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Abstract. The susceptibility to Kirsten murine sarcoma virus (Ki-MSV) and Schmidt-
Ruppin strain of Rous sarcoma virus (RSV-SR) transformation of cultured skin fibroblasts
derived from hereditary adenomatosis of the colon and rectum (ACR), its Gardner’s syn-
drome (GS) variant, and unrelated age and sex-matched controls was examined. Human
skin fibroblasts from ACR and GS individuals were highly susceptible to transformation by
Ki-MSYV but not susceptible to RSV-SR transformation. However, the human osteosarcoma
(HOS) clonal cells (TE-85 clone F-5), known to be sensitive to Ki-MSV transformation,
could also be readily transformed by RSV-SR. The RSV-SR-transformed cells formed large
cell aggregates and grew in this aggregate form when suspended in liquid growth medium
above an agar base, formed colonies in soft agar with high efficiency, and grew to high
saturation densities while the uninfected cells did not. The transformed cells produced
tumors when transplanted subcutaneously into nude mice. The morphologically altered cells
produced neither infectious virus nor type C virus particles. However, they contained
RSV-RS complement-fixing antigen, a RSV transformation-specific protein (p60s)-

associated kinase activity, and a rescuable infectious virus.

Genetically determined adenomatosis of
the colon and rectum (ACR) occurs in
about one in 8000 people, manifesting itself
in colonic neoplasia by the third decade of
life, and is inherited as an autosomal domi-
nant trait (1, 2). Gardner’s syndrome, an
ACR variant, includes benign tumors of
soft tissue and bone (3). A number of
cancer-associated in vitro expressions,
such as abnormal growth properties, in-
creased proteolytic activity, cell architec-
ture, and increased susceptibility to trans-
formation by RNA or DNA tumor viruses
and chemical promoters have been de-
scribed for cultured skin fibroblasts derived
from ACR individuals (4). Pfeffer and
Kopelovich (5) reported that human skin
cultures from ACR individuals were con-
siderably more susceptible to transforma-
tion by the Kirsten murine sarcoma virus
(Ki-MSV) than were normal skin fibroblast
cultures and they proposed that the Ki-
MSYV transformation assay might be a use-
ful tool for the early detection of individ-
uals genetically predisposed to colorectal
cancer. We thought that this important

! To whom reprint requests should be addressed.

finding should be carefully examined and
further studied. We report herein confir-
mation that human skin fibroblasts from
ACR and GS patients were highly suscepti-
ble to Ki-MSV transformation. In addition,
we have studied the susceptibility of human
skin fibroblasts from ACR or GS individu-
als and the human osteosarcoma (HOS)
clonal cells to transformation by Rous sar-
coma virus (RSV).

Materials and Methods. Human skin fi-
broblast cell strains derived from ACR in-
dividuals were obtained from Dr. Levy
Kopelovich, Memorial Sloan—Kettering
Cancer Center, New York. Human skin fi-
broblasts derived from GS individuals, as
well as asymptomatic individuals from fa-
milial polyposis (FP/N) families were re-
ceived as coded samples from Drs. M. B.
Gardner and S. Rasheed, University of
Southern California, School of Medicine,
Los Angeles, California. These cell strains
were found to be highly sensitive to trans-
formation by Ki-MSV (5, 6). The human
osteosarcoma (HOS) cell line TE-85, clone
F-5 used in this study has been described in
detail (7). The line had cytologic and
karyologic characteristics like those of the
parent tumor but its growth pattern is rela-
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tively regular and flat so that the trans-
formed foci are readily recognized. This
line was found to be highly susceptible to
transformation by Ki-MSV (7).

All the cell strains were grown and
maintained in Eagle’s minimal essential
medium (EMEM) with 15% fetal bovine
serum (FBS), 2 mM glutamine, 1% nones-
sential amino acid, and 50 mug of gentami-
cin/ml (EMEM + 15% FBS). The Ki-MSV
stock [supernatant fluids from a Ki-MSV-
transformed NRK cell line, No. 58967 (8)]
was kindly supplied by Dr. V. Klement,
University of Southern California, Los
Angeles, California. Twenty-four-hour cul-
ture fluid harvests of 58967 cells yielded
3 X 10° focus-forming units (FFU) of
Ki-MSV/ml when assayed in NRK cells.
The Schmidt-Ruppin strain of RSV (RSV-
SR, originally from Dr. P. Vogt, 1969)
was propagated in primary chick em-
bryo fibroblasts (CEF) from resistance-
inducing factor (RIF)-free eggs and had a
titer of 7.5 X 10* focus-forming units
(FFU)/ml when assayed on RIF-free
DEAE —dextran-treated CEF (25 ug/ml for
30 min). Focus formation by Ki-MSV was
assayed on the DEAE —dextran-pretreated
cultures as described previously (7). Within
24 hr after cell plating (3 X 10° cells/25-cm?
Petri dish) cultures were treated for one
hour with 4 ml of 25 ug/ml of DEAE —dex-
tran (Sigma Chemical, molecular weight 2
X 10% daltons). These were washed once
with EMEM and inoculated with 0.4 ml of
10-fold serial dilutions of virus stock.
Medium was changed twice weekly and
cultures were observed for focus formation
at 7 days for NRK cells and at 14 days for
human skin fibroblasts. Focus formation
by RSV was also assayed on DEAE -
dextran-treated cultures (25 wg/ml for 30
min) inoculated at 2 x 10% cells/petri
dish 24 hr prior to infection. A combination
of the following procedures was used to
detect the replication of the virus in culture:
(a) test for CF antigen reactive with
RSV-SR antiserum; (b) examination by
electron microscopy for the presence of
virus particle; and (c) assay for supernatant
viral RNA-dependent DNA polymerase.
CF tests were carried out by microtiter
technique described for tumor antigen
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studies (9). Titers were recorded as recip-
rocals of the highest dilution given, 3+ to
4+ fixation of 1.8 units of complement.
RSV-SR antibody was obtained from ham-
sters bearing RSV-SR tumors.

Formation of cellular aggregates by nor-
mal and transformed cells was tested by the
method described by Steuer et al. (9).
Freshly trypsinized viable cells (2 X 10%)
were seeded into 35-mm plastic dishes
containing a 2-ml agar base layer (0.9%
Difco agar in growth medium with 20%
FBS). The dishes were incubated at 37°
under 5% CO./95% air. Viable cells were
counted daily for 4 days.

For the soft agar assay cells were sus-
pended in 0.36% agar medium (EMEM +
20% FBS + antibiotics). This suspension
was layered onto a 0.9% agar base layer at
concentration of 10*—10° cells per 35-mm
dish. Dishes were incubated in a humidified
atmosphere (5% CO,) at 37°. After 2 weeks
colonies greater than 0.125 mm in diameter
were counted. Results are expressed as
percentage plating efficiency (%PE = num-
ber of colonies X 100/number of cells
plated).

A genome-rescue experiment was done
by cocultivation of RSV-SR-transformed
human cells (1 X 10°) and CEF cells (5§ X
10°). Supernatants from these cultures
taken from the ninth day after infection
were assayed for virus on CEF cells.

NIH nude mice were inoculated subcuta-
neously with 5 X 10° freshly trypsinized
cells in order to determine cell tumori-
genicity.

Immune complexes formed between a
RSV transformation-specific p60°™ from
cell extracts of transformed and untrans-
formed human cells and immune IgG from
tumor-bearing rabbits (TBR) were incu-
bated in the presence of [r-*P]ATP. Im-
munoprecipitation was conducted accord-
ing to the procedures of Collett and Erikson
(10) and Richert et al. (11).

Results. In the Ki-MSV-infected cultures
focus areas of transformation were ob-
served in most instances at the end of the
first week. Foci were characterized by re-
fractile spindle-shaped and round cells
which grew on top of the monolayer (Fig.
1B). The number of foci did not increase for
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human skin fibroblasts 12 days after plating, unstained. x72. (B) Focus of refractile spindle-shaped
cells mixed with round cells in human skin fibroblasts 12 days after infection, unstained. x72. (C) A
more advanced focus area seen at 17 days on human skin fibroblasts. Note a pronounced proliferative
effect with multilayered cell growth. Large cytoplasmic vacuoles were also seen. Giemsa, x120.
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2 weeks, but after that time in certain
strains a pronounced proliferative effect
with multilayered cell growth was noted
(Fig. 1C). Most of the cells were fusiform in
shape and many contained large cytoplas-
mic vacuoles (Fig. 1C). The number of
transformed foci was counted at 14 days;
the same virus preparation produced foci
more rapidly on NRK cells and here foci
were counted at 7 days. In some cultures,
the foci of transformed cells were diffuse,
however, the foci were countable with
careful examination. The infection of sen-
sitive human skin fibroblast cultures with
serially diluted virus stock resulted in a ti-
tration curve characteristic of the one-hit
type. The same type of transformation was
observed in the high and low susceptibility
cultures.

All the transformed human skin fibro-
blast cultures were found to be Ki-MSV
producers and contained murine leukemia
virus p30 antigen. Tumors were produced
by some of the morphologically altered
human skin fibroblast cultures when in-
oculated into nude athymic mice. However,
the tumors produced in nude mice were
always characterized karylogically as

TABLE 1. SusCEPTIBILITY OF HUMAN SKIN FIBROBLAS

““mouse cells,’’ not as ‘‘human cells’’. Most
of the transformed human skin fibroblast
cultures had limited lifespans, but certain
strains of transformed cultures had pro-
longed lifespans. After 20 transfers over the
course of more than a year morphologically
transformed cells could still be seen.

Four strains of skin fibroblasts from ACR
individuals (provided by Dr. Kopelovich)
and eight human skin fibroblasts from GS
patients and unrelated normal individuals
(provided by Drs. Gardner and Rasheed)
were tested for their Ki-MSV and RSV
transformation efficiency (Table I). The fi-
broblasts from four ACR and five GS pa-
tients were transformed at 1073 to 10~* dilu-
tions, whereas fibroblasts from unrelated
normal individuals showed transformation
only at 107! or 1072 dilutions of the Ki-MSV
stock. Thus skin fibroblasts taken from
ACR and GS patients were 10- to 100-fold
more susceptible to transformation than
were normal skin fibroblasts as reported
previously (5, 6). As described previously
(7) the human osteosarcoma (HOS) clonal
line (TE-85 clone F-5) was highly suscepti-
ble to Ki-MSV transformation. The HOS
(TE-85 clone F-5) line was also sensitive to

TS FROM INDIVIDUALS GENETICALLY PREDISPOSED TO

CoLORECTAL CANCER TO TRANSFORMATION BY Ki-MSV® or RSV?

Transformation

Cell Subculture

Group strain level Age/sex Ki-MSV RSV
ACR®, symptomatic VF-2 p-11 3IM 10733 10°
AF p-14 17/M 10-3 10°
MED-4 p-15 17/m 10733 10°
ACR, asymptomatic PF p-15 19M 104 10°
GS¢ HT-3247 p-15 200M 10 10°
HT-3252 p-12 28/F 104 10°
HT-3253 p-24 11/M 10733 10°
HT-3255 p-16 33/F 10735 10°
HT-3256 p-17 S6/F 10 10°
FN/Ne¢ HT-3258 p-13 22/F 1072 10°
HT-3259 p-10 14/M 107! 10°
Normal’ HT-3152 p-14 55/M 101 10°
HT-3153 p-10 61/F 1072 10°

Human osteosarcoma HOS p-25 13/F 10-35 1072

@ Virus titer was 3 X 10° FFU/ml in NRK cells.

® Virus titer was 7.5 x 10* FFU/ml in chick embryo fibroblasts.

¢ Adenomatosis of the rectum and colon.
¢ Gardner’s syndrome.

¢ Familial polyposis of colon, asymptomatic family member.

/ Normal, unrelated to familial cancer.
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RSV transformation; however, none of 13
skin fibroblasts tested was sensitive to RSV
transformation (Table I).

Human cells can be transformed mor-
phologically in vitro by RSV (12—-14).
However, in contrast to cell lines derived
from other mammalian species, human cells
transformed by RSV are difficult to main-
tain since with serial cultivation the pro-
portion of morphologically altered cells
decreases or disappears. Thus, RSV-trans-
formed human cells had not heretofore
been established as continuous cell lines
(15, 16) and had not also been charac-
terized. Therefore, the RSV-transformed
HOS lines were further characterized
(Table II). Approximately 12 to 14 days
after infection, foci began to appear in the
RSV-infected HOS cultures (Fig. 2B). The
foci began to pile up focally forming small
projections and releasing round cells from
foci (Fig. 2C). The cells grew in chains or
islets. Transformed cells also grew in sus-
pension above the cells attached to the
bottom of the flasks when the cultures
reached the confluent state. After one
transfer, quite distinct foci (Fig. 2D) were
seen in the infected cultures but none were
observed in the uninfected controls (Fig.
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2A). Transformed foci consisted of a mix-
ture of refractile round cells with vacuo-
lated cytoplasm, refractile spindle-shaped
cells in an irregular growth pattern and a
few vacuolated giant cells (Fig. 2E). The
vacuolated cells (Fig. 2E) showing enlarged
nuclei with an abnormally large multinu-
cleolus could not be detected immediately in
the new monolayer but they appeared in the
culture within 3 to 4 days after subcultiva-
tion. The comparative susceptibility of
human cells and CEF cells to focus forma-
tion by RSV-SR showed that the transfor-
mation efficiency of the RSV-SR in human
cells was about 300-fold lower than that
obtained in CEF cells.

A number of foci-derived lines were es-
tablished. Two lines, designated RSV 1
HOS and RSV 5 HOS, were further char-
acterized (Table II). Saturation densities
of transformed lines were higher than in
the control, untransformed line.When sus-
pended above an agar base, the trans-
formed cells formed larger cell aggre-
gates than those formed by normal HOS
cells. Viable cell counts of trypsinized
aggregates on 4 consecutive days indicated
that control, untransformed cells under-
went a significant decline in a number of

TABLE II. PROPERTIES OF RSV-TRANSFORMED HUMAN CELL LINES

RSV 1 RSV 5 HOS
Properties HOS cells HOS cells cells
Morphology Transformed Transformed Flat
Saturation density® (x10°/cm?) 4.8 4.2 1.7
Cell aggregates®
Size Medium Medium Small
Viability of cells (x10%) 4.4 2.2 1.5
Plating efficiency (%) in soft agar 11.0 2.4 0.2
CF titers of RSV antigen 1:4 1:2 <2
Reverse transcriptase© Negative Negative Negative
Virus particles Negative Negative Negative
Rescuable infectious RSV* Present Present None
Tumorigenicity® Positive Positive Negative

“ Maximum number of cells obtained after initial planting with 5 x 10° cells/cm® and then incubating at 36°
under conditions where growth medium was changed every 3 days.
b Cell aggregates formed after 4 days with an agar static system. Viability of cell aggregates determined by 4

days after planting 2 x 10° cells per plate initially.

¢ RNA-dependent DNA polymerase activity was measured by incorporation of [*H)thymidine triphosphate
into acid-precipitable materials in 100X concentrated supernatant of culture (7).

@ RSV-transformed human cells (1 x 10%) were cocultivated with 5 x 10° cells of chick embryo fibroblasts.
Supernatants from these cultures were taken at 9 days, were passed through an 0.4-um HA filter, inoculated into

chick embryo fibroblasts and examined for foci.

¢ Five million cells inoculated subcutaneously into each NIH nude mouse.
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viable cells, whereas RSV-transformed
HOS cells showed growth in the aggregate
form. The plating efficiencies of trans-
formed cells in soft agar were higher than
those of control, untransformed cells.
When inoculated into NIH nude athymic
mice, RSV-transformed cells produced
tumors within 2 weeks at the site of inocu-
lation. The tumors were characterized his-
topathologically as poorly differentiated
sarcomas. No tumors developed over a pe-
riod of 60 days in a group of nude mice
inoculated subcutaneously with the same
number of cells from the control cultures.

The RSV-transformed lines were non-
producers. Assays for supernatant viral
polymerase were negative. Culture fluids
from these transformed cells were negative
when tested for focus formation in RIF-free
CEF. Examination of transformed cells by
electron microscopy revealed no evidence
of virus particles. However, the trans-
formed cells contained RSV CF antigen and
the RSV genome which was readily de-
tected by cocultivation with RIF-free CEF.
Supernatants from the cocultivation cul-
tures taken at 9 days were filtered, inocu-
lated into RIF-free CEF, and examined for
the presence of foci. The rescued sar-
coma virus produced foci readily in RIF-
free CEF.

Previous studies have established that
the viral src gene is responsible for malig-
nant transformation by RSV (17, 18). This
viral gene codes for a 60,000-dalton protein
(p60°) which has been found to possess an
associated protein kinase activity (10, 19).
In order to obtain biochemical evidence in
support of our belief that the RSV/HOS
cells are stably transformed by RSV, we
have determined the presence of p60sT
kinase activity in extracts of RSV/HOS and
HOS cells. Immune complexes formed
between p60s from cell extracts and im-
mune IgG from tumor-bearing rabbits
(TBR) were incubated in the presence
of [r-*?P]ATP. The phosphorylated products
were then analyzed on a 7.5% Polyacryl-
amide—NaDodSO, gel with the appropriate
molecular weight markers (M,). Unlike
extracts from HOS cells, which exhibited
no immune complex kinase activity (Fig.
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3, left lane), incubation of immune com-
plexes formed in the presence of RSV/
HOS extracts and p60°™ immune IgG re-
sulted in the specific phosphorylation of the
IgG heavy chain (Fig. 3, right lane), and to a
lesser extent p60° itself as detected with a
longer exposure. Replacement of immune
IgG with control IgG gave no detectable
phosphorylation (data not shown). By in-
cubating a fixed amount of TBR serum with
increasing amounts of extracts from either
RSV/HOS or HOS cells, it could be esti-
mated that endogenous p60°™ kinase activ-
ity in the untransformed HOS cells was
either absent or was less than 1% of that
found in the transformed RSV/HOS cells
(Fig. 3). This suggests that p60° kinase ac-
tivity is specifically induced in RSV/HOS
cells in the process of transformation.

Discussion. The data obtained herein
confirmed a previously reported finding (5,
6) that skin fibroblasts from individuals
genetically predisposed to colorectal cancer
were preferentially transformed by Ki-
MSV. Relative susceptibility to transfor-
mation by Ki-MSV of cultured skin fibro-
blasts appears to clearly differentiate ACR
patients from normal controls, but our
findings do not establish that this skin
transformation assay is specific for these
mutant cells. The occasional occurrence of
apparently normal individual displaying one
or two phenotypic expressions of the ACR
risk profile has previously been reported
(4). Whether the occurrence of such indi-
viduals in the control population indicates
persons at risk for cancer or is coincidental
with the ‘‘risk profile’” of the ACR patient
remains to be established. Obviously the
frequency with which such individuals
occur in the general population should be
determined. Miller and Rasheed have re-
cently shown that skin fibroblasts from
Huntington patients, an autosomal domi-
nant disorder, were not sensitive to Ki-
MSV (20).

It should be noted that the Ki-MSV-
transformed human skin fibroblasts were
virus producers and were difficult to main-
tain since with serial cultivation the pro-
portion of altered cells decreased or disap-
peared. Thus, Ki-MSV-transformed human
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FiG. 3. Detection of immune complex kinase activ-
ity in extracts of normal and RSV-transformed
HOS cells. Increasing concentrations of extract from
HOS or RSV/HOS cells (1x = 35 ug of protein) were
incubated with 1 ul of TBR serum for 45 min at 4°.
Immunoprecipitates formed in the presence of S. au-
reus were washed twice with RIPA buffer and once
with the kinase assay buffer (20 mM Tris—HCI, pH
7.2, 5 mM MnCl,), before incubation for 10 min at 30°
with 25 ul of the assay buffer containing 0.4 uM
[y-**P]JATP (1000 Ci/mmole). The pellets were then
washed twice with RIPA buffer, and the immune com-
plexes were eluted from the S. aureus by heating at 95°
for 2 min in 20 «l NaDodSO,—gel buffer. Supernatant
fluids were then analyzed on a 7.5% polyacrylamide —
NaDodSOQ, gel and the autoradiogram of the dried
gel was scanned in a LKB soft laser densitom-
eter. The relative incorporations of 32P in the IgG
heavy chain at different cell extract concentrations
were plotted. The insert shows the autoradiogram
displaying the phosphorylated products from 140
pg of proteins from extracts of HOS cells (left) and
RSV/HOS cells (right). The molecular weight markers
(M,) used were phosphorylase b (92,500), bovine
serum albumin (69,000), ovalbumin (46,000), and car-
bonic anhydrase (30,000).

skin fibroblasts failed to become estab-
lished lines, had limited lifespans, and were
unable to produce tumors when trans-
planted into nude mice.
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The human osteosarcoma clonal cells
infected with RSV-SR had the following
properties: (a) altered morphology, (b) in-
creased growth rate, (c) higher efficiency of
colony formation in soft agar medium, (d)
formation of larger cell aggregates and
growth in this aggregate form above an agar
base, and (e) tumorigenicity in nude mice.
The transformed cells produced neither
RNA-dependent DNA polymerase nor type
C virus particles; however, the transformed
cells contained RSV-SR CF antigen and a
rescuable infectious virus. The transformed
cells also contained a RSV transformation-
specific protein p60s-associated Kinase
activity. Thus we have demonstrated the
transformation in vitro by RSV-SR of
human cells from a continuous cell line. To
our knowledge, this is the first documen-
tation of the establishment of RSV-trans-
formed human cell lines. These cell lines
should be useful in studying the inter-
action of RSV and human cells.

As shown in this study, it is interesting to
note that ACR-derived skin fibroblasts are
sensitive to Ki-MSV transformation but not
to RSV transformation. These results indi-
cate that each type of virus requires its own
specific cell surface receptor for adsorption
and infection. It has been known that ab-
sence or defects in the receptor sites re-
sulted in a loss of virus adsorption and virus
infection (22) and release of virus from the
membrane may also be modified by host
cell protein (23).

1. Morson B, Bussey H. Predisposing causes of in-
testinal cancer. In: Current Problems in Surgery.
Chicago, Yearbook Med Pub, p1, 1970.

2. Almy T, Licznerski G. The intestinal polyposes.
In: McConnell E, ed. Clinics in Gastroenterology.
Philadelphia, Saunders, Vol 2:p577, 1973.

3. Gardner E, Richards R. Multiple cutaneous and
subcutaneous lesions occurring simultaneously
with hereditary polyposis and osteomatosis. Amer
J Hum Genet 5:139, 1953.

FiG. 2. Transformed foci induced by RSV-SR in human osteosarcoma (HOS) clonal (TE-85 clone
F-5) cells. (A) Uninfected HOS cells. x72. (B) Round foci induced by RSV-SR in HOS cells on Day 12
after infection. x72. (C) Round foci gradually increased in size and began to be released from the
projection-like budding. x72. (D) Typical foci of transformed cells. x72. (E) Multi-nucleated, vacuo-
lated giant cells were also seen in some foci. Nuclei showed also clearly enlarged nucleoli. Giemsa

stain, x120.



358

12.

Ki-MSV AND RSV-TRANSFORMED HUMAN CELLS

. Kopelovich L. Hereditary adenomatosis of the

colon and rectum: Recent studies on the nature of
cancer promotion and cancer prognosis in vitro.
In: Winawer SJ, Sherlock P, Schottenfeld D, eds.
Progress in Cancer Research. New York, Raven,
p92, 1980.

. Pfeffer L, Kopelovich L. Differential genetic sus-

ceptibility of cultured human skin fibroblasts to
transformation by Kirsten murine sarcoma virus.
Cell 10:313, 1977.

. Rasheed S, Gardner MB. Growth properties and

susceptibility to viral transformation of skin fibro-
blasts from individuals at high genetic risk for co-
lorectal cancer. J Nat Cancer Inst 66:43, 1981.

. Rhim JS, Cho HY, Huebner RJ. Nonproducer

cells of murine sarcoma virus transformed human
cells. Int J Cancer 15:23, 1975.

. Klement V, Freedman HH, McAllister RM,

Nelson-Rees WA, Huebner RJ. Difference in sus-
ceptibility of human cells to mouse sarcoma virus.
J Nat Cancer Inst 47:65, 1971.

. Steuer AF, Rhim JS, Hentush PM, Ting RC. Sur-

vival of human cells in the aggregate form: Poten-
tial index of in vitro cell transformation. J Nat
Cancer Inst 5§8:917, 1977.

. Collett MS, Erikson RL. Protein kinase activity

associated with the avian sarcoma virus src gene
product. Proc Nat Acad Sci USA 74:2021, 1978.

. Richert ND, Davies PJA, Jay G, Pastan IH.

Characterization of an immune complex kinase in
immunoprecipitates of avian sarcoma virus
transformed fibroblasts. J Virol 31:695, 1979.
Jensen FC, Girardi AJ, Gilden RV, Koprowski H.
Infection of human and simian tissue cultures with
Rous sarcoma virus. Proc Nat Acad Sci USA
52:53, 1964.

. Stenkvist B, Ponten J. Morphological changes in

bovine and human fibroblasts exposed to two

16.

17.

18.

20.

21.

22.

strains of Rous sarcoma virus in vitro. Acta Pathol
Microbiol Scand 62:315, 1964.

. Zilber L, Shevliaghyn V. Transformation of em-

bryonic human cells by Rous sarcoma virus. Na-
ture (London) 203:194, 1964.

. Stenkvist B. Long-term cultivation of human and

bovine fibroblastic cells morphologically trans-
formed in vitro by Rous sarcoma virus. Acta
Pathol Microbiol Scand 67:67, 1966.

Kuwata T, Oda T, Sekiya S, Morinaga N. Char-
acteristics of a human cell line successively
transformed by Rous sarcoma virus and simian
virus 40. J Nat Cancer Inst 56:919, 1976.

Vogt PK. Genetics of RNA tumor viruses. In:
Frankel-Conrat H, Wagner RP eds. Comprehen-
sive Virology. New York, Plenum, Vol 9:p341,
1977.

Hanafusa H. Cell transformation by RNA tumor
viruses. In: Frankel-Conrat H, Wagner RP, eds.
Comprehensive Virology. New York, Plenum,
Vol 10:p401, 1977.

. Brugge JS, Erikson RL. Identification of a

transformation-specific antigen induced by an
avian sarcoma virus. Nature (London) 269:346,
1977.

Miller CA, Rasheed S. Viral susceptibility of skin
fibroblasts from patients with Huntington disease.
Amer J Hum Genet 33:197, 1981.

Dirienzo JM, Nakamura K, Inouye M. The outer
membrane protein of gram negative bacteria:
biosynthesis assembly functions. Annu Rev
Biochem 47:48, 1978.

Choppin PW, Compans RW, Sheid A, McSharry
J, Lazarowitz S. Structure and assembly of viral
membranes. In: Fox CF, ed., Membrane Re-
search. New York, Academic Press, p163, 1972.

Received January 25, 1982. P.S.E.B.M. 1982, Vol.

170.





