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Abstract

The oncogenicity of xenotropic pseudotype Kirsten murine sarcoma virus (MSV) was inves-
tigated in Sprague-Dawley rats. When fetal or newborn rats were inoculated intracerebrally with
xenotropic pseudotype MSYV, brain tumors developed after about one month. Tumors were induced
both in the cerebrum and the cerebellum. Histologically, the tumors were predominantly glioblas-
toma multiforme and hemangioendotheliomas. In cerebellar lesions, malignant transformation of
vascular endothelial cells, polycystic areas and numerous giant cells were noted. Proliferation of
Purkinje cells was also observed in some of the cerebellar tumors. Inoculation of the same virus by
other routes, such as s.c., i.p. and i.m., also caused cerebral and cerebellar tumors. Brain tumors
thus induced were transplantable subcutaneously into suckling rats.
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Abstract.  The oncogenicity of xenotropic pseudotype Kirsten murine sarcoma
virus (MSV) was investigated in Sprague-Dawley rats. When fetal or newborn rats
were inoculated intracerebrally with xenotropic pseudotype MSV, brain tumors de-
veloped after about one month. Tumors were induced both in the cerebrum and
the cerebellum. Histologically, the tumors were predominantly glioblastoma multi-
forme and hemangioendotheliomas. In cerebellar lesions, malignant transformation
of vascular endothelial cells, polycystic areas and numerous giant cells were noted.
Proliferation of Purkinje cells was also observed in some of the cerebellar tumors.
Inoculation of the same virus by other routes, such as s.c., i.p. and im., also caused
cerebral and cerebellar tumors.  Brain tumors thus induced were transplantable
subcutaneously into suckling rats.
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Mouse cells contain genetic information of endogenous type-C RNA viruses
(1-5). It was recently demonstrated that a pure strain of BALB /c mice had three
different sets of information containing codes for type-C RNA virus polypeptides
(6). Both BALB virus-1 and BALB virus-2 could be induced from BALB /c mouse
cells upon treating them with halogenated pyrimidines, such as iododeoxyuridine
(7). BALB virus-1 replicates in cultured cells of NIH Swiss mouse origin. It was
shown that BALB virus-2 was not infective to mouse cells, but rather replicated
in cells of other animal species (xenotropism) (8, 9).  BALB virus-3 was different
immunologically from virus-1 and virus-2 and was similar to the endogenous type-
C virus isolated from NZB and NIH Swiss mice (10).

Kirsten murine sarcoma virus (Ki-MSV) transformed both BALB/3T3 and
NRK cells to non-producer (NP) cell lines, such as K-BALB or K-NRK (11). It
was also demonstrated that Ki-MSV were rescued from these NP cells with type-C
helper viruses, such as Rauscher MuLV, Kirsten MuL'V, BALB virus-1 and BALB
virus-2, resulting in the production of pseudotype Ki-MSV. Aaronson and Dunn
(12) demonstrated that NRK cells were sensitive not only to BALB virus-2, but
also to MSV rescued from NP cells (K-BALB) with BALB virus-2.

From these results it was presumed that rat cells were highly sensitive, not
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only in vitro but also in vive, to xenotropic pseudotype MSV, Ki-MSV (BV2), and
that tumors could be induced with this virus under certain conditions.

When Ki-MSV (BV2) was inoculated intracerebrally into newborn or fetal
Sprague-Dawley rats, brain tumors frequently developed not only in the cerebrum
but also in the cerebellum. Brain tumors also developed in the rats inoculated
extracerebrally, i.e., subcutaneously, intraperitoneally or intramuscularly, with the
same virus at birth.

MATERIALS AND METHODS

Animals. The Sprague-Dawley (SD) rats used were obtained from the Central Laboratory
of Experimental Animals, Tokyo.

Viruses and tissue culture. Xenotropic pseudotype Kirsten MSV, Ki-MSV (BV2), in cultured
NRK cells was used in this experiment. Virus-infected cells were sent from NIH (Bethesda,
Md, U.S.A.) by the courtesy of Dr. Aaronson and Dr. Hino. Eagle’s medium with 10 % fetal
calf serum was used in most of the cultures. Titration of the xenotropic pseudotype MSV
was performed on mink cells cultured in RPMI 1640 medium with 109 fetal calf serum or
NRK cells in Eagle’s medium with 10 % fetal calf serum. The titer of Ki-MSV (BV2) was
1033 FFU on mink cells and 10*® FFU on NRK cells.

Inoculation of the virus. Newborn and fetal SD rats were inoculated intracerebrally with
0.05ml and 0.01 ml of Ki-MSV (BV2), respectively. For fetal inoculations, pregnant rats in
the 17th to 21st day of gestation were anesthetized with nembutal (20 mg/kg body weight),
and a laparotomy was conducted. Exposed fetuses were inoculated intracerebrally with the
virus through the uterine wall. Besides cerebral inoculations, newborn rats were inoculated
with the same virus, subcutaneously (0.1 ml), intraperitoneally (0.2 ml) or intramuscularly (0.2
ml), and fetuses subcutaneously (0.03 ml) or intraperitoneally (0.03 ml).

Transplantation of tumor tissues. Small pieces of brain tumors were transplanted subcutane-
ously in the back of newborn rats, using a trocar. Subcutaneous tumors that developed were
examined histopathologically.

Autopsy. Organs obtained by autopsy were fixed in a buffered 10 % formalin solution
and embedded in paraffin. The sections were stained with hematoxylin-eosin, Mallory PTAH,
PAS, and silver stain (Gomori’s modified method). '

Electron-microscopy.  Tissues were fixed in a Millonig buftered glutaraldehyde solution,
dehydrated with a series of ethanol, exchanged with QY-1(n-Buthyl-glycidyl ether) and em-
bedded in Epon-resin. Ultrathin sections were made with a Porter-Blum MT-2 ultra-micro-
tome followed by double staining with uranyl acetate and lead, and were examined under an
H-U-500 electron-microscope.

RESULTS

Intracerebral inoculation of Ki-MSV (BV2) into newborn SD rats. ~ As shown in Table
1, among 38 animals, brain tumors were found in 37 (97.4 %) in the cerebrum
and in 17 (44.7 %) in the cerebellum. The animals bearing brain tumors showed
various symptoms such as enlargement of the skull, lethargy, irritability, static
ataxia and rotary motion. In addition to these symptoms, moderate enlargement
of the spleen and liver, hemorrhages in various organs such as the lungs, intestinal
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tract and lymph nodes were observed. The average latent period of development

of brain tumors was 37 days, ranging from 24 to 56 days.

Although the viral

materials were inoculated into the right hemisphere of the cerebrum, brain tumors
were detected not only in both hemispheres of the cerebrum but also in the cere-

bellum.

TaBLe 1. INTRACEREBRAL INOCULATION OF Ki-MSV(BV2) INTO NEWBORN SD-RATS

Ki-MSV Number Cerebral Celebellar Enlarge- Enlarge- ALP
(BV2)/NRK of tumor tumor ment of ment of (day)
culture animals (%) (%) spleen liver
passage (%) (%)
13th 7 6 3 2 1 52
15th 5 5 5 2 0 26
15th 2 2 0 0 0 56
30th 7 7 4 2 1 24
30th 6 6 5 1 0 25
60th 8 8 0 0 0 45
60th 3 3 0 0 0 36
13-60th 38 37 17 7 2 37
(97.4) (44.7) (18.4) (53

Intracerebral inoculation of Ki-MSV (BV2) into fetuses of SD rats.

As shown in

Table 2, when the fetuses of SD rats were inoculated intracerebrally with Ki-MSV
(BV2), brain tumors were found in the cerebrum in 26 (76.5 %) and in the cere-
bellum in 31 (91.2 %) among 34 animals, with an average latent period of 24 days.
When Ki-MSV (BV2) was diluted 10 times, brain tumors were induced in 8 (61.5 %)
out of 13 animals both in the cerebrum and the cerebellum, after an average of

26 days.
TaBLk 2. INTRAGEREBRAL INOCULATION OF Ki-MSV(BV2) iNTo FETUSES OF SD-rats
Ki-MSV Day of Number  Cerebral Cerebellar Enlarge-  Enlarge- ALP
(BV2)/NRK gesta- of tumor tumor ment of ment of (day)
culture tion animals (%) (%) spleen liver
passage (%) (%)
13th 18 5 3 5 4 4 28
14th 18 4 3 4 3 3 21
15th 21 3 1 1 0 0 17
15th 18 10 10 9 3 4 26
19th 18 2 2 2 2 2 18
30th 19 10 7 10 3 3 24
13-30th 18-21 34 26 31 15 16 24
(76.5) (91.2) (44.1) (47.1)
20 th* 19 13 8 8 5 4 26
(61.5) (61.5) (38.5) (30.8)

* Inoculum diluted ten times.
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Pathological findings of brain tumors. Brain tumors were located in both cerebral
hemispheres, frontal lobe, intermediate zone of brain parenchyma, subependymal
region and periventricular areas in the cerebrum. Tumors were also found in the
fourth ventricle adjacent to the cerebellum and pons, and in the middle and lateral
lobes of the cerebellum. The tumors were reddish brown, yellow or yellowish-
green (Figs. 1-3).

Microscopic findings. Cerebral tumors were well circumscribed and had necro-
tic areas and hemorrhages. The lesions showed high cellularity and revealed an
area of pseudopalisading with central necrosis and tapering cells (Figs. 4, 5). Pro-
liferation of the perivascular endothelial cells (Fig. 6) and highly anaplastic areas
with multinucleated giant cells (Fig. 7) suggested a high grade of malignancy. In
other areas, high cellularity, pleomorphism of the cells and vascular obstruction
were noted. In addition to these findings, rounded cells of the same size were
observed in tumorous lesions, and spindle-shaped cells in mitosis were noted in
the corpus callosum. The palisades, pseudo-rosettes, vascularity, pleomorphism,
mitotic activity and numerous multinucleated giant cells together are suggestive
of glioblastoma multiforme.

Cerebellar tumors were observed in 45 % of the animals inoculated at birth
and in 91 ¢ of those inoculated during gestation. ~Hemorrhages, vascularity,
proliferation of vascular endothelial cells (Fig. 8), small or medium sized polycystic
areas, and multinucleated giant cells (Fig. 9) were observed in these cerebellar
tumors. We occasionally observed proliferation of Purkinje cells (Fig. 10) which
infiltrated the granular cell layer of the cerebellum.

Subcutaneous transplantation of Ki-MSV (BV2)-induced brain tumors. Minced tissues
of Ki-MSV (BV2)-induced rat brain tumors were successfully transplanted subcu-
taneously into all of 14 newborn rats, as shown in Table 3.

TABLE 3. SUBCUTANEOUS TRANSPLANTATION OF Ki-MSV(BV2)-INDUCED BRAIN TUMOR INTO SD-RATS

Brain tumor Number Trans- Cerebral Cerebellar Enlarge- ALP
used for of planted tumor tumor ment of (day)
transplan- animals tumor (%) (%) spleen &
tation “take”(% ) liver (% )
R122377 (6) 6 6 5 5 5 24
R032778(2) 4 4 0 8
R032778(1) 4 4 3 3 4 17
14 14 8 8 9 17

(100) (57.1) (57.1) (64.3)

Tissue culture of Ki-MSV (BV2)-induced brain tumor. Six culture lines from Ki-
MSV (BV2)-induced cerebral tumors were obtained. One of these cultures had
typical astrocytic cells with numerous processes one month after initiation of the
culture (Fig. 11). Supernatants of Ki-MSV (BV2)-induced rat brain tumors did
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not transform either NIH/3T3 or BALB/3T?3 cells, but transformed NRK cells.
The virus found in the culture fluid of the Ki-MSV (BV2)-induced rat brain tumors
showed xenotropic characteristics. Numerous C-type viral particles were seen on
the surface of the cultured cells (Fig. 12).

Subcutaneous inoculation of Ki-MSV (BV2) into newborn SD rats. When newborn
Sprague-Dawley rats were inoculated with Ki-MSV (BV2) subcutaneously, enlarge-
ment of the spleen (8/21, 38.1 %) and liver (9/21, 42.9 %), moderate enlargement
of the lymph nodes and subcutaneous hemorrhages (9/21, 42.9 %) were detected
as shown in Table 4. Cerebral (10/21, 47.6 %) and cerebellar (10/21, 47.6 %)
tumors were noted after subcutaneous inoculation of the virus within 18 to 30 days,
an average of 22 days.

TaBLE 4. SUBCUTANEOUS INOCULATION OF Ki-MSV(BV2) INTO NEWBORN SD-RATS

Ki-MSV Number Cerebral Cerebellar Enlarge- Enlarge- Hemorrhage ALP

(BV2)/NRK of tumor tumor ment of  ment of in (day)

culture animals (%) (%) spleen liver skin

passage (%) (%) (%)
15th 6 1 0 4 0 1 18
18 th 6 5 5 3 4 3 30
19th 9 4 5 1 5 5 20

15-19th 21 10 10 8 9 9 22

(47.6) (47.6) (38.1) (42.9) (42.9)

Subcutaneous inoculation of Ki-MSV (BV2) into fetuses of SD rats. When fetuses of
SD rats were inoculated subcutaneously with Ki-MSV (BV2), hemorrhages in the
subcutaneous tissues (20/39,51.3 %) and enlargement of the spleen (34/39,87.2 %)
and liver (29/39, 74.4 %) were observed. In addition to this, cerebral tumors
(27/39, 69.2 %) and cerebellar tumors (30/39, 76.9 %) were noticed after an aver-
age of 24 days as shown in Table 5.

TaBLE 3. SUBCUTANEOUS INOCULATION OF Ki-MSV(BV2) INTO FETUSES OF SD-RATS

Ki-MSV Day of Number Cerebral Cerebellar Enlarge- Enlarge- Hemor-  ALP

(BV2)/NRK gesta- of tumor tumor ment of ment of rhagein (day)

culture tion animals (%) (%) spleen liver skin

passage (%) (%) (%)
14th 17 2 0 1 1 1 2 13
15th 18 3 3 2 3 3 3 13
15th 20 12 9 10 11 10 10 20
15th 19 7 7 6 7 6 0 25
15th 19 9 6 7 6 3 2 33
30th 18 6 2 4 6 6 3 25

14-30th 39 27 30 34 29 20 24

69.2)  (76.9) (87.2)  (744)  (51.3)
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Intraperitoneal inoculation of Ki-MSV (BV2) into newborn and fetal SD rats. When
newborn SD rats were inoculated intraperitoneally with Ki-MSV (BV2), cerebral
and cerebellar tumors developed in 21.1 % (4/19) and 63.2 % (12/19) of the rats,
respectively. These rats had enlarged spleens in 15.8 % (3/19), hemorrhagic fluids
in the thoracic cavity and hemorrhages in the intestinal tract after an average of
15 days, as shown in Table 6.

When virus solutions were diluted ten times and inoculated into fetuses as
described previously, cerebral tumors in developed 28.6 % (4/14) of the animals
and cerebellar tumors in 21.4 % (3/14), with enlargement of the spleen in 21.4 %
(3/14) and of the liver in 7.1 % (1/14), after an average of 34 days.

TABLE 6. INTRAPERITONEAL INOCULATION OF Ki-MSV(BV2) INTO NEWBORN OR FETAL SD-RATs

Récipi- Ki-MSV  Day of Number Cerebral Cere- Enlarge- Enlarge- Hemor- ALP
ents (BV2)/NRK gesta- of tumor  bellar ment of mentof rhagein (day)
culuture tion animals (%) tumor  spleen liver skin
passage (%) (%) (%) (%)
Newborns 19th 9 2 8 3 0 4 15
10 2 4 0 0 1 15
19 4 12 3 0 5 15
(21.1)  (63.2) (15.8) (0) (26.3)
Fetuses 20 th* 20 6 2 1 2 1 1 26
20th 19 4 1 0 0 0 0 53
20 th 17 4 1 2 1 0 0 28
20th 14 4 3 3 1 1 34

(286) (2L4) (@l D) (7D

* Inoculum diluted ten times.

Intramuscular inoculation of Ki-MS V(BV2) into newborn SD rats. When Ki-MSV
(BV2) was inoculated intramuscularly into newborn SD rats, thigh tumors devel-
oped in 88.2 % (15/17) at the site of inoculation after an average of 76 days.
Cerebral and cerebellar tumors (5.9 %, 1/17) and an enlargement of the spleen
(58.8 %, 10/17) and liver (23.5 %, 4/17) were also observed as shown in Table 7.

TaBLE 7. INTRAMUSCULAR INOCULATION OF Ki-MSV(BV2) INTO NEWBORN SD-RATS

Ki-MSV Number Thigh Cercbral Cerebellar  Enlarge-  Enlarge- ALP
(BV2)/NRK of tumor tumor tumor ment of  ment of (day)
culture animals (%) (%) (%) spleen liver
passage (%) (%)
25th 7 5 0 0 2 3 32
30th 10 10 1 1 8 1 106
25-30th 17 15 1 1 10 4 76
(88.2) (5.9) (5.9) (58.8) (23.5)
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DISCUSSION

Gliomas, meningiomas, hemangiomas, hemangioendotheliomas have been
found in Moloney MSV-induced rat brain tumors (13, 14). These brain tumors
were mainly composed of large round cells suggestive of gliomas (15-17). Similar
findings were observed in Rous sarcoma virus-induced mouse brain tumors (15,
16).

We investigated the induction of rat brain tumors with xenotropic pseudotype
Ki-MSV. As was reported by Aaronson (12), NRK cells showed sensitivity of
xenotropic pseudotype MSV. It was presumed that rat cells were sensitive to
these viruses ‘in vivo”and tumors would be induced in rats under the appropriate
conditions. ‘

Yung and his associates (18) reported that ‘gliomas’ were induced in Wistar/
Furth rats on the twenty-sixth postnatal day when they were inoculated intracere-
brally with Ki-MSV at 10 days of age.

As was reported in this paper, brain tumors were induced at a high incidence
when xenotropic pseudotype Ki-MSV was inoculated intracerebrally into either
newborn or fetal SD rats. Histologically the brain tumors thus induced were
glioblastoma multiforme with proliferation of perivascular endothelial cells, multi-
nucleated giant cells, necrotic areas and pseudopalisades.

Although we detected cerebellar tumors in rats, tumors were rarely found in
the cerebellum of rats inoculated with ecotropic Moloney MSV (17).

When brain tumors induced with Ki-MSV (BV2) were transplanted subcu-
taneously into SD rats, tumorous changes were detected in the brain, in addition
to tumor development at the site of transplantation. It was presumed that the
virus produced from the transplanted subcutaneous tumor induced de novo tu-
morous lesions in the brain.

Kirsten and his coworkers (19) reported that intraperitoneal inoculation of
Kirsten mouse erythroblastosis virus (MEV) into newborn Wistar/Furth rats caused
malignant lymphomas, erythroblastosis, multiple sarcomas, and polyostotic oste-
olytic lesions, associated with cerebral or cerebellar petechial hemorrhages. The
findings that Kirsten observed may be related to the results which we obtained
by inoculation of xenotropic pseudotype Kirsten MSV, Ki-MSV (BV2). It seems
to be of interest that Ki-MSV (BV2) readily induced cerebellar tumors in rats.

The occasional observation of the proliferation of Purkinje cells in rats inocu-
lated intracerebrally with xenotropic pseudotype Kirsten MSV was particularly
interesting. These cells infiltrated the granular layer and appeared to cluster on
the loose stroma in which few granular cells were seen. In some cases, partial
or complete disappearance of the granular layer was observed. These findings
bring to mind “dysplastic gangliocytoma of the cerebellum” in humans (20), also
refered to as gangliomatosis of the cerebellum (21), diffuse hypertrophy of the
cerebellum cortex (22), Purkinjeoma or Lehrmitte-Duclos disease (23). Further
study must be done to clarify the possible interaction of Purkinje cells with Ki-
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MSV (BV2).
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LEGENDS FOR FIGURES

Fig. 1. Ki-MSV(BV2)-induced rat brain tumor (ID No. R020778-1) Both cerebral and cerebellar
tumors developed in SD rats 25 days after newborn rats were inoculated intracerebrally with xenotropic
pseudotype Ki-MSV.  Diffuse hemorrhages are noted in the whole cerebellum and sporadic petechial
lesions are observed in the cerebral hemispheres.

Fig. 2. Ki-MSV(BV2)-induced rat brain tumor (ID No. R020778-1) An area of the pons is involved
on the left side. A cerebropontine angle tumor, which proved to be a glioblastoma, is also seen.

Fig. 3. Ki-MSV(BV2)-induced rat brain tumor (ID No. R122377-1) A sagittal section through the
brain stem and cerebellum.  Brain tumors are located in the cerebral hemispheres, frontal lobe,
intermediate zone of the brain parenchyma, subependymal region and periventricular areas in the
cerebrum.

Fig. 4. Ki-MSV(BV2)-induced rat brain tumor (cerebrum, X 100, H& E stain, ID No. R122777-3)
This highly cellular glial tumor shows pseudopalisades in the middle of the photomicrograph. Two
multinucleated giant cells are seen in the upper portion of the pseudopalisades.

Fig. 5. Ki-MSV(BV2)-induced rat brain tumor (cerebrum, x 400, H & E stain, ID No. R121977) A
higher magnification of the pseudopalisades.  Anaplastic cells of astrocytic lineage tend to cluster
around the central areas of necrosis, resulting in the classic glioblastoma multiforme appearance. Nu-
merous tapering cells are seen.

Fig. 6. Ki-MSV(BV2)-induced rat brain tumor (cerebellum, x 100, H&E stain, ID No. R062978-7)
Vascular endothelial prolifération is prominent, and hyperchromatic endothelial cells form new capillary
blood vessels, which are both features of the vascularpatterns of glioblastoma multiforme.

Fig. 7. The Ki-MSV(BV2)-induced rat brain tumor (cerebrum, X 100 H& E stain, ID No. R020678-1)
Numerous giant cells in the microcellular area in a glioblastoma are observed.

Fig. 8.  Ki-MSV(BV2)-induced rat brain tumor (cerebellum, X 400, H & E stain, ID No. R041078-1)
Vascular endothelial proliferation is present.

Fig. 9. Ki-MSV(BV2)-induced rat brain tumor (cerebellum, x 400, H & E stain, ID No. R041078-1)
Numerous anaplastic and irregular giant cells are noted.

Fig. 10.  Ki-MSV(BV2)-induced rat brain tumor (cerebellum, X 400, H & E stain, ID No. R062978-7)
A cluster of Purkinje cells replaces the granular layer.

Fig. 11.  Cultured cells from a Ki-MSV(BV2)-induced ral brain tumor (Phase microscope, ID No. R-
122777-2) Many astrocytic cells with numerous thin processes are present. The supernatants of the
culture fluids contained viruses. k

Fig. 12.  Electron-microscopic findings of the cultured cells of a Ki-MSV(BV2)-induced rat brain tumor
(X 36000) Numerous C-type viral particles are seen on the surface of the cultured cells.
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