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SUMMARY

Virus particles morphologically similar to the known
oncogenic RNA-type viruses have been isolated and cultured
from a spontaneous mammary carcinoma of a rhesus monkey.
The virus was initially isolated by cocultivation of tumor tis
sues with monkey embryonic cell cultures but was later found
to be transmissible as a cell-free filtrate.

The virus is approximately 110 m^t in diameter and has a
buoyant density between 1.14 and 1.16. Preliminary host-
range studies thus far have shown the virus to replicate in
rhesus monkey mixed embryo, embryonic lung, chimpanzee
lung, and human mixed embryo cell cultures, and in an estab
lished human leukocyte culture, NC-37. Virus did not replicate
in hamster kidney, mouse bone marrow, rhesus or African
green monkey kidney cells, or baboon or chimpanzee leuko
cyte cultures.

INTRODUCTION

The occurrence of a spontaneous mammary carcinoma in an
8-year-old rhesus monkey was observed at Mason Research

Institute (7). Electron microscopic examination of the tumor
revealed the presence of large numbers of virus particles (3)
which were found to be morphologically similar to the known
oncogenic RNA viruses. The ultrastructure and development
of the virus was further investigated by Chopra and Mason (4).
This report describes the isolation of the virus, its propagation
in various tissue culture systems, and its partial characteriza
tion.

MATERIALS AND METHODS

Collection of Tumor Specimens. Biopsies of the tumor were
made at the Mason Research Institute on 2 occasions. These
were immediately placed in sterile, refrigerated culture
medium and transported to our laboratory within 4 hr for
introduction into tissue culture. At the time of autopsy, tumor
specimens were collected and stored in liquid nitrogen by a
method designed to preserve tumor viability. The tumor tissue
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was finely minced, suspended in Medium 199 with 15% fetal
calf serum and 10% dimethyl sulfoxide, and frozen at a rate of
lÂ°/min. Frozen ampuls of tumor tissue collected at autopsy

were transported to our laboratories in liquid nitrogen and
stored in liquid nitrogen until used.

Tissue Culture. Cultivation of tumor tissue was attempted
by 2 different methods. Tumor tissue was minced finely and
introduced into 75-sq cm plastic tissue culture flasks con
taining 25 ml of culture medium. Roswell Park Memorial
Institute Medium 1640 supplemented with 20% fetal calf
serum was used. Cultures were incubated at 37Â°and observed

daily with medium changes as required.
The alternative method of culture attempted was the tanta

lum gauze method of Wedum as described by Stewart et al.
(11).

Primary rhesus monkey embryo cultures were prepared as
follows. A 70-day-gestation fetus, male, weighing approxi
mately 50 g, was obtained by cesarÃansection. (The monkey
fetus was kindly supplied to us by Dr. John Landon and Mr.
David Bennett of Bionetics Research Laboratories, Kensington,
Md.). After decapitation and removal of limbs, the fetus was
finely minced and trypsinized 3 times, and the pooled cells
were introduced into culture in 75-sq cm plastic tissue culture
flasks at cell populations of approximately 1 X 106/ml.

Cocultivation studies were conducted as follows. Ten ml of
the suspended tumor culture containing approximately 1 X
10s cells/ml were overlayed onto a freshly prepared culture of

monkey embryo cells in their 2nd passage. The cultures were
trypsinized and transferred to new bottles at approximately
3-day intervals as required and were monitored at 1- to 2-week
intervals by electron microscopy.

Virus Filtration. All virus preparations were filtered through
disposable plastic Nalgene membrane filter units of 0.45-/J
porosity (Nalgene Labware Division, Nalgene Sybron Corpora
tion, Rochester, N. Y., Catalog No. 120). Frozen tumor tissues
were first gently dispersed by repeated syringe aspiration in
approximately 20 volumes of tissue culture medium. Spent
tissue culture media containing virus were filtered without
prior concentration. The integrity of the filters was checked
by culturing aliquots of the filtrate in 25-sq cm plastic tissue
culture flasks and examining them for cell growth and also by
extensive microscopic examination of the filtrate. In no in
stances were viable cells or even cell fragments detected in the
filtrates.

Virus Concentration. Virus was concentrated by ultracen-
trifugation of the spent culture medium at 54,000 X g for 1hr.
The pellets were resuspended in 0.05 M sodium citrate solu-
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tion, pH 6.8, for electron microscopy and in fresh culture
medium for infectivity studies.

Electron Microscopy. Monolayers of cultivated cells were
trypsinized from the glass surface and sedimented gently by
centrifugation. The cell pellets were fixed in 2% glutaralde-
hyde in phosphate buffer and postfixed in Dalton's chrome-

osmium (5). The samples were dehydrated in successive
changes of 50% ethyl alcohol (containing 2% uranyl acetate)
and 70, 95, and 100% ethyl alcohol. The dehydrated samples
were placed in various proportions of propylene oxide and
embedding medium. The material was embedded in Epon
(Fluka) and allowed to harden in an oven at temperatures of
37 and 60Â°.Thin sections were cut with a diamond knife on

an LKB ultramicrotome and mounted on carbonized Formvar
membranes on 200 mesh copper grids. The sections were
stained with lead citrate (9) and examined in a Siemens
Elmiskop Model I-A electron microscope.

Virus concentrates of culture medium were diluted 1:4 with
2% phosphotungstic acid at pH 5.0 (2). Carbon-coated grids
(200 mesh) were applied to the surface of the virus:phospho-
tungstic suspension and dried at room temperature. The grids
were carefully examined and the average number of virus
particles per square was counted by a semiquantitative nega
tive staining technique (8).

RESULTS

Primary Tumor. Two attempts were made to establish cell
cultures from fresh tumor biopsy specimens. Because of ulcÃ©r
ation of the tumor, the first specimens received were heavily
contaminated and the cultures were lost due to bacterial
growth. The 2nd specimen, although not contaminated, could
not be established in culture. The cells did remain in a viable
state for several weeks, however, and were later used in cocul-
tivation studies mentioned below.

Several further attempts have been made to culture the
tumor cells from ampuls of frozen tissue collected at the time
of autopsy. These tissues were frozen by a procedure designed
to preserve viability and were stored in liquid nitrogen. Al
though there were intact cells which appeared to be viable and
could be maintained in culture for several weeks, no significant
proliferation of cells was obtained.

In view of our failure to culture the tumor tissue directly
and the extreme importance of isolating and culturing the
virus which had been observed in these tissues, 2 alternate
methods were used: (a) cocultivation of the tumor tissues with
primary or early passage monkey embryo cultures in the hope
of transferring the virus to the embryonic cells, and (b) direct
attempts to infect the embryo culture with tumor homogenate
filtrates.

The 1st cocultivation study was conducted with the viable
but nonreplicating tumor cells obtained from the 2nd tumor
specimen, which had been maintained in culture for 46 days.
Negative stain preparations of 100-fold concentrates of the
culture medium were used for semiquantitative determinations
of the virus content (8). In early passages when only a few
virus particles were detected in the culture medium, their
propagation was confirmed by examination of cells in thin
section. The uninoculated monkey embryo cultures have been

examined several times for the presence of virus particles by
electron microscopy. In no instance, either in thin-section or

in negative stain preparations, have virus particles been de
tected.

Since the mixed monkey embryo culture consisted of a
variety of different cell types, the tumor cells could not be
recognized readily in the mixture. After the 1st trypsinization
and transfer of the cells to new culture vessels, the coculti-
vated culture could not be distinguished morphologically from
the control culture, and it is assumed that the tumor cells did
not replicate. It is conceivable that the mixed embryonic cells
did stimulate the tumor cells, resulting in their replication and
consequent virus production, but it is not necessary to make
this assumption since in later experiments the virus was shown
to be readily infectious for monkey embryo and other cell
cultures.

Table 1 shows the result of this experiment with the virus
content expressed both as virus particles/200 mesh grid square
and as particles/ml.

Although minimum detectable amounts of virus were
present after 27 and 34 days, maximum virus yields were not
achieved until after about 50 days. This culture became chron
ically infected and continued to replicate virus up to 105 days
postinfection, after which it began to deteriorate and even
tually had to be discarded due to poor growth.

A similar cocultivation study with an early passage of
monkey embryo cells was conducted with frozen tumor tissues
collected at autopsy. Since some of these ampuls had pre
viously been shown to be contaminated with bacteria, double
concentrations of penicillin and streptomycin were incorpo
rated into the medium. Again, after several passages, no tumor
cells were discernible. In this study, only small numbers of
virus particles were observed until approximately 113 days
after initiation of the cultures. This might be due to either the
poor growth of the embryonic cells used in this study or to the
inherent difficulty of readily detecting low levels of virus by
the electron microscope.

Several unsuccessful attempts were made to infect primary
or early passage cultures of mixed monkey embryonic cells
with cell-free filtrates prepared from the fresh tumor tissues.
However, infection of low-passaged monkey embryonic lung

Table 1
Cocultivation of mammary tumor cells with mixed

monkey embryonic cells
Approximately 1 X IO6 monkey mammary tumor cells overlay ed

onto monolayer of monkey embryo cell line in 2nd passage in 75-sq cm
plastic tissue culture flask.

Days in culture
(postinoculation)6273448556776105Transfer

No.
(postinoculation)1458891011Virus

particles0Per

gridsquareNone1-23-430-4070-8070-8030-4080PermlNone3X

IO76X
10'IX
10Â»3X
10'3X
10"1

X10Â»3X
10'

0 Virus counts made on 100-fold concentrates of the culture medium.
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Table 2
Infectivity of culture medium for a monkey embryonic lung cell line

Inoculum was 5 ml of filtered medium from the 1st cocultivation
study (see Table 1) taken at 44 days postinoculation.

Days in culture
(postinoculation)15

36
48
54
84Passage

No.
(postinoculation)3

5
7
8

14Virus

particles"Per

gridsquareNone

15-20
30

150-200
20-30PerniiNone

6X 10s
1 X 10Â»
1 X 10!0
6X 10"

" Virus counts made on 100-fold concentrates of culture medium.

cultures with filtrates prepared from the unconcentrated cul
ture medium of the 1st cocultivation study has been success
ful. In 1 experiment, 5 ml of medium from the culture* shown
in Table 1 were taken at Day 44, 7th passage, filtered, and
overlayed onto a fresh monkey lung culture in its 2nd passage.
The results of this experiment are shown in Table 2.

Similar results were obtained with 100-fold concentrates of
the same culture medium overlayed onto mixed monkey em
bryo cells.

Direct infection of monkey embryonic cells with virus pre
pared from the frozen ampuls of tumor tissue has been
successful in 2 experiments. In these experiments, the tumor
tissue was disrupted by vigorous aspiration in culture medium
with a syringe. The medium was filtered as described above
and overlayed onto fresh cultures of mixed monkey embryo or
monkey lung cells in their 2nd transfer. In each case, virus was
detected in the cultures at 28 days but not at 20 days.

In view of the inconvenience of using primary monkey
embryonic tissues, and in an attempt to establish the host range
of this virus, a number of other cell lines have been inoculated
to determine their susceptibility. Thus far, a commercially
available, early-passaged embryonic rhesus monkey lung cul
ture (MA-101, obtained from Microbiological Associates, Inc.,
Bethesda, Md.) and an established chimpanzee lung cell line
(kindly supplied by Dr. Richard L. Heberling, Southwest
Foundation for Research and Education, San Antonio, Texas)
have been successfully infected. Two low-passaged human
embryonic cell lines, HE-37 and HE-40, and 1 normal human
lymphocyte culture, NC-37, which was established in our
laboratories, have also been found to be susceptible to the
virus. Cell lines or cultures which have been negative for at
least 2 months postinoculation are the following: mouse bone
marrow (JLS-V9), baby hamster kidney (BHK), rhesus
monkey kidney (MA-104), African green monkey kidney
(Vero), baboon leukocytes (LE-10), and chimpanzee leuko
cytes (LE-11).

Since no cytopathic effect has been observed with this virus,
electron microscopy has been used to detect the presence of
virus. In view of the need for a more convenient assay system,
however, studies are now in progress to develop a system
similar to that developed by Sarma et al. (10) for the avian
leukosis virus or that developed by Hartley et al. (6) for the
murine leukemia viruses. The ultrastructure and development
of the virus is described in detail by Chopra and Mason (4).
Fig. 1 shows typical particles found in the infected mixed

monkey embryo cultures as seen by thin-section electron
microscopy. Virus from the same cell culture but prepared by
negative stain is shown in Fig. 2.

Preliminary density gradient studies in potassium citrate and
sucrose indicate a buoyant density of between 1.14 and 1.16
g/ml.

DISCUSSION

The known oncogenic RNA-type viruses, classified by
Bernhard (1), have been redefined in "Suggestions for
the Classification of Oncogenic RNA Viruses" (12). The virus

of B-type morphology causes mammary tumors in mice, where
as C-type particles are the etiological agents of leukemias and
sarcomas in fowl, mice, hamsters, and cats. The occurrence,
therefore, of a virus belonging to this group in a spontaneous
mammary adenocarcinoma of a monkey is of considerable
significance (3, 4). This represents, to our knowledge, the first
report of naturally occurring virus particles in a nonhuman
primate that are morphologically similar to the oncogenic
RNA viruses reported in other species.

Of equal significance is the readily demonstrated capacity of
this virus to infect and replicate in monkey embryonic cell
cultures and in established monkey cell lines in relatively large
quantities. This has facilitated studies of the species spec
ificity of the virus. The further ability to replicate in other
primate cells, including those of man, is also of considerable
importance and implies a possible wide distribution of the
virus, at least in primates.

The amount of virus recoverable from either primary or
established cultures appears to be approximately 1 to 2 logs
less than that routinely recovered from murine leukemia virus
tissue culture systems. However, 100-fold concentrates of the
culture medium contain sufficient virus to allow for quantita
tive analysis by electron microscope. Comparable amounts of
murine virus in tissue culture systems are sufficient for the
production of antisera and for complement fixation and
immunodiffusion tests, suggesting that comparable studies
should be feasible with this virus.

The occurrence and isolation of this virus from the monkey
tumor does not necessarily imply an etiological role of the
virus in this disease. Its morphological and cultural similarities
to other oncogenic viruses, however, suggest a possible causa
tive relationship. Biological studies in monkeys are now in
progress.
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Fig. 1. Electron micrograph of a monkey embryo cell cocultivated with tumor cells showing propagation of virus particles. X 23,500. Inset,
ultrastructure of the circled particle at a high magnification. X 250,600.

Fig. 2. High-magnification electron micrograph of negatively stained preparation of virus particles from a cocultivated culture. Phosphotungstic
acid, X 198,600.
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