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Abstract—/In 1968, Chirigos et al. showed that the PP-SV strain (plasma passage
of Moloney sarcoma virus) induced the appearance of tumor nodules in the spleen and
then in other hemopoietic and non-hemopoietic organs; these nodules were constituted
mainly of large fusiform cells, undifferentiated mesenchyme cells and fibrosarcoma-like
cells and destroyed the normal architecture of the affected organs.

In this paper, we show that this tumoral phase is preceded and accompanied by
important alterations of all hemopoietic organs such as spleen, thymus, liver, bone
marraw as well as peripheral blood. The granulocytic and erythroid lines are the most
involved by the pathological process, which is characterized by a hyperplasia of the
splenic red pulp, a hematopoietic metaplasia in the liver, invasion of the blood by young
cells and fibrosis of the bone marrow. All this suggests that the neoplasia is a
malignant hemopathy, or a mesenchymal sarcoma characterized by its association with
significant hemopotetic alterations. As the original strain of Chirigos’ virus has been
passaged in vivo for 2 yr before ils use in this study, we have called our strain
MPSV (myeloproliferative sarcoma virus). MPSV may constitute a unique murine
virus which can fransform in vivo hemopoietic and non-hemopotetic cells. It may be
used to study the relationship between fibroblastic cells and hemopoiesis. It appears also

to induce a myeloproliferative sarcoma.

INTRODUCTION

Tue CHiricos [1] plasma passage murine
sarcoma virus (PP-SV) was defined by these
authors as-an undifferentiated sarcoma char-
acterized by the invasion of the spleen,
muscles and lymph nodes by tumoral nodules
composed of: (1) tumoral cells less differen-
tiated than cells observed in the rhabdomyo-
sarcoma induced by MSV (original murine
sarcoma virus); (2) undifferentiated mesen-
chyme cells; (3) fibroblast-like cells. The
study did not provide any hematological data.

We obtained in 1974 from Chirigos the PP-
SV virus and maintained it by in vivo acellular
passages on adult DBA/2 mice. We report
here new properties of the virus, which we
found capable of inducing a myeloprolif-
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erative syndrome with myelofibrosis associated
with the tumoral changes described by
Chirigos.

MATERIALS AND METHODS

Virus

The viral suspension used in our experi-
ments was obtained from a pool of leukemic
spleens homogenized with an ultraturax in a
solution of PBS (phosphate buffered saline)
and saccharose 0.5 M. After two centri-
fugations (5000 g) of 10 min at 4°C, the final
supernatant was collected and frozen at
—70°C. The titer of the virus expressed in
spleen-dose 30%, (spsq) was determined by
the method of Rowe and Brodsky {2]; one
sDs, corresponds to the viral concentration
inducing splenomegaly (spleen weighing at
least 250 mg) in 50%, of the injected mice, 3
weeks after the virus injection.

In our experiments, 0.2 ml per mouse of
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viral suspension (containing 50 sbs,) was in-
oculated into the retro-orbital sinus. The PP-
SV virus suspension used was found free of the
following viruses: pneumonia virus of mice,
reovirus 3, sendai, polyoma, mouse adenovirus
and lymphocytic choriomeningitis.

Mice
DBA/2  MrcCbilco  (from  Iffa-Credo,

France), male, 2-month old mice (weighing
approximately 25-30 g) were used.

Histological study

Groups of 3 infected mice and non-infected
mice were killed every 7 days aftér virus
inoculation till the spontaneous death of the
leukemic mice, which occurred around day 35,

At autopsy, the following organs were re-
moved for study: femur, spleen, liver, thymus,
axillary lymph-nodes, heart, lungs, pectoral
and femoral muscles, and kidneys. Spleen,
liver and thymus were weighed. All organs
were fixed with buffered formalin. Histological
sections (thickness: 3 um) were performed and
stained by hematoxylin—eosin. Histochemical
reactions to detect reticulin and NASD chol-
esterases were made, as well as Mallory and
methylgreen—pyromine reactions. A trichro-
matic stain (hematein, cosin, saffran) was also
performed.

Cytological study

In order to follow the quantitative evol-
ution of the different hemopoietic series in the
spleen, smears were obtained from a cellular
suspension with a cytocentrifuge (cytospin—
Shandwood) and stained with orthodianizidin—
Giemsa.

At the terminal stage of the disease, the
following cytochemical stains were used on
these smears: P.A.S. (periodic acid-Schiff),
acid and alcalin phosphatases, sudan black,
peroxydases, non-specific esterases, inhibition
of non-specific esterases by NaF (sodium fluo-
ride), chloroesterases.

Hematological study

Blood. The blood was collected with heparin
by heart puncture. The number of nucleated
cells per mm?® was determined by double
numeration on a Malassez Chamber. The
hematocrit was measured in heparinized cap-
illary tubes. The percentage of reticulocytes
was calculated on 1000 erytrocytes.

Bone marrow. Nucleated cells of femoral
bonc marrow were counted by the following

method: one femur was taken and cleaned, a
needle was inserted  through cach epiphysis
(diameter: 0.45%x 13 mm). Then, the femur
was washed twice with 5 ml of MEM medium
(minimum essential  medium  from  Gibco,
U.S.A.) containing 30¢; of fetal call’ serum.
The number of nucleated cells was deter-
mined by double counting in ~a Malassez
Chamber. Differential cytological counts on
blood and bone marrow were made on smears
stained with orthodianizidin-Giemsa after
10 min fixation in absolute methanol.

RESULTS
Growth of the spleen and the liver

The relationship between the spleen weight
and the time after viral injection (Fig. 1)
shows 3 distinct kinetic phases:

(1) An exponential growth phase. This lasted
till day 20. During this phase, the spleen
weight increased exponentially and was mul-
tiplicd 10-fold, reaching 1 g. This very steep
growth curve was characterized by a doubling
time of 4.5 days.
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Fig. 1. Changes in the weights of spleen {=w==), liver {sses= )

and thymus (- - =) after MPSV injection. The poinis represent

1 standard deviation (S.D.) (¢the mean weight was 80 +12 mg,

14£0.049¢, 36+0.3mg for control spleen, liver and thymus
respectively ).

(2) A plateau phase. This phase lasted from day
20 o day 28 after virus injection. The splecn
weight did not exceed 1.2 g.

(3) A regression phase. During this phase an
important and rapid decrease from 1.2 g to
300 mg of the spleen weight was observed
from day 28 to day 34. The death of mice
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occurred at day 36. The growth of the liver
followed the same pattern as that of the
spleen (Fig. 1).

Histological study

The histological modifications observed af-
ter virus injection are summarized in Table 1.
From this table, it appears that the spleen was

the first affected organ since, as soon as day 6
after virus injection, its weight increased slightly
but significantly (120 instead of 80 mg for
normal mouse); this increase was not only
due to a hyperplasia of the red pulp but also

of the lymphoid follicles, the size of which
doubled. Two other important modifications

occurred later in this organ: the first one, also

described by Chirigos, consists in the appa-
rition of whitish nodules, areas which exten-

ded around the centrolobular arterioles of the
lymphoid follicles, that entirely replaced the

splenic parenchyma which was destroyed.
These nodules were composed of large blast-
like cells (about 25-309;) negative for all
cytochemical staining, granulocytic cells
(about 30°,) and fibroblast-like cells (about
2005) (Fig. 2). The second modification was
the late but very rapid decrease of spleen
weight, accompanied by a decrease in the
number and the size of the clear nodules and
a spectacular modification of the reticulum,

M. C. Le Bousse-Kerdiles et al.

which became very dense and tangled (Fig. 3).
Some giant multinucleated cells were also ob-
served in the spleen (Fig. 4). Similar tumoral
nodules were also observed in the thymus
(Fig. 5), the lymph nodes and some non-
hemopoietic organs (muscles, lungs, kidneys,
genitals) (Table 1) as described by Chirigos.
In the liver, which has not been previously
described, we observed, from day 20 after virus
injection, a hemopoietic metaplasia in venous
sinuses and around the portal spaces, then the
presence of ‘whitish nodular areas’ around the
portal spaces, both associated with an increase
of the reticulum.

Hematological studies

(1) Blood. Table 2 shows that this disease
appears to be essentially characterized by a
sudden but irregular increase of the nucleated
cell number at day 26 in the peripheral blood
which was concomitant with the spleen re-
gression. At the terminal phase of the discase,
the nucleated cell count reached 4.2 x10*
cells/mm? as compared to 1.7 x 10? cells/mm?
in non-injected control mice.

This increase was due to 2 events: (a) the
percentage of metamyclocytes and polymor-
phonuclears reached 559/ (2.2 x 10* cells/mm?)
at the last stage of disease as against 309 (5.4
x 10% cells/mm?) in control mice. The percen-

Table 2. Changes in the hematological features afier MPSV injection
Day after MPSV injcction DO Do D20 D26 D354

Total me: o of

otal mean number of 1726 £365 11934113 20024840 1623249419 42,250+ 28,889

nucleated cells per mm
Myecloblasts . -
Promyclocytes o) 0 0 0.6+0.7 0.240.2 15418
“Tissue™ cells (V) 0 0 42426 2.3+2.1 1.8+3.1
Myeloeytes () 0 0 0 0.5+0.1 4428
Metamyelocytes 325414 26.447.5 392415 30.74 16 524418
Polymorphonuclears
Lymphocytes (V) 653.5+4 70+7 45413 3048 12+4
Monocytes (7)) 2.340.6 4407 4242 1.6+0.6 1.740.3
Proerythroblasts ©:) 0 0 L6417 949 5943
Basophilic erythroblasts o ’ b1 - et
Polychromatophilic ) s - e o L -

acidophilic erythroblasts (“5) 0 0 5.242 b5t 22.249
Reticulocytes (V)

(calculated on 1000 27415 6.4+1.5 9.2+1.3 17.74+8 26.2+0.8

erythrocytes)
Numbecr of platelets

per mm? in the 2.940.3 2.6+0.3 22+40.3 1.1 +0.1 0.6+0.1

peripheral blood

Injection of 50 SD ;4 of MPSV.
Mean+1 S.E.M. (4 mice per point).

Differential cell count was made on 200 cells per mouse (4 mice per point).
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Fig. 2. Cellular composition of the “clear nodules’. Regardless of their localization, the nodules are
morphologically identical and essentially composed as followes: (1) large ‘blastic-like’ cells; (2)
granulocyiic cells; (3) ‘fibroblastic-like cells; (4) differentialed cells. Hematoxylin and eosin. x 1400.

Fig. 3. (a) day 28 afler MPSV injection. Nole the dense and tangled reticulum in the clear nodules. (b) normal aspect of the

reticulum around lymphoid follicles in the spleen of non-injected control mice. Gordon and Sweets. x 87. (c) day 34 after MPSV

injection—increased reticulum in the bone marrow, resulting in a myclosclerosis in MPSV injected mice. (d) Normal reticulum in
the bone marrow of control mice. Gordon and Sweeets. x 220.
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Fig. 4. Giant multinucleated cell found in spleen. Hematoxplin and eostn. X 560.

Fig. 5. Day 28: thymus is invaded by nodules in the cortical zone (— ). Hematoxylin and evsin. x 35.
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tage of myelocytic cells increased from 09 in
the control mice to 6% (2.8+10% cells/mm?)
in the leukemic mice at day 35, just before
death. (b) An erythroblastemia: this erythrob-
lastemia was observed at day 20 and the
percentage of erythroblasts (mainly polychro-
matophilic and acidophilic erythroblasts)
reached up to 259, (8.5 x 10? cells/mm?).

The number of lymphocytes remained con-
stant whereas their percentage, in relation to
the other nucleated cells per mm?, of blood
had clearly decreased (range: 609 in non-
injected control mice to 5%, in infected mice).

Finally, we note the evolution of other im-
portant hematological parameters in injected
mice (Table 2): the hematocrit decreased
from 459, in control mice to 28%, in infected
mice at the last stage of the disease. The
platelet number clearly decreased from 2.3
x 10° cells/mm? at day 0, to 0.6 10° cells/mm?>
at day 34. The percentage of reticulocytes
greatly increased, from 2.79%, at day O to 269,
at the end of the course.

(2) Bone marrow. The nucleated cell number
per femur remained quite unchanged during
the course of the disease: yet, the study of the
medullogram showed two important points
(Table 3): (a) an increase of the young
granulocyte percentage (myeloblast and pro-
myelocyte percentage increased from 49/ in
control mice to 119, in the infected mice at
day 34) and of the eosinophilic polymorpho-
nuclear percentage from 1 to 109 at day 28.
(b) a decrease of the percentage of erythroid
cells from 329, to 15209, and of the per-
centage of lymphocytes. These variations, ex-
pressed as percentage, reflect the variation in

absolute number, considering that cell num-
ber per femur remained constant.

Finally, and principally, from day 20 to
day 34, a very important increase of the
medullary reticulum with myelosclerosis (Fig.
3) was observed.

DISCUSSION

The murine virus induced leukemias provide
examples of specific alterations of the main
hemopoietic cell lines, such as the erythroid
cell line, by the Friend and Rauscher viruses,
and the myeloid cell line by the Grafli virus,
perhaps also by the Rauscher virus at a late
phase of its action, and by the MyLV virus
recently isolated by M. P. McGarry [3].

Unfortunately,  virus-induced  myeloid
leukemias have been difficult to reproduce
regularly and, therefore, the blood in alte-
ration, which involved mainly the granulocyte
cell line, explains our interest for this disease.
Since the original study of Chirigos [1] did
not mention this hematological alteration, and
since it has not been possible to obtain the
original early passages of the PP-SV strain, it
is possible that viral recombinations occurred
during the multiple i vivo passages. We pro-
pose, therefore, to call our strain of virus:
myeloproliferative sarcoma virus (MPSV).
The MPSV is defective, it induces foci of
transformation in murine embryonic fibro-
blasts and it has been cloned n wvitro and
separated from a helper virus. (Ostertag ¢t al.,
manuscript in preparation). The cloned trans-
forming virus has kept the capacity to induce
hemopoietic perturbations. This would mean

Table 3.  Percentage of nucleated cells in the femoral bone-marrow afier MPSV injection
Cells Day atter virus injection DO D6 D28 D34

Blasts
Myeloblasts (") 42415 105454 11.6+1.2 11.5+2
Promyelocytes
Myelocytes
Metamyelocytes (") 36+2.4 43.446.8 37.3+3 43410
Polymorphonuclears
Eosinophils () 1.3+419 102421 4842
Lymphocytes (") 267416 222+4 227406 1945
Monocytes () 0.14+0.3 23+1.8 3.3+1.8 1.34+0.5
Plasmocytes ) 0.06+0.1 0.1640.2 0 0.1440.12
Erythroid cells () 326+46 20.3+34 15642 20.4+4.2
Number of nucleated cells

per femur ( x 1()7) 14+0.1 1.340.2 0.74+0.2 1.14+0.2

Injection of 50 sp5, of MPSV virus.

Mcan +£S.E.M. (4 mice per point).

Differential cell count was made on 4000 cells per point (4 mice per point).
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that MPSV is a unique murine virus which
transforms hemopoictic and non-hemopoletic
cells.

We observed a hyperplasia of the splenic
red pulp, a hemopoictic metaplasia in the
liver, a myclemia and a medullary fibrosis,
which suggests that the ncoplasia could be a
hematosarcoma.

The splenic hyperplasia is not due to a bac-
terial or a wviral contamination of our virus
stock (sce Materials and Methods). However
it can be supposed that it is just a leukemoid
reaction to a tumoral transformation of non-
hemopoictic  cells  (fibroblast-like cells and
perhaps undifferentiated blast cells in  this
case).

Indeed, numerous authors have shown the
importance of such leukemoid reactions in
tumor-bearing mice [4, 5]. However, the sp-
lenic hyperplasia appears to be virus-specific,
since. we have shown (unpublished experi-
ments) a direct relationship  between  the
MPSV virus dose and the onsct of the hyper-
plasia. The hyperplasia could be due o a
direct transformation of the proliferative he-
matopoietic compartment, as in the casc of the

Friend leukemia [6], or to a cytolvtic cffeet of

the virus on maturc hemopoietic cells, provok-
ing a hyperplastic reaction of the precursor
cells [7].

The second phase of the disease characte-
rized by the spread of the nodular structures
in hemopoietic and non-hemopoietic organs, is
obviously the most interesting. Indeed the in-
vading structure 1s a cellular association of
three types of cells: undifferentiated blast-cells,
fibroblast and granulocytic cells. Such an as-
sociation, which is independent of its anatomi-
cal localization, raiscs, strikingly, the probiem
of the relationship between these 3 types of
cells. To explain the proliferation of fibroblas-
tic cells in these nodules, the most simple
hypothesis is that it is provoked by the action of
the MSV genome contained in the MPSV
genome. Indeed Chirigos obtained 1009, of
tumours when the virus was injected into the
leg of BALB/c new-born mice {1}, and we
confirmed this finding. The hypothesis is
strengthened by the fact that MPSV can trans-
form /n vitro murine embryonic fibroblasts [8].

However, the role of fibroblasts as a com-
ponent of the hemopoictic microenvironment
has been strongly suggested [9] and we must
study in this experimental model, the possib-
ity that the proliferation of the fibroblastic
cells may be closely related to the pathologi-
cal proliferation of the other hemopoietic cells
observed in the same nodules, particularly the
granulocytic cells.

It has not been possible, in this morphologi-
cal study to elucidate the cytological nature of
the undifferentiated blast cells: all the cyt-
ochemical staining which was performed was
negative but as no muscular striation was ob-
served alter the Mallory staining they are
probably not mesenchyme cells. Our histologi-
cal observatons strongly suggest that they are
more probably hemopoietic cells (or cells close-
ly related to hemopoicsis). Indeed, we have
shown that these cells appear firstly in hemo-
poictic organs; they are always assoclated
with granulocytic cells, and they always ap-
pear around the central arterioles of the sp-
lenie lymphoid follicles, which is the site where
myeloid colonies appear in lethally irradiated
recipients {10].

The constant association, in the nodules, of
granulopotests with fibroblast-like and undif-
ferentiated blastic cells may represent a good
model for the study in vivo and i vitro of the
respective interaction of these cell populations.

Finally, MPSV-induced discase is another
example ol an oncornavirus-induced model for
multistep  carcinogenesis as in  the Friend
leukemia. Our work suggests that such a
multistep carcinogencsis 1s probably the case
for MPSV induced discase where, firstly, a
hyperplasic phase appears, f{ollowed by the
apparition of nodules, which represent his-
tologically tumoral characteristics. If this is
confirmed by physiological studics, then mul-
tistep carcinogenesis would not be restricted 1o
chemically-induced tumors [11], but would
also  be  demonstrable in  virus-induced
malignancies.
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