
Selective Eradication of Erythropoiesis by Actinomycin D

as the Result of Interference with Hormonally Controlled

Effector Pathway of Cell Differentiation

By KURT R. REISSMANN AND KENJIRO ITO

CTINOMYCIN D, a polypeptide-containing antibiotic, is on a molar basis

one of the most potent of the cytotoxic agents. Earlier studies,1 employ-

ing doses in the LDa range, revealed a selective cytotoxicity in intestinal

epithelium, l)one marrow and lymphoid organs, and the effects of the drug

were reported to resemble those of ionizing radiation. Subsequently, the pre-

cisc 1)iochemical lesion has 1)cen identified, and inhibition of DNA-dependent

RNA synthesis is generally accepted as the primary action of actinomycin D.2

This biochemical effect is not restricted to proliferating tissues, nor does it

miecessarily result imi irreversible cell damage. The agent has been shown, for

instance, to imihibit RNA and protein formation in normal liver, amid no degen-

eration of hepatic cells was noted.3 More recently, evidence is accumulating4 to

indicate that the drug interferes with the effects of a number of hormones

whose mode of action is thought to be associated with RNA formation and/or

enzyme induction. It seemed of interest, therefore, to study the hematologic

effects of nonlethal doses of the drug, which could be given to mice over

prolonged periods of time in order to achieve steady states of inhibition. The

observed hematologic changes were then analyzed as to the cell stages affected

1)y the drug amid were interpreted in terms of cellular kinetics and in reference

to the known biochemical action of the agent.

METHODS

Female Carworth Farm mice, weighing 20 to 25 Cm. and kept on Purina Chow and

water, were uised in all experiments. Actinoniycin D (kindly supplied by Dr. Horace Brown

of Nlerck. Sharp and Dohnie) was dissolved in saline, and soluitions containing 5 �tg./miii.

were freshly prepared every 4 (lays. Repeated subcutaneous injections were given on

alternating sites, and intravenous injection was given via tail vein. Cranuilocyte mnobihization

was tested by intraperitoneal injection of 15 �tg. of typhoid B-hipo-polysaccharide (Difco

Laboratories). All cell counts were made on tail blood. Bone marrow was obtained from the

feniur.
Ervthropoietin was prepared5 fromii plasma of rabbits made severely anemic by bleeding

plums phenlhidrazine injection. The lyophylized extract was calibrated in polycythemic

miiice assay against Er�thropoietin Standard B (National Instituite of Medical Research.

Londomi, Emigland). Hvpertransfumsion polycythemiiia was induced by two diaily intraperitoneal
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Fig. 1.-Effect of actinornycin D on reticulocytes in mice (mean of 5 iii each

groump ) . Daily ilijection indicated l)v arro�vs.

injections of 1 miii. of packed homologous red cells. Fe5” (0.15 �tc.) was given b� tail vein

( (jo houmrs after ervthiropoietimi) and its incorporation was ascertaine(i Oh 0.5 nil. blood (irawn

48 hours later.

Iii vitro FeSul uptake of reticulocytes was iiieasumred (in triplicate) b� dividing �oo1eti

blood from bledl iiiice into 3 equal aliquots. Saline was a(lde(i to the first, saline I)lus actimio-

niyl.imi to the st’comi�i (hmial concentration 2 �tg./nii.). and saline 1)luis puromiiy’cin (Nutritional

Biocheniical Corp.) to the third (final concentration 5 mg./miil.). Two hours later, 0.1 pLc.

Ft’51’ was a(i(iedi p� ml. and the blood incumbated for 5 hours at 37 C. The red cells were themi
washed four times with saline (4 C.). hemiiolvzed. anti counts ascertained per nig. hemoglobin.

A possible direct inactivation of ervthropoietin b�’ actinomiiycin D was teStedi by incu-

batimig (5 hr.. 37 C.) ervthropoietin (2 units per miii.) withoumt and with actinomycin (final

concentration 8 pug/nil.). One-half of the latter voluime and the formiier were then dialyzed

overnight against tap water. All 3 ahiquots were brouight up with salimie to twice the

original volumime. amid 1 ml. of each was injected in each of 6 polvcvthemic assay mice.

RESULTS

The daily subcutaneous injection of 60 jig. of actinomycin D per Kg. of

mouse completely eradicated erythropoiesis. Reticulocytes dropped rapidly

and remained absent throughout a 3-week period of drug administration (Fig.

1). Radioiron imicorporatiomi, measured at the end of first, second or third week,

was virtually zero, and the bone marrow was devoid of erythroid cells. The

mice lost some weight but had no diarrhea and were in fair general condition.

The drug admimiistration had no effect on peripheral lymphocytes or plate-

lets. Cranimlocyte counts were markedly increased (Table 1). Additional mobili-

zation of marrow gramiulocytes was carried out in one group of mice by re-

peated imitraperitoneal injectiomis of 15 j.�g. typhoid endotoxin (Fig. 2). Each

injection was followed by a rise in blood granulocytes, and no signs of marrow

depletion were found.
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SELECTIVE ERADICATION OF EIIYTHROPOIESIS 203

Table 1.-Blood Counts (per mm.”) and Bone Marrow Differential
(per 1000 White Celia) during Daily Administration of 60 �sg.

Actinomycin D per Kg. Mouse (4 Mice Each Group,

Mean and SEM)

Days of Actinomycin D Treatment

0 7 14 21

Peripheral Blood

Cranuilocytes x 1o:� 3.2 ± 1.5 10.3 ± 1.2 12.2 ± 3.3 10.5 ± 1.1

Platelets x 10:1 800 ± 75 740 ± 41 850 ± 97 710 ± 54

Lymphocytes X j�:m 9,9 ± 2.9 10.9 ± 2.7 11.7 ± 1.4 11.1 ± 2.9

Bone Marrow

Erythroblasts 361 ± 56 0 0 0

Nlyeloblasts 4 ± 1 4 ± 2 10 ± 2 5 ± 1

Promyelocytes 59 ± 12 122 ± 11 143 ± 16 169 ± 31

Nlyelocytes 56 ± 11 80 ± 13 113 ± 6 108 ± 18

\Ietamyelocytes 151 ± 16 135 ± 1 1 127 ± 22 150 ± 30

Bands 185 ± 19 191 ± 19 186 ± 11 144 ± 16

Segnientedi 90 ± 21 209 ± 1 186 ± 35 151 ± 37

\litosis 4±1 8±1 8±2 9±3

Nlegakaryocytes 0.2 ± 0.1 1 ± 0.7 1 ± 0.2 1 ± 0.8

Lymphoids 403 ± 70 209 ± 10 181 ± 12 193 ± 10

Others 76 ± 8 39 ± 9 37 ± 7 44 ± 9

Marrow differential counts after 1, 2 and 3 weeks of actinomycin D adminis-

tration are presented in Table 1. Staining characteristics and morphology of

myeloid cells and megakaryocytes were normal. The spleen was devoid of

erythroid cells, 1)ut its architecture was otherwise normal. No hypoplasia or

(legeneration of lymph follicles or germinal centers were noted, and splenic

myelo- and megakaryocytopoiesis appeared to be normal.

Erythropoiesis was promptly resumed after discontinuation of the actino-

mycin D injections ( Fig. 1 ) . Erythroblasts reappeared in the marrow and

sPleen 24 hours after the last injectiomi and reticulocytes in the 1)lood 48 hours
later. Their subsequent rise to levels of around 15 per cent was compatible

with the degree of anemia (hematocrits 30 per cent) present in the mice.

Modifications in injection schedule in reference to the duration of the inhibi-

tory effect of each injection are illustrated in Figure 1. Spacing of the 60 /2g.!

Kg. dose to one injection every second day resulted in a return of reticulocytes

to normal levels. Injection of 120 /.Lg./Kg. every second day caused complete

erythropoietic inhibition, whereas 240 /2g./Kg., given intraperitoneally every

fourth day, did not prevent small but significant reticulocyte peaks at the

sixth day after each injection. This larger dose, representing about one-third

of LD5,1 was well tolerated, and a course of 6 injections did not result in

decreases of granulocytes, platelets or lymphocytes.

During the period of actinomycin administration the mice proved com-

pletely refractory to erythropoietin given in doses up to 25 units per day. Serial

bone marrow examinations failed to detect any erythroid cells, and no in-

creases in reticulocyte counts of Fe59 incorporation were demonstrable. Incu-
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Table 2.-Erythropoietic Effect in Polycythemic Mice of Erythropoietin
(E) incubated in Vitro with Actinomycin D, without and with

Subsequent Dialysis (6 Mice, Mean & SEM)

1 uinit E + 4 �tg. actinoniycin

1 unit E + 4 �tg. actinoniycin, dialyzed

1 ummiitE + dialyzed

Injected Materiam F&5 Incorp. in Assay Mice

<1%

28 ± 3%

26 ± 2%
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Fig. 2.-Blood counts during daily administration of 60 jsg. actinomycin D per

Kg. mouse (mean amid range in 5 mice). Broken lines (upper curve) indicate

granulocvte rise 12 hours after i.p. injection of 15 jsg. typhoid endotoximi.

bation of erythropoietin with the drug in vitro, followed by removal of the

latter by means of dialysis, did not decrease its erythropoietic effect (Table 2).

An inactiviation of erythropoietin through alteration of its molecule by

tinomycin D is therefore not further considered as the cause of the observed

ineffectiveness of the injections.

Information on the erythroid cell stages susceptible to the drug was obtained

by observing the effects of actinomycin D on three defined cell populations:

(1) reticulocytes, (2) a cohort of erythroid cells induced by single erythro-

poietin injection, and (3) stem cells.

Reticulocytes

Actinomycin D in a concentration of 2 /2g./mi. failed to inhibit in

vitro iron uptake of reticulocyte-rich mouse blood (Table 3), whereas puromy-
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Table 3.-Effect of Actinomycin D and Puromycin on in Vitro Fe�9 incorporation
of Reticulocyte-Rich (‘-‘20%) Mouse Blood. Five Hours incubation at 37 C.

Counts Per mg of Hemoglobin

Saline 454 ± 62

2 pig/mi. actinomycin I) 460 ± 43

5 iiig./miil. pimromycin 21 ± 17

cm, which is known to interfere with the final assembly of protein at the

ril)OsOmal level, effected a nearly complete inhibition.

Nornioblasts

Mice whose erythroid marrow population had been severely reduced by

hypertransfusion polycythemia received a single intravenous injection of 2

units of erythropoietin in order to induce a finite wave of erythropoiesi.s. The

upper bars in Figure 3 illustrate the temporal progress of this erythroid cohort

through various stages of proliferation and maturation, and the cells emerged

as reticulocytes between 60 and 84 hours after erythropoietin injection ( Fig.

4). Five companion groups of 4 mice each received 120 /2g./Kg. actinomycin D

intravenously at 0, 16, 24, 36 or 48 hours after erythropoietin, respectively, and

the effect of the drug on the erythroid population present at the time of

injection was assessed by reticulocyte counts and Fe59 incorporation ( lower

I)ars ) . Injection of the drug at 0-hour completely prevented the appearance of

pronormoblasts, and no reticulocytes or Fe59 incorporation were demonstrable

in the l)lOOd. Injection of the drug 36 and 48 hours after erythropoietin did not

significamitly decrease Fe5” incorporation or reticulocyte emergence after drug

injection ( Fig. 4 ) . As seen by the upper bars in Figure 3, the marrow con-

tamed a high percentage of early normoblasts and pronormoblasts at the tim&

of imijection. The normal response indicates noninterference of the drug in

multiplication amid maturation of these cells. Injection of the drug 16 hour.�

after erythropoietin decreased reticulocyte response to about 30 per cent of

that in the control group, and the time course of the reticulocyte curve (Fig.

4) was significantly altered. After an initial rise the reticulocytes dropped

sharply between 60 and 84 hours after erythropoietin, indicating that their

release was terminated approximately 48 hours after injection of actinomycin

D.

Stem Cells

The effect of actinomycin D on stem cells was tested according to the

procedure introduced by Gurney and associates6 for the detection of stem cell

damage. A single i.v. injection of the drug was given to polycythemic mice

from 0 to 6 days before they received a single injection of erythropoietin. A

response to the latter requires availability of stem cells for differentiation into

erythroid cells. A decrease in the erythropoietic response of the actinomycin-

injected mice, as compared to a control group, thus provides information on

impairment of stem cells and their regeneration. Reticulocyte counts and Fe59
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Fig. 3.-Erythropoietic response in polycythemic mice ( 4 per groimp, mean and

range ) when single iv. imijection of actimiomvcin D ( 1 20 jsg./ Kg. ) ��‘as given at
0, 16, 24, 36 or 48 houmrs after ervthropoietimi ( 2 ummiits i.\. ) � Upper bars imidicate

ervthiroiol niarro�v � control groumps at tinie of drug injection.

imicOrl)Oratiomi nicasurements were foumid to be in good agreement, and the

erytiirO�)Oietic respomise ( Fig. 5 ) is expressed as per cent of that found in

control groups. Injections of 60 /2g./Kg. two or more days before erythro-

poietimi did not pr’veiit a near normal response, indicating that the miumber of

stem cells was riot significantly reduced by this dose. This is further supported

by the two sets of data obtained after injection of 120 /2g./Kg. of actinornycimi

D. The closed circles (Fig. 5) represent the response in polycythemic mice

after a single i.v. injection of the drug from 0 to 6 days before erythropoietin.

The open circles represent the same experiment in mice, whose erythropoiesis

had been eradicated for 3 weeks by daily injection of 60 /2g./Kg. The mice

were then made polycythemic by hypertransfusion and, after omitting drug

administration for 24 hours, they received a single i.v. dose of 120 /2g./Kg.

actinomycin from 1 to 4 days before the erythropoietin injection. Their re-

sponse curve was nearly identical with that of the former group amid shows

that the long-term administration of 60 /2g./Kg. actinomycin had not resulted
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Fig. 4.-Reticulocytes in polycythemic mice given actinomycin D ( 120 �ug./Kg.

i.v. ) 16 houmrs ( A-A ) . 24 hours (U-R) or 36 houirs ( 0-0 ) after ervthropoietin

( 2 umnits iv.,) ; #{149}-#{149} controls without actinomvcin.

in cumulative impairment and depletion of the stem cell compartment. Single

injections of 240 /2g./Kg. caused an unequivocal shift in the response curve,

and 5 days were required between actinomycin and erythropoietin injections

iii order to restore a normal response.

DiscussIoN

The daily administration of 60 �g. of actinomycin D per Kg. mouse had

sharply defimied heinatologic effects, namely (1) cessation of erythropoiesis due

to complete disappearance of erythroid marrow cells; (2) absence of demon-

strable inhibition of myelo-, megakaryo-, and lymphopoiesis; (3) absolute re-

fractoriness to ervthropoietic effects of erythropoietin; and (4) reappearance

of erythroid cells within 24 hours upon discontinuation of the drug.

A high susceptibility of proliferating tissues to the cytotoxic action of the

drug has been noted by earlier observers.1 It appeared doubtful, however, that

the eradication of erythroid cells in the face of complete immunity of all other

hematopoietic cell lines could be accounted for on the basis of differences in

their respective rates of cell proliferation. An explanation was therefore sought

through identffication of the erythroid cell stages affected by the drug, and an

interpretive discussion of the results requires brief reference to present con-

cepts of cellular kinetics of hematopoiesis.7’5
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Fig. 5.-Erythropoietic response in polycythcmic mice (4 per group, mean and

S.D. ) ��hen single iv. injection of actinomvcin D was given l)efore ervthropoietiii
(2 units iv.) on cia� indicated. Ordinate indicates ratio (times 100) of Fe59 incorp.

exptl. over comitrol groups. Actinomycin dosage: U-U 60 �g.’Kg.; #{149}-#{149}120

�g. Kg.; 0-0 120 �g. ‘Kg., pretreated with daily 60 �g./Kg.; A-A 240 izg. Kg.

From the viewpoint of cell division and/or differentiation, the marrow popri-

lation can i)e divided into 3 groups or compartments: ( 1 ) stem cells; (2)

differentiating-clividmg cells ( pronormoblasts, early normoblasts, myeloblasts

to mvelocytcs ) ; amid ( 3 ) niaturing-nondividing cells ( late normoblasts, meta-

myclocytes to segmented gramiulocytes, megakaryocytes ) . The erythroid popu-

lations of groups 2 amid 3 are not self-sustaining. A continuous outflow of cells

into the succeeding niaturation stage requires an appropriate inflow from the

preceding cell type, and blockage of cell flow at one stage will thus result in

depletiomi o)f the succeeding stages. Accordingly, the observed absemice of ervth-

Foidi marrow cells could i)e due to a blocked inflow from compartment 1

amid/or the result of a rapid and continuous destruction of erythroid cells of

group 2.

The proliferating cells of compartment 2 are reportedly susceptible to the

damagmg effects of ionizing radiation and of cytotoxic agents.7 Actinomyciii

D, in doses employed in this study, did not inhibit or damage myeloid cells of

group 2, as evidenced by persistent granulocytosis and absence of marrow

diepletiomi after extensive mobilization of granulocyte stores. Experiments pre-

sented in Figures 3 and 4 suggest a corresponding lack of inhibition in regard

to erythroid cells of group 2. Injection of actinomycin 36 hours after eryth-

ropoietimi did not decrease Fe59 incorporation or reticulocyte emergence, and

the result indicates that the early normoblasts, present at the time of drug

imijectiomi, multiplied and matured into the same number of reticulocytes as in

the comitrol group. The lack of inhibition cannot be attributed to a delay
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between i.v. injection of the drug and its intracellular action. The injection at 0-

hour promptly prevented the appearance of pronormoblasts otherwise seen

some 16 hours after erythropoietin injection, and the inhibition was thus very

likely exerted within a few hours after injection. A rapid action of the drug has

also been observed in other tissues. In rat liver, for instance, actinomycin

inhibited orotate incorporation into nucleic acids within 60 minutes after its

imitravenous injection.3

The emergence of reticulocytes in the group which received actinomycin 16

hours after erythropoietin proves that pronormoblasts, which were the only

erythroid cell type present at the time of injection, developed into reticulo-

cytes. The latter reached only levels of about 30 per cent of those in the

control group without actinomycin. This finding, however, cannot be inter-

preted as an inhibition of pronormoblast multiplication because the drug injec-

tion also curtailed the transformation of stem cells into pronormoblasts. This

irocess ordimiarily comitimiues for about 36 hours after erythropoietin injection,1
and its premature termination can be expected to result in production of fewer

red cells. The present data, therefore, do not permit an assessment of the

possible inhibition of pronormoblast proliferation by actinomycin. Other oh-

servations, however, indicate that its decisive inhibitory action takes place at a

stage preceding the earliest recognizable pronormoblast. The injection of very

large doses of erythropoietin into actinomycin D-treated mice failed to induce

the appearance of any pronormoblasts in their marrow. This would be difficult

to understand on the basis of a sterilizing effect of the drug on pronormoblasts,

eveii if omie would assume their rapid death during the first DNA-generating

cell phase. Perhaps even more convincing is the complete erythropoietic inhibi-

tion resulting from 120 /2g./Kg. actinomycin D given intravenously 24 hours

i)efOre er�thropoietimi ( Fig. 5 ) . There were no erythroid cells present at the

time of drug injection, and it can l)e assumed, therefore, that the drug entered

the stem cells and prevented their responding to erythropoietin 24 hours later.

The lack of stem cell response could be the result of two processes: ( 1 ) the

drug rapidly killed stem cells and thus critically reduced the number of integer

stem cells available for differentiation; or (2) it interfered in the stem cells

with the process of differemitiation itself. The former mechanism is generally

regarded as the cause of the delay in repopulation of the marrow after large

(loses of ionizing radiation. In Rosenthal’s experiments,10 total body irradiatiomi

of rats with 700 r caused absence of erythroid cells from the marrow during

th� first through tenth postirradiation day. Mveloid cells and megakaryocytes

disapppeared somewhat later (fourth to sevemith day) but showed a similar

delay in their reappearance. Lajtha and associates,” in their brilliant theoreti-

cal amialvsis of stem cell kinetics, have computed that sterilization or death of

90 per cent of stem cell population will render the latter unavailable for

differentiation for a period of 3 cell cycles. Sterilization of 50 per cent would

not theoretically result in nonavailability of integer stem cells, and an injury of

presumably that magnitude (for instance, 200-400 r) has indeed been ob-

served to decrease but not to eradicate the number of cells of group 2.12
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Daily injections of 60 /2g. actinomycin D per Kg. mouse caused cessation of

Therefore, if the complete absence of erythroid cells during actinomycin treat-

miient were the result of a critical reduction in the number of imiteger stem cells,

their regeneration and thus the reappearance of erythroid cells after discon-

tinuation of the drug would require much longer periods than the observed 24

hours. The absence of a cumulative stem cell impairment during the long-term

administration of 60 /2g./Kg. actinomycin is furthermore confirmed by the

results of the Gurney test presented in Figure 5. The findings thus permit the

unequivocal comiclusion that the eradication of erythropoiesis was not the result

of stem cell death or sterilization. This is not to say that the stem cells were

completely resistant to the drug. As Figure 5 shows, a single 240 /2g./Kg. dose

exerted �t demonstrable stem cell impairment, but even its repeated adminis-

tration ( Fig. 1 ) did not deplete the stem cell population to any critical level.

Since depletion of the stem cell compartment can be excluded, an inhibition

of differentiation itself is proposed as the ultimate cause of eradication of

er�thropoiesis by actinomycin D. Detailed knowledge on the biochemical

events during the differentiation of a stem cell into pronormoblast is still

lacking. It is unknown, for instance, whether differentiation involves the form-

ation of a new set of mRNA templates or whether the latter are already

present imi the stem cell and require activation in order to transform the stem

cell imito a pronormoblast. The simultaneous injection of erythropoietin and

actinomycin D completely inhibited pronormoblast formation otherwise occur-

imig withimi 16 hours after erythropoietin injection ( Fig. 3 ) . Since there is no

evidence of an inhibitory effect of actinomycin on the function of RNA,

the finding favors synthesis of new mRNA rather than activation of preexisting

RNA templates as the decisive step in the differentiation of stem cells into

promiorrnol)lasts. Erythropoietin is known to induce this differentiation and it

seems likely, therefore, that it acts by initiating synthesis of new types of

mnRNA teml)lates as a prerequisite for the assembly of those miew proteins

u�hicii effect the transformation of stem cells into erythrohlasts. The findings

are compatible with the concept that erythropoietin derepresses the transcrip-

tion of genetic information contained in the DNA molecules in the undifferenti-

ated stem cells and thus allows a specific capability to become manifest.� Such

a mechamiism would also l)e consonant with the evolving general model for

the action of hormones through induction of mRNA formatiomi in the target

organ.’

It should be reemphasized that the present study was not concerned with

near lethal doses of actinomycin D, whose gross destructive effects are possibly

related to an early interference with DNA synthesis in rapidly proliferating

tissues.3 The eradication of erythropoiesis by smaller doses employed in this

study proved not to be the result of wholesale destruction of a multiplying cell

population-a concept usually associated with cytotoxic drugs-but could be

attributed to a specific inhibition of the effector pathway of hormonally con-

trolled erythroid cell differentiation.

SUMMARY
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SELECTIVE ERADICATION OF ERYTHROPOIESIS 211

erythropoiesis due to complete disappearance of erythroid marrow elements,

and the mice were al)solutely refractory to erythropoietin. No decrease in

myelo-, lympho-, or megakaryocytopoiesis was found during more than 3

weeks of daily administration of the drug. Observations on the effect of the

drug on a cohort of erythroid cells, induced by erythropoietin in polycythemic

mice, gave no evidence of its destructive or inhibitory action on early or late

normoblasts. A critical reduction in the number of integer stem cells was

likewise ruled out as the cause of eradication of erythropoiesis. The latter is

attributed to a specific interference of actinomycin D in the effector pathway

of erythropoietin controlled transformation (differentiation ) of stem cells into

early pronormoblasts. The findings indicate this process to be contingent on

formation of new types of mRNA rather than on activation of templates

already present in erythropoietin-sensitive stem cells.

SuitI�fAmuo IN Ir’nEIILINCuA

Le diurne injection de 60 �g de actinomycina D per Kg de mus causava Ic

cessation del erythropoiese in consequentia de un complete disparition de

erythroide elementos medullari, e Ic muses se provava absolutemente refractori

a erythropoietina. Nulle declino in le myelo-, lympho-, o megakaryocytopoiese

esseva trovate in le curso de plus que 3 septimanas de administrationes diurne

del pharmaco. Observationes relative al effecto del pharmaco simper un cohorte

de cellulas erythroide, inducite per erythropoietina in muses polycythemic,

produceva nulle evidentia de su effecto destructori o inhihitori super precoce o

tardive normoblastos. Un reduction critic in le numero de integre cellulas

primordial esseva equalmente excludite como caumsa del eradication del eryth-

ropoiese. Iste ultime es attribuite a un interferentia specific de actinomycina

D in le circuito effectori del transformation (differentiation), regulate per

erythropoietina, del cellulas primordial ad in pronormoblastos precoce. Factores

que es possihilemente responsabile pro le resistentia del myelo- e del mega-

karyocytopoiese es commentate.
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