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in this laboratory by strict brother-sister mating (7). These
mice have been shown to have a very low incidence of
spontaneous leukemia (7). Electron microscopy of spleens
and blood from uninfected mice never reveals any virus-like
particles.

Virus. The origin of the MEV has been described (7). MEV
used in the present experiments was obtained from cell-free
spleen filtrates of the 23rd to 26th C3Hf/gs mouse passages.
Throughout the passage history of MEV, virus potency and
pathological manifestations of erythroblastosis have not
deviated from the original report (7). Animals were inocu
lated i.p. when I to 4 days old with 0.1 ml of the virus
preparation.

Red Cell Survival.@ â€C̃r-Labeled red cell survival studies
were carried out according to a modification of the method
described by Donohue et a!. (6). Donor animals were lightly
anesthetized with ether, the brachial artery and axillary vein
were cut, and blood was collected in heparinized Pasteur
pipets. Blood from several animals was pooled and centri
fuged and the plasma and buffy coat were discarded. The
erythrocytes were washed once with 0.9% NaCI solution and
resedimented. To each ml packed erythrocytes was added 1
mCi sodium chromate-5 â€C̃r (New England Nuclear Corp.,
Boston, Mass., 50 to 500 Ci/g, 1 mCi/ml in 0.9% NaCl
solution). Donor cells were incubated at 37Â°for 45 mm,
sedimented, washed twice with NaCl solution, and resus
pended in NaCl solution to produce a 20% suspension. Each
recipient animal received 0.5 ml of the suspension (0.1 ml
packed cells) i.p. Thirty-six hr elapsed before the first
samples were drawn to permit complete absorption of red
cells from the peritoneal cavity. Initial blood samples were
collected from the tail vein in 13-p1 capillary pipets. Subse
quent samples were collected at 1 to 3-day intervals.
Capillary pipets were stored in plastic vials and all samples
from 1 experiment were counted on the same day to
eliminate the necessity for calculating radioactive decay.

5 , Cr Counting. Blood samples were counted at the

termination of an experiment in a Packard Auto.Gamma
spectrometer. The first blood sample of a series contained
greater than 1000 cpm above a background of less than 20
cpm or the results were not included in the experiment.
Because of the great variability in the amount of radio
activity absorbed by individual animals, actual counts are not
recorded. Instead, the cpm recorded from the first sample
obtained from a mouse was arbitrarily considered as 100%,
and all subsequent samples from that animal were recorded
as percentages of the initial value.

Complete Blood Count. Hematocrits were determined in
heparinized capillary tubes; white cells and platelets were
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SUMMARY

Mouse erythroblastosis virus induces splenomegaly, anemia,
and thrombocytopenia in infected animals.@ â€˜Cr-Labeledred
cell survival studies and serial blood counts indicate that the
anemia is due to red cell destruction and the splenomegaly is
due to a compensatory hyperplasia of erythrocytic pre.
cursors. Splenectomy prevents the secondary reticulocytosis,
but it does not prevent the red cell destruction. Electron
microscopy of peripheral blood from mice infected with
mouse eiythroblastosis virus demonstrates budding virus
particles at platelet and reticulocyte cell surfaces.

INTRODUCTION

Mice inoculated with MEV2 shortly after birth develop
splenomegaly and a rapidly progressive anemia from which
they die within 9 weeks (7). Histologically, the enlarged
spleen and bone marrow contain masses of proliferating red
cell precursors, predominantly basophilic erythroblasts,
but all stages of maturation are present. The possibility was
considered that the primary disease induced by MEV is an
erythroleukemia. The anemia in this case would be due to
replacement of normal erythropoietic tissue by malignant
erythroblasts. However, the erythroblasts seen in this disease
are indistinguishable from erythroblasts in normal control
mice and are not transplantable to syngeneic hosts. It was
also considered that MEV has a direct effect on red cells,
leading to hemolysis, as it has been reported for Friend
leukemia (1).

In the present study, the nature of the anemia in murine
erythroblastosis is examined. Serial hematological profiles of
MEV-infected mice and survival times of red cells labeled
with@@ Cr were determined in normal and MEV-infected
recipients. The results indicate that MEV induces a
hemolytic anemia and that the erythroblastic proliferation is
a compensatory mechanism secondary to hemolysis.

MATERIALS AND METHODS

Mice. The C3Hf/gs mice used in these experiments were
entirely from an inbred colony maintained for over 8 years
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counted directly with Unopettes (Becton, Dickinson and Co.,
Rutherford, N. J.).

Reticulocytes were counted according to the brilliant cresyl
blue method. Bilirubin levels were determined on plasma
obtained from microhematocrit tubes by the method of
Leffler (8). With this method, turbid plasma will yield falsely
high readings; therefore, any grossly turbid plasma was
discarded.

Splenectomy. At 24 to 48 hr after birth, the mice were
placed in a deep freezer at 0Â°. When respiration and
movement had ceased, the animal was removed and the
spleen was exposed in the left flank by an incision through
the skin and peritoneum directly over the long axis of the
spleen. The spleen was protruded by gentle pressure and
detached from its vessels and connective tissue. Care was
taken not to injure the pancreas. The incision was sutured
with silk. Virus was inoculated 24 hr after splenectomy, as
described above. All animals were autopsied at the end of an
experiment to ensure that splenectomy was complete.

Electron Microscopy. Blood from anemic animals was
collected in heparinized microhematocrit tubes, washed in
0.9% NaCl solution, and pelleted at 3000 rpm for 10 mm.
The 0.9% NaCI solution was replaced with cold 2% 0504 in
collidine buffer, pH 7.4, and the pellet was fixed for 1 hr at
4Â°. After fixation, the cell pellet was dehydrated and
embedded in Epon, and sections were viewed in an RCA
EMU 3D electron microscope. Blood from uninfected
controls was similarly treated.

RESULTS

Preliminary studies of C3Hf/gs mice inoculated as newborns
with MEV suggested that the cause of death at about 8
weeks after virus inoculation was most probably due to a
severe anemia (7). We therefore determined several hemato
logical paramete@s during the progressive course of erythro
blastosis. Twenty-five newborn C3Hf/gs mice were inoculated
with MEV; 15 mice were set aside as noninoculated controls.
Blood was collected from the retroorbital plexus into
microhematocrit tubes at weekly intervals beginning at 3
weeks of age. Hematocrits, reticulocyte, platelet and white
cell counts, and bilirubin content were determined for each
sample (Chart 1).

The MEV-infected mice showed rapidly falling hematocrits
and rising reticulocyte counts, beginning at 3 weeks after
virus inoculation. The anemia was accompanied by a
thrombocytopenia with platelet counts of less than 50,000
during the last week of life. However, at autopsy, hemor.
rhagic lesions were not seen, even in animals with platelet
levels that had fallen before death to less than 3% of
controls. Between the 4th and 6th weeks after virus inocula
tion, the hematocrits had dropped to 20%, but the stools of
the animals were negative for hemoglobin when tested with
benzidine. Further evidence of red cell destruction was the
rise in serum bilirubin levels that accompanied the fall in
hematocrit (Chart 2).

These results indicated that MEV induced a profound
anemia beginning about the 3rd week after virus inoculation.
Red cell survival studies were undertaken to determine the
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Chart 1. Composite recording of hematological parameters measured
in normal and MEV-infected mice. The broken line in each graph
connects the average values obtained in each case from 25
MEV-infected mice and the solid line connects the average values from
15 littermate controls. The vertical line through each point represents
the standard deviation from the average. Upper left, state of red cell
volume (hematocrit) at various times after birth; upper right,
percentage of reticulocytes; lower left, white cell count (per cu mm);
lower right, platelet count (per cu mm).

Chart 2. Serum biirubin levels in MEV-infected and control mice. The
broken line in each graph connects the average values obtained in each
case from over 15 MEV-infectedmice, and the solid line connects the
average values obtained from over 15 littermate controls. The vertical
line through each point represents the standard deviation from the
average. The upper graph was produced with values obtained from the
serum of totally splenectomized mice of Chart 6. The lower graph was
produced with values obtained from the serum of nonsplenectomized
miceofChart 1.
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Chart 4. Survival of@@ Cr-labeled red cells from MEV-infected donors
in 10 normal and 10 MEV-infectedrecipients. Each point represents the
averageand the vertical line rerresents the standard deviation from the
average of the percentage of â€C̃r counts remaining in the peripheral
blood of the animals at each specified time. This value is derived by
comparing the@@ Cr counts from a 13-@tlaliquot of blood obtained on a
given day, with the counts from an aliquot obtained 24 to 48 hr after
transfusion of@ â€C̃r-tagged erythrocytes (Day 0) and arbitrarily
considered 100%. The broken line connects values derived from
MEV-infected mice and the solid line connects values from normal
littermate controls.
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nature of the anemia. For this purpose, the survivals of
5 , Cr-tagged red cells from normal animals were compared

between groups of normal and MEV-infected C3Hf/gs mice
(Chart 3). In addition, the survival of red cells from MEV
infected anemic animals was determined (Chart 4).
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Chart 3. Survival of@@ Cr-labeled red cells from normal donors in 10
normal and 10 MEV-infected recipients. Each point represents the
average and the vertical line rerresents the standard deviation from the
average of the percentage of@ Cr counts remaining in the peripheral
blood of the animals at each specified time. This value is derived by
comparing the@@ Cr counts from a 13-gzlaliquot of blood obtained on a
given day, with the counts from an aliquot obtained 24 to 48 hr after
transfusion of@@ Cr-tagged erythrocytes (Day 0) and arbitrarily
considered 100%. The broken line connects values derived from
MEV-infected mice and the solid line connects values from normal
littermate controls.

The survival rate of normal cells in MEV-infected animals
(5 1 Cr tÂ½ 1 .7 Â± 0.5 days) was markedly decreased

compared to the 50% survival of the same cells in normal
control animals (5 1Cr tÂ½ 16.3 Â±3.3 days) (Chart 3).

The survival rate of red cells from MEV-infected anemic
donors was compared in normal and MEV-infected recip
ients. Here, the life-span of the red cells was also markedly
shortened when inoculated into infected animals; (5@ Cr tÂ½
= 2.1 Â± 0.7 days as compared with the survival of the same

cells in normal recipients,@ â€C̃r tÂ½ 11.2 Â± 1.8 days)
(Chart 4).

In addition to the obviously shortened survival when
5 1Cr-tagged red cells were inoculated back into infected

recipients, the life-span of cells from infected anemic animals
(5 1 Cr tÂ½ 1 1 .2 Â± 1 .8 days) (Chart 5) was significantly

shorter in normal recipients, p < 0.001 , than the life-span of
cells from control animals (5@ Cr tÂ½ 16.1 Â±I .4 days).

From these results, it appeared that a significant com
ponent of hemolysis must have been due to an intrinsic
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Chart 5. Comparison of the survival in normal recipients of
5 â€C̃r-labeled red cells from normal donors (solid line) with@@ Cr-labeled

red cells from MEV-infecteddonors (broken line).
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animals (5 1Cr tÂ½ 2.9 Â±1.7 days) was significantly (p <
-- .. 0.05) longer than the survival of normal red cells in MEV

3 5 -- age (wk) infected mice of the same age that were not splenectomized

(51Cr tÂ½ 1.7 Â±0.5 days).
Autopsy findings from mice with erythroblastosis have

been reported (7). The term erythroblastosis was chosen
because it best described the erythroproliferative process in
the spleen, liver, and bone marrow. Multiple clusters of red
cell precursors are present in hepatic or splenic sinusoids and
the marrow spaces. About 75% of the spleen or bone
marrow population belong to the erythrocytic series. Baso
philic erythroblasts are identified as the most common cell
form within the red cell series (7). Thus, the cellular
response of the disease is confined to organs that normally

_____________ _____ produce red cells in mice, while other organs reflect the
:;â€˜;â€˜ ageColi) severe anemia, erythrophagocytosis, and hemosiderosis, as

evidenced in the liver, spleen, and lymph nodes.
Histological material was avaUable from splenectomized mice

and mice which had inadvertently been partially splenecto
mized. A greatly accentuated hemosiderosis characterized the
splenectomized mice with erythroblastosis. Hemosiderosis
(Fig. 3) and erythrophagocytosis (Figs. I and 2) were
especially severe in mesenteric and parathymic lymph nodes.
Prussian blue stains did not disclose hemosiderin in pancreas,
myocardium, striated muscle, lungs, or salivary glands. The
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defect in the red cells from MEV-infected mice. However,
the major component of hemolysis must have been due to
host factors of infected animals reacting against donor cells,
since red cells from both normal and MEV-infected mice
were rapidly destroyed when inoculated back into MEV
infected animals.

Since splenomegaly was the main gross clinical finding in
infected animals, the primary defect leading to anemia
conceivably could have been due to excessive destruction of
otherwise normal cells by an abnormally functioning
reticuloendothelial system. Previous morphological findings
indicated that the splenomegaly of mice with erythro
blastosis was caused by erythroblastic proliferation, rather
than erythrocyte sequestration. We therefore compared red
cell survival and the other hematological parameters in
splenectomized and nonsplenectomized mice.

No significant differences were found in blood counts
between normal splenectomized mice and nonsplenectomized
mice of the same age, except for a constantly elevated white
cell count in splenectomized mice, (Chart 6). The MEV
infected splenectomized mice failed to develop a reticulo
cytosis and increased bilirubin levels (Chart 2) despite the
presence of a severe anemia. In addition, the@ â€C̃r survival
rate of normal cells in splenectomized uninfected mice did
not differ from the@ â€C̃r survival rate of normal red cells in
nonsplenectomized mice. Chart 7 demonstrates that the
survival of normal red cells in splenectomized MEV-infected

Nj
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Chart 6. Composite recording of hematological parameters measured
in splenectomized normal and splenectomized MEV-infected mice. The
broken line in each graph connects the average values obtained in each
case from 18 MEV-infectedmice and the solid line connects the average
values from 15 littermate controls. The verticalline through eachpoint
represents the standard deviation from the average. Upper left, state of
red cell volume (hematocrit) at various times after birth; upper right,
percentage of reticulocytes; lower left, white cell count (per cu mm);
lower right, platelet count (per cu mm).
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Chart 7. Survival of@@ Cr-labeled red cells from normal donors in 12
splenectomized normal recipients and 10 splenectomized MEV-infected
recipients. Each point represents the average and the vertical line
represents the standard deviation from the average of the percentage of
S Cr counts remaining in the peripheral blood of the animals at each

specifiedtime. This value is derivedby comparing the@ â€C̃r counts from
a 13-@tlaliquot of blood obtained on a given day with the counts from
an aliquot obtained 24 to 48 hr after transfusion of@@ Cr-tagged
erythrocytes and arbitrarily considered 100%. The broken line connects
values derived from MEV-infected mice and the solid line connects
valuesfrom normal littermate controls.
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spleen fragment had enlarged considerably in partially
splenectomized mice. Erythroblastic foci in the liver were
regularly found in the presence of an erythroblastotic spleen
fragment but not without it. Erythroblasts and megakaryo
cytes were regularly found in lymph nodes of splenecto
mized mice.

The bone marrow of splenectomized and nonsplenecto
mized virus-inoculated mice was indistinguishable. The
marrow was hypercellular because of erythroid hyperplasia.
However, megakaryocytes and myeloid cells were present as
in uninoculated control mice. The marrow was the only
organ in which the erythroproliferation was evident irrespec
tive of the presence or absence of the spleen.

From the preceding results, it appeared that, although the
spleen played a significant role in the destruction of erythro
cytes, it was by no means the primary cause of the anemia.
Since the anemia was paralleled by a viremia (7), we
considered the possibility that MEV interacted directly with
red cells to cause their destruction. Blood smears did not
suggest agglutination of red cells in the peripheral blood of
mice with advanced erythroblastosis. To ascertain whether
there was any direct physical interaction of red cells with
the virus, blood from anemic animals was centrifuged and
the resulting pellet was fixed and embedded for electron
microscopy. As was demonstrated in Chart 1, a large
majority of the red cells in anemic animals at 6 weeks after
inoculation consisted of reticulocytes that still contained
ribosomes and occasional mitochondria. Mature virus
particles were not seen adherent to these red cells. However,
several reticulocytes contained virus particles in the process
of budding from the cell membranes (Figs. 4, 5, and 7). In
addition, virus particles were also seen budding from platelet
membranes (Fig. 6). Examination of the buffy coat portion
of the pellet failed to reveal budding virus at the surface of
any of the nucleated cells. Examination of blood from
uninoculated control animals did not reveal any virus par
tides. Electron microscopic examination of tissues from
erythroblastotic mice revealed virus particles budding from
the cell membranes of megakaryocytes and erythroblasts (7).

DISCUSSION

In the original report on a virus-induced mouse
erythroblastosis, we described splenomegaly as the first gross
manifestation of the disease (7). Splenomegaly coincided with
a rapidly progressive anemia which eventually killed the host.
Histologically, erythroblastosis was due to excessive
proliferation of red cell precursors in the spleen, as well as in
other hemopoietic tissues. The erythroblastic proliferation
appeared not to represent an autonomous neoplasm, since
spleen cell suspensions were not transplantable to adult
syngeneic recipients. Furthermore , normal maturation of red
cell precursors was evident in tissues which are physiologically
concerned with erythropoiesis. We concluded that the
erythroblastosis was, most likely, a reactive hyperplasia
secondary to red cell destruction (7).

The anemia from which MEV-infected mice die was caused
by hemolysis, as demonstrated by a falling hematocrit, a rise
in reticulocyte count, and a rise in serum bilirubin levels at

about 3 weeks after MEV infection. Attempts were therefore
made to determine whether the hemolysis was due to an
intrinsic defect in the erythrocytes of MEV-infected animals
or to an abnormally functioning reticuloendothelial system.
In@@ Cr red cell survival studies we were unable to
distinguish between these 2 destructive mechanisms.

The@ â€C̃r tÂ½of red cells from MEV-infected mice was
significantly shorter than the@@ Cr tÂ½of red cells from
normal mice in normal hosts ( I 1.2 Â±I .8 days compared
with 16.3 Â±3.3). This would indicate that the red cells from
MEV-infected animals were defective compared with red cells
from normal animals, so that they were more rapidly
removed from the circulation by a normally functioning
reticuloendothelial system.

However, the life-span of@ â€C̃r-labeled red cells from
normal animals was drastically shortened when inoculated
into MEV-infected recipients. The@ â€C̃r tÂ½ of normal red
cells in MEV-infected mice was 1.7 Â±0.5 days, as opposed
to 16.3 Â±3.3 days in normal hosts. These results indicated
that the major defect responsible for the massive hemolysis
in infected animals was extrinsic to the red cell.

Since splenomegaly accompanied the anemia, the question
arose as to whether the anemia was attributable to hyper
splenism. The course of mouse erythroblastosis was therefore
studied in splenectomized mice.

Splenectomy had no effect on the survival of red cells from
normal mice in uninfected hosts. In addition, removal of the
spleen had little effect on the course of the disease and
longevity of a mouse subsequently inoculated with MEV.
However, the@ â€C̃r tÂ½of red cells from normal animals in
MEV-infected recipients was slightly increased in splenecto
mized animals as opposed to animals with enlarged spleens,
indicating that the spleen had a small part in removing red
cells from the circulation. Whatever benefit splenectomy
played in decreasing red cell destruction was apparently
overshadowed by the loss of erythropoietic tissue. Splenecto
mized mice infected with MEV became anemic at about the
same time as nonsplenectomized animals but failed to
develop the reticulocytosis of intact animals. Splenectomy,
in fact, did little to lengthen the life-span of red cells in
MEV-infected animals. The@ â€C̃r tÂ½ of red cells from
normal donors was increased from 1.7 Â±0.5 days to 2.9 Â±
1.7 days in splenectomized animals, which represented only
a minor reduction of red cell destruction, compared with a
S 1 Cr tÂ½ of I 6. 1 Â± I .4 days in uninfected splenectomized

hosts.
The results presented here are in general agreement with

those of Brodsky et al. (1) and Dennis and Brodsky (4), who
concluded from ferrokinetic studies in Friend virus-infected
mice that the splenomegaly was in part a compensatory
response to hemolysis.

Electron microscopy offered some hints as to the possible
mechanism of red cell destruction in MEV infected mice.
Virus production was demonstrated in megakaryocytes and
erythroblasts of MEV-infected spleens (7). This phenomenon
has been described before for other mouse-leukemia viruses
(2, 3, 9). In addition, as previously described (9), virus
particles were seen in the process of budding from reticulo
cytes and also from platelets of the peripheral blood. The 2
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cell types that were most severely affected by MEV infection
were the red cells and platelets. It is conceivable that virus
particles in the process of budding incorporate some anti
genic components from the host cell membrane into the
virus envelope (5). The infected animal then makes antibody
against the entire spectrum of virus antigen, some of which
is derived from the host membrane. Antibody thus produced
may be capable of acting, not only against reticulocytes or
platelets with budding virus particles attached, but also
against normal cells, thereby inducing the hemolytic anemia
and thrombocytopenia of mouse erythroblastosis. Immuno
logical studies are now underway to determine whether
MEV-infected mice do indeed contain antibodies against
normal red cells.
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Fig. 1. Mesenteric lymph node from a totally splenectomized MEV-infected mouse, demonstrating dilation of the sinusoids by phagocytic
cells. X 175.

Fig. 2. Higher magnification of the same lymph node, demonstrating erythrophagocytosis by sinusoidal macrophages. X 640.
Fig. 3. Prussian blue stain of the same lymph node, demonstrating hemosiderin deposits in sinusoidal macrophages. X 175.
Figs. 4 and 5. Virus particle budding from reticulocyte membrane. X 35,000.
Fig. 6. Virus particle budding from platelet membrane. X 33,600.
Fig. 7. Virus particle budding from reticulocyte membrane. X 33,600.
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