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Simian Agent 12 (SA12 virus) was origi-
nally isolated from an uninoculated kidney
culture of the vervet monkey Cercopithecus
pygerythrus (1). It was recently identified as
a new immunologically distinct member of
the SV40-polyoma subgroup of papovavi-
ruses and it was suggested that the South
African chacma baboon (Papio ursinus) may
be its principal natural host (2). We report
here that SAI12 virus readily transformed
hamster kidney cells in culture and that the
inoculation of transformed cells into synge-
neic hosts produced both undifferentiated
sarcomas and well-differentiated adenocar-
cinomas.

Materials and methods. Virus and cell cul-
tures. Two preparations of this virus were
used (2): (i) SA12 (RMK) which had been
passaged three times in primary and early
passage kidney cultures derived from juvenile
SV40-antibody free rhesus monkeys; and (ii)
SAI12 (MA104) derived by plaque purifica-
tion and propagation of SAI2 (RMK) on
continuous rhesus embryonic kidney cell line
MA-104. Both preparations had infectivity
titers of 107 TCIDso per ml in their respective
cell types. Hamster kidney (HK) cells were
prepared by trypsinization of a pool of nor-
mal kidneys from 10 day old outbred Syrian
hamsters (Charles River, Lakeview, Wil-
mington, MA). They were grown on Eagle’s
minimum essential medium supplemented
with 10% fetal bovine serum (FBS) for out-
growth and with 5% FBS for maintenance.

Production of transformed cells. First or
second passage subconfluent HK cells were
inoculated with approximately 10 infectious
units/cell of SA12 (RMK) virus. Virus was
adsorbed onto cells for one hour. The inocu-
lated cultures were passaged 10 days after
virus inoculation and subsequently at 7-10-
day intervals. Frequency of transformation
was estimated by the method described by
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Todaro and Green (3). Flasks with subcon-
fluent monolayers of HK cells were exposed
to SA12 (MA104) virus for 3 hr at an esti-
mated multiplicity of infection of 10 infec-
tious units per cell. Twenty-four hours later,
the monolayers were trypsinized and planted
in duplicate 60 mm petri dishes at concentra-
tions of 500, 1000 and 10,000 cells per petri
dish. Twelve days later, the cells were fixed
for 10 min in 100% methanol, stained for 10
min with 10% Giemsa. Transformed colonies
were recognized by their morphology and
were counted under low power of an inverted
light microscope.

Characterization of transformed cells. A cell
line of transformed HK cells obtained after
inoculation of SA12 (RMK) virus was des-
ignated SAHK-1 line. These and control HK
cells were grown on coverslips, fixed in
Bouin’s and stained with hematoxylin and
eosin for cytological examination. Cells at
alternate passage levels were also examined
for SA12 viral and T antigens by indirect
immunofluorescence (IF) tests (4). The SA12
anti-viral antibodies were obtained from im-
munized rabbits (4) and anti-T antibodies
from hamsters bearing SAI2 tumors (2).
SAHK-1 cells at passage 22 and HK cells at
passage 1 were tested for their dependence on
serum growth factors. Replicate 25 cm” falcon
flasks seeded with 10° cells/ml were grown
with FBS concentrations of 5%, 2% and 0.5%
and cell yields at different time intervals were
determined. The ability of the cells to form
colonies in soft agar was tested by the method
of MacPherson and Montagnier (5) as mod-
ified by Kakunaga and Kamahara (6).
SAHK-1 cells, passage 25, and normal HK
cells, passage 1, were planted at concentra-
tions of 10°-10° in duplicate 60 mm plastic
petri dishes and colonies were counted on
day 20. Clonal cultures were initiated from
seven soft agar colonies which were removed
individually using finely drawn capillary pas-
teur pipettes.

Attempts to demonstrate infectious virus in
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transformed cells. Culture supernatants and
extracts of 10°° or more frozen and thawed
SAHK-I cells were periodically examined for
the presence of SA12 viral hemagglutinin by
tests with human 0 cells (7) and for infectious
SAI12 virus by inoculation into permissive
MA104 cells. Attempts were also made to
rescue SA12 virus by fusion of 5 x 10°
SAHK-1 cells, passage 22 with an equal num-
ber of MA104 cells using betapropiolactone
(BPL)-inactivated Sendai virus (8). The
treated cells were diluted to a concentration
of 500,000 cells per ml and planted in falcon
flasks and in tissue culture plates with cover-
slips. These cultures were passed twice, on
days 10 and 22 postfusion, and were moni-
tored for infectious virus by immunofluores-
cence tests, hemagglutination tests and by
cytological examination for viral cytopathic
effects.

Tumorigenicity of transformed cells. Four-
to five-week-old female outbred Golden Syr-
ian hamsters (Charles River, Lakeview, MA)
were inoculated subcutaneously with SAHK-
1 cells at different passage levels and the
inoculated animals were observed for at least
8 weeks for tumor occurence at the site of
inoculation. Selected tumors were surgically
removed and used for initiation of tissue cul-
ture, passage back into hamsters and for his-
topathological examination. For morpholog-
ical studies tumor tissues were fixed in 10%
buffered formalin, embedded in paraffin, sec-
tioned at 4 um and stained with hematoxylin
and eosin. The sera of tumor-bearing ham-
sters were tested for the presence of SAI2 T
antibodies by indirect IF tests with late pas-
sage SAHK-1 cells.

Results. Transformation of HK cells with
SA12 virus. Foci of cells of altered morphol-
ogy appeared approximately 10 days after
inoculation of HK cells with SA12 (RMK)
virus. Three morphologically different cell
types were seen: large, bizarre shaped, mul-
tinucleated cells and colonies of small,
densely packed cells which were either epi-
thelioid or fibroblast-like. The epithelioid
cells appeared to grow faster and on passage
they became the predominant cell type. The
cells tended to pile up even before the cultures
reached confluency. The cultures contained
a large number of cells in mitosis. The cells
in control HK cultures were heterogenous
with a predominance of large fibroblast-like

209

cells. These cells had one or two uniformly
dense nuclei, prominent nucleoli and abun-
dant cytoplasm. In contrast, the predominant
cells in the SA12-transformed culture (desig-
nated SAHK-1) were cuboidal to slightly
spindle shaped, epithelioid, and smaller than
normal cells. They had greatly reduced cy-
toplasm, granular nuclei and non-prominent
nucleoli. The SAHK-1 cells have continued
to grow vigorously for over 35 passages
whereas normal HK cells could not be main-
tained beyond five passages. As determined
by cell yields at the time of passages, the
SAHK-1 cells reached saturation densities
which were 8-12 times that of normal HK
cells. HK cells were exposed to SA12 (RMK)
virus in two additional experiments. In each
instance, foci of transformed cells appeared
10-12 days after inoculation of virus but no
attempt was made to establish permanent cell
lines from these cells.

In the first and second passages of SAHK-
1 cells, the intranuclear SA12 T antigen was
detected by IF tests in small clusters of cells
having many bizarre nuclear shapes. In cul-
tures of the third and all subsequent passages,
95-100% of the celis were T antigen-positive.

The frequency of transformation was de-
termined using SA12 (MA104) virus on sub-
confluent HK cells. Transformed colonies
were recognized as densely packed groups of
small, polygonal, granular cells with scanty
cytoplasm. As shown in Table I, the fraction
of cells planted which gave rise to trans-
formed colonies was estimated to be 0.25%
for cell concentration of 10,000 cells.

SAHK-1 cells were much less dependent
on serum growth factors than normal HK
cells. At the serum concentration of 5%,
SAHK-1 cells multiplied rapidly to achieve
a 50-fold increase in number in 10 days as
compared to a two fold increase in number
of normal HK cells. There was a nine-fold
and 12-fold increase, respectively, in the

TABLE 1. FREQUENCY OF TRANSFORMATION OF
HaMsTER KIDNEY CELLS BY SA12 VIRUS.

Number of trans- Transforma-

I(jel‘l‘lT/b;lra tc;f formed colonies [i?l ré nf ; -
Plate ]  Plate2 quency
500 1 0 10%
1000 1 2 A5%
10,000 27 23 25%
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number of SAHK-1 cells at FBS concentra-
tion of 0.5% and 2%, whereas normal HK
cells could not even be maintained at these
serum concentrations. SAHK-1 cells also had
the ability to form colonies in soft agar. At
the cell concentration of 10°°, approximately
0.05% of SAHK-1 cells formed colonies in
soft agar; in contrast, normal cells did not
develop colonies at 10> and 10°° cell concen-
trations. Colonies were first visible on day 10
by light microscope scanning as three-dimen-
sional clusters of cells and they were later
visible macroscopically as small white foci
suspended in soft agar. Seven colonies were
successfully grown out. Cells from each of
these seven clones exhibited the intranuclear
SAI2 T antigen in IF tests.

Attempts to demonstrate infectious virus in
SAHK-I cells. In IF tests, viral structural
antigens were not detected at any time in
SAHK-1 cells. Extracts from several passages
of SAHK-1 cells failed to produce viral CPE
when inoculated into MA104 cells. Attempts
to rescue infectious SA12 virus by Sendai
virus-induced fusion of transformed cells
with permissive cells were also unsuccessful.
Examination of stained cells on day 4 after
fusion showed that 30-50% of the cells were
mutlinucleated and contained 2-20 nuclei per
cell and that a large proportion of the multi-
nucleated cells contained, as judged by mor-
phology, nuclei from both transformed and
permissive cells. Neither virus nor viral struc-
tural antigen was demonstrated in the fused
cultures by any of the following: (a) obser-
vation of fused cultures for viral CPE for 52
days; (b) tests of supernates or frozen and
thawed cell extracts, obtained on days 15 and
52 postfusion, for SA12 hemagglutinin; (c) IF
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tests for viral structural antigen on day 12
postfusion; and (d) virus isolation attempts
by inoculation of cell extracts, prepared on
day 22 postfusion, into MA104 cells.

Tumorigenicity of transformed cells. Inoc-
ulation of early and late passage SAHK-1
cells as well as of clones derived from soft
agar colonies of transformed cells consistently
produced tumors in weanling hamsters and
the tumors were readily maintained by pas-
sage in hamsters (Table II). In the first at-
tempt to produce tumors, SAHK-1, passage
8 cells were titrated in hamsters. Tumors
occurred after inoculation of 2.6 X 10° or
greater number of cells. In the first two ham-
ster passages, 10 of 17 hamsters inoculated
with 10° or more cells developed tumors
after a latent period of 45-92 days. In the
third and fourth tumor passage, 11 of 11 and
6 of 6 inoculated hamsters developed tumors
after a latent period of 17-36 days. The cells
appeared to become more tumorigenic after
successive hamster passage.

Several histological types of tumors were
seen: pure adenocarcinomas, undifferentiated
sarcomas, and mixed tumors containing both
carcinomatous and sarcomatous elements
(Fig. 1). The adenocarcinomas were distin-
guished by the presence of cuboidal to col-
umnar epithelial cells arranged in tubular or
glandular formations. They were either cystic
or papillary and the stroma of most was
infiltrated by lymphocytes. The sarcomas
were composed of elongate spindle shaped
and polyhedral cells arranged in poorly de-
fined bundiles or whorls. In both tumor types,
there were high nuclear-cytoplasmic ratio,
abundant mitotic activity, and numerous foci
of necrosis. Three of five tumors which were

TABLE II. TUMORIGENICITY OF SA12-TRANSFORMED CELLS FOR JUVENILE HAMSTERS

Inoculum Tumor
Hamst P ti ith T f ap- . . . a
SAHK-I passage passageer Number of cells TOP?JHIS)K: wi pea;?rfcg (ggys) Histological diagnosis
8 1 2.6 X 10° 1/5 45 Mixed (1)
2,6 x 10° 2/4 45 Carcinoma (1)
1 4.5 % 108 2/5 62-92 Carcinoma (1)
2 2.5 % 10° 6/8 9-46 Undiagnosed
3 1.7 x 10° 11/11 17-36 Carcinoma (1)
4 Not known 6/6 17-28 Carcinoma (6)
25, clone 1 1 25 % 10° 4/4 13-20 Sarcoma (4)
25, clone 2 1 2.5 x 10° 3/4 27-50 Sarcoma (3)

“Carcinoma - cystic or papillary adenocarcinoma; sarcoma = undifferentiated sarcoma. Number of tumors

examined is indicated in parentheses.
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Fic. 1. Hamster tumors induced by SAl2-transformed cells. Upper left: Section of adenocarcinoma showing
glandular orientation of tumor cells. Foci of necrosis are also present. X250. Hematoxylin and eosin (H&E). Upper
right: Section of sarcomatous tumor showing whorls of spindle-shaped cells. X250. (H&E). Bottom: Carcinosarcoma
containing both neoplastic connective tissue and epithelial elements. Both cell types have histologic features of

neoplasia including high mitotic activity. X250. (H&E).

produced by the inoculation of SAHK-1, pas-
sage 8, were examined histologically. Two
were pure adenocarcinomas and the third
was a compound lesion composed of an un-
differentiated sarcoma with an adjoining well
differentiated cystic adenocarcinoma. The tu-
mor used for passage to the other hamsters
was a pure adenocarcinoma. Of the 23 tumors
which were produced in subsequent hamster
passages, 7 were examined histologically. All

were adenocarcinomas. In contrast, the seven
tumors produced by inoculation of two soft
agar clones of SAHK-1, passage 25, were all
undifferentiated sarcomas. The tumors of all
histological types were fast growing and non-
invasive.

In tissue culture, cells from the tumors
tended to pile up even when the cultures were
not confluent and they reached high satura-
tion densities. Cytologically, the cells derived
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from undifferentiated sarcomas could not be
distinguished with certainty from those de-
rived from adenocarcinomas. SA12 T antigen
was detected in cells of each of Il tumor-
derived cultures tested, six from adenocarci-
nomas, four from undifferentiated sarcomas,
and | from an undiagnosed tumor. SA12 T
antibodies were detected in each of 16 sera
from individual tumor-bearing animals (eight
bearing adenocarcinomas, six bearing sarco-
mas and two bearing mixed tumors) as well
as in two sera representing pooled bleedings
of 17 hamsters.

Discussion. Simian papovavirus SA12 re-
sembled SV40 in the ease with which it trans-
formed hamster kidney cells. The trans-
formed cells had altered morphology, loss of
contact inhibition, an indefinite life span,
increased saturation density, reduced serum
requirement for growth and an ability to form
colonies in soft agar. These cells also have
abnormal numbers of chromosomes with nu-
merous structural anomalies (Bempong, M.
A.: Personal communication). The virus-spe-
cific intranuclear T antigen was detected in
transformed cells maintained by tissue cul-
ture passage as well as in cells derived from
soft agar colonies and from hamster tumors.
Virus was not rescued from transformed cells.

Inoculation of transformed cells into ham-
sters produced undifferentiated sarcomas,
well-differentiated adenocarcinomas and tu-
mors with both carcinomatous and sarcoma-
tous elements. Tumors of all histologic types
were virus-specific. T antigen was present in
cells derived from all types and T antibodies
were demonstrable in sera of animals bearing
all histologic types of tumor. The primary
cultures of hamster kidney cells are hetero-
geneous and contain epithelial cells of tubular
origin as well as mesenchymal cells. It is
possible that SA12 transformed both types of
cells which continued to grow simultaneously
in the culture and that adenocarcinomas re-
sulted from transformed epithelial cells, un-
differentiated sarcomas from transformed
mesenchymal cells, and mixed tumors by ad-
jacent growth of both types of cells. The
following observations would appear to sup-
port this explanation. Both epithelioid and
fibroblastic foci of transformed cells were
seen in the original transformed culture. In-
oculation of this culture produced mixed tu-
mors and pure adenocarcinomas. Tumors
raised in successive hamster passages of an
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adenocarcinoma were all adenocarcinomas;
however, tumors derived by inoculation of
soft agar clones were all undifferentiated sar-
comas. The absence of mixed tumors in these
two groups suggests that the epithelial and
mesenchymal elements in the culture may
have “separated out”, respectively, in the
course of hamster passage and soft agar clon-
ing. On the other hand, clones derived from
single cells of an SV40 transformed epithelial
hamster line have produced mixed tumors,
suggesting that undifferentiated embryonic
metanephric cells, when transformed by a
virus, may retain their capacity to differen-
tiate into either mesenchymal or epithelial
elements (9).

Summary. SA12, a newly recognized SV40-
related primate papovavirus, transformed
early passage hamster kidney cells. These
cells, designated SAHK-1, were characterized
by increased saturation density, altered mor-
phology, loss of contact inhibition, increased
growth rate, an indefinite life span, reduced
serum requirements for growth, an ability to
grow in soft agar, and the presence of SA12-
specific T-antigen. Infectious virus was not
rescued by Sendai virus-induced fusion of
SAHK-1 cells with permissive cells. Inocula-
tion of transformed hamster cells into synge-
neic hosts produced adenocarcinomas, undif-
ferentiated sarcomas, and mixed tumors con-
taining both elements. SA12 T antibodies
were demonstrated in all the tested sera from
tumor bearing animals.
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