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D IFFERENTIATION of stem cells in erythroblasts under the influence

of erythropoietin has been demonstrated by several authors.15 However,

information is scanty regarding the influence of erythropoietin on the bio-

chemical changes occurring in the stem cell.

Recently, Filmanowicz and Gurney reported the appearance of immature

erythroblasts and their maturation in the spleen of polycythemic mice treated

with erythropoietin.5 Such an experimental model appeared most suitable for

study of erythropoietin on biochemical changes in differentiating stem cells.

Prior to these biochemical studies, we attempted to confirm the observations

of Filmanowicz and Gurney by studying cytologic changes in serial spleen

imprints.

Mi�’moDs

Preparation of Urinary Erythropoietin

The ervthropoietin was prepared from urine of a patient with aplastic anemia by the

method of Gordon.1I The erythropoietin activity was hioassayed by the starved rat method

of Fried et al.7 Femnale Wistar rats weighing 1 10 to 120 Gm. at the start of the starvation
were used. The activity of the umrinary erythropoietin was gaumged hs the cobalt unit method

as proposed by Goldwasser and White.5

Polycythemic Mouse

D-D strain female mice weighing 17 to 24 Cmii. and bred imi the Research Institumte of

Infectioums Disease in Tokyo were used in this study. Polycytheniia was indumced by two daily
intraperitoneal injections of 1 mnl. of an isologous red cell suspension of 80 per cent hema-

tocrit. The experiment was started on the fifth day following the last injection.

Preparation of imprint Specimen from the Spleen: The pol�cythemic mice were sac-
rificed on the 5th. 1 lth, 27th. 51st and 75th hour after a sumbcutaneoums injection of 5 cobalt

units of the erythropoietin. The spleen was removed immediately after sacrifice and bisected
in the longitudinal axis. The cut sumrface was gently pressed on a glass slide and the imprint

stained with Wright-Gienisa stain.

Extraction of Nucleic Acids from the Spleen: On the 2nd, 8th, 24th, 48th and 72nd hour

following a subcutaneous injection of 5 cobalt umnits of the erythropoietin, the polycythemic

mice were injected intraperitoneally with 1 �sc./1 Cm. body weight of H3P3204 and
sacrificed 3 hours later. The spleen was homogenized with a Potter-Elvehjem glass homog-

enizer for 3 minuites with 3 volumes of ice cold 0.2 N. perchloric acid. After thorough
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muixing, the homogenate was centrifuged for 5 minutes at 2500 g. The precipitate was washed

omice with ethyl alcohol, twice with a mixture of ethyl alcohol:chloroform ( 1:1 ), and once
with a mixture of ethyl alcohol:ether ( 1 : 1 ) . Numcleic acids were extracted from the precipi-

tate by a slight modification of the method of Ogur-Rosen.9

RNA-Extraction: The precipitate was suspended in 3 ml. of 1 N. perchloric acid and

stored at 4 C. for 3 days. The sumspension was centrifuged at 2500 g and the residue was

extracted twice with 1 nil. of cold 1 N. perchloric acid. The extracts were combined and

mnade up to 5 mnl.

DNA-Extraction: The residue of the RNA extraction was sumspended in 3 ml. of 1 N.
perchloric acid and heated in a water bath at 80 C. for 30 niinumtes. The sumspension was then

centrifuged followed by extraction of the residue. This process was repeated twice. The
extracts were then combined and made ump to 5 nil.

Total radioactivity of p32 in the nucleic acid extract of the spleen was coumnted with a C-

M. counter. The ratio of RNA�p:�2 to DNA�P32 was calculated in each spleen sample.

Measurement of Fe59 Incorporation into the Heniatopoietic Organs of the Polycythemic

Mouse: On the 2nd, 8th, 24th, 48th and 72nd hour following a subcutaneous injection of 5

cobalt units of the erythropoietin, polycytheniic mice were given 0.2 jsc. of Fe59Cl3 intra-
venously to assess Fe511 incorporation into the femurs and the spleen. Four hours after

administration of Fe59C13. the polycythemic mice were sacrificed. The femurs and the
spleen were pumt into separate plastic tumbes and digested with 2 ml. solution of fuming nitric

acid. Radioactivity of the tube was counted with a well-type scintillation counter. Because of
mixed cell popumlations of the heniatopoietic organs. the radioactivity of Fe59 was expressed

as counts per spleen or femnurs.
Extraction of the Heme from the Spleen: After erythropoietin injection in the 5 groups of

polycythemic mice, 0.5 pw. of Fe59 was administered intravenously on the 2nd, 8th, 24th,

48th and 72nd hour. The animals were sacrificed 4 hours after the Fe59 injection and the
spleen was removed. The spleen was homogenized in 1 ml. of cold water for 2 minutes. The

heme was extracted from the spleen homogenate with methylethylketone by the method of
Teale.1#{176}

RESULTS

Activity of the Urinary Erythropoietin: Figure 1 shows the log dose-response

line based on per cent RBC Fe59 incorporation data obtained in starved

Wistar female rats with the present urinary erythropoietin. The ordinate gives

the difference in Fe5#{176}incorporation between assayed animals and the saline

control. The abscissa gives the cobalt unitage. The yield of the urinary eryth-

ropoietin from 1 liter of urine was 180 to 200 mg. with an activity of 1 to 3

cobalt units per mg.

Morphologic Changes in the Polycythemic Mouse Spleen after Erythropoi-

etin In/ection: On the 11th hour after the erythropoietin injection, a few cells

from the spleen imprint showed large nuclei with fine chromatin structure and

deeply basophilic cytoplasm. Definite proerythroblasts, however, were not

found until the 27th hour of the erythropoietin injection. On the 51st and 75th

hour, numerous small mature erythroblasts were scattered in the imprint speci-

mens.

Changes in RNA-P32/DNA-P’5 Ratio in the Polycythemic ZtIouse Spleen

after Erythropoietin Infection: The nucleic acid extract of the spleen showed

the maximal spectrophotometric absorption at 260 mp� for RNA and 267.5 for

DNA, while the minimum was at 230 and 240, respectively. As shown in the

Table 1, the ratio of RNA-P32 to DNA-P32 in the spleen of the polycythemic

mouse was significantly increased on the 2nd and 8th hour of the erythropoie-

tin injection and gradually returned to the control level thereafter.
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Fig. 1.-Log dose-response line based on per cent RBC Fe59 incorporation data
obtained with the urinary erythropoietin.
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Time Course of Fe59 Uptake by the Femur

Fig. 2.-Radioiron incorporation into the femur of normal mice.

Changes in Iron incorporation into the Hematopoietic Organs of the Poly-

cythemic Mouse after Erythropoietin Infection: Incorporation of intravenously

administered Fe59Cl3 into the femur of the normal mouse reached its peak at

the 4th and 6th hour followed by a gradual fall (Fig. 2). Therefore, all the

mice in the present study were sacrificed 4 hours after administration of

Fe59Cl:�. In the polycythemic mouse, the Fe59 incorporation into the bilateral

femurs and the spleen started to increase over control level from the 8th hour

after erythropoietin injection and reached a maximum at the 48th hour (Table

2).

Changes in the Heme Synthesis in the Spleen of the Polycythemic Mouse

after Erythropoietin Infection: The heme extracted from the spleen homog.
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Table 1.�RNA-P’�/DNA-P1� Ratio in the Spleen of Polycythemic

Mice after Erythropoietin injection

Hours after RNA-P�
Erythropoietin - ± S.D.

Group No. Injection No. of Mice DNA-P� p

1 Control 6 0.78 ± 0.14

2 2 7 0.99 ± 0.10 <0.02

3 8 6 1.15±0.14 <0.01

4 24 7 0.83 ± 0.17 n.s.

5 48 3 0.56 ± 0.24 n.s.

6 72 2 0.66 ± 0.16 n.s.

Table 2.-Fe59 Uptake in Bilateral Femurs and the Spleen of Polycythemic

Mice after Erythropoietin Injection

Group No.

Hours after
Erythropoietin

Injection No. of Mice
Fe” Uptake Per Cent

Mean ± S.D.

0.759 ± 0.55

1)

I Control 3

2 2 3 0.805 ± 0.041 n.s.

3 8 3 1.401 ± 0.108 <0.01

4 24 3 2.895 ± 0.824 <0.05

5 48 3 6.907 ± 1.665 <0.01

6 72 4 4.820 ± 1.482 <0.02

#{176}Percent of injected radioiron.

enate with methylethylketone showed the spectrophotometric absorption

curve identical with that from crystalized hemin chloride (Fig. 3). The heme

similarly extracted from a red cell hemolysate following an addition of

Fe59Cl:� was free of contamination with Fe59 (Table 3). In polycythemic

mice, no appreciable incorporation of Fe59 into the heme of the spleen was

observed before and until 8 hours after the erythropoietin injection. The incor-

poration was first evident on the 24th hour of the ervthropoietin injection and

reached a maximum on the 48th hour (Table 4).

Changes in RNA�P:�2/DNA�P 2 ratio, iron incorporation and heme synthesis

after the erythropoietin injection are summarized in Figure 4. Double circles in

the figure represent the time at which a significant increase over the control

level was first observed.

DIscussIoN

The increase in nucleic aci(l synthesis, iron incorporation and heme synthesis

in the spleen was correlated with the appearance of immature erythroblasts

and their maturation following erythropoietin injection. The increased RNA

synthesis observed within a few hours after the erythropoietin injection would

appear to indicate that the differentiation of stem cells is intimately related to

a synthesis of RNA. At the present stage of our study, no data is available to

determine whether synthesis of RNA precedes the differentiation of stem cells

or vice versa. Krantz and Goldwasser’2 suggested that the effect of eryth-

ropoietin was on messenger RNA formation. Studies Ofl the nature of RNA

synthesis stimulated by the erythropoietin are under way in our laboratory.

The present study also demonstrated the time sequence of incorporation of

iron and synthesis of heme by the newly differentiated erythrohlasts.
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Fig. 3.-Spectrophotometric absorption curve of the heme. Solid line represents

the heme extracted from the mouse spleemi and dotted line represents the heme
obtained from crystallized hemin chloride.

Hours after Erythropoietin Injection

Fig. 4.-Changes in the nucleic acid synthesis, iron incorporation and heme

synthesis in the spleen after erythropoietin injection.

Our present study with spleen imprint specimens confirmed the observation

of Filmanowicz and Gurney on the appearance of erythroblasts following an

erythropoietin injection. The appearance of cells with basophilic cytoplasm

and fine nuclear chromatin structure indistinguishable from that of reticulum

cells on the 11th hour of erythropoietin injection may represent the process of

the differentiation of erythroblasts from stem cells. These cells appeared to

further mature to the proerythroblasts. Appearance of the reticulum-like cells
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Table 3.-Recovery of Free-Fe59 into the Methylethylketone Phase

-� after Addition into Red Cell Hemolysate

Water Phase Methylethylketone
Exp. No. (c.p.m.) (c.p.m.)

Phase

1 771 2

2 633 5

3 709 12

4 832 7

5 668 9

Table 4.-Heme Synthesis in the Spleen of Polycythemic

Mice after Erythropoietin injection

Group No.

Hours after
Erythropoietin Heme-Fe” PerCent

Injection No. of Mice Mean ± S.D. p

1 Control 4 0.027 ± 0.012

2 2 4 0.013 ± 0.003 n.s.

3 8 3 0.009 ± 0.004 n.s.

4

5

24 4 0.345 ± 0.282 >0.05

48 3 2.273 ± 0.245 <0.001

<0.1

6 72 3 0.608 ± 0.262 <0.001

#{176}Percc nt of injected radioiron.

11 hours after an injection of erythropoietin lend support to the concept that

stem cells actually belong to the same group as the reticulum cells. The

increase in large reticular cells observed by Stohlman 12 hours after eryth-

ropoietin injection11 may be identical with the reticulum-like cells described in

this report.

SUMMARY

Increased RNA�PI2/DNA�P:�2 ratio, iron incorporation and heme synthesis

in spleens of polycythemic mice was demonstrated following an injection of

erythropoietin. These changes were correlated with the appearance of erythro-

blasts. These findings suggest an intimate relation between RNA synthesis

and stem cell differentiation.

SUMMARIO IN INTERLINCUA

Augmentos del proportion RNA-P32/DNA-P32, del incorporation de ferro, e

del synthese de hem in splenes de muses polycythemic esseva demonstrate

post un injection de erythropoietina. Iste alterationes esseva correlationate con

le apparition de erythroblastos. Iste constatationes suggere tin intime relation

inter le synthese de RNA e le differentiation de blastocytos.
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