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Osteosarcomas were produced by the intratibial inoculation of New Zealand black rats
with Moloney sarcoma virus (MSV) at 1 day and 4 days of age. Radiographic evidence
of osteosarcoma development was first demonstrated at 10 to 15 days postinoculation in
both groups. Subsequent radiographic and light and electron microscopic evaluation of
tumor-bearing rats denonstrated that osteosarcomas in rats inoculated at Day 4 of age
were more osteoproliferative osteosarcomas than those in rats inoculated on Day 1.
Rats inoculated at 4 days of age lived longer, had more slowly growing osteosarcomas,
and developed a consistent tumor-associated cachexia compared to tumor-bearing rats
inoculated at Day 1. Both groups of rats had a 93% metastasis rate involving either
sublumbar lymph nodes, lungs, or both. Tumor-bearing rats inoculated at 4 days of age
had consistent elevations in both urinary hydroxyproline excretion (HOP/CR) and
serum alkaline phosphatase levels, and in serum calcium levels at some time points. The
high tumor incidence after a short latent period and the morphologic and biochemical
similarities between the MSV-induced murine osteosarcoma and the osteosarcoma in
human beings makes this discrete tumor a valuable animal model for the evaluation of
new therapeutic regimens. (Am J Pathol 86:437-458, 1977)

OSTEOSARCOMA is an important neoplastic disease in young
adults, characterized by a rapid progression with the development of
metastases and a very low survival rate. Recent reports have suggested a
viral etiology for human osteosarcoma," 2 but no viruses have been isolated
from human osteosarcoma tissue. Osteosarcomas have also occurred in
children following 22"Ra therapy for tuberculosis and other diseases 3 and
have been associated with high plasma somatomedin levels.4 Current
therapeutic regimens have been moderately successful in offsetting the
high mortality associated with this disease. Surgical ablation accompanied
by radiotherapy has produced a 5-year survival rate of only 20% .' Prelimi-
nary results indicate that immunotherapy of osteosarcoma does not sub-
stantively increase the survival rate." At the present time, surgical ablation
followed by chemotherapeutic regimens to destroy metastatic foci pro-
vides the best therapeutic result.7'5 These clinical results suggest that a
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well-characterized and reproducible animal model of osteosarcoma would
be useful in a) further understanding the biologic behavior of this neo-
plasm and b) developing new therapeutic regimens for osteosarcoma.
Bone tumors characterized as osteosarcomas have been produced by

viruses,2"9'12 chemicals,18 l4 and radiation 12,13 in several species. Most of
these have been induced by the intravenous or intraperitoneal instillation
of the inciting agent, resulting in multicentric osteosarcomas,9-12"15 unlike
the typical situation in man. Some of these tumor systems are also charac-
terized by the concurrent development of sarcomas in tissues other than
bone 9,10,13,14 and by long latent periods.9"2" We produced osteosarcomas
by the intratibial instillation of Moloney sarcoma virus (MSV) in neonatal
rats, as reported by Ikemoto et al."' In a preliminary report,'7 we noted an
age-related susceptibility to MSV-induced osteosarcomas in the rat and
indicated that rats inoculated at 4 days after birth (compared to 1 day)
develop more osteoproliferative bone neoplasms. The objective of this
investigation was to characterize the MSV-induced osteosarcoma in rats
inoculated at 1 day and 4 days of age by macroscopic, radiographic, light,
and electron microscopic parameters and by selected biochemical indices
reportedly altered in human osteosarcoma.

Materials and Methods
Animals and Virus Preparation

One-day-old (<24 hours) and 4-day-old New Zealand black (NZB) rats from a breeding
colony (kindly supplied by Mr. Clarence Reeder, Drug Research and Development
Branch, National Cancer Institute) were inoculated by intratibial instillation of a partially
purified preparation of MSV (courtesy of Dr. David Howell, Viral Oncology, National
Cancer Institute). The inoculum or standard viral preparation (SVP) consisted of the MSV
(Lot MSV-B-77, from BALB/c mice), titered at 1017 to 10- focus-forming units/ml,
diluted 1: 7 with a diluent consisting of 2% inactivated fetal calf serum and 1% antibiotics
without Mycostatin in sterile physiologic saline. Rats received a constant volume (either
0.025 or 0.05 ml) of SVP in one or both tibias. Control rats received an equal volume of
diluent with citrate buffer approximating the concentration in the SVP by intratibial
instillation.

Experimental Design and Sample Preparation

Pathogenesis Experiment and Survival Study

Rats inoculated at 1 (4 litters, 32 rats) and 4 (5 litters, 38 rats) days of age were
monitored for the development of osteosarcomas by palpation and radiography. Rats were
palpated daily from 5 days postinoculation (PI) until Day 30 PI and were radiographed on
Days 8, 10, 12, 15 and 20 PI, and thereafter at 10-day intervals until Day 100 PI.
Radiographs were taken with a General Electric Model 11AA-3A x-ray unit (25 or 30 kV, 5
mA, 10 or 12 sec/exposure) and Kodak no-screen medical X-ray film (Ready Pack NS 2T).
Tumor-bearing rats (18 rats from Day 1, 14 rats from Day 4) were then monitored on a
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daily basis for mortality rates. Cumulative mortality data were tabulated, and rats were
necropsied for evaluation of the occurrence of metastatic disease.

Tumor-Associated Cachexia, Tumor Development, and Biochemical Studies

Beginning at 30 days PI tumor-bearing and control rats were weighed at 10-day
intervals on a Mettler P 1000 N top loading balance. At Days 25 and 30 PI and sub-
sequently at 10-day intervals, tumor-bearing and control rats were placed in metabolism
cages to collect 24-hour urine samples under toluene. Aliquots of urine were assaved for
total urinary hydroxvproline (HOP) ' and creatinine (CR)." Final values were expressed
as a HOP/CR ratio to correct for variations in urine concentration. At these same time
intervals, tumors were measured in three dimensions (length, width, and thickness) with
Helios stainless steel calipers, and the average tumor diameter computed.
Serum samples were collected at 10-day intervals from Dav 30 PI under light ether

anesthesia from the retroorbital sinus or terminally from the abdominal aorta. Serum
calcium was determined by atomic absorption spectrophotometrv (Perkin-Elmer model
303) and alkaline phosphatase by the method of Hausamen et al." Statistical analyses of
data were performed using Student's t test "' and 2 X 2 contingenev tables.'

Light and Electron Microscopic Study
Tissues were collected from rats that died and from rats that were killed at specific time

points after inoculation. At necropsy, sections of osteosarcoma, sublumbar lymph node,
lung (including bronchial lymph nodes), thymus, spleen, liver, kidney, intestine, and
thvroid were fixed in 10% neutral buffered formalin, decalcified where necessary for 7 days
in 10% buffered EDTA, embedded in paraffin, sectioned at 6 u, and stained with hema-
toxylin and eosin (H&E). Multiple sections from the osteosarcomas (Day 1, 10 tumors; Day
4, 6 tumors) of killed rats were minced immediately under fixative into 1 cu mm blocks,
fixed in cold 3% glutaraldehyde with 0.1 M sodium cacodylate buffered at pH 7.4,
postfixed in 1% osmium tetroxide in s-collidine, dehydrated in graded ethanols, transferred
to propylene oxide, and embedded in "hard" Epon (Shell Chemical Company, New York,
N.Y.). Thin sections were cut with a diamond knife on an LKB ultramicrotome and floated
on a water bath buffered at pH 7.4 to prevent demineralization. Sections were stained with
uranyl acetate and lead citrate and were examined with a Philips 200 electron microscope.

Results
Pa Ee

Initiation and development of osteosarcomas in rats inoculated with the
SVP at 1 day of age (<24 hours old) were observed radiographically as
early as 10 to 12 days PI (11/12 rats). A small radiodense zone was
observed with focal lysis of the tibial diaphysis (Figure IA). Neoplastic
cells appeared to arise from the endosteal surface proliferating within the
metaphysis and diaphysis at Day 14 PI with infiltration and disruption of
the tibial cortex (Figure iB). Many osteosarcomas grew rapidly, produc-
ing disruption of the tibial cortex and compression of the adjacent mus-
culature. At Day 20 PI the osteosarcomas had attained an average diame-
ter of more than 1 cm. Radiographs showed both radiolucent zones and
irregular dense spicules (Figure IC) in the osteosarcomas. The densely
cellular sarcomatous proliferation was surrounded by a prominent chon-
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droid border (Figure 1D). Not all osteosarcomas developed this rapidly in
rats inoculated at Day 1 of age. Daily palpation and periodic radiographs
of many inoculated litters of rats indicated that the latent period was
occasionally greater than 12 days, and sometimes palpable tumors were
not observed until Day 23 PI (6% of inoculated rats).

Rats inoculated at Day 4 after birth developed palpable and/or
radiographic evidence of tumor development as early as the 12th day after
inoculation. Most tumors were palpable by Day 15 PI (6 of 8 rats), but
some tumors did not appear until as late as Day 24 PI (3% of inoculated
rats). Radiographically, the osteosarcomas that developed early were sim-
ilar to those described following inoculation at Day 1 of age, but at Day 20
PI they were histologically more differentiated neoplasms with consid-
erable mineralized matrix.

Survival and Tumor Development Study

Tumor-bearing rats inoculated at 4 days of age lived significantly longer
than rats inoculated at 1 day of age (Text-figure 1). Litters of rats in-
oculated at 1 day (4 litters) and 4 days (5 litters) of age were observed for
100 days PI. By 25 days PI, 25% of tumor-bearing rats inoculated at 1 day
of age had died, whereas the earliest death observed in rats inoculated at 4
days of age was at Day 60 PI. By Day 100 PI, 95% of rats inoculated at 1
day of age had died, compared with 64% of rats inoculated at 4 days of
age. No control rats of either group died during the same periods of
observation. Tumor growth was rapid during the early weeks in both
groups of inoculated rats (Text-figure 2). The degree of variability in
tumor size was considerable in both groups of rats. Nonetheless, the mean
diameters of osteosarcomas in rats inoculated at Day 1 was consistently

100'

80 o

0
80- ,o'"0--O<60-o.

z 4O- ,_'
o P"A

20-
Il

*

0~~~~~~~~~~~

20 30 40 50 60 70 B0 90 100
DAYS POSTINOCULATION

TEXT-FIGURE 1-Cumulative mortality data for tumor-bearing rats inoculated intratibially with
MSV on Day 1 (open circles) and Day 4 (solid circles) of age. The mortality incidence of rats in-
oculated at Day 1 (N = 18) is significantly greater (at P > 0.05 level or greater) than for rats
inoculated at Day 4 (N = 14) at all time points after Day 20 PI except at 90 days PI (P > 0.05).
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greater than for rats inoculated at Day 4. The difference was significant at
Days 30 and 60 PI. Striking differences were also observed in the radio-
density and gross consistency of the tumors in the two groups. Os-
teosarcomas in rats inoculated on Day 4 of age were radiodense, firm and
contained abundant mineralized stroma. Conversely, rats inoculated on
Day 1 of age developed osteosarcomas with large radiolucent zones that
were fleshy and contained extensive areas of necrosis.

Twmor-Assocated Cachexa

The development of rapidly growing osteosarcomas was commonly
accompanied by progressive wasting. Tumor-bearing rats failed to
achieve the weight gains of their respective controls (Text-figure 3). Male
(N = 10) and female (N = 17) tumor-bearing rats inoculated at 1 day of
age had significant weight loss compared to their respective controls on
Days 60 and 70 PI, and tumor-bearing males at Day 80 PI. At Days 80 and
90 PI, the mean weight of female rats with tumors was less than that of
control female rats, although the differences were not significant. Few rats
of either sex with tumors lived beyond Day 80 PI.

Text-figure 4 shows the cachexia developing in tumor-bearing male (N
= 13) and female (N = 12) rats inoculated 4 days after birth compared to
that of controls. Female rats with osteosarcoma developed a significant
loss in body weight by 40 days PI. Thereafter, both male and female
tumor-bearing rats consistently failed to match the weight gains of their
respective controls throughout the time period evaluated (up to Day 90
PI).
_ kNW Lit and F Srctul Fetus of Osteosacomas

Radiographic and histologic evaluation of osteosarcomas produced after
inoculation of rats at 1 day and 4 days of age revealed the development of
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TEXT-FIGURE 3-Tumor-asso-
ciated cachexia in tumor-bearing
male (solid circles) and female
(open circles) rats inoculated with
MSV<24 hours after birth. Age-
matched control male (solid
squares) and female rat (open
squares) mean weights are shown.
The bars represent standard error
of the mean and the asterisks in-
dicate significant difference of
means at P < 0.05 or greater.
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markedly different bone neoplasms in these two groups. Neoplasms in rats
inoculated with the SVP on Day 1 were radiolucent tumors with fine
interspersed radiodense spicules. They were densely cellular and com-

posed of pleomorphic tumor cells with large, prominent (occasionally
multiple) nuclei with coarsely clumped chromatin and a vacuolated cy-
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TEXT-FIGURE 4-Tumor-associated cachexia in tumor-bearing and control male and female rats
inoculated at 4 days of age. Symbols as in Text-figure 3.
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toplasm (Figure 2). Smaller isomorphic cells resembling osteoblasts and
fibroblasts were interspersed throughout the neoplasm. Occasional fine
spicules of osteoid or chondroid matrix were observed in the tumors
(Figure 3) as well as in broad zones of central necrosis. In some areas of the
osteosarcoma, large giant cells containing 20 or more evenly distributed
nuclei were observed either in association with bone matrix or located
within the densely cellular areas of the tumor. Areas of chondroid differ-
entiation (Figures ID and 3) were most often seen at the periphery of the
rapidly growing neoplasms during the early weeks of development.

Rats inoculated with MSV on Day 4 after birth developed more
uniformly radiodense osteosarcomas with only small lucent zones. These
tumors were characterized histologically by the presence of an abundant
osteoid stroma. Some areas of chondroid were present, but osteoid differ-
entiation was more commonly observed. Pleomorphic tumor cells were
interspersed between well-differentiated osteoblasts lining the osteoid
stroma (Figure 4). Multinucleated osteoclasts also were observed in the
osteosarcomas that developed in rats inoculated at 4 days of age.

Histologic evaluation of sublumbar lymph nodes and lungs revealed
94% (17 of 18) of rats inoculated at Day 1 and 93% (13 of 14) of tumor-
bearing rats inoculated at Day 4 had metastatic lesions. Although metas-
tases were composed of similar types of cells as in the primary neoplasm,
they infrequently produced an osteoid matrix. Tumor cells were observed
within vascular channels in the lungs and occasionally large metastatic
nodules compressed adjacent pulmonary tissue (Figure 5). Most meta-
static lesions were occult, depending upon microscopic examination for
detection; however, sublumbar lymph nodes with metastases were some-
times grossly enlarged. When osteosarcomas developed unilaterally, meta-
static lesions were present only in the ipsilateral sublumbar node. Eval-
uation of other major organs in tumor-bearing rats revealed no evidence
of metastases, except in 2 rats where histologically benign proliferative
lesions were present in the mandible and ribs. In addition, no other
neoplasms developed in any control or MSV-inoculated rats during the
period of observation (until death or Day 150 PI).

Ultrastructural evaluation of osteosarcomas from rats inoculated at
Days 1 and 4 after birth revealed a spectrum of tumor cell types. Many
neoplastic cells were poorly organized with an irregular villous cell mem-
brane and one or more irregular, eccentrically located nuclei. Most of the
cells had scattered mitochondria, dilated rough endoplasmic reticulum, a
large Golgi apparatus, and clusters of free ribosomes (Figure 6). These
cells were most frequently observed in osteosarcomas from rats inoculated
at 1 day of age. Other tumor cells resembling osteoblasts had a large
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nucleus with condensed nuclear chromatin and an irregular cytoplasmic
outline (Figure 7). Their abundant cytoplasmic area was filled with rough
endoplasmic reticulum, mitochondria, and a few homogeneous electron-
dense bodies. These osteoblastic tumor cells were surrounded by osteoid
(Figure 7). Many neoplastic cells had prominent dilated endoplasmic
reticulum filled with a finely granular proteinaceous material. In some
neoplastic cells, this proteinaceous material was condensed in a circular or
branching pattern in the dilated cisternae (Figure 8). Occasional tumor
cells in all neoplasms evaluated by electron microscopy had intercellular
tight junctions or zonulae occludentes (Figure 9). Microtubules and mi-
crofilaments (Figure 10) were seen frequently interspersed throughout the
cytoplasm in tumor cells.

Ultrastructural evaluation of osteosarcomas from rats inoculated at 4
days of age revealed many well-differentiated osteoblasts surrounded by a
fibrillar osteoid stroma with a mineralization front (Figure I 1). The major-
ity of cells observed in these tumors were ovoid or fusiform, with abun-
dant profiles of endoplasmic reticulum, mitochondria, and lysosomal bod-
ies within the cytoplasm (Figure 11). The nuclei each had a smooth
nuclear membrane and a single prominent nucleolus. Cytoplasmic proc-
esses extended into the adjacent osteoid stroma, which contained foci of
mineralization (Figure 11). Giant cells with multiple nuclei distributed
throughout the cell were observed in tumors from both groups of rats.
They contained abundant mitochrondria interspersed throughout the cy-
toplasm, and perinuclear Golgi apparatus. Most giant cells observed ultra-
structurally were not associated with mineralized matrix.

C-type viral particles were frequently observed budding from the
plasma membrane of all types of cells within these osteosarcomas (Figure
12). Virus particles often were observed between the cytoplasmic inter-
digitations of tumor cells. Viral budding also was observed from the
plasma membrane of superficial osteocytes (Figure 12, inset) into the
lacunar space, which contained numerous mature C-type particles. A-type
virus particles were seen frequently within dilated cisternae of rough
endoplasmic reticulum in neoplastic cells.

Biochemical Investigations

Rats inoculated with the SVP on Day 4 of age developed significant
elevations of serum calcium (Text-figure 5) and alkaline phosphatase
levels (Text-figure 6) (N = 9) when compared to those of controls (N = 7).
Conversely, significant elevations in both parameters were observed in-
frequently in rats inoculated 1 day after birth (N = 7) (Text-figures 5 and
6). On Days 40, 50, and 70 PI, both serum calcium and alkaline phospha-
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TEXT-FIGURE 5-Total serum calcium
in control (solid circles) rats, and tumnor-
bearing rats inoculated at 1 day of age
(open circles) and 4 days of age (open
triangles). Bars indicate standard error of
the mean, and the asterisks indicate signif-
icant difference of means at P < 0.05 or

greater.
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tase levels in rats inoculated on Day 4 were significantly elevated over

corresponding control values, and alkaline phosphatase was also signifi-
cantly elevated at Day 60 PI. Serum calcium but not alkaline phosphatase
was significantly elevated at Day 80 PI in rats inoculated on Day 4. At Day
60 PI the mean serum calcium value from tumor-bearing rats inoculated
on Day 1 was greater than corresponding control values, resulting from
hypercalcemia as high as 15.7 mg/100 ml serum in 1 rat. These differ-
ences were not significantly different from control rats evaluated at Day 60
PI.
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TEXT-FIGURE 6-Serum alka-
line phosphatase in control (solid
circles) rats, and tumor-bearing rats
inoculated at 1 day of age (open
circles) and 4 days of age (open
triangles). Symbols as in Text-fig-
ure 5.
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Urinary hydroxyproline excretion (expressed as HOP/CR) was signifi-
cantly elevated in both groups of tumor-bearing rats compared to controls
at Days 25 and 30 PI and again at Day 70 (Text-figure 7). Sustained high
levels of hydroxyproline excretion were observed for rats inoculated at
Day 4 of age (N = 9) compared to controls (N = 5) at all time points
evaluated. For tumor-bearing rats inoculated at Day 1 of age (N = 10), no
other data points were significantly different from corresponding controls
(N = 5).

Discussion
In this investigation, we report the pathogenesis and the morphologic,

biochemical and tumor-associated characteristics of the intratibial MSV-
induced osteosarcoma in the rat. As opposed to other published models of
osteosarcoma, either spontaneous 23-25 or induced,9-1524,25 this animal
model combines the advantages of reproducibility and high tumor in-
cidence with a brief latent period. These discrete osteosarcomas can be
subjected to numerous evaluation procedures including palpation, mea-
surement, biopsy, and surgical excision. In addition, other neoplasms
arising in conjunction with or as a result of the inoculation of MSV were
not observed, thus providing an uncomplicated in vivo tumor system.
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In previous communications 7,26 we reported an age-related tumor
incidence of MSV-induced murine osteosarcoma. Age susceptibility to
viral transformation also has been demonstrated with Gross virus-induced
lymphoma in rats." While osteosarcomas in our studies occurred with a
similar high incidence in rats inoculated at 4 days of age compared to rats
inoculated at Day 1, the former group had consistently more osteo-
proliferative neoplasmns on the basis of radiographic, gross, and micro-
scopic evaluation.17 These findings suggested that the age of the rat at
inoculation of the MSV may be significant in the subsequent development
of different types of osteogenic sarcomas. The exposure of a more differen-
tiated population of bone cells in older rats (Day 4 of age) to the MSV may
be related to the subsequent development of more osteoproliferative bone
tumors compared to rats inoculated at 1 day of age.
The results of the pathogenesis study indicated an average latent period

of 10 to 12 days in rats inoculated on 1 day of age. These findings are
compatible with results recently reported by Friedlaender et al." In
observations of rats up to 150 days PI, we have noted that rats inoculated
intratibially either develop palpable tumors by 30 days PI or do not
develop osteosarcomas at all. We have further defined the neoplasm as
arising from the endosteal surface of bone following inoculation of MSV
in the marrow space. Fujinaga et al." reported the periosteal proliferation
of multicentric MSV-induced osteosarcomas in hamsters and rats follow-
ing intraperitoneal inoculation. This may be explained on the basis of a
vascular distribution following inoculation of the virus. We hypothesize
that the viral transformation of osteoprogenitor cells in rats inoculated on
Day 1 gives rise to poorly differentiated osteosarcomas with minimal
osteoid formation. Rats inoculated at 4 days of age had a slightly longer
latent period (10 to 15 days) and developed more typically osteo-
proliferative bone tumors. This may be the result of MSV-induced
transformation and subsequent proliferation of more differentiated, os-
teoblastic cells capable of forming abundant osteoid.

Osteosarcomas in both groups of rats were very rapidly growing. De-
spite some variability in tumor size within each group, the mean tumor
diameter of rats inoculated at 1 day of age was consistently greater than
that of rats inoculated at 4 days of age. This suggests that osteosarcomas
may grow more rapidly in rats inoculated at an earlier age. In a previous
report,17 we indicated that 14% of rats inoculated with 0.05 ml of MSV at
10 days of age developed palpable osteosarcomas. These tumors averaged
only 0.8 cm in diameter at 50 days PI. We observed that by Day 60 PI,
many rats inoculated with MSV at Day 1 of age had large osteosarcomas
which impeded functional utilization of the limb, compared to the smaller
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neoplasms in the rats inoculated at 4 days of age. In addition, tumor
necrosis was frequently observed in the group inoculated at 1 day of age
by 60 days PI but was rarely seen in tumors of rats inoculated on Day 4.

Tumor-associated cachexia, as evaluated by significant weight loss in
comparison to age and sex-matched controls, was observed in both groups
of rats at several time points in both sexes. Patients with osteosarcoma and
other neoplastic diseases often have cachexia which is hypothesized to be
related to anorexia, tumor necrosis, water and electrolyte abnormalities,
increased basal metabolic rate, and severe derangement of host metabolic
patterns.30

Light microscopic study of osteosarcomas in rats inoculated at 1 day of
age was similar to previously published investigations of virus,9-12,16,28,29
chemical,3'14 and radiation-induced 12,15 experimental osteosarcomas. We
did observe a consistently high incidence (93%) of metastases either with-
in sublumbar lymph nodes, lungs, or both in tumor-bearing rats. Those
rats in which no microscopic evidence of metastatic disease was observed
usually had small or very slowly growing neoplasms, and may have been
" regressors" 28 or rats in which osteosarcoma growth ceased at some point
as a result of either cell-mediated or humoral immune response against
the neoplasm. A recent study investigating the immunologic responsive-
ness of rats to osteosarcomas induced by intratibial inoculation of MSV
reported both cell-mediated immunity (CMI) and serum factors capable
of augmenting or decreasing the in vitro CMI response. In another
investigation the humoral immunologic response was greatest in rats with
regressing neoplasms.-" These findings are significant in the light of recent
reports of a tumor-specific immune response in patients with os-
teosarcoma,32 and suggest a basic immunologic similarity between this
model and the natural human neoplasm.

Recent reports of human osteosarcoma SS-8B described the spectrum of
cell types in these neoplasms and evaluated their fine structural features.
In our investigations, tumors from rats inoculated at Day 1 of age were
composed predominately of poorly differentiated bone cells. Large cells
with poorly differentiated cytoplasmic organelles resembled osteo-
progenitor cells. In more differentiated osteoblast-like cells, an exten-
sive network of endoplasmic reticulum was seen which often contained
finely granular or condensed flocculent material in dilated cisternae sim-
ilar to that described in human osteosarcomas.33317 The nature of the
branched material is not known,36 although the production of an abnor-
mal matrix protein has been postulated.87

Intercellular tight junctions were frequently seen between well-differ-
entiated neoplastic cells, similar to those described between osteoblasts
and osteocytes in normal bone."8 These zonulae occludentes in normal
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bone are considered to be associated with the intercellular transport
of nutrients and electrolytes and have been described both in human
osteosarcoma" and in a recent ultrastructural study of canine
osteosarcoma."

Osteosarcomas in rats inoculated at Day 4 of age were composed pre-
dominately of well-differentiated osteoblastic cells, frequently surrounded
by partially mineralized osteoid matrix, similar to human osteogenic
sarcomas."3' Primitive cells and bone cells in varying stages of different-
iation also were present but were considerably less numerous than in
tumors from the Day 1 group. Budding and mature C-type virus particles
were observed frequently and were similar to those described in other
MSV-induced osteosarcomas."0' Viral particles were seen between inter-
digitating plasma membranes of anaplastic tumor cells, as well as along
plasma membranes of neoplastic osteoblasts and osteocytes in both groups
of rats. Microfilaments and microtubules were observed within the cy-
toplasm of neoplastic cells from all tumors and appeared similar to those
described in human osteosarcoma cells.33

Additional evidence for the development of two types of osteosarcomas
with different biologic characteristics is indicated by the sustained in-
creased excretion of urinary hydroxyproline (HOP/CR) only in tumor-
bearing rats inoculated at Day 4. This indicates a more rapid turnover of
bone matrix,40 compared to both tumor-bearing rats (Day 1 group) and to
controls. Elevated HOP excretion has been reported in the majority of
human osteosarcoma patients.4' This is in agreement with our histologic
and ultrastructural observation that tumors in rats inoculated on Day 4 are
primarily osteoproliferative, with production and breakdown of osteoid
matrix. Further support for these differences between osteosarcomas in
rats inoculated at Day 1 and 4 of age was seen with the elevated serum
alkaline phosphatase and calcium values. Alkaline phosphatase was ele-
vated in rats inoculated at 4 days of age with more osteoblastic neoplasms
that released this enzyme into the serum. Murine osteosarcomas have
been reported to elaborate alkaline phosphatase, which is released into the
culture medium.< Preliminary findings in our laboratory demonstrate that
the bone isoenzyme constitutes the major fraction in rats in the Day 4
group with marked serum alkaline phosphatase elevations.

Hypercalcemia associated with malignancy has been described in nu-
merous neoplastic disorders but is not consistently observed in human
osteosarcoma. The hypercalcemia in this model is sporadic but occurs in
some rats of both groups at certain time points. Many factors may be
responsible for the hypercalcemia of malignancy ' and its control may
have a direct bearing on prognosis of the osteosarcoma.

There has been considerable interest recently in the development of
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animal models for osteosarcoma since this is a serious disease of young
adults and current therapeutic measures to manage its progression have
been only moderately successful. This report presents a murine model of
osteosarcoma which features a discrete, manipulable neoplasm produced
with a high incidence after a short latent period with significant differ-
ences in biologic activity and effects on the host depending upon time of
viral inoculation. The MSV-induced osteosarcoma should be a valuable
animal model to investigate the biologic behavior of osteosarcoma and to
evaluate new therapeutic regimes.
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Fqur 1-Radiographic and macroscopic features of developing MSV-induced osteosarcoma in young rats
inoculated 1 day after birth. A-Radiodense zone wtth lysis of left tibia] cortex (white arrow) at 12 days Pi
(x 1). B-Metaphysea proliferation of neopLastic cells (arrow) at 14 days P1. There is also neoplastic
infiltration of adjacent cortex. (H&E, X 6.3) C-Lytic destruction of right tibia and irregular radiodense
spicules (white arrow) at 20 days P1. (X 1) D-Disruption of tibial cortex (arrow) by osteosarcoma at 20
days Pi. Note prominent chondroid border (arrowheads). (H&E, x 5.6)



Figure 2-Osteosarcoma from rat Inoculated at 1 day of age, Day 60 Pi. Pleomorphic ovoid
neoplastic cells with single or multiple nuclei (arrows) and multinucleate giant cells, and a
smaller, isomorphic cell population (arrowheads). (H&E, X 315)

Figure 3-Osteosarcoma from rat inoculated at 1 day of age, Day 30 Pi. Broad zones of
chondroid matrix (C) and osteold spicules (arrowhead) adjacent to cellular area. (H&E, x 125)

Figure 4-Osteosarcoma from rat inoculated at 4 days of age, Day 50 Pi. An area of fusiform
cells separates osteoblastic cells lining osteoid matrix (arrow) from pleomorphic tumor cells
with prominent nuclear chromatin (arrowhead). (H&E, x 315)

Figure 5-A nodule of neoplastic cells within a vascular space in the lung of a rat inoculated
with MSV on Day 4 of age, Day 70 Pi. Tumor cells with large prominent nuclei are compressing
the adjacent pulmonary parenchyma. (H&E, x 315)
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Figure 6-Electron micrograph of a portion of a large, poorly organized neoplastic cell from os-
teosarcoma (inoculated Day 1 of age, Day 60 Pl). There is an irregular convoluted nuclear mem-
brane, and the cytoplasm is composed of a homogeneous granular matrix with mitochondria, free
ribosomes, and dilated profiles of endoplasmic reticulum. (x 6500) Figure 7-Osteoblast-like cell
from osteosarcoma in a rat inoculated at Day 1 of age, )ay6 Pl. There is a prominent irregular
nucleus, several electron-dense bodies (B) and mitochondria, dilated profiles of endoplasmic retic-
ulum (ER) and a convoluted plasma membrane. An abundant fibrillar matrix (M) with collagen fibers
surrounds the cell. (X 10,600)
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Fi. 8-Portion of an osteoblast-like cell from osteosarcoma in rat inoculated at Day 1 of age, Day
60 PI. Cisternae of dilated endoplasmic reticulum filled with a finely granular matrix (arrows) and a
branched and drcular eletron-dense material (arrowheads) are seen. (x 20,000) Fgu 9-
Zonula occludens between tumor cells in an osteosarcoma from rat inoculated at Day 1 of age, Day
30 PI (x 15,800). Fg.. lO-Microtubules (arrowheads) and microfilaments (arrows) scattered
throughout the cytoplasm of a neoplastic cell. N = nucleus. (x 25,000)
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Figure 11-Osteosarcoma from rat inoculated at 4 days after birth, Day 37 PI. Two well-differentiated
osteoblasts with prominent arrays of endoplasmic reticulum, lysosomal bodies, mitochondria, and a
prominent ovoid nucleus. Cytoplasmic extensions (arrows) are surrounded by fibrillar osteoid
matrix, with adjacent foci of mineralization (M). (x 9400) Figure 12-Osteocyte with virus parti-
cles (arrow) budding into lacunar space in an osteosarcoma from a rat inoculated at Day 1 of age,
Day 30 PI (x 13,500). Inset-Typical morphology of C-type virus particles is seen along plasma
membrane (x 34,500).
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