
Responsiveness of Hematopoietic Tissue to Erythropoietin

in Relation to the Time of Administration
and Duration of Action of the Hormone

By JOHN C. SCHOOLEY

T HE CELLS of the blood and bOne marrow are maintained in a steady

state in spite of the fact that most of these cells are not self-maintaining

populations. An enormous proliferative capacity is required to maintain this

steady state. It has been postulated that there exists a self-maintaining popula-

lion of stem cells in the bone marrow. The stem cell or stem cells differentiate

and subsequently, through proliferation, give rise to the various blood cells.

Although the identities of the stem cells are unknown, various investigators

have proposed kinetic models which can explain and predict some char-

acteristics cf the stem cell population.14 Osgood4 and Lajtha and co-workers5

have published thorough discussions of their theoretical models of stem cell

kinetics.

The responsiveness after mild irradiation of the hypertransfused mouse to

a standard dose of the hormone erythropoietin has been utilized by Gurney,

Lajtha and Oliver6 as an experimental system to test their theoretical model.

Various aspects of this experimental system for investigating stem cell kinetics

have been discussed by Gurney.7 He points out that since no reliable simple

method for quantitating the erythropoietic response exists, and since the chal-

lenge of the stem cells by erythropoietin cannot be instantaneous, the useful-

ness of their experimental model is seriously limited. The first of these limita-

tions is primarily the time and effort required for more precise measurements.

The second limitation, however, is more serious and is due to the fact that

erythropoietin has a prolonged biologic half-life, and that an effective con-

centration of erythropoietin must exist. Thus, in studies of the stem cell pop-

ulation utilizing the hypertransfused mouse, it is likely that the stimulating

dose of exogenous erythropoietin generally used acts during the entire test

period, whereas conditions within the stem cell population and the developing

erythroid population are changing as a result of the initial action of erythro-

poietin.

The recent development of an immune serum which can neutralize the

biologic activity of erythropoietin provides a means of limiting the availa-

bility of the stimulating dose of erythropoietin in the intact ‘ In the

present experiments, changes in the re.sponsiveness of the stem cell popula-

tion of the hvpertransfused mouse, after erythropoietin stimulation, have been

measured.
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796 JOHN C. SCHOOLEY

METHODS

Female C3H mice weighing about 23 Gm. were hypertransfused with 2 daily intra-

peritoneal injections of 1 ml. of packed red blood cells obtained from isogenic donors.
The donor red blood cells were washed 3 times with saline, and the buffy coat was

removed after each wash. Normally, erythropoietin#{176} was injected intravenously into the
hypertransfused mice on the fifth day after the last transfusion. Fifty-six hours after the

erythnopoietin injection, 0.5 �c. of Fe59 as iron citrate ( specific activity approximately

10 �tc./j�g. ) was injected intraperitoneally, and 72 hours later a sample of blood was
taken by cardiac puncture. In all experiments, the interval between the injection of Fe59

and the sampling of the blood of the assay animals was 72 hours, but the time of injection
of erythropoietin and immune serum relative to the time of Fe59 injection was varied.

Therefore, the time of these injections is always given relative to the time before or after

the Fe59 injection. Thus, in 1 experiment groups of hypertransfused mice received injec-

tions of erythroipoietin 56, 32, and 8 hours before and 16 hours after the injection of

Fe59, i.e., the normal time ( 56 hours before ) , and 1, 2, and 3 days later than normal. In

another experiment, groups of hypertransfused mice were injected intravenously with

0.25, 0.5, 1.0, 2.0, or 4.5 cobalt units of sheep plasma erythropoietin 56 hours before

the Fe59 injection, and at various times later enough immune serum ( 0.2 ml. ) to neutralize

the biologic activity of the largest dose of erythropoietin was injected intravenously into

each mouse. Blood was collected from the mice of each group 72 hours after the Fe59

injection, regardless of the time of immune serum injection. In another experiment, 0.5

cobalt unit of sheep plasma erythropoietin was injected intravenously 56 hours before

the Fe59, and another similar injection of erythropoietin was made at various intervals
after the first erythropoietin injection. In some cases, immune serum was injected 6 hours

after the second erythropoietin injection. The radioactivity in 0.5 ml. of whole blood was

measured in the assay mice, and the per cent of the injected Fe59 in the total red blood

volume was calculated. It was assumed that the blood volume of the hypertransfused

mice was 7 pen cent of the total body weight. Values from any animal which lost weight

or whose hematocnit was less than 55 per cent at the time of sampling were discarded.

Each individual group in each experiment consisted of 6 to 10 mice. The standard error
of the mean is indicated for each value.

Immune serum capable of neutralizing the biologic activity of sheep plasma erythro-

poietin was obtained from rabbits immunized with human urinary erythropoietin. The

schedule of immunizations and characterization of the immune serum have been described

previously.11

RESULTS

The effects of varying the interval between the injection of erythropoietin

and the injection of Fe59 were measured. If 0.5 cobalt unit of erythropoietin

was given 56 or 32 hours before the injection of Fe59 ( the normal time and 1

day later than normal), the uptake of Fe59 into the calculated blood volume

72 hours after the radioiron administration was 3.29 ± 0.31 and 3.16 ± 0.4

per cent, respectively. However, if the erythropoietin injection was given only

8 hours before the Fe59 injection ( 2 days later than normal) , the Fe59 uptake

was decreased to 0.41 ± 0.08 per cent. The Fe59 uptake observed when the

stimulating dose of erythropoietin was given 16 hours after the Fe59 injection

was 0.09 ± 0.01 per cent which is indistinguishable from the values found in

saline-injected controls. These results indicate that very little Fe59 is taken

“Sheep plasma erythropoietin, A1-0336, No. 103194A obtained from the Hematology
Study Section of the National Institutes of Health.
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Fig. 1.-The effect of a divided dose of erythropoietin relative to the effect of
the same total amount of erythropoietin given as a single dose. Unit response is

defined as that observed following a single intravenous dose of 1 .0 cobalt unit of

erythropoietin. The curve represents the response, relative to this unit response,
when the dose was divided into two 0.5 cobalt unit doses given at times separated
by the intervals (in hours) indicated on the abscissa.

up by cells during the early development of the wave of erythropoiesis. After

the wave of erythropoiesis has progressed for 56 hours, a significant uptake

of Fe59 is observed, but this uptake is not signicantly different from that

observed when the wave has progressed for 32 hours. The Fe59 uptake found

in the assay animal 72 hours after the injection of Fe59 is the result of a corn-

plex series of events such as the stage of the wave of erythropoiesis at the time

of Fe59 injection, the hemoglobin synthesizing ability of the individual eryth-

roid cells present at this time, the rate of disappearance of the injected Fe59,

the rate of release of the newly formed red cells into the peripheral blood, etc.

The effect of varying the interval between the injection of the two identical

doses of 0.5 cobalt unit of erythropoietin on the erythropoietic response is

shown in figure 1. The first injection of erythropoietin was given 56 hours be-

fore the injection of Fe59, and the second dose of erythropoietin was given at

various times after the first injection. The Fe�9 uptake was determined 72 hours

after the injection of Fe59. The 72-hour uptakes are plotted as a function of

the interval between the first and second erythropoietin injections. When the

interval between the first and second dose of erythropoietin was 72 and 96

hours, the second dose of erythropoietin was given 16 and 40 hours after the

injection of Fe59. The values for the Fe5#{176}uptake are given relative to the Fe59

uptake observed when no interval existed between the first and second eryth-

ropoietin injection, i.e., a total of 1 cobalt unit was injected in one dose. If

0.5 cobalt unit of erythropoietin is given at the usual time (56 hours before
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798 JOHN C. SCHOOLEY

Fe59 ) and again 24 hours later, the erythropoietic response is about 2.5 times

greater than that observed when 1.0 cobalt unit of erythropoietin is injected

56 hours before Fe5� or about 5 times the response found with only 0.5 cobalt

unit of erythropoietin. The magnitude of the erythropoietic response observed

when the total dose of erythropoietin is fractionated into two doses 24

hours apart is not only greater than that observed when the dose is not

fractionated but is greater than the sum of the responses found when each dose

is given singly at these times. The increased erythropoietic response observed

when the total dose of erythropoietin is divided into two injections is evident

even when the interval between the two injections is only 6 hours. It has been

stressed previously that the Fe5” uptake observed in the assay animals is the

resultant of a complex series of reactions occurring in the erythroid popula-

tion before and during the time Fe59 is available. Obviously the series of

events becomes even more complex following multiple injections of erthyro-

poietin, since the waves of erythropoiesis produced by each injection of eryth-

ropoietin will be at different stages of development when the Fe59 is injected.

Presumably, this accounts for the observation that when the interval between

the two fractionated doses is increased to 48 or 72 hours, the erythropoietic

response is not greater than that observed when the dose is not fractionated.

However, the responses in this case do tend to be greater than the sum of the

individual responses observed when 0.5 cobalt unit of erythropoietin is in-

jected at these times without fractionation. Gurney et al.� did, however,

observe that a given dose of erythropoietin was about twice as effective when

administered in two partial injections separated by 48 hours. The discrepancy

between their findings and the present experiments is probably related to

the fact that their dose of erythropoietin was greater than that used in the

present experiments and their erythropoietin was injected subcutaneously

rather than intravenously. These differences in dosage and route of injection

suggest that an effective level of erythropoietin was maintained in their cx-

perimental animals for a longer interval of time following each erythropoietin

injection than in the experiments reported here.

The above results suggest that the responsiveness of hematopoietic tissue to

erythropoietin is increased after the initial exposure to erythropoietin. This

possibility was further investigated by allowing the second dose of erythro-

poietin to act for the limited time of 6 hours. The results of these experiments

are shown in figure 2. The times of injection of the doses of erythropoietin

and antibody relative to the time of injection of Fe59 are shown to the left of

this figure. The uptake of Fe59 into the calculated blood volume 72 hours later

is indicated on the right. The amount of erythropoietin initially injected is

indicated by the height of the vertical line. The decreasing amount of eryth-

ropoietin following injection is plotted for convenience as if the T#{189}was 12

hours in these hypertransfused mice. The first experiments shown in this figure

simply re-emphasize the results already mentioned and show that fractionating

the total dose of 1 cobalt unit into two injections 24 hours apart of 0.5 cobalt

unit gives a much greater response (experiment 4) than 1 cobalt unit (experi-

ment 3) or the sum of the responses observed when a total of 0.5 cobalt unit of
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Fig. 2.-A diagrammatic representation of a series of experiments where the time

of injection of erythropoietin and antibody against erythropoietin is varied.
The actual times of injection are indicated on the abscissa to the left. The amount

of erythropoietin injected is indicated by the initial height of the shaded areas. The
magnitude of the erythropoietic response is indicated for each experiment by the
bars to the right.
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800 JOHN C. SCHOOLEY

erythropoietin is injected either 56 or 32 hours before Fe5#{176}( experiment 1 and

2 ) . Experiments 5, 6, 7, and 9 of figure 2 indicate that if 1.0 or 0.5 cobalt unit

of erythropoietin is injected either 56 or 32 hours before the injection of Fe59

and allowed to act on the marrow for only 6 hours, measurable erythropoietic

responses occur, but they are not different from one another. If 1.0 cobalt

unit of erythropoietin is injected 56 hours before the Fe59 injection and al-

lowed to act 30 hours before the injection of immune serum, the eryth-

ropoietic response is about the same as that observed when no immune serum

is injected ( experiments 3 and 8 ). If, however, 0.5 cobalt unit is injected

56 hours and 32 hours before the Fe59 and immune serum injected so that the

first dose of erythropoietin acts for 30 hours and the second dose acts for 6

hours, the erythropoietic response is significantly greater than that observed

when 1 or 0.5 cobalt unit is injected without fractionation and allowed to act

only 30 hours or during the entire assay ( compare experiments 1, 3, and 10).

But the response is not as great as that found when the fractionated dose acts

during the entire assay period ( experiment 4 ) . The erythropoietic response

given when 1 cobalt unit acts on the hypertransfused mouse marrow for 30

hours is shown in experiment 8. This is about two times the response seen when

0.5 cobalt unit of erythropoietin acts during the same interval. The response ob-

served in experiment 10 with fractionated doses of 0.5 cobalt units each is

much greater than the sum of the responses seen even with the larger dose

of 1.0 cobalt unit in experiments 8 and 9. When 0.5 cobalt unit of erythro-

poietin acts for 30 hours (the period from 56 to 26 hours before the injection

of Fe59 ) , the Fe59 uptake is 2.8 ± 0.27 per cent, and when this same dose acts

for 6 hours during the period 32 to 24 hours before the Fe5#{176}injection, the Fe5#{176}

uptake is 0.42 ± 0.07 per cent. The sum of these two values is 3.2 ± 0.28

per cent which is considerably less than the 10.6 ± 0.45 per cent observed

when 0.5 cobalt unit is injected into the same animal 56 and 32 hours before

the Fe59 injection and allowed to act until the twenty-sixth hour before Fe59

injection. Thus, the second injection of 0.5 cobalt unit of erythropoietin stimu-

lated the marrow to give a response during the short interval of 6 hours of

10.6-3.2 or about 7 per cent. This is almost eighteen times the response ob-

served when 0.5 cobalt unit acts on the marrow during the same time interval

in animals which have not received an earlier injection of erythropoietin.

Similar results are shown in the last four experiments of figure 2. In these

experiments 0.5 cobalt unit was injected 56 hours before the Fe5#{176}followed

by another similar injection 6 hours later. The erythropoietic response is

shown in experiment 11. Notice that the response is about double that ob-

served when both injections of 0.5 cobalt units are injected at the same time

( experiment 3). If the action of both injections of erythropoietin is limited to

12 hours by the injection of immune serum 6 hours after the second injection of

0.5 cobalt unit of erythropoietin, a significant erythropoietic response results.

This response is much greater than that observed when 0.5 ( experiment 13 ) or

1.0 cobalt unit (experiment 14) acts on the marrow for 12 hours. Thus, even

at this early time after the first injection of erythropoietin, the data indicate

that a second injection stimulates the marrow to a greater extent than when

the marrow has not been previously exposed to exogenous erythropoietin.
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Fig. 3.-Erythropoietic response observed following the intravenous injection of
different doses of erythropoietin. The horizontal lines represent the responses ob-
served when the indicated doses of erythropoietin are allowed to act for the entire

assay period. The curves represent the responses observed when the same respective

doses act for the limited time indicated on the abscissa.

The above experiments were repeated using divided doses of 0.25 units of

erythropoietin given with an interval of 24 hours between the first and second

injection. When 0.5 unit of erythropoietin was given in two divided doses of

0.25 unit 56 and 32 hours before the Fe59 injection, the Fe59 uptake in the

calculated blood volume of the mice 72 hours after the Fe59 injection was

10.4 ± 1.38 per cent, but when the same dose was given undivided 56 hours

before the Fe59, the response was only 3.29 ± 0.31 per cent; i.e., the response

following the divided doses was about 3 times greater. If the divided doses

were allowed to act for only 30 hours ( 56 to 26 hour3 before the Fe59 in-

jection ) by the injection of immune serum 6 hours after the second injection

of erythropoietin, the response was 6.23 ± 1.06 per cent.

The responsiveness of the stem cell population to different doses of eryth-

ropoietin acting during limited periods of time was investigated. The results

are shown in figure 3. The different doses of erythropoietin were injected

56 hours before the injection of Fe59, and antibody was injected at various

times after the injection of erythropoietin. The interval between the times

of erythropoietin and antibody injection is indicated on the abscissa. The

uptake of radioiron into the calculated blood volume 72 hours after the in-

jection of radioiron is indicated on the ordinate. The erythropoietic response

observed following the injection of 0.25, 0.5, 1.0, 2.0, and 4.0 cobalt units of

erythropoietin when antibody was not injected is indicated by the appro-

priate horizontal lines. The erythropoietic response found when antibody
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802 JOHN C. SCHOOLEY

was injected at various times following erythropoietin is indicated at each

time for each dose of erythropoietin. These responses are connected with

appropriate lines corresponding to the dose of erythropoietin injected. The

Fe59 uptakes of 0.25 and 4.0 cobalt units of erythropoietin following intra-

venous injection are about 2 per cent and 16 per cent, respectively, with the

other doses having intermediate values. These responses are submaximal;

larger doses of erythropoietin do give larger Fe59 uptakes.

The injection of antibody 24 hours after the injection of 4.0 or 2.0 cobalt

units of erythropoietin significantly reduced the subsequent development of

the wave of erythropoiesis as measured by the decreased Fe59 uptakes. Simi-

lar injections of antibody at this same time had little if any effect on the

erythropoietic response seen with doses of erythropoietin of 1.0 cobalt unit

or less. At 48 hours, the injection of antibody had little effect on the erythro-

poietic responses given by the injection of 4.0 and 2.0 cobalt units of erythro-

poietin, i.e., the responses were not significantly different than those found

when antibody was not injected. Presumably the depression in the erythro-

poietic response following the injection of antibody is the result of the re-

moval by neutralization of circulating erythropoietin which has not acted on

the receptive cells of the bone marrow. Large numbers of immature erythroid

cells are present in the marrow at the time of the antibody injection, and

these cells must mature in order to give the erythropoietic response eventu-

ally seen. This indicates that the antibody has no effect on these maturing

erythroid cells, and therefore that erythropoietin is not necessary for the

maturation of erythroid cells.

Injection of antibody 6 hours after the injection of the different doses of

erythropoietin markedly reduced the various erythropoietic responses; how-

ever, the responses found are small but measurable. They are not significantly

different from one another even though there is a sixteenfold difference be-

tween erythropoietin doses. This finding suggests that during the first 6 hours

following erythropoietin injection there is a limited number of receptive

cells in the bone marrow, and all these cells are triggered to differentiate by

even the smallest erythropoietin dose. When the doses are allowed to act for

longer intervals, the erythropoietic responses given by each dose become

more and more different. By the twenty-fourth hour all the doses except 0.25

and 0.5 cobalt units are significantly different from one another, and by the

forty-eighth hour the responses given by these small doses are also significantly

different.

When 4 cobalt units of erythropoietin are allowed to act for 24 hours, the

erythropoietic response of the mouse is much greater than four times the

response seen when this dose is allowed to act only 6 hours; i.e., the response

seen after 24 hours exposure of the marrow to erythropoietin is about 30

times greater than that observed after a 6-hour exposure. During the time

interval between 18 and 24 hours, the erythropoietic response increased from

3.84 ± 0.25 per cent to 9.30 ± 0.82 per cent, an increase of about 5.5 per

cent. This increase is about 1.5 times greater than the erythropoietic response

seen during the entire first 18 hours. This increase occurs in spite of the fact
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that the exogenous erythropoietin is disappearing from the assay animal. In

nonhypertransfused animals, the T’/2 for this disappearance has been re-

ported to be about 1 to 3 hours.12’13 These present findings suggest that in

the hypertransfused mouse the T.#{189}may be much longer. Regardless of how

much of the injected erythropoietin has disappeared by the eighteenth hour,

this data indicates that the marrow is much more sensitive to erythropoietin

stimulation during the eighteenth to twenty-fourth hour following erythro-

poietin injection than during the entire first 18 hours. The magnitude of this

increased sensitivity depends, of course, on the actual T#{189}for the disappear-

ance of exogenous erythropoietin in hypertransfused animals.

DIsCuSsIoN

Erythropoiesis, measured either by the incorporation of radioiron or by

the presence of identifiable erythroid cells in the hematopoietic tissues, vir-

tually ceases in the mouse 4 or 5 days after the production of an increased

red cell volume by transfusion.14 The abolishment of erythropoiesis is prob-

ably due to the absence of erythropoietin production.15 The presence of an

inhibitor of erythropoiesis in the plasma of polycythemic animals has been

claimed;16 however, we have been unable to confirm this finding ( Schooley

and Garcia, unpublished observations).

The injection of exogenous erythropoietin into a polycythemic mouse gives

rise to a predictable orderly wave of erythropoiesis. In the spleen17 and bone

marrow,1#{176} this wave of erythropoiesis is characterized by the appearance of

a peak percentage of proerythroblasts 1 day after erythropoietin injection

which is followed on the second day by a peak percentage of basophilic

erythroblasts. On the third day a peak percentage of reticulocytes occurs in

the peripheral blood. By the fifth day after a single injection of erythro-

poietin the hematopoietic tissue is again devoid of identifiable erythroid

cells. Two methods have been utilized to quantitate the erythropoietic re-

sponse; the uptake of Fe59 in the blood volume of the hypertransfused mouse

measured 128 hours after the injection of erythropoietin and 72 hours after

the injection of Fe59; and/or the percentage of reticulocytes is measured in

the peripheral blood on the third day after erythropoietin injection. Measure-

ments of either of these parameters give graded responses for doses of

erythropoietin ranging from about 0.25 to 6.0 cobalt units. The magnitude of

the response for any particular dose of erythropoietin depends somewhat on

the route of injection as well as the vehicle of injection; i.e., subcutaneous

injections give larger responses than intravenous injections, and subcutaneous

injections in serum give larger responses than similar injections in saline

( Garcia and Schooley, unpublished observations ) . It has been demonstrated

that there is a smaller erythropoietic response to a single submaximal dose

of erythropoietin than there is to the same amount given in divided doses.18

This fact has been utilized in one assay for erythropoietin.#{176}

A great deal of data indicates that erythropoietin regulates erythropoiesis

primarily by regulating the differentiation of stem cells into the erythroid

population.1’2 Some arguments, however, have been advanced which suggest
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804 JOHN C. SCHOOLEY

that erythropoietin may, in addition, have an effect on nucleated erythroid

cells.19’26 Schooley and Garcia1#{176} have presented evidence consistent with ex-

periments presented here that erythropoietin is not necessary for the matura-

tion of erythroid cells. Thus, the injection of antibody capable of neutralizing

erythropoietin into polycythemic mice which have received erythropoietin

does not prevent the development of the wave of erythropoiesis. The mag-

nitude of the erythropoietic response depends on the dose of erythropoietin

injected and the time of antibody injection. Eventually, with the doses used

in the current experiments, a time occurs when the injection of antibody has

no effect on the magnitude of the erythropoietic response even though the

hematopoietic tissue contains large numbers of nucleated erythroid cells at

the time of the antibody injection. The finding that injections of large amounts

of erythropoietin into young 14-day-old rats, whose marrows contain large

numbers of nucleated erythroid cells, does not further stimulate erythro-

poiesis2#{176} also suggests that the injected erythropoietin has little effect on

nucleated erythroid cells.

Jacobson et al.21 demonstrated in an elegant experiment that when rat

bone marrow cells are injected into lethally irradiated polycythemic mice,

the leukocytes of the chimera are rat type, but rat erythrocytes are not ob-

served. Rat red cells were produced in such animals when erythropoiesis was

stimulated. They suggested that the stem cells specific for rat red cells either

remained dormant in the mouse until erythropoiesis was stimulated or that

the stem cells of the rat are pluripotential. It is also possible that the specific

stem cell for rat red cells was actively dividing in such animals but simply

died when not stimulated to differentiate into an erythroid cell. More recent

autoradiographic observations indicate that the stern cell, which differentiates

into erythroid cells, is continuously proliferating in the polycythemic mouse

in spite of the fact that differentiation into erythroid cells does not occur.22’23

The fate of these proliferating stem cells, if not triggered to differentiate into

erythroid cells, cannot be resolved until the question of the pluripotential

nature of the stem cell is settled.

Following the intravenous injection of erythropoietin into the polycythemic

mouse, dispersion of the hormone must occur rapidly, and stem cells in

various stages of their proliferative cycle must presumably encounter the

hormone. When different doses of erythropoietin are injected and allowed to

act in the polycythemic mouse for the limited period of 6 hours, the erythro-

poietic response is stimulated to the same extent even though the dose varies

sixteenfold. This suggests that only a small number of the stem cells stimu-

lated by erythropoietin during these 6 hours are receptive to the differentia-

tive action of the hormone. Which of the various stages in the proliferative

cycle are receptive to the action of the hormone is an open question. Pre-

liminary autoradiographic observations indicate that when H3-thymidine and

erythropoietin are injected into polycythemic mice at the same time, the

nucleated erythroid cells present in the marrow 2 days later are rarely la-

beled; whereas, when the H3-thymidine is injected at increasing intervals

after the erythropoietin injection, increasing percentages of the nucleated
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erythroid cells are labeled. This suggests that the stem cells stimulated by

the erythropoietin do not pass into the DNA synthetic phase of interphase

( the S phase) either just before or after stimulation. Erslevt has shown in the

rabbit that when mitotic division was arrested by coichicine during a 20-

hour period of anoxia, the onset of the reticulocyte response, though delayed

1 Or 2 days, was not decreased. In similar unpublished experiments, I have

found that the injection of colcemid ( 1 mg./Kg. body weight ) into poly-

cythemic mice simultaneously with exogenous erythropoietin has little effect

on the development of the wave of erythropoiesis. However, the injection

of the same dose of colcemid 2,4 hours after the erythropoietin injection al-

most completely abolished the erythropoietic response. This suggests that

the stem cell is receptive to the action of erythropoietin sometime after

metaphase and before the commencement of DNA synthesis. Lajtha et al.5

recently proposed a model of stern cell kinetics based on the concept that the

stem cells are what he terms a Type JIb population. He defines this popula-

tion as those cells which are capable of growth; at any single time only a

random proportion of the cells are in this state of growth. The state of growth

is defined as a cell cycle ( G1-S-G2 periods ) followed by cell division. The

length of this cell cycle is constant. The cells not in cell cycle are in a state

of dormancy or what Lajtha terms “G0.” He proposes that G0 follows mitosis

and is of an indeterminate length, and further, that differentiative actions on

stem cells can occur only when the stem cells are in G0, i.e., the cells are

receptive only during G0.

The fact that different doses of erythropoietin acting on the marrow for

the limited period of 6 hours stimulate erythropoiesis to the same extent

suggests that, in terms of Lajtha’s model, all the cells in G0 have been stimu-

lated to differentiate. When, however, these same doses of erythropoietin are

allowed to work longer periods of time, significant differences in the re-

sponses obtained for each individual dose of erythropoietin are observed.

The increased erythropoietic response observed when 4.0 cobalt units act for

an additional 6-hour interval, i.e., the dose acts for 24 hours instead of 18

hours, compared to the erythropoietic response observed when the same

dose acts for the first 6-hour interval after injection, suggests that a continual

recruitment of receptive stem cells occurs after the first exposure of the mar-

row to erythropoietin. The results obtained when divided doses of erythro-

poietin are injected also suggest that increased numbers of receptive cells

are found in the marrow after the first exposure of the hypertransfused mouse

to erythropoietin. This conclusion is also supported by the experiments in

which the second dose of erythropoietin was allowed to act on the marrow

for the limited period of 6 hours. Thus, it appears that very soon after the

removal of receptive cells from the stem cell population by the action of

erythropoietin the stem cell population detects the loss and recruits even

larger numbers of receptive cells. How the stem cell population detects this

loss and directs the recruitment of more receptive cells is an intriguing prob-

lem for future work. The conclusion that a recruitment of stem cells occurs

assumes that the increased erythropoietic responses observed in these cases
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are not the result of an action of erythropoietin on the differentiated but not

yet identifiable erythroid stem cell, i.e., does not cause an increased number

of divisions of cells which have already been committed towards the eryth-

roid line of development. This assumption appears to be valid considering

the effects of erythropoietin on the polycythemic mouse during the first 12

hours after the initial injection of erythropoietin, since the marrows of the

erythropoietin injected and control mice cannot be distinguished cytologically

from one another. However, at later times it cannot be assumed, on the basis

of these experiments alone, that erythropoietin has no effect on early pro-

erythroblasts. With these reservations, the results suggest that if most of the

stem cell population is in a receptive state in the polycythemic mouse, i.e.,

in the state of G0, the recruitment of even larger percentages of cells into

G0 from cells in cell cycle would be difficult to accomplish within 6 hours

considering the time required for a proliferative cell cycle. In terms of

Lajtha’s model, it would appear necessary to postulate that if a large per-

centage of the stem cell population is in G0, these cells are receptive to the

actions of differentiative agents only during limited times while in the state

of G0. Thus, the increased numbers of receptive cells in the present experi-

mental situations could arise from divisions of stem cells, as well as an in-

crease in the number of cells in a receptive stage of G0.

Recently, Till, McCulloch and Siminovitch24 have advanced a stochastic

model of stern cell kinetics, similar to Osgood’s model,4 based on their ex-

periments on the production of spleen colonies following the transplantation

of hematopoietic tissue into lethally irradiated mice. They indicate that stem

cells have a probability of either dividing and producing two stem cells or

differentiating and leaving the population, i.e., a birth or a death process.

They suggest that these probabilities are controlled; either increased num-

hers of stem cells would occur if the probability of differentiation was de-

creased, or increased numbers of differentiated cells would result by de-

creasing stern cell division. They conclude, however, that erythropoietin is

not involved in regulating the “death” process, but is involved in determining

the path of differentiation which the differentiated cell, produced as a result

of the death process, will take.25 This conclusion, they claim, is necessary to

explain the fact that the number of colonies formed by a cell suspension is

not decreased in the presence of erythropoietin. Such a decrease would be

expected in their model if the colony-forming cell is a stem cell. One could

instead postulate that the differentiating effect of erythropoietin on stem cells

is simply decreased by an increase in the probability of a stem cell division.

The increased probability for stem cell division might be regulated by the

same mechanisms which bring about the recruitment of stem cells or eryth-

ropoietin sensitive cells.

SUMMARY

Following the injection of erythropoietin either in a single large dose or

in multiple doses, a change in the responsiveness of the hematopoietic tissue

occurs. The fact that different doses of erythropoietin stimulate erythropoiesis

to the same extent when the action of the hormone is limited to 6 hours by
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the injection of antibody suggests that the stem cells are receptive to the ac-

tion of erythropoietin only at some limited time in their individual life cycle.

It is suggested that this period is sometime after metaphase and before the

commencement of DNA synthesis in the interphase state of individual stem

cells. It is further suggested that the increased responsiveness of the hemato-

poietic tissue to erythropoietin following injection is due to recruitment of

stern cells into this receptive state. This recruitment may be due to both the

division of stem cells and the movement of cells through cell cycle into the

receptive state. The results are discussed in relation to two recent models of

stem cell kinetics.

SUMMARIO IN INTERLINGUA

Post le injection de erythropoietina-tanto in un sol dose major o etiam in

doses multiple-un alteration in le responsivitate del tissu hematopoietic es

a notar. Le facto que differente doses de erythropoietina stirnula le erythro-

poiese a! mesme grado quando le action del hormon es limitate a sex horas

per le injection de anticorpore suggere que le cellulas primordial es receptive

pro le action de erythropoietina solmente a un tempore specific in br cyclo

vital individual. Es postulate que iste ternpore es un intervallo post le meta-

phase sed ante le comenciamento del synthese de acido deoxyribonucleic in

le stato interphasic del cellula primordial individual. Es postulate in plus que

le augmentate responsivitate del tissu hematopoietic al action de erythropoie-

tina post le injection reflecte un recrutamento de cellulas primordial ad in le

stato receptive. Iste recrutamento pote esser effectuate tanto per le division

de cellulas primordial como etiam per le progresso de cellulas a transverso

br cyclo cellular verso le stato receptive. Le resultatos del presente studio es

discutite con referentias a duo recentemente publicate modellos del cinetica

del cellula primordial.
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