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During recent studies on long-term in vitro
cultivations of rat embryo (RE) cells (1, 2)
we found that RE cell lines exhibited mor-
phological alteration spontaneously, and also
were demonstrated to be tumorigenic when
inoculated in vivo. The transformed cells be-
gan to produce a new complement-fixing
(CF) antigen when tested against rat anti-
serum which has broad reactivity with vari-
ous intraspecies and interspecies antigens of
the RNA tumor viruses (3-8). The antigen
was found to be not only immunologically
distinct from the murine intraspecies and in-
terspecies group-specific (gs) antigens but
also to have properties which distinguish it
from these antigens. It was similar to those
found in RE cells transformed in early sub-
cultures by polyoma virus (9).

Materials and Methods. Rat embryo cell
lines. The RE cell lines (S-1193h and F-111)
derived from inbred Fischer RE used in this
study have been described in detail elsewhere
(1, 10). Cell lines were tested for infectious
virus by the CF test for murine leukemia vi-
rus, the COMUL test (3, 4).

Complement fixation. Complement-fixation
tests were carried out using the microtiter
technique described for tumor and viral anti-
gen studies (11). Titers were recorded as re-
ciprocals of the highest dilution giving
3-+—4- fixation of 1.8 units of complement.
Cell pack preparations of CF antigens from
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RE cells were made as previously described
(3, 4).

Antisera. Rat antisera used in the CF test
were produced in Fischer rats carrying trans-
planted sarcoma induced by Moloney sar-
coma virus (M-MSV). An antiserum pre-
pared in guinea pigs with purified gs antigen
of the viruses of murine leukemia sarcoma
group (5-8) was also used.

Results and Discussion. In the S-1193h
line, morphological alteration of the cells and
an abnormal pattern of growth were noted in
the 45th subculture. The morphological
changes observed in these cultures were simi-
lar to those observed in previous studies
where RE cells were transformed by virus
alone (12), or by virus plus chemical carcino-
gens (2). Foci of transformed cells consisted
largely of criss-crossing, randomly oriented,
spindle-shaped cells with nuclear and cyto-
plasmic overlapping, heavily stained with
Giemsa (Fig. 1B). Increased growth rate was
observed in the S-1193h transformed cells
and they had to be subcultured much more
frequently. The CF antigen reactive with
MSV rat antiserum was first detected by the
51st subculture, and was positive in CF at
a titer of 1:8 (Fig. 2). Similar morphological
alteration and the appearance of MSV rat
antiserum reactive CF antigen were also ob-
served in the F-111 line after a longer period
(Fig. 1D and Fig. 2): (a) Morphological
transformation was noted in the 65th subcul-
ture; (b) CF antigen reactive with MSV rat
serum was first demonstrated in a cell pack
preparation at the 69th subculture. Attempts
to isolate virus from CF positive materials
in the COMUL test have failed so far, nor
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Fic. 1. Normal rat embryo cultures; Giemsa stain (X72). (A) Normal rat embryo culture
(S-1193h) at the 27th passage. (B) Transformed rat embryo culture (S-1193h) at the 5lst
passage. Note criss-crossing spindle-shaped cells and nuclear and cytoplasmic overlapping. (C)
Normal rat embryo culture (F-111) at the 44th passage. (D) Transformed rat embryo culture

(F-111) at the 70th passage.

have viruses or virus-like particles been seen
in these cell lines by electron microscopic ex-
amination.

Progressive, transplantable tumors were
readily produced in newborn rats by inocula-
tion of the transformed cells (Table I). Both
the cultured tumor cells and rat tumors con-
tained antigens reactive with MSV rat anti-
sera but not with gs-1 specific guinea pig

antisera. In addition, rat tumors reacted
with the antiserum derived from rats bearing
tumors induced by polyoma transformed
RE (F-111) cells. The polyoma virus trans-
formed RE (F-111) cells had also been found
to contain a new CF antigen which was de-
tectable with MSV rat antiserum (9). The
sera of tumor-bearing rats developed anti-
bodies in high titer when tested against trans-
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F16. 2. Mouse leukemia-sarcoma virus CF antigen
in rat embryo cell lines as a function of the number
of passages in culture. MSV rat serum (#20).

formed rat embryo (TRE) (F-111) induced
antigen: although the antibodies were not
present in early tumor subtransplants at ti-
ters high enough to detect they did appear in
later tumor transplants (Table I).

The present study describes the first dem-
onstration of i vitro spontaneous transfor-
mation of rat cells. The following criteria
established the iz vitro transformation had
occurred in the RE cell lines described: (a)
The cells were morphologically altered and
grew as randomly oriented multilayers. (b)
The cells showed increased growth rate and
lost contact inhibition. (c¢) Inoculation of the
altered cells into unconditioned rats produced
malignant, progressive, transplantable tu-
mors,

In addition, it is quite interesting in the
present study to find the spontaneous ‘“‘switch-
ed on” of a new CF antigen in rat cells after
long-term in vitro cultivation. We have shown
that spontaneous transformation of rat cells
by long-term in wvitro cultivation was accom-
panied by the development of new antigens
with properties different from gs antigens de-
tectable in CF test with MSV rat antisera
but not with the gs-1 specific guinea pig anti-
serum. At the same time, the transformed rat
cells when transplanted into rats, produced
tumors which also contained the new anti-
gen, This antigen was also “switched on”
much earlier when the same cell line was
transformed by polyoma virus (9). This new
rat cell antigen and the spontaneously and
induced transformed cell lines are currently
under study. Such spontaneous derepression
in the cultured rat cells was not unexpected
since various strains of mouse cell lines have
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been shown to transform spontaneously after
prolonged subcultures, yielding in many cases
gs antigen and infectious RNA tumor vi-
ruses (13, 14).

Some characteristics of the new rat cell
antigen so far obtained as follows: (a) The
antigen was nonsedimentable at 58,000g for
1 br and ether resistant. (b) The antigen re-
acted with MSV rat serum and also with the
sera from rats bearing tumors induced in
early passaged RE (F-111) cells transformed
by polyoma virus (Table I). (c¢) There was
always the reciprocal exclusion of TRE (F-
111) and Ki-MSV antibody: every sera posi-
tive for TRE (F-111) antigen was negative
for Ki-MSV antigen and vice versa. (d) In
studies using MSV rat antisera to character-
ize the TRE (F-111) antigen and which is
induced rapidly in early passage cells infect-
ed with polyoma virus (9) it was found that
the antigen was stable to Tween-80 ether and
deoxycholate—genetron extraction. This is
consistent with properties of authentic virion-
derived gs antigens; however, in contrast to
the latter category of antigen the activity in
rat cells was not recoverable after precipita-
tion with 5 vol of 95% ethanol (Table II).
(e) In addition, sera from rats bearing tu-
mors induced by polyoma-F-111 cells did not
react in the CF or gel-diffusion assays con-
centrated C-type virus of mouse or rat origin
(the virus originally termed M-MSV (6)
was used in these tests based on recent evi-
dence that this is a rat pseudotype sarcoma
virus (15)). These sera do, however, react
with antigens (s.e., ether stable, alcohol la-
bile). Until the antigen is charactertized in
more detail, its relationship to virus or viral
information remains to be determined. How-
ever, expressions of the antigen seems to be
related to the transformed state.

In this regard, the new rat antigen may
belong to that class of antigens which are
cryptical in normal cells and only become ex-
posed during the course of transformation
(16). At least one member of this class, the
Forsmann antigen is known to be detectable
in certain hamster cells (BHK) transformed
by polyoma virus (17, 18) while nontrans-
formed BHK cells generally do not show
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TABLE II. Characterization of Antigenic Reactivity in F-1I1 Rat Tumors® and Polyoma-F-111
Rat Tumors® with MSV and Polyoma Rat Serum.

Reciprocal of CF titer

MSV 26° Polyoma 2°
Treatment T-51926  T-57927 T-51926  T-51927
209, homogenate > 16 > 16 > 16 > 16
Sonicate > 16 > 16 > 16 > 16
Tween-ether > 16 > 16 >16 > 16
Alcohol precipitate (cold) lac’ 1 lac 2
Deoxycholate-genetron > 16 > 16 > 16 > 16
Tween-ether 60° 30 min < 1 < 1 < 1 < 1
Alcohol ppt.© 37° 30 min < 1 <1 <1 <1
Deoxycholate-genetron 60° 30 min lac < 1 < 1 2
Tween-cther, alcohol ppt.* < 1 <1 < 1 <1

¢F-111 rat tumors (T-51926) — rat tumors induced by spontaneously transformed rat embryo

(F-111) cells after prolonged passage.

® Polyoma F-111 rat tumors (T-51927) — rat tumors induced by polyoma transformed rat

embryo (F-111) cells.

¢ MSV 26 — rat antisera containing antibodies to gs and envelope antigen.
¢ Polyoma 2 — serum derived from tumor-bearing rat induced by polyoma transformed rat

embryo (F-111) cells.
¢ Reconstituted in equal volumes of buffer.
! ac — Anti-complementary.

this antigen unless treated with proteases
(18). Our attempts to detect Forsmann anti-
gen in the polyoma transformed rat cells by
inhibition of rabbit anti-sheep RBC hemoly-
tic activity have been negative and the CF
reactive rat sera have not reacted with sheep
RBC even at low dilutions, indicating that
the Forsmann system is not responsible for
the CF activity in the rat system as previ-
ously reported (9). Whether or not other
membrane alterations may account for this
reactivity remains to be critically tested.
Summary. Rat embryo (RE) cells main-
tained in tissue culture for long periods de-
veloped into tumorigenic lines that exhibited
morphological alteration. When tested with
broadly reactive anti-MSV rat serum, the
spontaneously transformed RE (TRE) cells
and tumor cells induced by the TRE cells
were positive, however, these cells did not
react with guinea pig antiserum which
is reactive only with the gs-1 antigen of C-type
RNA viruses. While the antigen derived from
the TRE line appeared similar to that de-
rived from polyoma transformed RE cell

line, it was detected much earlier in the latter
cell line. Some characteristics of the new rat
cell antigens were described.
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