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ABSTRACT Previous studies suggested a possible associa-
tion between C-type virus particle formation and erythropoiesis.
In this experiment, normal C3Hf mice were injected with
erythropoietin in order to increase the rate of erythropoiesis.
Sections of spleen from these animals revealed extensive areas
of erythroblasts. C-type particles, budding from erythroblasts,
were often observed in such areas of spleen from every mouse
injected with erythropoietin.

In contrast, in sections of spleen from control mice, zones of
erythropoiesis were limited, and only a few scattered C-type
virus particles were observed in some of the animals exam-
ined.

An association between C-type virus particle formation and
erythropoiesis was initially suggested when C-type particles
were observed budding from cells in erythropoietic foci in
C3Hf mouse embryonic spleen, liver, and bone marrow (1).
Subsequent findings presented in a recent report (2) lent support
to this original assumption. As erythropoietic zones in 1PA- to
18-day-old C3Hf mice became less prominent, fewer C-type
particles were observed. Also, examination of the site of earliest
erythropoiesis, the yolk sac blood islands, revealed the presence
of C-type particles.
The experiment described here was devised to further test

the relationship between C-type particle formation and
erythropoiesis. To increase the rate of erythropoiesis, several
groups of C3Hf mice were injected with erythropoietin. This
is a report of the initial observations of C-type particle formation
in erythroblastic islands in the spleens of these mice.

MATERIALS AND METHODS
Experiment I. Twelve C3Hf mice, 2 to 3 months old, from

the colony of pedigreed mice of this inbred line, bred by brother
to sister mating in the Bronx V.A. Hospital, Cancer Research
Unit, were used in this experiment. Each of six mice were in-
jected subcutaneously with 12 units of erythropoietin* dissolved
in 0.9% NaCI. Six control mice were injected subcutaneously
with 0.9% NaCl only. The animals were divided into three
groups, consisting of two experimental and two control animals
per group. Group I was injected on day one and was sacrificed
on day two. Group II was injected on day one and on day two,
and was sacrificed on day three. Group III was injected on day
one and on day two and was sacrificed on day four. From day
one to the day of sacrifice, blood was drawn daily from the tail
of each animal for hematocrit and hemoglobin determinations.
The spleen was removed from each animal for study.

Experiment II. Experiment II was identical to experiment
I except that the mice were not bled for hemoglobin and he-
matocrit determinations.

Experiment III. Experiment III was identical to experiment
II except that an additional two experimental mice and two
control mice (group IV) were injected on day one and on day
two and were sacrificed on day six.

Tissues for electron microscopy were fixed in 3% phos-
phate-buffered glutaraldehyde, rinsed in buffer, and post-fixed
in 1% phosphate-buffered osmic acid. Specimens were then
processed and consecutive thick and thin sections were prepared
as previously described (2, 3). Sections were examined in a
Philips 300 electron microscope at 60 kV.

RESULTS
Spleens of mice injected with erythropoietin
Spleens from mice injected with erythropoietin contained ex-
tensive erythropoietic foci. C-type virus particles could be lo-
cated in erythroblastic islands in spleen of every mouse from
all the groups given erythropoietin in experiments I, II, and III.
Sections covering 1/4 to 'A of a 300 mesh grid contained ap-
proximately 10 to 25 particles per grid (Table 1). Particles
budding from erythroblasts and immature particles were ob-
served; mature particles were rarely found. Figs. 1-3 are
electron micrographs of groups of erythroblasts. Figs. la and
2a are enlargements of areas indicated by arrows in Figs. 1 and
2, and demonstrate the presence of C-type virus particles
budding from erythroblasts. Higher magnifications (Fig. 3a-c)
of areas a, b, and c in Fig. 3 also illustrate budding particles. In
Fig. 4, two particles (arrows) are shown budding from the same
erythroblast. An immature C-type particle adjacent to an er-
ythroblast appears in Fig. 5 (arrow).

In sections of spleens from mice sacrificed on day six,
erythroblastic islands were not observed; a single C-type particle
was found in spleen from one of these animals.

Spleens of control mice
In sections of spleens from control mice of experiments II and
III, erythroblasts were either sparse or not located at all.
However, in some sections of spleen from animals in experiment
I, in which the mice were bled, a few small clusters of er-
ythroblasts could be found. In spleens of control mice from
experiments I, II, and III, particles were observed with less
frequency and were considerably fewer in number than in mice
injected with erythropoietin (Table 1). Some scattered particles,
approximately one to five per grid, were observed in spleens
from four of six mice examined in experiment I, in two of six
mice in experiment II, and in two of six mice in experiment III.
C-type particles were not observed in spleens of the two mice
sacrificed on day six.

DISCUSSION
Results of this experiment corroborate earlier findings (1, 2) of
the association between erythropoiesis and C-type virus particle
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* Obtained from Connaught Labs., Willowdale, Ontario, Canada;
grade step III, freeze-dried powder prepared from plasma of sheep
made anemic by treatment with phenylhydrazine.
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FIGS. 1 AND 2. Spleen from mouse sacrificed 2 days after second injection of erythropoietin which illustrates zones of erythroblasts. The
magnification in Fig. 1 is X17,785; in Fig. 2 X20,520.

FIGS. la AND 2a. Higher magnifications of areas marked by arrows in Figs. 1 and 2 show C-type virus particles budding from erythroblasts.
The magnification in Fig. la is X93,290; in Fig. 2a X100,700.
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FIG. 3. Area of erythroblasts from spleen of mouse sacrificed 1 day after second injection of erythropoietin. Fig. 3a, b, and c of areas, a, b,
and c, respectively, demonstrate, at higher magnifications, C-type virus particles budding from erythroblasts. The magnification in Fig. 3 is
X12,010; in Fig. 3a X67,615; in Fig. 3b X85,540; and Fig. 3c X85,540.

FIG. 4. Part of an erythroblast from spleen of mouse sacrificed 1 day after second injection of erythropoietin. Two particles (arrows) are
shown budding from the cell. X96,460.

FIG. 5. Part ofan erythroblast from spleen ofmouse sacrificed 1 day after first injection of erythropoietin. An immature C-type virus particle
(arrow) is shown adjacent to the cell. X64,610.
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Table 1. Comparison of C-type virus particles in spleens
of control and erythropoietin-injected C3Hf mice

Erythropoietin-
injected Control

No. mice positive 18*t 4* 4t
No. mice examined 18 6, 12

No. particlest 10-25 1-5

* Experiment I.
t Experiments II and Ill.
$ Per grid examined: sections covering ¾ to i of a 300 mesh grid.

formation in normal C3Hf mice from this colony. After injec-
tion of erythropoietin, the rate of erythropoiesis was increased
which results in the formation of erythroblastic islands in the
spleen; C-type virus particles were found budding from er-
ythroblasts in the spleen of every mouse injected with eryth-
ropoietin. As compared to erythropoietin-injected mice, par-
ticles were observed in fewer animals and in smaller numbers
in the spleens of control mice, especially in experiments II and
III. It thus appears that erythropoiesis stimulates the production
of C-type virus particles from erythroid cells.

Bleeding the animals as shown for experiment I resulted in
a loss of blood which was evidenced by a continuous daily re-
duction in the hematocrit and hemoglobin values in both ex-
perimental and control mice. Prior to the first injection, the
hematocrits of the mice in group III ranged from 48 to 51% and
the hemoglobins ranged from 15 to 15.6 g. Before the mice were
sacrificed, after being bled four times, the hematocrits of the
mice in this group ranged from 37 to 40% and the hemoglobins
from 12 to 13.1 g. Erythropoiesis in the control groups appeared
to be enhanced by bleeding the mice. Erythroblasts and C-type
particles were found in the spleens of more control mice of
experiment I than experiments II and III.

Other recent experiments on the effect of erythropoietin on
virus-infected erythroid cells include a study which demon-
strated that virus-infected erythroid precursor cells from mice
with anemia induced by a slow-acting strain of Rauscher leu-
kemia virus responded to erythropoietin administration by
differentiating into erythroid cells (4). In another study (5),
hematopoietic cells from mice infected with Friend virus were
shown to be capable of erythroid differentiation in vitro in-
dependent of erythropoietin. However, in this experiment,
erythropoietin-induced cellular differentiation in normal
nonleukemic C3Hf mice resulted in the formation of C-type
virus particles from erythroid cells which suggests a possible

relationship between the mechanisms involved in erythroid
cellular differentiation and those responsible for the formation
of C-type virus particles.
Normal C3Hf mice are known to contain latent and poten-

tially leukemogenic viruses which are usually non-pathogenic
under normal conditions (6, 7). However, various endogenous
or exogenous factors such as certain hormones, carcinogenic
chemicals, or ionizing radiation may activate these latent vi-
ruses. Fractionated total body x-ray irradiation of C3Hf mice
results in a significant increase in quantity and organ distri-
bution of C-type virus particles (8) and in the development of
of radiation-induced leukemia in the majority of these mice (9).
A filterable and transmissible leukemogenic virus could be
recovered from their tissues (10). The C-type virus particles
observed in this experiment may represent such a latent virus.
Experiments are currently in progress to investigate the possible
pathogenic potential of the virus particles formed in the spleens
of C3Hf mice following injection of erythropoietin.
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