional cytological detivation of the blood basophils is wel)
lustrated by the theories of so experienced a cytologist as UNDRITZ [17) Usprrrzregards
the basophilic cell strain as independent and clearly separate from other granulocytic cell
Lines He behieves basophuls to develop from a so<called basophiloblast He demies that

cells between and basophilic are mn
panopuc preparations This is certainly correct as far 23 Pappenheim’s stain 1s concerned,
but does not rule out the possibility that some such cells may in fact eust without being
demonstrable by simple stains.

In contrast to panoptic stains the NASDCl esterase method and the
tolurdine blue stainreveal objective and reproduciblecritersa for the Tecogns-
tion of py d h: granules, g By
applicatton of these procedures we succeeded in demonstrating all develop-
mental stages from non specific promyelocytes with strong actmvities of
NASDCl-esterase down to mature segmented basophtls without any activity
of this enzyme (fig 1) This 1s absolute proof of the view that basophitic

\{ ke [y [8,9},and
from non specific promyelocytes

Another result of our studies concern:
formation Some authors clatm that :\ew|s Corma oy basophic granule

y formed specific granutes
for ‘ replace
rophilic granules, as the latter gradually disappear dunng the maturation

phils, ongmate
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Ultrastructural Localization of Perovidase Activity in Human
Basophit Leuhocy test

G A AckerMaN and M A CLark

The Ohto State Unnersity,
Department of Anatomy, Columbus Ohio

Abstract The cytoplasmuc granules of the human baso-  Aey B ords
phil leuhocyte have been shown (o extubit peroudase actw  Basophil leukocytes
ity both at the Light and clectron mucroscoprc lesels when  Electron microscopy
etposed to the 33 4 d tetrahydrochloride  Peroudase reaction
peroudase p: dure R y 15 di hed when cvo-
genous perouide 15 omutted from the mcubation medium and 1s completely abol
1shed when catalase 1s meluded in the peroude-free medivm

Basophil leuhocytes have been regarded as bemng devoid of peroxi-
dasc actvity [1, 5, 7, 9, 11] although several older studies [4, 6, 8, 10]
have reported the presence of this enzyme within the cytoplasmic gran-
ules of these cells It 1s the purpose of this hight and electron mucroscop-
1c study to provide evidence mdicating the Tocalization of perouidase ac-
tnaty wn the granules of basophilic leukocytes of normal humin bone
marrow usiag the 3 3 -diamuncbenzidine tetrahy drochlonde techmaque

Materwals and Methods

Normal human bone marrow obramed from healthy medical students s
processed for the ultrastructurd locilization of peroudase actialy using the
334 b tetrahydrochlortde (DAB) peroudase techmque as detailed
hy ACKrRMAN and Craxx [2] Thin sections were examned unstained statned only
with lead citrate or with the uranyl acetale Tead citrite sequence Controls consist
ed of the ehmnation of hydrogen peroude or DAB from the wncubation medium
or the addition of catalase (3000 BU) to the peroxide free medium In addimon
dried fms of normal human blood were fixed i formalin vapor for 5 min and

t Supported by Grant No AN HE 12084 12 from the Nauonal Iastitutes of
Health Bethesds Md
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Fg 1 Peroxdase reactyty s evident 1n the cytoplasmic granules of the neu
troph | (M) and basoph 1 (B) Blood Perox dase react omw th no countersta n. X 1,500
F g 2 Perox dase react v 1y 15 conf'ned to the primary (p) granules of the neu
troph 1 (N) and to the granules (b) of the basoph 1 Jeukoeyte (B) The react vty of
these cytoplasm ¢ granules s greatly masked by the metallic countersta ns Bone
marrow Perox dase react on counterstained weth lead ctrate and uranyl acetate
12,500
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staned hightly with 05% aqueous tolwdine blue The metachromatic bsophils
were marked and the shdes placed 1o the petoudase medium for 10 mun and the
marked basophtls exanuned for perovidase activity Fived films were also cheched
for perovidase actuvity without the mterveming starming with tolmdine hlue

Results

Basopuls rdentifted tn fixed films with tolurdine blue and subsequent-
Iy exposed to the peroxidase reaction extibit distinct staimng of their cv-
toplasmic granules (fig 1) Proc stanng of the preparation did not alter
the peroudase reactnity of any of the cellular elements icluding the
basophul leukocyte At the ultrastructural level, basophil granules are
peroxidase-posive, varable m size and contour and frequently exhubit
evidence of parual solubihzation (fig 2) Most of the basophi! granules
are stippled tn appearance and are larger in size than etther the perox
dase-positive  primary (azurophil) or peroxidase-negatne sccondary
(specific) granules of the neutrophils The marked varation in basophil
granule size, absence of a central enystallod and relatve sparsity of the
granules within the basophil help to distinguish the mature basopind
from the mature eosmophil or eosinophilic myelocyte Counterstaimng
of peroxidase preparattons with lead citrate and uranyl acetate (hig 2)
and, to a lesser extent, with lead citrate alone (fig 3) masks the visuah-
zation of much of the granule peroxidase reaction product due to the
metallophilia of the basophil granules (and granules n other leuhocytes)
In uncounterstained preparations, strong but vanable peroxidase reactivaty
1s evident in the cytoplasmic granules of the mature basophils (hg )
Moderate granule reactivity also can be demonstrated i these cells
the absence of exogenous peroxide (Iig 5) Catalwse completely mhibits
perovidase activity n the basophi! as well as in other leuhocyles and
thetr developmental forms Immature basophil leukocytes in normal hu
man bone macrow are uncommon but cells identfied as basophil myelo
cytes exhibit reactise cytoplasmic granules, aisternal components {(Golp:
and rough endoplasmic reticulum) and formative granules

Dyuscussion

The conflicting veports concermng the presence of peroxidase n the
basophil granules may be attnbuted to the substrate and fixation proce
dures employed The cytoplasmic granules of the human basophil leuko-
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Fig 3 Vanations 1s granular structure and peraxidase feactvity ate evident in
this mature basophil Counterstain ng of preparanon has partially masked the ex
tent of perotidase reactivity Bone marrow Perowudase feaction counterstained
with lead curate only < 27,500

Fig 4 Note the strong but vanable peroxidase reactisity of basophl granules
Bone marrow Peroxidase reaction o counterstain X 35 000

Fig 5 Basophl granule reactivaty 1s decreased but not pfevented m the absence
©f exogenous perovide 1n the sncubation med um Botie marrow Perovtdase reaction
without hydrogen peroside No counterstain X 33 000,
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cyte yield a positne reacuon with the DAB perovidase techmque now
commonly being employed n ultrastructural stedies of various tissues
The distinction between basophuls ensinopluls, neutrophils and parficu-
larly their developmental forms cannot be made simply on the basis of
the presence or absence of peroxidase resctivity when the DAB peroxs
dase proccdure 15 utihzed since basophilic myelocytes 1 perovidase
preparations as well as ather forms of wnmature leuhocytes (neutrophibic
promyelocytes, cosinophlic promyefocytes and myelocytes and promon-
ocytes) mvolved in the synthesss of peronidase contaiming granules ex-
hubit peroxidase actvity i their aisternal compartments (rough endo-
pasmue reticulum nuclear envelope and Golgr complex) dunng the pen~
od of active granulogenes:s {2 3]
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Pentose-Phosphate Pathway of Erythrocytes in Metabolic
Diseases

T MARKKANVEN! and O PELTOLA

Department of Medical M crobiology (Head Prof E MusTakatiio) University of Turky
Turku

Abstraer The transketolase activity (TKA) of red cells  Key Words
was determined 1n 443 subjects 286 control subjects 48 dia  Alcoholm
betics 29 patients with 8 with h; d y Y
1sm 29 chron ¢ alcohotics 25 patients with sideropema and  Pentose phosphate shunt
14 with dementsa seniths TKA levels sigruficantly lower than  Transketolase
those of were fecorded in chy
and patients with dementsa seashis The cause of thys finding 1s d scussed

Inrat hver high protem high fructose, and a starvation re feed regimen
all produced increases in pentose phosphate metabolizing enzyme activity
Hydrocortisone or corttsone also caused mcereases and admintstration of
thyroxine had a negligible effect on the actvity of this system A fast of
seseral days dabetes ad) y and hypor caused de-
€reases in Iner pentose phosphate metabohzing enzyme activity [4] Thyr
oxn admimistration did not affect the transketolase of red cells in the rat [3)

Slightly contradictory views have been published concerning the action
of metabolism affecting enzymes on the pentose phosphate pathway of
buman red cells However, 1t 15 known that the thyroid hormones usually
accelerate oxygen consumption by red cells [2] Results obtatned on red
ell hemolysates revealed [I] that hyperthyrordism did not affect trans
ketolase activity A sumilar result was recorded in another study of a rather
small material [9]

On the other hand [8] apparently the transketolase activity of the blood
1n thyrotoxicosis may be lower than in healthy human mdinviduals Reduced
glutathione content was observed 1n red blood cells 10 hyperthyroidism [12]

! Grant from The National Research Council for Med cal S-iences Finfand
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It was concluded that the blocking of the pentose-phosphate shunt in hyper-
thyrordism may be caused by the decrease i1n reduced glutathione content
NECHELES and BruTiler [11] assumed the actination of the hevose-mono-
phosphate shunt by triiodothy romne 1 3itro

The present study sought to mveshigate the effect of certain metabolic
diseases and disorders on the pentose-phosphate pathway of human red
cells by determining the transhetolase actinaty (TKA) of solted red cells

Matersal and Methods

The seres consisted of 443 subjects Their charagtenistics are given in table §, which
carries the same group numbers as figure |

1 Controls (286 Some of these subjects were 1 the hospital for a general medical
examination and’or cardiovascular observation All were in an excellent physical eon
dutton and had a good nutritional status

2 Duabetes melhtus (48) All the subjects had had duabetes for several years and had
taken either wmsubn or oral ant-diabetic drugs They were in the hospitafl for balancing
the disease Some suffered from eertain complications of the disease

34 Hyper- and hpothyroidism (37) In both these groups of discases the chmical
symptoms had been clear The disease had been diagnosed 1o chimical conditions by de-
termining the basal metabolc rate, serum protem bound 10dime, and serum cholesterol
on a muumum of 2 occastons  All patents had undergone a radiotodine test Speaific
treatment afier diagnosts fad fed 1o an adeguate result

5 Chrome alcohohsm (29) All patients were m the hospital for alcohol intoxrcation
of varying degree Their medical hustories revealed alcoholism for severalyears Alfshowed
signs of neurttis 1n the extremittes

Tuble I Charactenstics of groups 1-7

No  Group n Age, years Weight, hg b

+SD 1SD 2100 ml

+5D

1 Controls 286 6384223 699148 13618
2 Duabetes mellitus 48 6231243 614+189 135£14
3 Hyperthyrorhsm 29 495%£122 6531x 93 134213
4. Hypothyrowdism 8 5162131 6532132 12014
s Chronwe alcohohsm 29 495122 653+ 93 134214
6 Sideropenia P 570178 656+103 79122
7 Dementia semths 14 §08£108 4981145 132488

SD=Standard deviation
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Fig 1 The TKA of red cells (2) diabetics {mean£5D, 4 620 8 U) (3) hyperthyroids
(47212 U) (4) hypothyroids (42413 U), (5) chronic alcoholics (40£14 U), (6)
sideropenscs {3 741 6), (7) patients with dementia setbis {2 8206 Uy The dotted lines
indicate the imits of normal variation range The mean+ SD for controls 154807 U

6 Sideropema {25) No discase other than iron deficrency anzenua could be shown
in the pauents Tron deficiency was verified by bofe marrow examunation, serum 1ron
determination and total iron binding capacity determenation The pauents had reduced
fevels of haemoglobin in the blocd (table 1}

? Demennia semhis (14) These genatric pauents had long required institutional care,
they were and had no contacts On a speca]
psychiatric examination the patients' condition was classified as dementia resulting pri-
mardy from reduced cerebral blood crrcufation They had had no strokes or other des
tinctly denonstrable discases apart from those of bones and joints

All blood samples were taken from venous bloed, prepared and stored deep frozen
B2 F ~tam T oadmemta am A4 a8, . .

i . .
totar .
our t o )
fidence limit 1s £20°,

The indiwidual results for each group are shown m figure 1, i which the horizontal

dotted lines indicate the mavimum and munimum lmits of the indwadual valzes 1n conto]
s fies

Results

Figure 1 reveals that all groups studied contamed values below and/for
2bore the ‘anations of the control £roup Particutarly low valves were
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recorded 1n the group of chromec alcoholics and m the dementa senilis
patients Among the former, the TKA values of the red cells were below
the control vanation m one of every 3 patients and mn the latter group 1n
13 of the 14 pauents Statistically the 2 groups also differed signthicantly
from the control group No such difference was recorded for the other
groups studied

Discussion

The main result of these studies 1s that chronic alcoholics and dementia
semlis panients showed reduced TKA valves n red cells as a sign of m
activation in the pentose-phosphate pathway

The lon TKA salues 1n alcoholics need a more detaled etrological
analysis It should be noted wn this context, howeser, that red cell TKA
determinanions are at present widely vsed to diagnose thianine deficiency
It has been shown that fasting or reduced nutrition 1n a few weehs may
reduce the red cell TKA [7} The diet of alcoholics 1s hnown to be un-
balanced and often defectne for long periods and for these reasons they
my be deficient in thiamme On the other hand 1t has been shown [5] that
expenimental Iner damage reduced the TKA of red cells The explanation
offered 1s that the damaged Jner 15 mncapable of producing sufficient quan-
titees of the transketolase co-factor [6] In alcoholics both these factors are
realistic facts they may have a nutntional thiamine deficiency, and thewr
Iiver 15 often damaged by alcohol All patients showed signs of ncunitis al-
though only one-third showed TKA values definttely below the sanation
range of control subjects Results sinlar to the present findings have been
reported by ARBARIAN and DREYFPUS [1) who studied the ben-ben hean
discase of alcohohes and by FENCLLY er al [6] who exammed cirthotic
glcohales

WoLrk ef al [13] reported on a senes of patients with Werniche's en-
cephalapathy who were found to have a deficient transketolanon in the
pantose-phosphate shunt A parallel finding was recorded 1n the present
patients with dementia semilts 1t 15 [ ble that this bolic change
1s due to nutnitronal factors These patients are tncapable of takmg care
of themselves, especially as regards ther food Furthermore  before de-
mentia develops, the aged may have Ined on an unbalanced dret ofien
exclusinely composed of carbohydrates The low average body wesght of
this group (table I) suggests malnutrition Studies should be continued by
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the expenimental admimstration of thiamtne to these patients and 1nvesti-
gaung 1ts action on therr psychic and physical conditron

Some earlier authors have claimed that TKA i the red cells falls in
hyperthyroidism [8) The present study did not corroborate thrs finding,
and the red cell TKA 1n both hyper- and hypoth was app 1
cqual 10 the values obtained on the control senes In diabetes, both com-
plicated and non-comphcated, the red cell TKA was at a normal level
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Red-Cell Catalase and the Production of Methaemoglobin,
Heinz Bodies and Changes in Osmotic Fragility due to Drugs

G R TupHorE and SANDRA P Leece

Department of Ph: gy and Therap Ui ty of Dundee, and Clintcal
Investigation Unit Mary field Hosprtal Dundee

Abstract Hemnz bodies were produced s vure in Aey W ords

normal human red cells by incubation with ascorbic acid  Catalase

menadione  soditm azde, pnmaquine diphosphate, ace Erythrocyte metabolism

ty} phenylhydrazine, potassium chlorate, sodum ninte  Glutathione perovidase

:md p phenetidine All compounds causing Heinz body  Haemolysis by drugs
also produced meth ok and most led  Haemoglobin ovuidation

to reduction in catalase activity, sodium nitrite and  Heinz bodies

b phenetsdine caused no anhibition of catalase Catalase  Methaemoglobin

intibition was not found with any of the drugs studied

which did not produce Henz bodies Catalase inhibition appeared to be partly re

sponsible for Heinz body formation by ascorbic acid and menadions but not for the

effects of the other drugs studied The results of this study support the view that

glutrthione peroxidase 1s the most important factor in protecting hacmoglobin from

the action of oudant drugs

Hydrogen peroxide 1s generated within normal red cells after the add:-
tion of pnmaquine, phenylhydrazine, menadione and other oxidant drugs
[9] Catalase was at one ume regarded as the man protection agamst the
oxidative destruction of haemoglobin by hydrogen peroude, formed dur-
ing intracellul b {13] Glutath perovidase has been shown
1o protect haemoglobin from oudation by hydrogen peroxide produced
within the red cell under physiological conditions by the action of ascor-
bic acid [18, 26}, and Couex and HocusTeEy [8] considered that gluta-
thione perovidase was the pnmary agent for the ehmmation of hydrogen
peroxide 1 red cells There 1s evidence that both catalase and glutathione
perouidase may pl1y a part in destroying hydrogen peroude, and the rela-
tis¢ importance of cach of the two enzymes 15 not yet clear
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One manifestation of thc toxic effect of oxidant drugs on red cells 1s
the of 1 (Hewnz bodies), which represent
the cnd product of the degradation of haemoglobin BRENNER and Arti-
soN [6] pomnted out that a common property of toxic substances produc-
ing Hemnz bodies was catalase mnfubition, and they suggested that the ac
cumulatton of hydrogen peroxide within the red cell caused the formation
of Heinz bodies

The present study was undertaken to study the correlation between ca
talase mhibwion and the formatton of Heinz bodies and methaemoglobin
1n normal human red cells mcubated in viro with vanous drugs and
chemical substances In addition the effects of thcsc compounds on os-
motic fragility and on the activities of erythrocyt:
and glucose 6 phosphate dehydrogenase have also been studled

Methods and Materials

Incubanon of red cells Venous blood was taken 1n a dry stenle syrnge and de
fibnnated 1n a steriised Erlenmeyer flask contaning glass beads Using aseptic tech
rigue 2n aliquot of blood was removed for measurement of the haemoglobin con-
centraton A further volume of blood was incubated tn a stenfe solution of
085S percent sodwm chlonde (contarming 001wt phosphate buffer PH 70} 1a a
glass contamer so that the final b n the
ture of 25 ml was 20g/100ml All drugs added were dissolved in buffered salm:
{except sulphadmdine and mitrofurantomn) and a sunable volume of this solufion
was added in making up the incubation mixture so that the desired final concentra
tion of the drug was obtained Sulphadimudine and mitrofurantown did ot dissolve 1o
buffered saline 1n the concentratton required but were soluble in plasma with these

drugs only the incubation muxture was made up by diuting the defibrinated blood
with plasma

The cell suspensions were incubated 1n a waterbath at 37°C for 16h, after
which the were and the solutions were fre-
maved The of the was measured and the
percentage haemolysis which had occurred during incubation was calculated The
red cells were washed twice with 15 vol of cold sotonic saline and aliquots of the
washed cell suspension were used for the measurement of Heinz bodies osmotic
frag hity and and for the
of catalase glucose-6-phosphate dch

of for the assay
and glutath

Heinz bodies To 05 ml of red cell suspension in a test tube was added 10m) of
a filtered solution of crystal violet (40 mg/100ml) and the tube was phted ma
Water bath at 37 C for 3060 min The m 1t v» wae than
tant discarded and smears of the cells w
Bated 1n buffered saline as described le




292 Tupsore/LEecy,

Heinz bodies As the spontancous formation of Hewnz bodies 1n sncubated red cells
1s accelerated with increasing dilution of the cefls I5] experiments were performed
similar to those described above except that the haemoglobin concentration of the
final incubation muxture was 4 0 g/100 m! instead of 20g Control samples without
added drugs showed Heinz bodies in not more than 1% of cells This difference 1in
the dilution of the cells i1n the incubation mixture did not appreciably influence the
effect of the added compounds on Henz bedy formation

Osmonc fragility of the incubated red cells was studied by a standard technique
(7] hacmolysis being measured by the optical density of cyanmethaemoglobin at
540 nm

AMethaemoglobin was estimated by measuning the ratio of optical densities at 576
and 590 nm [17] Contrel cells incubated without additnes showed less than 10%
of methaemoglobin

Catalase was asstyed by a tunmetrie method using potassiim permanganate as
previously deseribed [33] Glutathione perovidase was measured by the method of
Pactia and VALENTINE [29] and the activity was expressed in enzyme units, as de
fined by these workers Glucose-6 phosphate dehydrogenase was measured by the
method described by Tariov and RELLERMEYIR [32) The enzyme achiviy was €1
pressed as the change in optical densnty/min/mg of haemoglobin

Glucose concentranton was estimated by the adaptation of the Somogy1 method
described by NeLsoN [27]

The following compounds were obruned from the Sigma (London) Chenncal
Company Ltd catalase (beef liver) C/30 glutathrone reduced (crystalline) gluta
thione reductase (yeast) type I TPN and TPNH menadione sodium bisulphie
pnimaquine diphosphate D glucose 6 phosph salt Fh acetmi
ide paracetamo! and sulphanilamide were obtamed from Hophins and Wilhams
p phenetidine hydrochlonde from hodak Ltd nitrofurantomn (Furandantin) was
hindiy donated by Smith Kline and French Lab, tes all other P used
were of reagent grade

Resulis

Heinz bodies were present in 50-160%, of red cells after mcubation
with the substances shown 1 table I These compounds were studied
aver a range of concentrations from 01 to 160@mv and results arc
shown only for the lowest concentration with which the average Hewnz
body count was greater than 50% At these concentrations mcthaemo
globin formation always occurred, but there was no close correlation be
tween the percentage of cclls showing Hemz bodies and the amount of
methaemoglobin (table I) Simiar high percentages of Henz bodies were

ted wath 95%0 metl lobin (sodm mitnte) and with 300 6 {ace
tyl phenylhydrazine) With the concentrations of drugs shown i table 1,
the haemolysis occurning duning incubation was always equisalent 1o fess
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Fig 1 Henz body formation a Red cells afier ncubation with acetylphenyl
hydrazine (10 my) showing large Hemz bodies 1-2 per cell 5 Red cells after
incubation with ascorbic acid (100 mM) showing muluple small Hemz bodies
 Red cells after incubation with menadione (0 1mr} showing multiple Heinz bod
1es X 440
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Tuble 1 Hewz bodies methaemoglobin and catalase actvity of normal red cells after
eubation fae 16 & ac 37°C watl «Rrious compounds

Test sub: and P of feth: bin - Catatase
{na1) 1n incubation muxture red cells showing ¢, *o of activity
ane or more of incubated
H=inz bodies control cells
Ascorbic acid (10 0) 912112 42897 127449
Menadrone (01} 892154 N4ax107 34562
Sodwum azide (1 0) 669:+209 512126 55045
Primaqune drphosphate (1 0) 816277 637£108 61657
Acety) phenylhy drazne (1 0) 374233 297462 778120
Potassium chlorate (5 0) 522+187 757114 812182
Sodim mitrite (10 0) 885499 95154 1000
p-Phenctidine (10 0) 308+292 8262122 w000

The \alues shown are the means and standard deviatons of the results from 10
etpariments

than 3% of the twtal haemoglobin concentration of the sncubated red
ceils

Inlubition of catalase actinity, of varying degrees, occurred with all the
substances hsted 1n table I except sodim nitrite and p-phenetiding There
was 10 close correlation between the degree of catalase wnhibitton and the
percentages of Hemnz bodies or of methaemoglobin Marked inhibitron of
catalase was produced by menadione and ascorbic acid but much less m-
fubsttion occurred with pnmagmne and acety! phenylhydrazine, at concen-
trations productng a simifar percentage of red cells with Heinz bodies (13
ble I}

With some compounds the appearance of the Hemnz bodies was char-
actenistic Thus the large, round bodes, usually 1 or 2 per cell, produced
by acetyl phenylhydrazine (fig 1a), contrasted strongly with the multiple
incluston bodies produced by the other drugs - small with primaquine or
ascorbre acid (fig 1b) and usually shpghily larger wnh menadione
(g 1c) The effects of potassium chiorate differed from that of the other
substances studied n that at low concentrations (<25 mns), 5-25° » of the
cells showed Hewunz bodies, but at higher concentrations, 50ms and
greater diffuse blue staiming of almost all cells occurred with erystal violet,
although discrete darker inelusions, winch were counted as Hemz bodes
could be seen 1 the majonty of the cells
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No sigmficant production of Heinz bodues, or of methaemoglobin, and
no inhibition of ca(alasc occurred on incubation of normal red cells with
the (5 mv), de (10 mw), para-
cetamol (10 mn), tphamiamide (5 ma), (5 m\1), mitro-
furantow (5 my1), sodwm mtrate (10 my) and sodm sulphite (10 mv)

The effects of 3-amuno-1,2,4-trnazole (AT) and of ethanol The addi-
tion of AT (2 my) to the mixtures as-
corbic acid or p resulted 1n p b of catafase and
a sigmficant increase 1 the formation of Heinz bodies and of methaemo-
globtn (table I) When AT, m concentration of 2mym was 1ncubated
with red cells without the additton of other drugs, 1t did not produce
Heinz bodies, methaemoglobin or inhibition of catalase With acety]
phenylhydrazine, sodium azide, sodium mitrite, potassium chlorate and
p phenetidine, the addition of AT did not nfluence sigmficantly the ef
fects of these compounds 1n producing Heinz bodies or methaemoglobin,
or 1n nmbiting the activity of catalase

ble I The efferts of 3 ammo-1,2 $nazole {AT) {2mm) and of ethanot {100 mm) on the formatic
W2 bodies and methaemoglobin dunng incubation of ed cells with ascorbicand menadione and pr
quine diphosphate

fect of AT
stsubstance and  Heinz bodies *s cells Methaemoglobin *e
ncentration (M) % yathout  with AT significance without  with AT significanc
ubation mixture AT AT
sorbicacd (10) 636 892 6001 <p<00!
worbic acid (10 0) 428 550 p<0001
esnadione (001) 401 729 p<0001 178 302 p<000!
magquine (1 0) 316 1000 001<p<005 637 768 P<0001
fect of ethanol
sstsubstance and  Heinz bodues *a cells Methaemoglobin *s
m;mrmon M0 Sihogt  wah significance withowt  wath Sigmificance
Cubation miture  cthanol  ethanol ethanol  ethanol
worbicand (10) 636 472 0001 <p <001
scorbic a0 (I00) 0s 2

B2
tenadione (0 1) 892 871 p>01 a4 529 g;ﬁo:l
nmaquine (1 0) 816 856 p>01 637 688 p>01 P<

The mean vatues from 10 expenments are shown and

akso the significas
st wath and withoat AT o ethanol EIBGANCES of the d flrences betw er
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When ethanol (100 mvi) was added to the icubation mrxtures con-
tarnng menadione, ascorbic acid or pr | the catalasc mhib, by
these compounds was completely prevented Ethanol reduced the forma-
tiont of Heinz bodies and of methacmoglobin by ascorbic acid, and re-
duced meth globm wath a {table 1), 1t had no swgmkcant
effect on the degree of these changes produced by pnmaquine With alt
the other drugs studied, cthanot did not mfluence the elfect of the drug on
catalase activty, or on the formation of Heinz bodies or methaemoglobmn

The effect of glucose The addition of glucose (20 my) to the ncuba-
tion muature greatly reduced the formation of Hemnz bodics and of me-
thaemoglobin with all the compounds which produced these effects, ex-
cept with sodmm azide (table 1) The protectne effect of glucose
preventing Heinz bodies was least apparent with menadione, and 1n pre-
ventmg methacmoglobin, was least with sodm nitryte (table 111)

Osmonc fragdity Increased osmotsc fraghity, outside the range of re-
sults of 50 expentments with incubated normal cells, was found with pn-
maquine (1 ma1), ascorbic acid (10 mM), p-pheneudine (10 mm), polas-
sum chlorate (5 mv) and soditm sulphite (10 mv) Wuh menadione,
osmotic fragility was normal after meubation with the compound n con-
centratton of 01 mxf, but abnormal with 1 D myt {hg 2) "The osmouc
fragity was within the normal range after incubation wath all the other

Ie 31 The effecs of glucese (20 mu) on the formation of Heinz bodies and methaemoglobin dunt
incubation of red cells with vanous compounds

sabstance and Heinz bodies %o cells Afethaemoglotin *

entration {my) 1n without  with siemificance without with stgauficance
batton mixture glucoce  glucose glucose  glucose

axbic actd (100) 922 a0 p ool 423 240 p 0001
adione (0 1) 892 452 p 0001 n4 324 p< 0001
um aznde (1 0) 669 559 p 01 351 419 p 03
1aquine drphosphate (10} S16 07 p 0001 637 332 p-000

yl phenythydrazine (1 0) 974 128 p 0001 237 29 o) p OD1
ssrum chlorate (50) 522 265 00l~p 0001 757 533 P OOOY

um mtnte ({0 0) 385 50 p OO0D1 951 841 001 p O0C
enetsdine (100} 08 56 p 0001 26 He P 000t

Ihe mean values from [0 experments are shown and also the siemificances of the differences betwee
pair of results with and without glucose
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compounds studied With menadione ascorbic acid and pnmaquine, ad-
dition of glucose (20 mM), AT (2 mm) or ethanol (100 m\) to the incuba
tion mrxture did not produce any marked or consistent change i the ef-
fect of the compound onr osmotic fragility

lutath P dase and G6PD Menad ly reduced
the activity of both enzymes In 6 exp the g p
activity of incubated control cells was 6 4 £1 3 enzyme umts (mean *5D),
whereas after meubation with menadione (01mv), the activity was
19£09 enzyme ymts (0 01>p>>0 001)

In 8 expenments, the glucose 6 phosphate dehydrogenase activity of
control incubated cells was expressed by a mean change in optical density
of 13743 1X10 ¥mm/mg of haemoglobin, whereas the mean actiwity af-
ter incubation with menadione (0 1 mM) was 5§ 22 8X10 ¥/min/mg hae-
moglobin (p<<0 001)

After ncubation of red cells with pnmaqume, ascorbic acid, acetyl
phenylhydrazine, sodium mitnte, p ! d
and fi m the above, no or

100
0
80
70
60
% 50
Haemolysis
40
30
20
0
0
82 03 04 05 06 07 0O 8 09 o
¥ NaCl
Frg 2 Osmotic fragilaty after incubation of normal
pounds For each substance the values shown ate the,
ean vesults §
ments The shaded area indicates the range of results of 50 e(pen;::: :“;(pen
mal cells incubated in the same way, without additional substances QO As "bm
ded 10 mM = p phenctdine 10 mM A sodium sulphte 10 my X e
I mst @ menadione 1mv A potassium chlorate 5 Frmeue

] red cells with various com
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sigmificant changes occurred in the activities of glutathtone peroudase and
glucose-6-phosphate dehy drogenase

Glucose concentranon i incubaton muvture In 30 experiments, the
glucose concentration of the contro) cell suspension was measured at the
beginming and end of incubation There was a mean reduction 1n concen-
tration of 1 67 mm, the final concentration at the cnd of ncubation bemng
042:£019 mM In expenments in which glucose was added to the tncuba-
tion muxture tn an mnitial concentration of 20 mM, the concentration of
glucose at the end of 1ncubation was 14 040 88 m

Discussion

Drug induced haemolysis commonly results from a direct effect of the
compound on red-cell metabolism, less frequently, hacmolysis 1s associat-
ed with the production of an immune reaction Many substances, which
have a durect toxic action an red cells, lead to destructne oudation of
hacmoglobin and probably also of the celf membrane [11] The com-
pounds are either oxidising agents, such as potassium chlorate, or they
Iead to the formation of hydrogen peroxide or other oxidising agents with-
tn the red cells CoHEN and HoCHSTEIN [9] demonstrated that hydrogen
peroxide was generated dunng the incubation of red cefls with sanous
hacmolytic agents, including pnmaquine, phenylhydrazine and mena-
dione Owidation of haemoglobin by hydrogen perovude leads to the for-
mation of methaemoglobmn and subsequently to the irreversible precipata-
tion of the denatured haemoglobm as Hewnz bodies [20]) Most of the evi-
dence has ind i that h lobin 15 an 1 prel y step
i the oxtdatise destruction of haemoglobin, ncluding the lormauon of
Hemnz bodies (15, 16, 20], but BEUTLER and BALUDA [4] suggested that
the formation of methacmoglobm and Hemz bodies are paralle} psocess-
es, and that methaemoglobin 15 not 1ly an 13 or of
the precy of degraded h lobin In the present study there s a
close assoctation between Heinz bodies and methaemoglobin 1n that no
compound produced 2 f degree of one of these changes without
also producing the other, howerver, as i the study of MiLLER and SMiTH
(25], there was no quanuatine correlation between the percentages of
methacmoglobin and of Hemnz bodies produced The size of the Henz
bodies vaned with the compound used, this 1s presumed to be refated 1o
the speed of formation, as ALLEN and JANDL [1] showed that drugs with
more rapid effects produced smaller Heinz bodies
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BreswEr and ALLisox (6] suggested that mhibition of catalase mught
be 1mportant m the oxid: damage by ch 1 sub as com-
pounds capable of producing Hemnz bodies were also catalase inhibitors
The present study has shown that, whereas mos! compounds which pm—
duced marked Hemz tody and meth also
catalase, this was not invanable, and no inhibition of catalase was ob-
served with sodwm nitnte or p-phenetsdine There was no close carrela-
tion between the degree of mhﬂmmn of catalase and the magmtude of the
effects of of h: b The pound 3 1,2,4 tna-
zole (AT) prod: rapid v ubi of catalase only 1n the
presence of a low concentration of hydrogen peroxide [22], thus reaction
has been used to demonstrate the presence of low levels of hydrogen per-
oxtde [9, 34] Ethanol prevents the formation of the inactive catalase hy-
drogen peroxide complex 11 [23] The generation of hydrogen peroxide
duning incubation of red cells with ascorbic acid, menadione and pnima-
quine was confirmed by the expenmems with AT and ethanol With as-
corbic actd and the d catalase b duced by
the addinon of AT was accompanied by increased Henz bod:es and me-
thaemoglobin, elhanul reduced these effects with ascorbic acid, and re
duced meth d with These results suggest
that catalase nhibition may have played some part i the oxidation of
haemoglobin by ascorbic acid and menadione With pnmagquine, although
AT and ethanol produced marked changes in catalase actvity, they did
notinfluence the cudative effects With the other compounds tested there
was no evidence that catalase inhit was directly to the
formation of Heinz bodies or methaemoglobin The lfack of close correla
ton between alterations in osmotie fragility and the production of Heinz
bodres, and catalase inhib 15 1n keeping with pre
Vvious observations [16 25] Although changes in the red-cell membrane,
resulting 1n increased osmotic fragility and haemolysis occur as a result of
oxidant drug action, these changes are not necessanly the drect result of

d: of lobin Some appear to produce relatively
greater effects on the membrane than on haemoglobin and vice versa

There has been much interest 1 the relative importance of catalase
and of mn the normal red cell from the
destructive effects of hydrogen peroude {8, 28] Glutathione peroxidase
was shown to protect haemoglobin from oxidation by ascorbic actd

[18 26} Cosex and HocusTem [8] concluded that ghutathione peroxi
dase was the major pathway of hydrogen peroxide metabolism 1n red
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cells Other workers have reported evidence suggesting that both catalase
and glutathione perovidase are normally active i protecting the red cell
from hydrogen peroxide 19, 30] Glutatonc perovidase requires a con-
stant supply of NADPH, winch, m turn, depends on the activity of the
hexose monophosphate shunt [8] During the mcubation of red cells with-
out added glucose, depletion of red-cell glucose occurs so that the protec-
tive effect of glutathione peroxidase 1s lost [26] In the present study, with
all the compounds studied except sodim azide, methaemoglobm and
Hemnz body formation were greatly reduced by the addiuon of glucose to
the incubation mixture The protecte effect of glucase, more apparent
on Hemz bodies than on methacmoglobim, 1s 1n keeping with previous re~
ports [15, 16, 26]

Menadione produced marhed Heinz body formation on ncubation
with red cells from normal adults Hyperbilirubinermia has resulted from
hugh doses of vitamun K analogues in newborn mfants [2, 24] In the
newborn, the increased susceptibility of the red cells to oxtdatne damage
{5] 15, at lcast partly, attnbutable to the low levels of actiity of catalase
and of glutathtone peroxidase [14] The potential haemolytic effect of
menadione 1 such wnfants 1s probably mercased by the whibitory effect of
the compound, shown 1 1uro, on catalase and glutathione peroxidase,
menadione also reduced the action of glucose-6 phosphate dehydrogen
ase, as previously reported {12}

Methacmoglobin and Heinz bodtes occurred after mcubation with
p-phenetidine, no such effects were observed wath phenacet, paraceta-
mo! or acetamlide Phenacetin, 1n chinical use, may cause methaemoglobs
naemia and haemolysis and 1t 1s Ithely that these effects are due fo one of
its bol posstbly p pt fine In relation to the chimeal tovicity
af phenaceun, tt 1s of wmterest that there appear to be genetically con-
trolled vanations i the metabolism of the drug with consequent difler-
ences 1n the proportions of the various metabolites produced [31]

With sodium mitrite, no inhibition of catalase, and no change in asmot
1c fragility occurred despite high percentages of Heinz bodics and of me-
thaemoglobin BeuTLer (3] noted that sodium nitrite, although causing
marked methaemoglobinacmia, did not cause haemolysis of either normn}
or G6PD deficient red cells The fatlure of mitrite to produce haemalysts
w tna, despite 1ts ability to produce hydrogen peroxide and to oxtdise
tracmoglabin [10], may be explamed by the reacon of mtrste with catala-
se-hydrogen peroxide complex I [21] thus detoxifying hydrogen perox-

sde as well as generatng 1t
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Erythropoietic Cell Proliferation in Different Clinical States
of p-Thalassaemia*

W Quersser, M Berzier, H Henvper and E KLEIHAUER

Abteilung fur Hamatologie des Zentrums fur Innere Medizin und Kinderkeilkunde der
Untversitat Ulm

Abstraer Erythroporetic cell prolferation of 6 cases of different  Key Words
climical states of ﬂvlhalassaermz (thal) was studied by a combined Aumrzdmgmphy
method using Feul ¥ and after

waith 3H TdR. fthe DNA DNA !ymhﬁls
content and SH-TdR mcorporation was fOund. which was more  Efythroposesis
prosounced in the one patent with thal major than i the 3 patients  Thalassaermia
with thal minor and was not provable 1n the subchnical form
{mumima), indicating a direct 10 the ineffective and the states of
ana¢mia sn thes disease Thus

consisted of an of
cells 1n Gy a decreased proporuon of cells in S and a decreased S Ge ratio, and was
limited to the carly polychromatic cell compartment In the basophilic erythroblasts, a
desreased proportion of cells 1n Gy was observed revealing a shortening of the Gy penod
m this celi compartment

In § thalassaema (thal) apart from the basic defect of decreased fcham
synthess, the erythrod hyperplasta of the bone marrow, rapid tron turnover
and low 1ron incorporatton provide evidence of ineffective erythropoiesis
{8] From comparative ferrokietic studies in cases of thal with different
seventy of clinical symptoms, correlations between the degree of anaemia

and erythrop have heen d [4) R:ccnlly, n homo-
Zygous thal a severely d prolife of early polych ythro-
blasts could be d d by a comb Feulgen ph and auto-
[T PRSI A . .

¥ Supported by Deutsche Forschungsgemernschaft
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Concermng this problem, the present study was undertaken with <peiaf
regard 10 erythroposehic cell proliferation mn cases of heterozygous thai
different from haematological data The results ginve good emdence that
in camparnison with thal major, the degree of profiferatue disturbance of the
early polychromatic cell compastment decreases with the sevenity of haematov
logical symptoms

Material and Methods

Patients Srx panents have been mvestigated The gragniogss of fthal was establuked
by hagmoglobin analyus {starch Bloc), elestsophoresis alkal denatussuon wcrd elotion
) and other b if { findings (table 1) Classificanion of helerpzy gous that
cases mto minor and minima forms was foliowed by clinteal and haematological symproms
General procedure The marrow was aspirated nto a synnge contaiting 0 § m! EDTA
sofusson (1% Na«EDTA 12 0 7% NaCh, nnd intubsted for § h wuh 3H TdR (concentrs
fien 2 #Cifml, speaitic activity 2 Cifmu) at room semperatire Smears were made from
the marrow spictfes and staned ik the May Granwald Giemsa stam The indiadual
cefls were marhed snd ph hed for sub Tocal for construing ¢yton
i ry and hy Thereafier, Pappenhaim stin was feached ow by treat
ment with $6%s ethanol, and the smeats were restaned by the Feulgen method apphng
pararosantin for S2hulf s reagent For the cytophotometne determnation of the DNA
content 3 MPV-cytophotometer (Lesiz FRGY was used For the detetmunation of the
wuriear size the nucleat d were evaluated A d of the Teulgen stancd
smears were made by the d@ping fifm techrque The techarcal detwls of sytophotometry
~a t n naradionraphy have been desenbed previousty 16, 71

<t n et Satan

" - . . ¢ Lol
e
Yas

tate polychromanie erythtoblasts

Results

Evaluation of the Dipiord Standard and of the Duffercat Seages of the Cell Crele
bined on of the cytopd tne deter of the

The ph
content and ::umxadxogm;\mc Iabething with FH-TdR wr witro alloss

DNA I
to distingmsh the following cell groups representing the differems stages of
R showing no avtoradographic labetling

) Cells withun the dplod range

s within the tetraptond range {G2)
SH.TAR, which mostly show a DNA content

Gyl
) Unlabelled celf
s and according to the distributional

¢) The cells 1abelied with
between diploid and tetraplod value:
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Erythroporesis 1 Thalassaemua
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error of theab h Y are localized withun the dsplord
or tetraplod range (S)

d) Unlabelled cells with 2 DNA content between diplord and tetraplord
Ievel which cannot be attnibuted to one of the resting penods (U =unrecogaiz-
able)

For evaluation of the diplosd standard (2¢) the DNA values of all baso-
philic and early polychromatic cells in Gy have been averaged The mean
tetraploid value (4¢) was calculated from 2¢

DNA Content of Erythroblasts in Thalassaema

Ta all 6 cases of thal the DNA content of the basophilic erythroblasts was
distributed from the diploid to the tetraploid level indicating the presence of
a complete cell cycle in thus cell type In cases 1,2, 4 and 6 cells were shightly
accumulated at the tetraploid level, 1n case 5 a distinet accumulation of
diplord cells was observed No significant deviation from the pattern of
normal erythropoiesis was found The late polychromatic erythroblasts were
diplod

Asseenin figure 1,1n the early pol bl }
within the dnplmd range was observed 1n homczygous thal (major) and

thal with climical ) 1n case 1 only fewcells were

hyperdiploid and tetraploid 1n (hc cases 2-4 a somewhat higher proportion
of cells between 2¢ and 4¢ and within the tetraploid range was observed In
heterozygous thal without chimeal symptoms (mumma) (case 5-6) an ap-
‘preciable proportion of celis between 2c and 4c was observed In agr:emen\
with this observation, no distinct it of diplosd and ploid
cells (except at 4c 1n case 6) was found

DNA Synthesis S(ages of Erythroblasts in Thalassaema
The b hroblasts of the 6 cases of thal n the

of ery
different stages of the cell cycle 15 given 1a table 1T In the basophilic erythro-
blasts, the cells 1n S did not show a remarkable difference according to the
different clinical state of thal In companson to normal values (table 11}, the
proportion of cells 1a G1 1s somewhat decreased and the proportion of cells
1 Gz 15 distinetly increased In case 5 (mumma) these differences have not
been observed
In the early polychromanc erythroblasts stnking differences are present
between the cases studied As compared to the values found 10 normal
erythroparesss, the proportion of cells in S 1s evidently low 1 homozygous
thal and somewhat higher m heterozygous thal with clynical symptoms and
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Fable n Pexccmugc dwmbunmx of cmhrob\:s\s mthe ifferent

Dmg\os\s

T ha\asSaemm

ma)ot 1 100 200 49
Tm\ussaemm

minot 2 148 182 554 230 34 24
T\\n\nssam\m

anot 3 101 168 67 206 0° 30
'n\'.\hssacm\a

anot 4 126 19 162 i o8 69
’Y\\n\a&m\m

amm3 S 88 186 489 91 34 54
m\assi\emm

yoammd 6 108 120 (53 116 9 39
wormal mean 1719 36 19 06 1
[ cases) 24 5-3 3 9 310 48-10 7 0 1! $ 0122

o} without chmeat symptoms on

withie {he O tang® n ou
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DNA synthesis stages (Gr S Gi#) in patients wath f-thalassaemiz

Early polychromatic erythroblasts Ed Late polychromatic erythroblasts, Es
O T .
n G s Gz u S/Gz n Gy s G U

186 823 97 53 27 18 42 976 M 0 24
m k23] 1335 129 1t 10 o4 100 o ¢ o
122 68 143 189 15 (23 ki) 1000 o o o
117 495 336 131 38 26 12 91 o 0 09
93 301 548 151 13 36 106 934 66 o o

103 175 679 136 19 49 138 953 15 o 32

187 653 152 08 43 960 40
€4-  Si9- 49- o 39+ 94 6- 0
299 748 263 14 140 1000 59
andfor leading to d y cell death Abnormal patterns

of proliferation inhomozygous thal have been observed by WICKRAMASINGHE
et ol [11] and Kesse Evias et af [3] using the combination of Feulgen photo-
metry and ?H TdR autoradiography In the present study, the erythro-
poietic cell proliferation of one patient with homozygous and 5 patients
with heterozygous thal of different chimical intensity (table I) was tnvestigated
by this technique It was one of the objectives of this mvestigation to
decide whether the changes found by the above mentioned authors were
quantitatively connected with the degree of meffective erythropoiess present
1 different climical forms of thal
Anabnormal distnbetion of the DNA content and ¥H-TdR mcorporation
was found tn the 4 patients with haematologically symptomatic thal (major
and. mnan), bt nay v the ddlammal fass (manima), Warhen, ha sympta-
matic group, the deviation from normal was qualitatively alike but more
pronounced in the one patient with thal major Bevause comparable ferro-
fanetic studses of MALAMOS ef al {4] 11t thal major, munor and minima clearly
demonstrated a correlation between the degree of erythroposetic inefficiency
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the decreased proportion of cells m G (table I7) together wth these data

reveal a shcnemng of the Gy penod in this cell compartment, whnch can be
d dasa Ty h of the p

described 1o the early p cell compartment
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The Incidence of p-Thalassemia and Abnormal Hemoglobins
in Turkey

AYHAN OKGUOGLY CavDAR and AYTEN ARCASOY

Medical School of Anksra Unnetsity, Ankara

Abstraet The present study has been carned out to estie  Key Words
mate the gene f of th and ab themo-  Ab 1 b
globms 1 a random Turkih population A total of 1,000 Haemoglobin Ay
blood samples have been studied  Fifteen of 900 adults had  Thalassernta
tlovated Hb Ag 0 60% of xhe i Turkey
stuched had an h
abnormahity. 3 Hb AS 1 Hb AE, 1 Hb AD and ane Hb A's Csplit’ Ay) Signs of 2 thalas-
semia were found i one case This study indicates that the snedence of fthalasserma

trait in Turhish population as 1 66%

Vanous forms of thalassemta and abnormal hemoglobins have been
observed 1n Turkey for many years {1, 3~5, 7,9, {1, 13, 14,17, 21, 22} Ji s
Anown that f-thalasserua gene has a widespread distnibution 1o the meduter-
ranean countnes {16,291 The inod studies of thal {rom Italy,
Greece, Isracl, Spain have been reported [10, 20, 23, 24, 26} Although Etr-
Turks, a small commumty hving in southern part of Turkey, have been repeat-
edly stodied ap regard 1o shaormal hemoplobms and thatassemia 12,3, 9%
there has been no survey conducted to determune the mmdencc of&xhalass:-
miz and h lobinopathies mn a random Turhish pop the
present study has been carried out to estimate the gene frequency of p-
thalasserma and abnormal hemoglobins i Turkey

Aatomnt rud Rbothade
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The second group comprised 100 cord blood samples taken from City Maternity Hospttal
Ankarz, Turkey The true onigm of the subjects were searched a3 carrefully as possible
This study was based on the measurement of Hb Ax level without having 2 prior hematolo-
¢ sareemng due 1o the fact that the surveys uihzing osmotic fragibity and hematotegeal
data llone may not be too accurate [29]

were subjected to starch accor-
d.mg 1o the method of KuxkeL and Wartentus [18] with shght modification One mmute
alkah denaturation test was performed by the method of StNaer [27] Agargel electro-
phoresis was done by the method of Roamson {25} to differentiate Hb S from Hb D
Starch-gel electrophoresis was also performed to separate munor hemoglobin fractions
whenever necessary (28] Complete hematologic studies wer: carmied out on 2ll subets
found to Hb As values
tested qualitatively in 300 cases.

Results

Fifteen of the 900 adults tested had elevated Hb A, concentration, an
meidence of 1 66% The Hb Az level ranged from 3 8% to 6 8% with a mean
value of 46% Six mndividuals or 0 60% of the population studied had an
electroph lity Tn addition to the
15 with elevated Hb Ao, 3 had sickle cefl trast {0 30%), one had heterozygous
Hb D (0 10%) and one had Hb A (0 10%) (table I) Hematologcal values
1n cases with elevated Hb A’; level were within the range seen 1n heterozygous
Bthal (table I1) The hemoglob ranged from 104 to
159 g%, red blood cell counts from 4 40 to 5 71 million/mm3, hematocnite
from 31 to 53%, MCV from 69 to 93 #m?® MCHC from 23 to 32% The
reticulocyte counts were all wittun the normal muts The serum iron levels
ranged from 98 t0 285 ug% The total iron binding capacity varned from 275
10 443 ;g% 'The osmotic fragility curves revealed increased red cell resis-

Table I Distribution of hemoglobin types i 3,000 Turkish subjects

Hemoglobin type No %
AS k] 03
AE 1 01
AD 1 01
s (B) 1 01
AA 994 994
Total 1000 100
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The Incidence of p-Thalas’ assemla and A\mom\a\ Hemog\o\s’ms
n Turkey

AYHAN Ox\guoc‘m GAVDAR and AYTIN ARCASOY
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“The second group comprised 100 cord blood samples taken from City Maternity Hospital
Ankara, Turkey The true ongn of the subjects were searched as saszefully as possible
This study was based on the measurement of Hb Aslevel without having a prior hematolo-
e sereening due to the fact that the surveys utilizng osmotic fraghty and hematological
data alone may not be too accurate [29)

Cyanmethemoglobia hemolysates were subjected to starch block elertrophoress actor
ding to the metbod of KungeL and WatLesrus [18) with slight medification One mmute
alkah denaturation test was performed by the method of Sevger 127) Agarged eleciro-
phoresis was done by the method of Roervsox [25] to differentiate Hb S from Hb D
Starch.ge! electrophoresis was also performed to separate menor hemoglobn fractions
whenever necessary (28] Complete hematologie smdnes wm carned out on all subgects
found to have elevated Hb Az values B
tested qualitatively in 300 cases

Results

Fifteen of the 900 adults tested had elevated Hb Az concentration, an
wadence of 1 66% The Hb Az level ranged from 3 8% to 6 8% witha mean
value of 4 6% SlX ndividyals ar o 60% of the population studied had an
ele ) ity Tnaddiiontothe
15 wnh elevated Hb Ay, 3 had sickle cell tratt (0 30 %), one had heterozygous
Hb D (0 10%) and one had Hb A (0 10%) (table T) Hematological values
in cases with elevated Hb A’ level were wittun the range seenin heterozygous
B-thal (table 1) The h lob ranged from 104 to
159 g%, red blood cell counts from 4 40 to 3 71 millionjmm?, hematocrte
from 31 to 53%, MCV from 69 to 98 ym3, MCHC from 23 to 32% The
Teticulocyte counts were all withyn the normal hoits The serum sron Jevels
ranged from 99 10 285 g% The total ion bindsng capacity vaned (tom 275
0 443 yg% The osmoti fragdity cunes revealed ncreased red cell resis-

Table I Dustnbution of kemoglabin types in 1000 Turkish subjests

Hemoglobin type No %
AS 3 03
AE 1 o1
AD ! ot
A1 (Bg 3 o1
AA 4 994
Tota)

§
E
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survey had | 1 values ly found in thal trat Since
the imtial observation of KUNKEL and WALLENTUS [29] ths finding has become
the mawn diagnostic feature 1n b B thal Ithough the

absence of a high value does not exclude thalassemia Therefore, our figure
of 1 66% mcidence of elevated Hb As levels in Turkish population may be
taken 25 an 1nd, of the nad of h hal. asso-
crated with an increase 1n the Hb Az fraction but does not necessanly reflect
the true inadence of thalassemea in Turkey

The nads 1 66 % of p-thal. appears to be closer to that found
i northern and central Italy [29] and Spain [23] but lawer than that found 1o
Greece [10,20) Incidence of thalassemua has shown a marked vanation in
Israel, the hughest being found 1n the tnbe of Indian origin [24, 29)

The distributton of 15 cases of heterozygous thalassermia according to
their ongin 1s shown wn figure 2 Tn this survey 1t was not possible to demon-
strate any area of very ughincidence 1n Turkey However, 1f the geographical
regions are taken 1nto consideration, the mcidence seems to be higher i the
southern part of Turkey It1s of interest that all cases with an elevated Hb Az

1

sowed the h seen 1n th traits,
however an elevation of Hb F was found in only one case This may partly
be due to the fact that Hb F was determined in a relatively low number of
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that found m Eu-Turks It should be stressed that these cases were not
related to Et*Turks Indeed a recent survey done on this community revealed
thatthe1ncidence of Hb Sand Ewere 13 8% and 2 43 % respectively contrary

to p-th which was derably low with an 1acidence of 081%
k]

One case had Hb A% ("split’ Az) or Hb B; as previously called Hb A%za
vanant of Hb Az was originally d dm A negroes p 1

10 the state of Georgia [15] The person 1n our study with this abnormality
had no negrod features and she was the first case found among Turks, the
same anormaly was only reported once previously from Turkey 1n a person
of Greek extraction [8] A recent sutvey sn Endonesia has shown an meidence
of about 3% of Hb A’2[19] Theabnormality thus hasa world wide occurrence
1n many ethnic groups The occurrence of A’z 1n Turks probably mdicates a
blood admixture with the people of South East Asta
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Megaloblastic Anemia dve to Folic Acid Deficiency in 2
Young Weman on Oral Contraceptives

I E Ryser,J J Farquer and J PETITE

Clinigue médicale thérapeutique umversitaire (Prof R. S Macs)
and Division d hematologie (Prof P MESCHER)
Hapual cantonal, Geneva

Abstract Case report of a young womaz aged Key Words
27, suffenng from severe megaloblastic anema due  Folic aaid deficiency
to folic acd deficiency The factor Tesponsible for  Megaloblastic anemias
this deficency seems to be the regular use of oral  Contraceptves and anemia

for 3 years line 22%) Re-

cent investiganon evidenced the exstence of selective malabsorption of food fo-
lates due to the action of hormonal contraceptives on the iotestinal conjugase It
can thus be admutted that contraceptive drugs play 2 prominent part in the genesis
of this type of aneria However, other factors must also be considered, like mal
nutntion and a masked malabsorption syndrome The relation with megaloblastic
anemea 19 pregnancy s discussed.

Among the effects of ) p [2], atten-
tion has recently been drawn to ther interference wath folic acid absorp-
tion. Serum folic acd level 1s depressed 1 women taking regularly and
for more than one year oral contraceptives [4, 9] A few cases of ane-
mia have even been descnbed sn this situation [11], ths type of anemia
responded exther to oral fohic acid, or to a simple discontinuation of the

); p scem to have the
same action as dip on the enzyme bl
for the deconjugation of food folates [1, 12, 14] and thus inhibit their
absorpion However, 1t seems unlikely that this mechanssm should be
alone responsible for the development of this type of anema Other fac~
tors, such as 2 masked malabsorption of different ongn, or 2 malnutn.
tion, should also be constdered

We recently observed a young woman with severe megaloblastic ane.
ma due to folic sad deficrency In this pauent oral contraceptives
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Fig 1 Blood smear (May Grunwald Giemsa) Megalo-ovalocytes and hyperseg
mented polynuclears |
Fig 2 Bone marrow smear (May Grunwald Giemsa) Promegaloblast X M

Induced hyperglycerma after mgestion of 100 g saccharosis 132g1 after 2 h
50 g dactose 1s followed by a maximum value of 114 g/l afier 30 pun

D-xylose test after mngestion of 25 g vrinary excretion of 475 gm S h

Fat content of stools (on diet contawning 100 g fat daily) 04g/24h

Stool analysis no anomaly, except for the presence of albumuns. Absence of
blood or parasites bactenologic analysis negative

Gastrointestinal X rays peither marphologic nor functional anomaly of the
small intestine

Biopsy of jejunal mucosa well developed villosities no anomaly of stroma of
blood and lymph vessels

Secretine test volume 19 ml kg/80 min (normal =
<concentration 84 3 mEq (normal = 81 152 mEq)

d agnonis of anemias Dosage of serum fohic acid
T4ngml (normal  5-27ng/ml) Dosage of serum vitamim B,y 72 peng ml (mor
mal 120470 uugml) Schifling test urmary excreton of 21%s of the maested
actvity in 24h hay test (sumulation of gastric secretion by 025mg s ¢ Pepto-
gastnn) basal sccreuan (MBAO) 0 1 mEq HCL (normal = 242 mEg) mavimal goid
output (MAQ) 104 mEq (normal — 10-17 mEq)

Investigation for autoantbod €5 agaimst intnos ¢ factor and stomach panetal
cells negatve Investigation for LE cells and other autoanubodies negatne except
for positive thyvoidal antu microsome antibodues at 1/16 (complement fixation)

A therapeutic test (fig 3) with vitamin B,y (1ug day 1 m) mves no resposse
whereas folic aod {00 1 3 Folute/day 1m) 18 followed by a typica) m,c“',’o 1
response The contraceptive med cation has not been wterrupted during lhnxolcc’s:

19.74) maumum HCQ,
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sumple of the A ding to
SHoIANIA et al [8, 9], women taking regularly and for more than 1 year
oral , have a y lower serum folic acid level

However, 1t must be noted that SPraY [10] did not confirm these results

Food folates (polyglutamates) are only absorbed as monoglutamates
m the small intestine, after deconjugation by an intestinal enzyme, the
Be-comjugase [1, 7] Hormonal contraceptive drugs (combmed type)
seem to be responsible for a selective malabsorption of food folic acid,
indeed, STRErFF [11] could evidence that a malabsorption of food folates
{polyglutamic folates) exists m these pauents, whereas the monoglutamic
form of folate 1s normally absorbed of B must
then be admitted [1] The same mechamsm has been evidenced with di-
pheny! hydantormn [2, 5, 14]

Folic acid deficiency anemia occurs frequently during the 3rd tnmes-
ter of pregnancy This condition has always been explained by increased
requrements due to foetal growth [11], however, according to these ob-
servations, one must admut that the pathogenesis of this anemua can -
clude some degree of food folate malabsorption

Since 1n some pregnant women with megaloblastic anema a shght
malabsorption syndrome has been observed [15], the problem of a
pre-existing ntestinal disease also exists But what 15 the explanation for
the rare occurrence of this type of anemia when the use of hormonal

15 SO d? With S et al [9] we must con
sider that 1t is very unlikely that a megaloblastic anemia of this type
would develop solely from contraceptives but that this may only have
been a contnibutory factor

‘Two other factors must be constdered 1n our patient (1)} some degree
of malnutrition, at least duning the last months before hospital admis-
sion, among the women tested by Snosania [9], those who had a poor
dietary intake had the lowest serum folic level, (2) an occult malabsorp-
tion syndrome Although most of the tests and the histology of the jejun-
al mucosa were normal some values were low or borderlme, hike serum
carotene and vitamin A levels, calcemta and curves of induced hypergly
cemia

Further 1nvesugation 1s necessary to determine whether an occult
walabsorpiron syndromte docs exst wl our patient or n others S, I],
whether of congemital or acquired type (selective or not), which might

explan the importance of the anemia m presence of the contraceptive
drug
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Stable Suspension of Erythrocytes Suitable for Caltbration
of the Elecfronic Counters!

G TorronTaNo and A TaTa

Hematology Umt Medical Clinsc If University of Rome

Abstract A smple method of prepanng stable suspen  Key Words
stons of normal erythrocytes 1s described These suspensions,  Cell counters
stable for number shape and volume without agerepates Erythrocytecounting
and easy 1o use are available as a standard of reference for  Stable erythrocytes

the calibration and further controls of the electronic covat  Standardization
ers

The problem the lability of corp P stable
for number, shape and volume without aggregates and easy to use, 15 stll
an open question [1-6 8] Apart from many other possible uses, a type of

with these ch: would be of great value as a
standard of reference for the calibration and successive daily control of
the electronte counters

In order to obtatn a stable standard suspension of particles to be used
m the calibration of the electronic counters, we have tested our new fixing
solution [9] which was shehtly modified during the last 3 years [11]

Matertal and Methods

The fixative has at present the followwng composition crystallized aceuc acid,
420mg sod um sulphate anhydrons 70g sod um chlonde anhydrous 90g dis-
Ulled e 1R

After preparation the solution must be carefully filtered Whale blood 15 added
to the fixing solution n the propartion of 1 to 200 The stock suspension obtaned

1 Supported by a grant from the Consigho Nazionale delle Rucerche (Special
Program TB\)
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Fig 1 Fixed red cell suspension after 2 years (phase microscope)

The plateau obtaned with the electromc counters unul 6 months after
the preparation of the standard suspension showed results sumilar to
those obtained with normai RBC (fig 2) Oaly after 12 months the pla
teau of the fixed corpuscles showed 2 shght decrease of its width

Moreover also the volumetnc distnbution of cur suspension, studied
duning 5 months by the electromc analyzer was found to be symlar o
that of the normal RBC (fig 3)

Duscusston

These studies prove the numenc stability of our fixed suspension of
erythrocytes Moreorer the particle size distnbution after 6 months re
sults stll stmlar to that obtaned with normal fresh RBC suspensions Be
cause of these the d standard

15
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suitable as a standard of reference for the calibration and further daily
controls of the electronic counters
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Erythroposesis in Normal and Porphynie Calves 3

Table 1 Porphynin concentrations in blood and urine

Calf No
Nermal Porphyric
a2l 3 2323 2324
REC coproporphyin Tr Tc 67 385
protoporphynin Tr Te 136 210
Plasma coproporphyrin Tr Tr Tr 15
protoporphynn Tr Tr Te Tt
Utine copteporphyrin T T £15 700
uroporphyrin Tr Tr 430 85

Values are 412/100 mi, Te—trace amount

Materials and Methods

Two normal calves (421 and 371) and 2 porphyric calves (2323 and 2324) were selected
as bone marrow (BM) donors The porphyric calves were maintamed in an enclosed barn
and protected from sunlight Calves 371 and 2324 were used twice as donors Porphyrn
concentrations in these calves are given 1n table [

Bone marrow sampling and incubation procedure The marrow was withdrawn asepuically
by sternal puncture using hepann as anticoagulant Samples were kept chilled m rce for 1 h
and thea the icubation procedure was begun Al incubations were carried out asepuically
10 duplicate at 37°C for 48 h in a carbon dioxrds tncubator The incubation mixture was
shehtly modified from that reported by KRantz er af [7] Incubations were started (0 tume)
ith bomologaus serum peniatin and *H thymidine? (1 15 4Ci7107 pucleated cells) and
BV cells at 3 concentration of 5000 to 10000 nucleated cells mm® After 4h of

tabeling tme*, NCTC 109 medium at 15 times the volum: was added Samples were

the fasks at diffe performed
onanaliquot The remaining cells were then washed twice with cold sahne and the volume
adusted to 0.2 ml with saline Smears were thea made on 25 x 75 mm mcroscope shdes
and fixed i methy! alcoho!

Astorediography Autoradiographs of the smears were made usiog the Kodsk AR 10
it s poi

ravciey

? Schwarz Broresearch Inc , Orangeburg N'Y SA 3 Ci mu, diluted with stenle salime
solution to contan 200 »Cr/mt
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Table 1] Knetics of erythroid bone marrow cells

Labcled  Te, T Te
celts, % h h h

Normal bone marrow

Basophihic normoblast 82 71 6a 105
Pelychromatic normoblast 70 "ns 80 166
Late polychromatic normoblast 60 213 128 307
Porphyric bone marrow

Basophilic normablast 92 86 79 124
Polychromatic normoblast 32 12 92 162
Late polychromatc normoblast 68 177 120 255

Tabeled cell The data showed an exponential decreasein SA From the slopes,
k, of the decreasing SA, the cell cycle times (Te or the half time) and turnover
times (T¢) were calculated The results (table IT) indicate that the T and the
Tencrease as the stage of p No it

i slope were observed between BM cells from normal and porphyric calves

Duscussion

The ;mfluence of synchrontzation of cell cultures 1n studres of this type
should be recogmized (9] In the present study, the data for the 1nitsal 6 h of
Incubation are very likely to have been influenced by the synchronization in-
duced by the chilling pensod This would mean that the observed changes in
cell muttipl and di take on manly after this
6-hour synchronization period

Themtial Bn Pn LPa Onratioswere 1 3 8 19:1n the normalascompar-
¢dtoaratoof 1 3 12 321n the porphync The most ikely explanation for
the greater number of more mature cells 1n the porphynic 1s a delay n the

of On to the it whuch was induced by the porphyrins

17 2 mapner similar to the delay in maturation of the reticulocytes seen 1n
Pporphyna [11]

The Onincreased at a rate of 47 cells/mm3/h 1 the normal and 50 cells

mm¥h i the porphynic In order to replace the total cell population at this

Tate in each of the respectine i vitro flasks, 1t was estymated that 42 h would
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PHA Short-Term Culture of Eymphocy tes
in Acute Leukemia during Remission

Relation with Therapy

M Lo Curro and B Liuzzo

Pediatric Chauc (Director Prof M GERBas) Umiversity of Palermo

Abstract The PHA induced blastogenesis 1n lymphocyte  Key Words
cultures of agute leukenna patients m remis<ion was mnves-  Acute leukemia
tigated Lymphocytes of patients untreated for more than 2 Autoradiographv
weeks showed mormal blast transformation Lymphocytes  Cell culture
of paents i treatment with or metho-
tretate showed 1n same cases normal blast transformation  Lewkemia treatment
and 1n other cases lack of blastogenesis It seems that 1o PHA sumulation
these patients the lymphocytes are sensible 10 the tmmuno-
depressive action of the mentioned antumetabolites, whereas in the other patients
the lymphocytes are resistant to that action

Several guthors have reported on the treatment [6] and the cell biol-
0gy of acute leukemta durng remssion [5, 9, 13-15] It seems well es-
tablished that, 1n order to prolong renussion, therapy must be continued
with a cyclic use of agents, that can mterfere with vital processes of nor-
mal cell hike lymph An mp of biological activi-
ty of such cells 1s the blast transformation 1n presence of phytohaemag-
glutinn (PHA) [12] that causes morphological and biochemtcal modifi-
cations [2, 4, 7, 8] A 72 hour culture of lymphocytes from normal sub-
IeCts, 1n presence of PHA, yields 60-70% of blast-hke cells, 20-25%, of
prolymphocytes, and only about 107 of lymphocytes [1) One of the
most by \| 1s the RNA h mn pro-
Tymphocytes and n blast-like cells, which becomes an almost continuous
process {10}

In 1hus paper we report on the PHA action on short-term cultures of
Iymphocytes of acute leukemic patients 1n remussion, its relation with
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Table I Acute leukemc patients in first remusston not treated for 2 weeks

Sex  Age, Sur Duration of  Leukocytes? Infecious Lymphocyte PHA-culn
years vival remission? Number N L disease Prolym Blast ike
months Be  Afier, per % phocytes  cells

fore months mm3 % mEc e m

mths
F 10 >24 12 >12 5000 48 52 - 30 20 66 8
F n >8% 84 > 6 5000 58 42 - 23 30 62 10
F 3 13 5 7 4200 60 40 checken pox 22 20 63 8
F o4 >n 9 >1 420 38 6 - 25 20 6 6

Tt mdicates the duration of remission before and after the aspiration of btood for culture
* N=neutrophils L=lymphocytes
'Y of

an blast hike cells m gc mean gram count/cell

treated for more than 2 weeks, behave almost i the same way as con-
trol ymphocytes

From table 111, 1t can be seen that 8 out of 14 patients treated with
6MP give the same results as controls, while m the other 6 the PHA-

y 15 sharply dt A 1p: wmdr-

cated that SH undine ncorporation 15 high 1n blast Iike cells, lower in
prolymphocytes and completely absent 1n

Results concerning lymphocyte cultures of patents in remission,
treated with MTX are reported 1n fable IV In 5 cases (No 1-5) the
Ppercentage of phyto-sensitive cells was normal, with high labelling incor-
Poration, while in 5 other cases (No 6-10) a small percentage showed
blast transformation Al tables also mclude chimeal and hematological
data useful for the interpretation of culture results

Discussion

The reported show that lymphocytes of acute leuke-
fua patients 1n remission are capable of blast transforming in presence
of PHA Tnuated undime InCorporation shows activavion of nucleic acd
synthesis n all blast transformed cells In patients treated with thera

peu
tic agents ke 6MP and MTX, however, we found 2 vanable Tespon-
siveness



Table HI Acute leukenue patients

Case Sex Age, Rev Sur- Dutation of remussiont
No years misson  vival, Before ARer
months
H F 7 st 36 2years ~ {year
2 L1 7 fst >18 10 months > 8 months
3 F 2 15t >1 6 months 10 months
4 F 4 ist =12 5 months > 6 months
5 F 3 s >12 3 months ~10 months
6 F it Ist > 7 1 month 3 months
7 F H ist >t 6 months > § months
8 F 3 ist >13 ¥year ~ 1 month
8 F 5 nd >t 1 month 10 months
10 F 4 st >11 10 days 10 days
1 M 4 1st >13 6 months ~ 6 months
12 F 5 1st > 8 3 months > § months
13 M 1 nd 30 12 months 6 months
12 M 10 ist 10 { month 2 months

3 3t indicates the duration of semission before and after the aspiration of blood for

culture
% N=neutrophils, L=lymphocyics, EG=cosinophils, M=monocytes

Table IV Acwte Jevkemuc gatients

Case Sex Age, Re- Sur- Duration of remission®
Ne years mission visal, Before After
months
! F 5 2nd > 3 months »3D months
2 M 8 15t ~16 8 months ~ 6 months
3 F 1 1s1 ~13 5 months ~ 8 months
4 F $ 2nd -1 10 months 2wecks
5 F 3 15 ~38 17 months - 1 month
6 F 2 1st ~13 9 months > 5 months
? F 3 Ist -2 9 months > 4 months
8 M 3 Ind ~23 & months > 8 months
9 By 2 st ~20 19 months ~ i month
10 M 3 2nd >12 10 months ~ 2months
3 It indicates the duration of remussion before and after the aspranon of blood foc
culture
N hils, L=bmphocytes, £EG hils, M 1




m remmssion Areated with MP

Leukocyies” Iafectious disease Lymphocyte PHA<culture?
Number/ N, L, Prolymphe- Blast like
mm! e % cytes cells

s mgec % mgc

0 4 43 3 viral hepatius 15 4 10
6 months before
980 50 50 rubeta 1 monthafter 15 20 81 100

4200 33 56

- 20 6 70 80

420 32 €& 2 3 - 33 3 S35 %0
2800 53 45 2 - 3 40 o 10
200 20 &0 viral hepatitis 3 20 6 50
1 month after
5000 64 35 1 - 20 20 6
9400 45 55 rubella, 5 months before 30 20 58 60
800 48 51 ' 24 3 10 2
se0 62 48 - 12 % 13 8
€450 46 54 0 1 5 &
810 6 30 4 3 4@ B &
200 48 52 0 & 2 6
3000 60 40 2 30 10 50
. T a vely blast hike cells mge = mean gram

count cell

M renussion treated with MTX

Leutacytes? Infectioys disease Lymphocyte PHA-culture?
Number N L EQO M, Prolympho- Blast like
mm? % ®e % % cytes cells
‘s mgc's mgc
0200 68 30 2 21 3 57 6!
3
3400 48 52

17 25 17 100
B 0 55

880 20 78 2 :h»cken pox 1 weekafter 35 30 60 kY
6800 40 57 3 2 1 % 60
780 28 T 1 mb'(la Lwonth before 46 40 4§ 50
:400 49 47 2 2 chekenpox Iweekafter 11 12 (4 25

W00 43 52 40 3 10 80
330 45 52 0 4 2 52
4600 34 66

1) .
ty bla: -
count et stikecells mgc ~ mean gram




342 Lo Cur™®
Herst and OppENHEIM un observe! alnbition ph i
formation Y Ay gp and B % therapy jects with o€
lastic diseases As these auth P t, theit T mdicate Muno
depresswe acton me! d antimet 1es, SY plasto
genests maitro s’ to ant ation )
From table! 11 scen that { ned 6MP and
AT ymmy depre SIVe yon 18 esent ¥ ¢ P ts W ose Y™
hocyte 43! cutwres € very oW ntage plast hbe cells
However {Ims acho has 0O peen sect m ¥ hocyt urcs of othe?
pa\\ems yreated 10 he sam 1 il chavior € { be e
plame mn g of 2 wfferc chmc ematolog! parame
ters ON© thus 258! b mphocy! ant 1 the ¥ unode-
p(essnc ac! of GMP are pres! ¢ 10 SO facto?
mnvoly eV phoCy enstvity ymmun P ne ac
uon etab 1 obscure ntete g chnt
cat dav th h act metad ttes Was alnays
found b etncent
Reicrcnces
1euce

clle cetiute

poblemt A
56 1 9(\ 65)
m compant”

G Awro g ¢ SN AU
udm\ con 33 o\\um e lm erva M
4L and Rup D x\hocy bohe
PHI\ Jmuplato? n Lanc
TanLOR G and Xsnz The
of o m\body ne 2
and Swumm RNA symhe“s cultures of nom\:\ e
24 69 (\9(74\
and Hmmsﬂ M th(emmc acuvty of
euhaert of ch\\dhood nt Hae*

723 (1965)
M C G i W fid

hocyies



PHA Culture 1n Acute Leukemua 343

10 Havor, F G ] and Quactino, D Autoradiographic mvestigation of RNA and
DNA metabolistm of buman leukacytes cultured with PHA. Nature, Lond 205
151 (1965)

11 Heasy, E M and OppeNueiM, § G Inhibition of in vatro lymphocyte transfor-
mation during chemotherapy 1n man Cancer Res 27 98 (1967)

12 Nowetr, P C  Phytohaemagglutinin, an imitiator of mitosis 1n cultures of nor
mal human leukocytes. Cancer Res 20 462 (1960)

13 Sanmp R, Kiery, J M, Tauxe, W N, and Owen, € A, jr Cell prolifer
ation i Jeukerma during relapse and remisston 1 DNA and RNA synthesis of
leukemic cells 1n the bone marrow Acta hacmat , Basel 36 313 (1966)

14 Scnvap, J R, Oecusury, R 1, Frick, P G, and Moescuiey, § - Cell prolifera
tion 1n Jeukemia dunng relapse and remission 11 DNA synthests of leukemic
cells 1n the peripheral blood in vuro Acta haemat, Basel 37 16 (1967)

15 Sxeer, R T, Henpersow, E. S, and Benner, J M The sigmificance of bone
martow lymphocytoss of acute leakemia patieats 1 remusston. Blood 37 767
11968)

Authors. addr

es
a s Dt MarcHEr

RA Lo CURTe
Inica Pediatrcs, Via Bemegen © and Dr Basitro Lwwzzo, Tsutvto o

i 1, 790134 Palermo (ltaly)



Acta haemat 45 3432349 (197])

Maturation of Leahaemic Blast Cellst

D Muuer andJ HarTE

1 Departement of Metieme (Prof Dr H D Watter) Unnersity of Tub acen

Abstract The phagooytic abiity and the probiferative 1chy  Aey Words
ity of leuhaemic blast celfs were mvestgnted m 34 patients  Cell maturahon
with actue lenkaemia A certun phagocytic scteety was found  Autoradogeaphy
tn most cases of acute leulaemia The hchest phagocytic ac Cytophotometey
vty oceurred in monocytic Jeukaemun Blast celt papulations  Leuhnemc cells
with 3 relative high phacocytic actindgy showed 8 Jow prolifera  Phagocytosis
fine actevity and ooly a few cells i DNA syntheus The blast
cells with phagocytosts are more mature cells Vee got the mpression that they e
resting cells and possibly end cells

In 10 ymestiganons with SH-thymudwme {1, 2, 3] wducate that Jeu-
Aaemic blast cells do not represent a umborm celf populanon They con-
fim the existence of blast cell popul with dhf
times 0 the same patient Kintmann {3}, Gavosto er of 4], Bowt (2]
and others demonstrate models of levhaemic blast cell deselopment with
2 teuhnemie celt pools one with a gh labelimg wdex and the other
with 2 low Inbelling index The tatter may be resting cells or cefls with a
very long cyele ime

One attnbute of mature cells and a sign of functional diferentiation
1s the abihity of phagocytosis [5-9] Normal mature blood cclls for -
stance segmented neutrophils or monocvies are able to phagocyte tryno
and i vatro bactena or Indin wk particles Untl now no attempt has
been undertaken to prove systematcally the posubibty of phigocytoss
m blast cells {10} and to compare the findines with morphological sigas
af cell maturation and cell hineties

s Supported by Dentsche Torschungsgemesnschaft  Paper guen at the 3nd
Mecting of the European Study Group for Celt Prohiferation Varna 1970
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To answer the question of blast cell maturation we first examined,
whether there exist some leukaemuc blast cells with the ability of phago-
vytosis Then we carned out autoradiographic investigations after *H
thymidine 1ncubation and DNA measurements m blast cells of the same
patients

Mater:als and Methods

Tovestigations of 28 cases of acute leubaemta 1n different stages of discase The
type of leukaenua was determmed with the aid of cytochemscal methods [11 12}

Phagocytoss Defibnination of Sml ven blood by shaking with glass beads
Sixty minutes incubation of 4ml defibninated blood with 4 drops of Indian mh
Pelkan Nr 541 1n 37°C preparation of smears from the upper part of the tube
which contains a leukocyte concentrate

Autoradiography After *H thymidine 1ncubation [13 14) calculation of labell
1ag indet 1n 1000 blast cells 1n 2 corresponding smears

G DNA after Fevlgen staiming
us 16 Pholcmelry of 50-350 blast cells per smear All measured blast cells
were divided with the aid of graphical methods mto groups of cells it G, or G,
rhase with a 2c DNA content and of cells in DNA synthesis with 2c-4c DNA
content

Results

Normal or show a ph of
many large Indran ink pamcles all over the cytoplasm (fig 1a) Ancr mn
cubation of penpheral blood of levkaemic patients we were able to de-

- - P e ————
/g . "
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! . F 7 i
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Fie ! Phagocytos s of Indian bk particles m normal monocytes and segments
(2 and 10 a leukaem ¢ blast cchl (b) Many large grams all over the cytoplasm of
normal blood celis only a few Ind an wnk grans in the whole cytoplasm of the

Teukaem ¢ Blast cell .
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F1g 3 Leukocyte curve (above) phagocytic actwity {middle) and blast cells in
DNA synthesss (below) in a case of acute leukaema (Ju 25 )

The percentage of blast cells n DNA synthests 1n 2 leukaemuc cell popu

lation seemed to be mersely proportional to the phagocytic ability We
found a blast cell phagocytoss of Indian 1nk particles 1n up to 2%/s 1n 20
Investigations and m more than 2%, 1n 16 investigations Among these,
the first group had 6 and more percents of blast cells in DNA synthesis
mare frequently than the second group (p = 0 1) We found an especially
high fluctuation of the percentage of cells 1n DNA synthesis dunng re-
Tapse and remission n 2 of our leuhaemic patients One of these cases
may elucidate the connection between the amount of DNA synthests and
the ability for phagocytoss 1n blast cells (fig 3) demonstrating the find

ings of a 25 year-old man with an undifferentiated acute Jeukacmia The
Phazocytic actinaty 15 m an mverse correlation with the extent of DNA
syathesis of blast cells m this case A high synthetic activity tn relapse 1s
connected with a Iow phagocvtic actvity
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Firg 2 Number of blast cells with phagocytosss in the 3 types of leukiemia

tect some blast cells which show a phagoeytosis of Indian ik particles
(fig 1b) As a rule these blast cells with phagocytosis possess a stretched
nucleus and only small nucleoh In myeloblastic leuhacmua they have a
distinct cytoplasmie granulation and their cytoplasm 1s not coloured so
deeply blue after panoptic staiming Al feuhaemic blast celis with phago-
cytic activity bave anly a few Indian mnk grams in the cytoplasm This
crtenion may be helpful - besides other morphological cniteria ~ for the
distinction of blast cells and monocytes because monocytes are full of
Indian wk grains

The amount of blast cells with the abilty of phagocytos:s 1s Tow as
can be seen in figure 2 Thesr pescentage 15 2 hitle lagher in the mono-
blastic leuhaemias than mnthe otherforms This may be due to the fact that
our cases of monocytic levhacmias had relatnely mature blast cell popy-
lations

The prohferative actvity was calculated 1 24 out of the 28 cases of
acute leukaerma, partially several imes m the course of the discase [20]
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yte curve (above) phagocytic activity (muddle) and blast cells n
¢low) 1n a case of acute leukaemia (Ju 25 y)

The percentage of blast cells n DNA synthesss 1n a leukaemic cell popu
lation seemed to be inversely proportional to the phagocytic ability We
found 4 blast celt phagacytosss of Indian ink particles n up to 2% 1 20
"esligations and n more than 2% 1 16 mvestigations Among these,
the firyt group had 6 and more percents of blast cells in DNA synthesis
b)g;: érequ:mly than the second group (p = 01) We found an especially
e uctuation of the percentage of cells .n DNA synthesis dunng re-
may ;ﬂd TEmIssion n 2 of our leukaemic patients One of these cases
e ah:ﬁdm the connection between the amount of DNA synthesis and
ings af;yzlm Phagocytosss 1 blast eells (fig 3), demonstratng the find-
Phagoc“ S-year-old man with an undifferentiated acute leukaema, The
iy 'S 3y 15 1 an imverse correlation with the extent of DNA

SIS Of blast cells 1n this case A tigh synthetic actvity i relapse 15
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Granulocyte Function in Patients with Brain Damage
and Anonia

HeLeN DopsworTi and R Harris

Department of Chmeal Haematology and Department of Medical Genetics Unuversity
of Manchester

Abstraer Granulocytes oblaimed from panents with Ary Hords
snowa and with bram damage showed a consstant intpaie-— Anowa
ment of ph and adh This ph Bran damage
was not reversed by the addition of {resh human serum Granulocyte adhesaeness
These abservations reveal a relabonship between «t v Granulocyte phagosytosts
anowa and bram damage with granulocyte function Leukocyte isolation

Dunng emergency tissue-tymng for cadaver renal allotransplantation the
relative ineficiency of methods for prepanng pure lymphocyte suspensions
from venous blood became apparent [1} One difficuity was the persistance
of granul 1 the final susp fting from the fafure of these
cells to adhere consistantly to nylon wool fibres used 1 the standacd tech-
nique We were interested to find that it was granulocytes obtained from
patients with bram damage and anoua which were poorly adhesine while
sumiar cells from patients with a2 vanety of adsanced non neurologieal

& behared norwrally A sesfactory sol $o thus problem was
found by applying Boyuat’s 2] flotation method for tymphocyte separation

to tissue typing {1, 3, 4, 5}
Experiments reported here d d that di d granulocyte
adhestveness was closely assocrated with reduced 1 uro phagocytic activity

Granulocyte adhesiveness in patients with recent bram damage was not
d by mcub with it in the form of fresh normal ABO

patible serum An acquired inviso cellulat defect ts postulated to account
for the umpmrment of the abiity of granulocytes from brain damaged
panents to adhere and act as phagocytes i yitro Qur evidence supgests that
these abnormalities may result from tissuc anova However, st s difficalt to
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exclude secondary bram damage resulting from anoxia as the causative
factor

Matersals and Methods

Lymphocyte suspensions were obtained from defibrinated blood samples from a total
of 18 normal volunteers, 7 patents with brain damage 10 patients with severe centrat
anova and § patients with a vanety of acute surgical and medical problems but wha had
10 brain damage and were not anoxic The method used for preparng lymphocyte sus
P wnvolved dextran and with nylen wool {6) Granulocyte
adhesveness was assessed by counung the number of granulocytes remainimg n the final
fymphocyte suspensions

Granulocyte adhesiveness estimated 1n this way was compared with phagocyuc
acuvitymn 6 1 lsand 3 patients A of the method used by BravpT
17 was used to assess phagocytic actvity 2 m! defibrnated blood were incubated with
Vi yeast suspension (40 000 parucles/mi} at 37 C for % h The dextran sedurented white
eellsuspension was cytocentrifuged at 400 rpm for 15 min and the number of yeast particles
contained m 100 granulocytes was counted The result was expressed as the mean number
of particles granulocyte — the phagocyte ndex

The effects of ncubating with fresh buman complement were nvestigated using
Tanlocyles obtamed wathin 24 h of operation from patients wath cerebral tumours
Leukoeytes and serum were also obtaned from 3 normal ABO compatible control md:
vduals Normal cells with patrents serum and patients cells with normal serum were
meubated at 37°C for 30 mun before incubation i the vsuat way with nylon wool In
©ach tase the serum was obtained within 2 b of use

Results

Figure | shows the 2 of } 1
Suspensions prepared from defibrinated blood by dextran sedimentation and
!:rubauon with nylon wao!l Blood samples obtained within 24 b of bran

mage yielded lymph with 14-43% granul contam
l;l(tmn and 12-75% contamination when blood was obtamed from anovc
m‘::!l: This contrasts sharply with the normal values and with the low
Srank e contamination {0-7 5%} obtaned from control patients with

s cands
{able 1y not with brawn damage ot anoxia
Table 1 1 a
of adh and activity m 6
20115} controls sng phagocy y

3 patients with anoxia There 1s a marked correlation

eness and phagocytic index

v\:\:ﬂbk 1T shows the effect of g with !
wed within 24 of operation from P

theen aghessy

atients with cerebral tumours and
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Miscellaneous. Ancrsa

Fie i G i © of lymphocy te susy n different conds

Table I Granulocy {eenpacced adh 3
D agnost, Granuio- Lym-  Mono- Meta-  Total Sean pranulo-
cytes, pho- cytes,  myelo-  leuhocytes ote
Cytes, oytes,  {before contamnation,
% *e * o, separation) %0
Normal 37
(-7
Miscellaneous! 813 134 34 17 12350 33
(497 (229 (0-5)  (0-75) (6,200-23300) (0-75)
Bran damage® B3 6 138 25 (R4 1940 b33
05-99 G-y o8 {0-6) {8,300-14.100) (1343
Anowia? 840 no 30 o0 13,000 323
(84-95) (S~ih (0-5) O (5,600-17.500) (12-75)

1 Includes patients with mMajor surgery, multiple fractures, scute GIT haemorrhage
hyperglycarmie coma

2 Inctudes patients with cerebrat tnmours cereb

2 fncludes paucnts with LVF, respiratory fatlure

it J viral
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Table Il Comparison of and p! wdex in anouc patents
No Granulocyte contammation of Phagocytic pOs tum Hg
tymphocyte suspension *s index
Normal controls
1 I Ls normal
2 3 23 normal
3 [ 17 normal
4 3 32 normal
5 5 29 normal
6 7 19 normal
Anoxc pauents
I k5 0g 55
z 2 0s [
# 0 02 s
! Bram damage
t Aqute LVF
Table 125 Effect on of feubocytes from bram
damaged patyents with autologous serum 4nd serum from normal ABO compatible
volunteers
Patient Granutocyte adhesiveness %
Autologous serum Serum from normal
ABO compauble
volunteer
50 52
B 65 25
c 2 29
m"“mls A = Glioma of antenor fossa B = Glioma of posterior fossa C = Frontal
Dpioma,
ther
Mn?:'«(‘:s oftonirol expenments with 3 normal ABO compatible volunteers
facubayy the Slm:n samples from the patients in the test conditions used
rom m:n 2t 37°C for 30 min) reduced the adhesiveness of granulocytes
Deng ¢y &m’m;l controls and, except possibly for patient B, no smprove

hestveness occurred when granulocytes from the patients were
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Toble It Effect on granulocyte adhesweness of incubating feukocytes from bormal
volunteers wath autologous serum and seeum from ABO compatible bram damaged

patients
Normat Granuloeyte adhesivenesy ®s
volunteer Autologous serum Serum from ABO
companble bran
damaged patients
1 10 12
2 125 4
3 1 5

incubated with fresh control serum This observation confirms our tssue
typing expenence working with matenal from bramn damaged pabients
4

1

when on many the t of g te
fymphocyte suspensions with fresh human serum and nglon wool d&id not

result 1n the removal of the granulocytes

Iuscussion

3

Ttis g Wy beleved that adequate levels of pl {and op:
are v for granulocyte phagocy 1o occur [9] but our expenments
m which ABO patble serum was bated with lewkocytes from brain
damaged patients do not suggest that the fashure of adhesiveness of grandlo-
cytes 18 due to defimency of arculating complement 1t ss possible that
damaged bram refeases an fbitor substance capable of impainag ad
hesveness and phagocytosts The imparment of adbesveness and phago
eytosis which we have detected an granulocytes from patients with anoxiz
sugpasts that reduced pO2 may play a prmary sole and 1t 18 perhaps sigmfi
cant that many of our bram tumaur patients were anowe because of de-
pressed respiration oF postoperative problems Indeed 1t proved extremely
ifficult to find patients with brasn damuge who had not had some degree

of anoxta o
It has been shown [8) i a study of metabolic changes occumnng 8
15 occurs tqually

the mgestion of pastcles by granulocytes that phagocytos -
well under anaerobic and aerobic condimons However, our expem!\csm
suggest that in 11w cxposure to anoxin may affect the subsequent adh
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and phagocy\ 1 properts of gra®! aulocytes On the cthe: pand 20003 w3y
play 2 more X ndirect 10! \e by p(oducl g bra n damags

Whether prain $3mas® ot anomsa OF oth ar¢ €S po psible 1S endent that
the phagocync and adhcswcn:ss pmpemcs of gr.\uu\oq'!es \mp:u:ed n
{hese pAnERt® This p\lenommon came to 08T attention 35 a result of pto-
plems encoun!ered dunng the emergency nssu e typing © cadaver donors
using \ymphocy‘e suspensions buttis endent nat the 10 fe of gr.\

m the restd ance 10V ynfection n by patients ath anox g B qa damagt
ments further study
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Diagnasis of Quinine Hypersensitivity, Use of Platelef Factor 3
and Acid Phosphatase Availability Tests

J, Porasek and F DUCKERT

Blood C it and Fibninolysis Leb y (Head PD Dr T Ducxert)
of the Umversity Department of Medicine (Head Prof F Kovres),
Burgerspital, Basel

Abstract 'Two patients with a known quinine  Key Words
saduced  allergic  thrombocytopema  have been  Acd phosphatase of platelets
studied 1 order to detect in vitra the presence of  Piatelet antibodies
drug-dependent antibodies in thewr plasma The  Platelet factor 3
platelet factor 3 and platelet acd h Quintne hyp
avatlabidity tests have shown that these antibodies  Thrombocytopenta
are stilf present several years after the fast expo.
simon 1o qumne followed by the typical climcal symptoms. The demashing of acid
phosphatase activity s tncreased in presence of calcium tans The possible mecha
misms leading to the demasking of PF 3 and aaid phosphatase afier exposition of
the patient’s platelets to quimne are discussed

The sdentification of the drugs responsxble for sudden thromboceyto~
pema and fife-th g g complications s a difficult
problem The success of the i vitro assays dcpcnds on their sensitivity as
as well on the concentration of anttbodies 1n the patient’s plasma or se-
rum {2, 6, 17] According to the § , the s vity of the dif
methods decreases in the following order complement fixation, platelet
factor 3 avmiability test, snhabsion of the clot retracton, tests for agglu-
timanon and Jysis of the platelets {2, 7]

Recently, we had the opportumty to mvestigate 2 patients haviag ex-
penenced in the past an allergte thrombocytopenia tnduced by quimne In
order to demonstrate the hypersensibibty due 1o quimne we studied the
platelets of these patients under vanous expenmental conditions ncluding
the platelet factor 3 avmlability test, the mibiuon of clot retraction and
the demasking of the acid phosphatase actvity of the platelets We have
also 1nvestigated the acton of Ca - on the last reaction
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Case Reports

Case I Pauent E P, a 39 year-old male suffered 10 1954 from severe bleeding,
by melaena, and large due to an almost

complete loss of platelets a few hours after ingeson of quinne-contaimng tablets
He recovered quite rapidly 1o about 1 week. In 1966, 1 b after dnoking of qu
nins-contarmng tomic water he had shivers, vomiting hacmatuna, gingival bleeding
and collapse The platelet count was 80000 mm? He tecovered after several days
of predmsone therapy

Case 2 Patient Oe M 1s a 33-year-old female with 2 krown pemallin allergy
and hustory of lung tuberculosis during childhood In 1969, because of influenza
she receved Sandofebnl®, 2 mixture of qunne paracetamol, codeine, catfemne
and ascorbic acid One hour later she had shivers, headache, petechiae, suffosions
and eprstaxss The platelet count had dropped to 300/mm® The patient recovered
after § days of predmisone therapy

During the present study both patients were examuned 3 hmes over a peniod of
6 months and were found 10 good health with normal haematological fiadngs,

Matenal

Citrate solution 38Ys tnsodium caitrate 5%/, H,O EDTA solution 1 percent
solution 1 07% NaCl Trs buffered saline 0515 3t Tnis (bydroxymethyl) amino-
methane 1 physiological saline The pH 1s adjusted to 74 with 3 N HCl Hepann,
Liquemn Roche 5000 U USP/m! Calcium chlonde 01 M and 0025 s CaCl, so-
Ilution  Stypven, Russels viper vebom
phosphate (Merck) a 150 mg%s solution 1n 005 M cutrate buffer :l pH 55 has
been used as substrate 1n the assay of acid phosphatase Drugs 2.5 or 70 10+ 3t
solution w Tns buffered sahne were prepared with the following drugs quinine
dibydrochloride codeme phosphate caffeine paracetamol and ascorbic aad These
salutions were duluted 10 times with PRP before tesung (1 part drug solution + 9
parts PRP) Platelet rich plasma (PRP} citrate or EDTA plasma were prepared by
adding 9 parts of whole blood o 1 part of the antcoagulant i sihconized tubes.
The blood was then centnifuged for 10mun at 200g and 4°C. The platelet count
1n PRP 13 performed by means of the Unopette System (Becton, Dickinson and
Company) and phase contrast mucroscopy It vaned between 360000 and 420 000/
mm?

Methods
Platelet Factor 3 (PF 3) Assays
(2} Stypven method was performed according to BURGESS ef af {2
(b} Quantitative assay based on the prothrombin comsumption [15] The test
system has been shghily modified 01ml abquots of either normal or patients
PRP contarning the investigated drugs are mcubated at 37 °C. At vanoss ume 1n
tervals 02ml PPP pool and 0 1ml kaolin suspension are added to the incubated
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Dingnosis of Quinine Hypersensitivity, Use of Platelet Factor 3
and Acid Phosphatase Availability Tests

J Porasek and F DUCKERT

Blood Coagulation and Fibninotysis Laboratory (Head PD Dr F Ducxert)
of the University Department of Medicoine (Head Prof F houirr)
Bitrgerspual, Basel

Abstract Two patients with n hnown qumne  Key Words
induced altergic thrombocytopentn have been  Acid phosphatase of platelets
studied 1n order to detect in viro the presence of  Platelet antibodies
drug-dependent antsbodies in thewr plasma The  Platelet factor 3
plotelet factor 3 and platelet acxd phosphatase  Quumme hypersensitivity
availabiity tests have shown that these antibodies  Thrombocytopenia
are stil present several years aftee the last expo-
sition 1o quinine followed by the typical chinical symptoms The demashing of anid
phosphatase activaty 1 increased wn presence of calaum tons The possible mecha
nisms leading to the demaskang of PF 3 and ncid phosphatase after exposion of
the patient s platelets to quimne are discussed

The identification of the drugs responsible for sudden thrombocyto-
penta and Bafe-th bleed: pl 15 a difficult
problem The success of the tn vitro assays depends on their sensitvity as
as well on the concentration of antibodies in the pauent s plasma or se-
rum {2, 6, 17] According to the hterature, the seasiuwity of the different
methods decreases 1n the following order complement fixation, platelet
factor 3 availabihity test, inhibmon of the clot retracuion, tests for aggh-
tination and lysis of the platelets [2, 7}

Recently, we had the opportumity fo investigate 2 patients having ex-
penenced in the past an allergic thrombocytopema induced by quinne Ia
order to d ate the hypersensibihity due to quinme we studied the
platelets of these pauents under various expenmental condions mcluding
the platelet factor 3 availabiy test, the mhibition of clot retraction and
the demashang of the acid phosphatase actisity of the platelets We hase
2iso invesugated the achion of Ca on the Iast reaction
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Case Reports

Case I Patent E P, a 39 year-old male, suffcred 1o 1953 from severe bleeding
by melaena, and large due to an almost

complete loss of platelets 3 few hours after mngestion of Quinme-contumng tablets
He recovered quite tapidly 1 about 1 week. In 1966, 1 b after dnntung of qu
nine contammng tome water he had shivers, vomiting, haematuna, gwgival bleeding
and collapse The platelet count was 80,000/mm? He recovered after several days
of predmisone therapy

Case 2 Patient O M 15 a 33-year-old female with a known pemicillin allergy
and istory of lung tuberculosis dunng childbood In 1969, because of snfluenza
she recewved Sandofebnl®, a muxture of qumine, paracetamol, codene, caffewne
and ascorbic and One hour later she had shivers, headache, petechiae, suffusions
and epistauis The platefet count had dropped to 300/mm? The patient recovered
after 5 days of prednisone therapy

During the present study both patieats were examined 3 times over a penod of
6 months and were found 1n good health with normat haematological findings

Matenial

Cirate solution 38% tnsodwm aitrate 5%, H,0 EDTA solution 1 percent
solution 1 07% NaCl Tns buffered saline 0515 3t Tnis (hydrotymethyl) amuo-
methane 12 physiological salne The pH 15 adjusted to 74 with 3 N HCl Hepann
Liquemin Roche 5000 U USP/ml Caleium chlonde 01 M and 0025 3 CaCl, so-
luton  Stypven, Russels viper vemom
phosphate (Merck) a 150 mg¥e solution m 005 3¢ ctrate buffer at pH 55 has
been used as substrate in the assay of acid phosphatase Drugs 2.5 or 70 10~4 5t
solution 1 Tos butfered saline were prepared with the following drugs quinne

, codeine caffeine, 1 2nd ascorbic acid Thesc
solutions were diduted 10 tmes with PRP before tesung (1 part drug solution + 9
parts PRP) Platelet nich plasma (PRP) citrate or EDTA plasma were prepared by
adding 9 parts of whole blood to 1 part of the anticoagulant 1n silicomzed tabes
The blood was then centnfuged for 10mn at 200 and 4 °C. The platelet count
sn PRP 1s performed by means of the Unopette System (Becton, Dickimson and
Company) and phase contrast microscopy It vaned between 360000 and 420000/
mm?

Methods
Platelet Factor 3 (PF 3) Assays

{x} Stypvea method was performed according to BurGEss e af’ (2]

(b} Quanutauve assay based on the prothrombin consumption {15] The test
system has been shightly modified 01ml aliquots of either normal or patients
PRP containing the vestigated drugs are incubated at 37°C. At vanous time 1
tervals 02m) PPP pool and 01m! kaolin suspension are added to the ncubated
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Diaguosis of Quinine Hypersensitivity, Use of Platelet Factor 3
and Acid Phosphatase Availability Tests

J Porasex and F DUCKERT

Blood Coagulation and Fibrinolys:s Labcr:ntory (Head PD Dr F Duckert)
of the U y D of Med {Head Prof F KOLLER),
Bilrgerspital, Basel

Abstract Two patients with @ known qumne  Aey Words

mduced allergic  thrombocytopema  have been  Acid phosphatase of platelets
studied 1n order to detect in vitro the presence of  Platelet antibodies
drug-dependent antibodies n therr plasma The  Platelet factor 3
platelet factor 3 and platelet acid ph Quinine hyp ny
availability tests have shown that these antibodies  Thrombocytopema
are stll present several years after the last expo
snuon to quinine followed by the typical chimcal symptoms The demasking of acid

h activity 1§ d 1n presence of calcium ions The possible mecha
nsms leading to the demashing of PF 3 and acid phosphatase after exposion of
the patient s platelets to quinine are discussed

The 1dentfication of the drugs respons:ble for sudden thrombocyto-
pera and sc hife-thr d 1 15 a difficult
problem The success of the in ulro assays depends on their sensitivity as
as well on the concentration of antibodies 1n the patient’s plasma or se-
rum {2, 6, 17] According to the hiterature, the sensiwity of the different
methods decreases mn the following order complement fixation, platelet
factor 3 avarlability test, inhibition of the clot retraction, tests for agglo-
tination and lysis of the platelets [2, 7]

Recently, we had the opportumiy to nvestigate 2 patients having ex-
penenced 1n the past an allergic thrombocy topenia mduced by qumne In
order to d rate the hyper bility due 1o q we studied the
platelets of these patients under various expertmental conditions mcluding
the platefet factor 3 labultty test, the wntub of clot retraction and
the demasking of the acid phosphatase activity of the platelets We have
also mnvestigated the action of Ca  on the last reaction
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Case Reports

Cose 1 Patent E P, a 39 year old male, suffered 1a 1958 from severe bleeding,
d by melacna, and large due to an almost

complete Joss of platelets a few bours after ingestion of qunine-contamng tablets
He recovered quite rapsdly 1z about 1 week. In 1966, 1 h after dnaking of qui-
mime-contamiag tome water he had shuvers, vomiting, haematuria, gingval bleeding
and collapse The platelet count was £0,000/mm® He recovered after several days
of predmisone therapy

Case 2 Pattent Oc M s a 3%-year old female with a known pemallin allergy
and story of lung tuberculosis dunng chudhood In 1969, because of influeaza
she received Sandofebrd®, a muxture of quumne, paracetamol, codeine, caffeine
and ascorbic asd One hour later she had shivers, beadache, petechiae, sutfusions
and epistanis The platelet count had dropped to 300/mm? The patient recovered
after 5 days of predmsone therapy

During the present study both patients were examined 3 tmes over a pened of
6 months and were found 10 good health with normal baematological findings

Matenal

Citrate solution 3 8% tnsodwm citrate 5Y, H,O EDTA solution 1 percent
solutson 1n 0 7% NaCl Tris buffered saline 0.515 3t Tns (hydroxymethyl) armuno-
methane 10 physiclogical saline The pH 1s adjusted to 74 with 3 8 HCl Heparin,
Liquemin Roche 5,000 U USP/mi Calcium chlonde 01 M and 0025 » CaCl, so-
luwon  Stypven, Russel's wviper vepom (] We h
phosphate (Merck) a 150 mg¥e solution mn 005 st aitrate buffer at pH 55 has
been nsed as substrate 1n the assay of acid phosphatase Drugs 2.5 or 70 10-4 a1
solution 10 Tus buffered saline were prepared with the followng drugs quinine
dibydrochlonde, codemme phosphate caffeine, paracetamol and ascorbic acd These
solutions were diduted 10 times with PRP before testing {1 part drug solution + 9
parts PRP) Platelet rich plasma (PRP) atrate or EDTA plasma were prepared by
adding 9 parts of whole blood to 1 part of the anticoagulant ia sihconized tubes
The blood was then centnfuged for 10min at 200 ¢ and 4 °C, The platelet count
m PRP 1s performed by means of the Unopette System (Becton, Dickinson and
Company) and phase contrast microscopy It vaned between 360000 and 420,000/
om?

Methods
Platelet Factor 3 (PF 3) Assays

43 Stypven method was performed according to BUxGess et ql, 12)

) Quantitauve assay based on the prothrombin consumption [15] The test
ystem bas been shghtly modified 01ml ahquots of either normal or patients
PRP contamng the tvestigated drugs are icubated at 37¢C. At vanous time 1
tervals 0.2l PPP poo! and 0 {ml aolin suspension are added to the incubated
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plasma and the muxture leified The hrombin 1s then d d aftes
stopping the reaction with oitrate and remaval of the clot according ta the ongmnal
method {151

D, of the Acid Phosph {APh)

The acid phosphatase nctimty was assayed as previousty descrived {16] In
some expenments the assay was made m presence of CaCly to study the effect of
Ca 1005 on the demashing of the acd phosphatase The assays were performed zy
{ollows 015ml 01 CaCly contarning 15 uans hepana were added to tml aite
rated normal or patient’s PRP followed b) 01 mt of the tested drug or Tnis sa
line In control experiments the calaum chionde solution was replaced by 015 mi
Tns saline contaung 15 vnits hepann Aliquots (02 mi} of these muxtures were in-
cubated at 37 °C in a water bath. At varous ime ntervals APh activity was deters
smuned as usual

D of the Clat R

0.5 m! PRP contarmmg the wveshigated drug or Tris bulfered sating are recalc-
fied with 01m! 01 » CaCl; The clot setraction 15 measured after 60 mun incuba
tion at 37 °C At 100%s setraction the Jength of the clot 1s reduced by half

Results

Demasking of Platelet Factor 3 Actuy
The effect of qumnine on the Stypven time after sncubation of PRP with
the drug 1s shown wn figure 1a and b for both patients In both cases onc

40 4
0 30
T
§ s § 3 ciner drugs
<20 uwne pd Cunoe
: §
;% 10 ¥ 10
Q &0 4] 0 1 o
ncubation time min ruaton tme tmin

Fig 1 Effect of qunine on the Stypven time 1 guininc-sensitized patients The
hatched arca represents the range obtaned with PRP of healthy persons with e
ther quinine or Tny buffered saline 2 (Case 1) X = patient’s PRP ++ Tns buffered
saline, ® = patieat’s PRP + quinine {final concentration 2.5X10 4 s} & (Case 2)
X = patent’s PRP + Tois buffered sabine or drugs (se¢ text), @ = patients PRP +
quunne (final concentration 2.5X 10 ¢ M)
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s %
2 Quinine 7
0 10 Guane
s L)
oyt 28
= 2>
N L i Tse
LS %2 ) other s
to £o
1) & ) 0 ) )
Incubat on tme min

Fig 2 Effect of qunne on the demasking of PF 3 acuvity Hatched area =
normal range X = patient's PRP with Tns buffered saline (a case 1) or Trs buff
ered saline and other drugs (b, casc 2) @ = patents PRP + qumupe (firal con
centration 2.5X10-% M)

az

o

AP activ ty pmotermim

° © 3
cubation time mn
Fig 3 Effect of qumne on the demasking of acid phosphatase actvity
Hatched area = normalrange X = PRP + Tns buffered saline, case 1, X =PRP +
Tns buffered or ohter drugs, case 2, @ == PRP + quinine, case 1, @ = PRP +
quinine (final concentration 2.5X 10-8 M) case 2.

obsenves a shortenng of the stypven time at a final qumine concentration
of 25%10 8 M Lower qumne concentrations are practically without ef-
fect In case 2, qunne only s effectne while the other components of
Sandofehnl® are mnactive (fig 1b) Using the quanttatve assay for PF 3
{15] 1t can be demonstrated that 35 times more PF 3 actmvity 1s de-
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Clot Retraction

When the PRP 15 recalcifted unmediately after additon of quinine
there was no alteration of the clot retraction 1n the patient s PRP as com-
pared with the control performed 1 presence of tns butfered saline We
found a shght decrease of the retraction 1n one assay only and after
120 run meubation of PRP m case 1 with quimine before recalefication

Duscussion

We have mvestigated 2 patents several months or years after they had
expentenced 2 quuome mduced allergic thrombocytopema  Even after
these loog intervals we were able to distingussh clearly between the PRP
of the qunme-sensitive patients and normal PRP by means of 1 vutro ex-
penments In presence of qunme the PF 3 and acid phosphatase activt
(ees are made avadable i the patient’s PRP Sumiar resuits using the
complement fixation test have been published by van pEr WEERDT {21)
1t may, therefore, be possible to detect drug dependent antibodhes years
alter recovery from acute allergic thrombocytopenia It seems that espe-
cially the acd phosphatase deternunation may be a very valuable tool for
the detection of platelet changes under conditsons where other methods
fad MOuer-Ecguaror and LUSCHER [13] pomnt out the importance
of Ca- oms for the appeasance of morphologic changes and for the re-
fraction of platelet aggregates produced by vanous mducers Our exper-
ments made watl the PRP of 2 quinine-sensitive patents seem to confirm
this concept Using the strong chelaung agent EDTA we couldn't see any
demasking of PF 3 and acd phosphatase activity m patient PRP, wath it
tate, 2 weak chelating ageat, we observed a clear increase of PF 3 and
acid phosphatase, whereas the demashed activity of the actd phosphatase

was donbled upon addimon of C2 2S compared with citrated PRP To-
gether wath Ca the patient’s platelets d::f]ffc?_ a,_.h'ft \a‘c‘t:)v:t{' o;;:srg
LRI L that the cit-

. mn
Hed PRY does not proviut vy & 4 betacen

Platelets and immune complexes
It was naturally not possible

Presence of calcium because of 1he 1P’

without interfering with the PF 3 ass2)

1o folton the evolution of PF 3 activity in
saibihty to block the coagulation
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The action of quinme 1s quite specific and only much tugher concen-
trations, 2.5x10 IM, equunalent to 1 mg/ml of citrated PRP lead to a
king of acid phosph and PF 3 actiaty from nor-
mal PRP Simularly Honownz a ol [7] found a PT" 3 release at high
quinidine concentrations only
In attempt to explain our results 3¢ should be pointed out that the sm-
mune complexes are known to cause the platelet refease reaction with
subsequent degranulatton and viscous metamorphosis [1, 13] Ahthough
the pathophysiological mechanism of these alterations 1s not well under-
stood, 1t appears that compl can be phagocytosed by plate-
fets {11, 12, 14] The activation of platelet Iysosomes as suggested by sev-
eral authors [8, 11] seems to be a further step In spite of some controver-
sy about the nature of platelet ly and the local of platelet
acid phosphatase actvity {10, 18] recent studies — at feast ~ do not cx-~
clude the presence of this activaty in platelet lysosomes [3] It ss possible

that the deter: of acid phospt actwity could be used as an
wmdicator of the alteration of platelet Iysosomes {8, 16] The role of com-
i! n the of comph with platelets 1s not yet

clear Some authors found 1ts role neghgible or questionable [11, 13, 22},
some found 1t smpartant {5, 19] The eahancing action of calcium sons m
the develop of the acid phospt activity confirms the assumption
that the complement may play a rale in the platelet damage These tons
would allow the binding with the immuae complexes Howeser, the fail-
ure of heparmn, a known anticomplement agent added together with cat-
cum i our experiment, to mhibit the demasking of acid phosphatase ac-
tiaty mught speak aganst an with the comp 120}

The enhanced availability of platelet actd phosphatase activity by im-
mune ! mp of cal may be due (1) to their phagocy-
tosts by plalclexs causing a more pronounced Jysosome activation, or (2)
to the binding of pl on pl with an increase of
thete toe action on platelets Expeniments with the plasma of patients
with a higher anttbady titer could probably help to solve this problem

1t should be pointed out that the acid phosph actvity din
our expenments, also after addion of Ca s actually not released since
1t 1s still bound to platelet rests and aggregates and easily sedimentable
with them The term availability [9] or demaskang [4} ol acid phosphatase
or PF 3 activity should be preferred to release to deseribe these changes
The changes produced by the smmune complexes are quite simlar to
those due to the action of ADF, phnine, collagen and bin [9]
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Sickle Cell Trait in a Caucasian Population
Proportion of Hemoglobin § in Hemol, from Saud: Arabs

A P Gerx

The Internal Medicine Service, Medical Department
Arabtan Amenican Oil Company, Dhahran

Abstract The percentage of Hb S 1 hemolysats from Key Words
109 Saudi Arab maley was found to range from 18-47% a thalasseruia
with & mean of 33%, an obvious mode at 32-33%s aud Cancasian population
clear skewing of the overall pattern toward lower values A Hemoglobin §
tentative explanation of this finding 13 the concurrence of Sauds Arabs
the athalassemia trmt n this population which tends to
veduce the of Hb S i erythrocytes of double

Previous studies 1n the Amencan Negro have suggested that the fre-
quency distnbution of the percentage of Hb S in the hemolysates from
subjects with the sickle cell trait, tends to assume a bimodal pattern,
with clustenng at 34-36%, and at 40-42% [3, 7, 12] Ths contention
has been challenged by a more recent study which showed an essentially

dal d of Hb $ p ge 1n from Georga
Negroes, with clustenng at 37-38% [13] Investigaton of 60 Bramhan
Negro and mulatto subjects with the sickle cell trait disclosed a tnmodal
distnb of Hb S p with cl at 323400, 42-44%
and 48-50%s (8]

The purpose of the present communication 15 to report data on the
proportions of Hb S and A 1 the blood of Saudi Arabs residing in the
Persian Gulf arca Tius Caucasian population 1s known for the high fre-
quency of the sickle cell trat [2, 4]

Subjects and Methods

Sauds subjects with the sickle cell trait were intially identified with the metabr
wiphite screening test [1] The percentage of Hb S 1n hemolysates from these sut-
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1ects nas det d by P ¥ of h lobun cluates on cetlulose ac
etate strips (Oxoid or Sepraph ny foll the of h
p by ph tn a Gelman h Y cell with 01 tns BDTA

borate buffer at pH 86 Only unrelated, non anemic, adult male subjects were se-
fected for thus study Most of the subjects were comtacted 1n connectan with o
fanmly study evolving from previous expertence with fanuly member(s) with sickle
cel} disease, or for cerimn chimeal wndicationy wineh nttoded vnevplamed arnra)
gz and/or bone pun hematona and javndice

Results

Tedod

Hundred and moe Saudi males were m thes snsestg
which was conducted from June 1966 through September 1968 The fre
quency distribution of Hb § percentage in hemolysates from this group
showed considerable spread, from 18-47¢/s There was a suggestion of
clustering at 25, 29 and 37-39%, with the most evident mode at
32-34%%, and a mean of 33% for the group (g 1) It 1s noteworthy that
the distabution patiern was clearly shewed toward fower vatues, and the
frequency 10 the 40-50% range was very low

Comment

There are a number of possible explanations for the data exhibited
from thus study The lack of a clear modal distnbution n the frequency

3
fdd S L

Nurnber of subjects

@

o] 11 e 3% 40 A3 %
HaS %

Fig 1 Prop of Hb S n hemoly from 109 Sauch mates
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of Hb S percentages may actually reflect a random selection of subjects,
whereas previous publications have shown mclusion of a pumber of re-
lated subjects, and there 15 evidence that the Hb S percentage frequency
distnbution may be 1 a marrow range among subjects from the same
family (3, 7] Thbus nclusion of several farge famkies 1 tlus type of
study would tend to produce a spurnious aggregation of percentages, and
possibly a multi modal pattern Inclusion of anemuc subjects may also
distort the frequency distributon pattern {5] Considenng the early
suggestion of ITano (3] that the inhentance of the smckle cell trait in-
volved the effect of multiple alleles, 1t follows that there could be sub~
stantial ethmc vanation 1 the expression of the sickle cell trait, depend-
ing on allelic control of the rate of Hb S synthesis It appears that the
presence of the gene for ¢ thalasserma may suppress the level of f-chamn
vanants 1n double heterozygotas, which 1o the case of the sickle cell trait
would tend to reduce the percentage of Hb S [9, 10] The g-thalassemia
traiy(s) 1s known to occur at a sigmficant frequency within the Saud: oa-
si1s population along the Persian Gulf [6], and mteraction wath the sickle
cell trait might be expected to occur frequently {11] For the present,
this 1s the most plausible explanation for the skewed distribution toward
for values for Hb S percentages in the Saudi group described 1n this ye-
port
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Study of Hemoglobins in a Population of Yucatan
Companson with other Mexican Groups

R CABANNES, A SENDRAIL, C BouLOUX and E CARLES-TROCHAIN

Centre de Transfusion Sangmne, Hopital Purpag, Toulouse
Bloodtransfusion Center, Purpan Hospital, Toulouse

Abstract The vesults of a first investigation on hemo-  Key Words
globins of Maya Indians of the Yocatan Pemasula i Mexi  Hemoglobin types
o are set out. This investigation confirms the very nfre  Hemoglobinopathies
quent occurrence of hemoglobinopathy among the Indians  Mexxco
of the Amencan conunent

With the help of the WHO, the Centre d Hémotypologie of the
French National Investgation Center camned out a study of a Maya
population of Yucatan The results of that study have already been ex-
pressed 1n global terms [2] In this arucle we continue the 2nalytical and
comparative study of the hemoglobmopathies found by us and other -
vestigators both in other regions of Mexico and 1n otber regions of
South Amenca

Material

Our investigation took place 1a the region of Peto an important village i the
center of Yucatan n the department of Menda (fig. 1) In the course of that mus
100 we have studied the hemoglobin of 515 Mexieany 413 Maya and 102 half
caste (White/Maya crossbred)

OF those cases studied, 84 hved n towns of more than 10000 )nhabitants
Peto Ticul Campeche and Menda, The others came from smaller villages, 376
from villages 1n the north of the country Tixhuatatun, ‘Tixmehuac, Kunbﬂa‘ and

Xchobl 55 from wiltages in the south Yaxeopt! and Tzncacab All 2 e
=
Tepresented in this sample e groves were
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Fig I The region of Peto, Yucatan
Method
d¢ of alkal, tant h lobin by the SmvGER fest
23] and spotting of Nes by paper el ph In doubtful cases, other
routine techniques of electrophorests were employed starch gel and celfulose sce-
tate el h pH 9.2, h on gelose pHE2 particulmly for the
identification of hemoglobin F
Results

The results are summanzed mn table I Hemoglobin anomalies were
rare in the groups studied Quly one case of heterozygote AS was ob-
served 1 one young Maya, aged 7, hving 1n 2 village m the South
There was no abnommal phenotype among the half-caste Hemoglobin
A, was high in 10 cases, 9 Maya and 1 half-caste, but not exceeding
5% Hcmoglobm T was higher than 2 5% 11 3 Maya and in 3 half-caste,
a of b globin A, and F was observed i 9 cases,
8§ of wiich were Maya Al of them, save 1, were less than 30 years of age
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Table?
Ethnce group Number  AS  A: F Ar+F7  Total
>3.8% >25% thalassera
Mayas
Towns wth 10000
habitants 36 ~ 1 1 - 2
00355
Northern willages 323 - % 2 [ 18
Q0247 00061 00247 00557
Southern illages 54 1 - - - -
Total 413 1 9 3 8 20
0027 0072 001931 0043t
Half-caste
Towns with 210 000
tnhabitants 43 - 1 3 - 4
0082s vcxil
Northern willages 53 - - - 1 1
00188
Southern wiffages 1 - - - -
TJoudl e v 3 3 b 5
00254 004%

Conclusions

The 2 groups studied are not exactly comparable, 2s the Maya popu-
Iation 15 4 umes greater than the papulation of half-caste However, the
overall {requenties of thalassesma are about the same 1 the 2 ZI0ups,
00484 and 00490 It must, however, be noted that 1 the 25 cases
where the of # thal: »as susp , 2
possible an the absence of climcal, biol gical and famuly
The Hb S gene 15 not usually present 1 the Amenndians The presence
of an AS h g d c2n only be expl. by 2 negroid
contrbution

Among the other studies of other authors on hemoglobtas 1n Mexican
Indians, we must make mention of the works of LISKER ¢ ol {11-13),

18 nat
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those of MATSON ef of [14, 15] and of SurToN ef al [24) on the Indians
of Central Amenca and of South Mexico Those authors have not found
hemoglobin anomales, save a few cases of heterozygous AS due to a
negroid crossbreeding However, m the course of an imvestigation car-
tied out on 3,000 Indians, they have found 1n 5 subjects, a fast fracuon
near the Hb N which they named Hb Mexico, and in 1 subject, a slower
hemoglobun than Hb A at alkalme pH and faster at acid pH This last
one they have named Hb Chiapas, after the name of the group where it
was found We have not been able to find any of those anomalics 1 the
course of our mvestigation It must be admitted, though, that our ves-
ugation was based on a more hmuted number of subjects Generally
speaking, 1t looks as if abnommal hemoglobmns are a rare occurrence
among Amencan Indians not erossbred

In Northern Amenca ScorT er af studied the Eskimos of Alasha
[22], Porrizer et of [17] 2 Indan population groups mm North Carols-
na, the Cherokee and the Lumbee There was no case of hemoglobino-
pathy among the Eskamos and rare cases of hemoglobin S or C in North
Carolina, which were probably due to breeding Perhaps a few cases
of hemoglobinosis D may be proper to pure-blood Indians, but such cases
are always rare

The populations of South Amenca have been more extensively stud-
ied ARENDS has studied the Indrans of Columbia {1}, Arenps (2] and
GuEGARA and ARENDS 9] the hemoglobins of Venezuelan Indsan chal-
dren Neer et al [16], Tasuian er al [25] and Tovpo and Sarzavno
{26} those of the Xavante and Camgang Indrans of Brasit

Qur own team has carned out over the last 6 years 8 hemotypologi-
cal study of the Indans of the High Plateau of Bolnvsa and of Peru [3,
8, 18, 19, 21} and another expedition was undertahen i 1962 by some
of our group to study the Indians of French Guyana {4-7, 10] In ol
those countries only those regions where crossbreeding with the negro
population has been mmportant show a certain percentage of abnormal
hemoglobins, § or C (; 1 regions of French Guyana for example or
in Central America where paludism may have played a selective role se-
parding hemoglobin S, certamn regions of Venezuela)

It 15 hanown that, apart from Hb E wiuch without doubt appeared re-
cently, mutations affecung the structure of globin chmwns are rare among
the populations of the Far East which 1s the place of ongin of the
Amencan-Indians inhabiting the New World It 15 not accordingly sur-
prsing that the latter, when they ace not a result of crossbreeding, show
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nomal g- and g-chans It must be added that paludism, endemuc to a
fow degree 1 South America through the absence of proper vectors, has
not been able to play its selective role regarding the p it
which may have appeared 1n certam groups (Hb Mexico, Hb Chiapas)
QOnly thalassemia (f-thalassemia with Hb A,) 1s observed rather fre-
quently 1n Guyana [6), Brasil, Venezuela [9], Bolvia or 1n Peru [19)
Bt even 1n that case further studies are necessary 10 sensure an exact as-
sessment of the distnbution of that anomaly
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1 M Yorrey and F C. Couryice Lymphatics, Lymph and the Lymphomyeloid
Complex.

Das umfangreiche Werk behandelt 1n gtmensamer Betrachtung das lymphat
sche System als e ausgedehntes Netzwerk von Lymphgefissen mit Lymphflissig
Reit uod Zellen, das verstreute Jymphatische Gewebe und den Jympbozytaren As-
teil des Knoch k fasst unter dem Oberbegnit des hy
Jorden homplexes Im ersten Teil des Buches werden Physiologie und Pathologie
der Lymphe abgehandelt. Der zweite Teil befasst sich st den Lymphozyten und
dem hen Gewebe, b d mit der Morphol upd Funktion der
Lymphozyten und sich weiterhun kend auf b hy zwischen
Lymphozyten und agdercn Zellen, z.B Plasmazellen und Makraphagen, die Ants

5, ik die ty voa L die U Tlen als mdgh
ches Zwischen L und ! flen pnd Desslich die Zellstro-
e, de das h System bzw das loide System

Der Wert des Buches hegt 1n der koordimercoden Betrachtusg des gesamten
Gebetes durch zwer erfahrene Forscher auf den Gebieten des Lympbsystems
{Couvrnicz] und der Lymphozyten [YOFFEY), S0 dass dem Leser ie Zusammenhan
ge zwischen 1 hen Gewebe, Lymph wad Ki % deuthich
werden Der Nachteil des Werkes, nimhich die Unmdglichkeit emner detailherten
Darstellung von Einzelfragen, tntt gegeniiber dem Vorteil dieser ibergeordaeten
Betrachbtungswerse dentlich zuruck. Die 7unehmende Spenmahsierupg eagt naturge-
miss dtn Gesschiskrers @108y Forschers e, s dasy gerade [etzt, wo das Lympho-

50 schr 1n den d gerickt ist, diese Bearbertung besonders
7u begriissen 1t. Der Hamatologe bat Gelegenbert, sich fut deg wihrend emer
tangen ek Al £t
anderzusetzen.

Voo YOFFEY ausein-
H BrOcHER, Berlin

G SOETMER «Platelets and the Vesse) Wall-Fibnn Depositions G Thieme, Stuttgars
1970 188 pp
Dueses presswerte Buch fasst die am der Ath
Gruppe 1m Jumi 1969 gehaltenen Referate von 25 namhaften, Yorwegend europlischen
Forchern pysammen Eine ecste Gruppe Yo Asbeten befasst sich mit Fragen der
Morphologie und Biochenue der Pliftichen AN eme knappe, kntische Ubersicht uber
Qe Physiologic der Thrombozyten (O'Brizn) schhiessen sich Arberten fiber dhe Beschal
fenbert der Ty det 13 5 3098 Sher ver
shedene Probleme des Stoffwechsels an Das Referat Yon LUScHex Giber die verschie
denen Arten der Thrombazytenakimerung Jentet etwa em batbes Dutzend Arbedsn oher
;t;::x;dm Einflasse auf die Thromb {var alles. »od Ad
o) e Der Hauprteil des Buches ist sodatn den Bezy
e0, Gennnselbildung und Gefisswand gewidmet. Per ::?ﬂim Hz:vxscbm Torombo-
e grosse Zahl von Angaben, die swh 7 B -
zum Tedl auf eprdemuolopache brw Klimische !
Bertrige und 1 allgememen sehe knapp g
lerere Zabt von Laeratsrangaben :

e
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Neue Erk Uber die Thromb funk und -beschaffenhert haben das
lateresse an den Blutplittchen und threr Bed, fordie E der At kI
neu geweckt Zum Teil werden grosse Erwartungen in Bezug auf Behandlungsmdghch
Lex&:n an diese neve I‘orschungmchtung gcknhpn Gerade fir Himatologen st es von

d Retz, dic Beneh doth und Th b niher

I} Das klewme, i redngu:n: Buch gibt einen guten Uberblick ber
den g tigen Stand der F h Es kann allen, dic an der modernen Entwicklung
der Ancnosk!emsc{orschung emnessests und den neven Ergednussen der Thrombozytens
sind, hlen werdea U Buckrs, Bern

G Mourer (ed) Transplantation Reviews, vol 3, 4 and § Munksgoard, Copen
hagen 1970 DKr 40~

Swinee the pubhication of the first volume of Transplantaton Reviews 1 1969,
this senes has nghtly encountered a huge success Its stated wtentton 15 to pubhsh
comprehensive and analyucal reviews within the fields of climcal and expernnmental
transplantation and cellular immunology Under the ecditonal tutorship of
G MOrier, this miention has been well accomplished  Already now, many of the
published papers are widely quoted Of the § volumes published, the Tast 3 will be
reviewed shortly

Volume 3 (1970) deals with ‘Strong and weak histocompatibilty antigens’,
based on the proceedings of a one-day symposium sa October 1969 Antigeme
strength s o subject with th ! and practical taterest, the bass
for ‘strength® wn transplantation stll remarns obscure as lustrated by the varmcty
of hypotheses advanced to explain it W H HupEMANN and M SIMONSEN present
ed introductory papers These are followed by a sumulatng and well edited general
discussion  The tope, beside the fasctnating theoretical aspects, presents consid
erable chinucal taterest, as stll relatively hitfe 15 known about the ‘strength® of
homan transplantation antigens This side of the topre g talen up i volume 4
{1970) ‘Human transplantation antigens’ by F AIssMEver Nigrsz¥ and E. Thors-
sy This volume 4 gives a quite complete and competent review of the subject, 1
cludiag n the appendix a detmicd account of the current methods sn histocompatt
bality testing and evaluation of the resulte {for human organ transplantanon These
2 volunes are n direct refatton to transplantation The next volume {vol S, 1970},
hungs papert and tRuews more ;o telatno. to cellulyr wamasology They deal
with lymphoeytes and their capacity to bind antigen (‘Antigen binding Iymphocyte

ptors’) The ot lobulin ke molecutes on the surface of
lymphocytes and their role m the reaction with antigen 1s most competently re-
wizwed in this volume All of the § papers present onginal data as well

Even nf a ttme when new journals and series creep up every year and one feels
annoyed to have to look at more titles each time, this senes fills a gap mn treating
competently topics which need to be reviewed and put i their proper context

T L. ViscHER, Basel
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