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In an effort to characterize these conditions and to
identify the factors responsible for the turning on and off of
the expression of cancer, an experimental model was used
that consisted of an adenocarcinoma, designated TGS,
which had spontaneously arisen in the submaxillary region
of a male C3H/He mouse, and an in vitro cell line,
designated SGT, derived from it.

Previous investigations using the same model demon
strated that TGS cells contain viral particles of the A and B
type (3), present a dilution of the histocompatibility anti
gens controlled by the H-2 locus (5), and are incapable of
inducing a detectable immunological protection when trans
planted into isogeneic hosts (4). SGT cells are still onco
genic for the isogeneic host up to the I80th day of culture,
but lose their oncogenicity after 230 days (19). This loss is
accompanied by the disappearance of the B particles, as
seen by electron microscopy (19).

In this paper the immunological properties of SGT cells
are reported, together with experimental evidence showing
that this cell line is still oncogenic in newborn, immunosup
pressed, isogeneic hosts, as well as in adult, nonimmuno
suppressed, xenogeneic hosts (golden hamster) and that a
cell line derived from the hamster tumor behaves serologi
cally as a mouse-hamster hybrid.

MATERIALS AND METHODS

All experimental animals were maintained on a standard
laboratory diet, with water ad !ibitum. Two-month-old
C3H/He and C3HeB/FeJ mice of both sexes were obtained
from Allevamento Razze Selezionate Animali da Labora
torio (Pomezia, Italy). Two-month-old golden hamsters of
both sexes were obtained from Allevamento Morini, S. Polo
d'Enza, Italy. New Zealand White rabbits, weighing 2500 to
3000 g, were obtained from Allevamente Liverani, Rome,
Italy.

TGS cells were prepared by trypsinization of the solid
tumor, which was maintained by weÃ§klys.c. transplantation
as previously described (19). The cells were used either
immediately after trypsinization or following a 5- to 7-day
maintenance in vitro. SGT cells were derived from TGS
cells as previously described (6) and are now at the 200th
subculture. SGC cells (submaxillary gland cells) were
derived from the submaxillary gland of a normal mouse of
the C3HeB/FeJ strain and are now stabilized as an in vitro
line (20). HWS cells were derived from a tumor produced in
hamster by s.c. inoculation of SGT cells in the backs of the

SUMMARY

An in vitro cell line (SGT) derived from a mouse
submaxillary gland adenocarcinoma (TGS) containing A
and B viral particles maintained its oncogenicity only for
newborn isogeneic hosts (C3H/He mice) immunosup
pressed with antithymocyte serum. Inoculation into adult
isogeneic animals did not cause tumor but provided partial
protection against a challenge with TGS cells. The loss of
oncogenicity for nonimmunosuppressed isogeneic hosts was
accompanied by the acquisition of oncogenicity for adult,
nonimmunosuppressed, xenogeneic hosts (golden hamsters)
given subcutaneous inoculations of SGT cells on the back.
From the tumor grown in the hamster, which is histologi
cally similar to the original tumor of the mouse, an in vitro
cell line (HWS) was derived. The comparative analysis of
the 2 cell lines, SGT and HWS, led to the following
conclusions: (a) the karyological pattern of the 2 cell lines is
virtually the same; (b) the cell surface antigenic pattern is
similar for the 2 cell lines, as determined by colony
inhibition test and cytotoxicity test; (c) the cells of the HWS
line behave serologically as a mouse-hamster hybrid, also as
determined by colony inhibition and cytotoxicity tests; (d)
both cell lines have only intracytoplasmic viral particles of
the A type; and (e) agglutination with the plant lectins
concanavalin A and wheat germ agglutinin occurs at lower
concentrations of agglutinin for HWS cells than for SGT
cells.

INTRODUCTION

In vitro cultivation can modify some important charac
teristics of normal as well as tumor cells. Normal cells can
become malignant and cause a tumor when inoculated into
compatible hosts (10, 17â€”19,36, 37). On the other hand,
tumor cells may undergo a partial or complete loss of
oncogenicity (13, 24, 25), which can be accompanied by
modifications of other pirameters, such as the antigenic
pattern and the viral genome expression in virus-induced
tumors (12, 14, 15, 28â€”35). Such cells can be made to
reacquire the original oncogenicity by appropriate experi
mental manipulations (2, 39). These observations indicate
that the expression of cancer can be modulated by condi
tions external to the tumor cell.
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recipient animals and are now at the 87th subculture. The
preparation of isolated cells from the solid tumor was by
trypsinization, as described for TGS cells. BHK2 1 cells
were obtained from the American Type Culture Collection,
Rockville, Md.

All cell lines were cultured in 25-sq cm Falcon plastic
bottles with Auto-minimum essential medium (Flow Labo
ratories, Inc., Rockville, Md.), supplemented with 10% fetal
calf serum (Labtek, Milan, Italy) that was inactivated at
56Â° for 30 mm, and with glutamine, sodium bicarbonate,
and antibiotics. The pH was adjusted to 7.4. Subcultures
were performed by removing the cells from the plastic
surface with a rubber policeman and seeding at a concentra
tion of 2.5 x l0@cells/ml.

For the karyological analysis, the cells were seeded into
plastic Petri dishes containing a glass slide and were treated,
when subconfluent, with Colcemid (Geigy, Saronno, Italy),
at a concentration of4O @zg/mlfor 2 hr. The glass slide was
then transferred to another Petri dish, treated with 0.95%
sodium citrate at 37Â°for 20 mm, gently washed with 0.9%
NaCl solution, and fixed with methanol:acetic acid (1 :1) for
45 mm and with methanol:acetic acid (1:3) for another 30
mm. The glass slide was stained with acetic orcein and
observed under the microscope. Several photographs were
taken and used for the composition of the karyogram.

Antisera were obtained in 4-month-old New Zealand
White rabbits by s.c. inoculation of 5 x l0 viable cells
(SGT or HWS) at weekly intervals for 4 weeks. A 5th
inoculation was given i.p. The rabbits were bled at weekly
intervals after the last inoculation. The antisera, as well as
the normal serum used as a control, were adsorbed 3 times
with sheep red blood cells. Rabbit immunization to obtain
anti-mouse and anti-hamster sera was performed by the
same schedule and route of inoculation. Anti-SGT and
anti-TGS sera were also prepared in isogeneic C3HeB/FeJ
mice by 3 s.c. inoculations of I x 106 cells at weekly
intervals.

Colony inhibition test was performed according to the
method of HellstrÃ¶m and SjÃ¶gren (1 1) and cytotoxicity test
was performed as described by Chang et a!. (7).

Cytoagglutination assays were performed in plasmacrit
flocculation plates (Scientific Products, Inc., Evanston, Ill.,
Catalog No. M-6033) with 5 x l0@ cells/well in a 50-z1
volume. Subconfluent cells were removed from the culture
dish with a rubber policeman, using PBS1 containing 2 mr@i
sodium-EDTA (15). The cells were washed twice in the
same buffer and resuspended in it at a concentration of 2 x
l0 cells/ml. A 25-zl aliquot of the cell suspension was
mixed with 25 @zlofagglutinin solution prepared in PBS, pH
7.5, without Ca2@ and Mg25- (9). The mixture was stirred
with a toothpick, and the assay was scored 30 mm later
under an inverted microscope, using a serological scale from
Oto +4(38).

a The abbreviations used are: PBS, phosphate-buffered saline (l54 m@i

NaCI:26.8 mM KCI: I 1.6 m@i Na2HPO4 12H,O: 1.5 mp,i KH,P04 , pH
7.5); Con A, concanavalin A; WGA, wheat germ agglutinin; RCA I and
RCA II, Ricinus communis agglutinins I and II, respectively; MTV,
mammary tumor virus.

Con A was obtained from Miles-Yeda, Rehovot, Israel,
as a concentrated solution in saturated NaC1. From this
stock, serial dilutions were prepared in PBS without further
purification. WGA was prepared from wheat germ lipase
(Miles Products, Kankakee, Ill.), according to the proce
dure of Nagata and Burger (22). RCA I and RCA II were
prepared from castor beans, following the method of
Nicolson and Blaustein (23). RCA I and RCA II were not
completely soluble in PBS. The concentration of the soluble
portion was calculated using an extinction coefficient
E@onm of 14 (26).

For electron microscopic analysis, the cells were fixed in
1% 0504 buffered according to Millonig (21). The speci
mens were dehydrated by treatment with increasing concen
trations of ethanol and were embedded in Epon 812.

RESULTS AND DISCUSSION

The oncogenic properties of SGT cells in isogeneic and
xenogeneic hosts are reported in Table 1. When isogeneic
animals were used as recipients, the tumor could be induced
only in newborns immunosuppressed with a single injection
of 0. 1 ml of antithymocyte serum given at the same time as
the cell inoculum. Nonimmunosuppressed newborn mice
and adult animals that were immunosuppressed with anti
thymocyte serum or whole-body irradiation did not develop
tumor upon inoculation of even large doses of SGT cells. A
preliminary experiment using cells derived from the fusion
of SGT cells with embryo cells from a C3HeB/FeJ mouse,
in the presence of Sendai virus, indicated that these hybrid
cells are also nononcogenic in isogeneic adult animals. On
the other hand, SGT cells are oncogenic in a xenogeneic
host, such as the golden hamster. It should be noted that the
tumor, which is histologically similar to the original mouse
adenocarcinoma, developed in the absence of any im
munosuppressive treatment of the host.

Inoculation of SGT cells into adult isogeneic hosts not
only indicates that these cells have lost their oncogenic
power but also shows that they have acquired an isoimmu
nizing capacity. In fact, as reported in Table 2, when
C3HeB/FeJ mice, which are MTV free, were inoculated
with SGT cells, they became partially resistant to a
challenge with TGS cells. When the same treatment was
applied to C3H/He mice, which are MTV carriers, the
oncogenicity of a challenge with TGS cells remained at
control levels of 100% takes. These results seem to indicate
that SGT cells have tumor-specific antigens common to
TGS cells and that these antigens are virus associated or
virus coded, since they are not recognized by virus-carrying
mice. The data also imply that the virus associated with
TGS cells is a Bittner or a Bittner-like virus.

The cytotoxic action of sera of animals carrying the
submaxillary gland tumor on TGS and SGT cells is
reported in Table 3. From the analysis of the data it is
apparent that tumor-carrying animals produce antibodies
against TGS cells, that the antibody titer increases follow
ing surgical excision of the tumor, and, finally, that these
antibodies are also highly toxic for SGT cells. These results
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No. of
injected

cellsRoute
of

inoculationInoculated

animalsPrevious

treatmentTumor
takes

at 60daysNo.StrainAge5

x 10's.c.63
59C3H/HeC3HeB/FeJNewbornNewborn0/600/525

x l0i.p.30
32C3H/HeC3HeB/FeJNewbornNewborn0/270/295

x 10s.c.50
50C3H/HeC3HeB/FeJ2

months
2 months0/500/485

x l0@s.c.50
50C3H/HeC3HeB/FeJ2

months
2 monthsWBI,a

425 rads
WBI,5 425 rads0/410/425x

1O@s.c.21
29C3H/HeC3HeB/FeJNewbornNewbornATS5ATS57/Il9/155

x l0s.c.32
35C3H/HeC3HeB/FeJ2

months
2 monthsATSCATSC0/300/311

x 10's.c.110Colden
hamsters2months56/100

lnjected miceImmunizing
inoculations

No. RouteTotal

no. of
inoculated
SGT cellsChallengeTumor

takes
at 30daysNo.Strain60C3H/He3

s.c.15 x l05 xIO4TGS100%(52/52)60C3HeB/FeJ3
s.c.15x 10'5xIO4TGS20%(ll/55)

Strain ofmice
bearing tumorsSite

of
tumor
growthCarrier

treatment
prior to withdrawing

ofserumTarget cellslnhibitiona(%)C3H/HeBackTGS76C3HeB/FeJÂ°BackTGS80C3H/HecTailTumor

excisionTGS97C3H/HeTailTumorexcisionSGT99
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Table 1

Oncogenic properties of SG T cells in isogeneicand xenogeneic hosts

a WBI, whole-body irradiation.

b A single-dose, 0.l-ml inoculation of rabbit antithymocyte serum (Microbiological Associates

Inc., Bethesda, Md.) simultaneously with SGT inoculation.
C Three 0.2-mi inoculations of rabbit antithymocyte serum at weekly intervals.

Table 2

TGS cell transplantability in isogeneichosts immunized with SGT cells

Table 3

Cytotoxic efftct ofsera ofanimals carrying the submaxillary gland tumor on TGS and SG T cells by
colony inhibition test

a Reported values are the averages of 5 experiments.

0 When normal submaxillary gland cells (SGC) were used as target cells, the percentage of colony

inhibition was 0.
C When SGC cells were used as target cells, the percentage of colony inhibition was 24.

are confirmed by cross experiments, in which immune sera
against SGT cells were tested on TGS cells. In fact, as
reported in Table 4, anti-SGT sera are toxic for TGS as well
as for SGT cells.

As shown in Table 1, s.c. inoculation of 1 x 10@SGT cells
in adult, nonimmunosuppressed golden hamsters was fol
lowed by the appearance of a tumor at the site of injection in
56% of the recipient animals, after an average latency of 35
days. The tumor, which was originally recognized as a small
nodule, grows progressively and eventually kills the animal.
Histological analysis of the neoplastic tissue showed that the
histotype was identical to that of the original mouse tumor.

Electron microscopic examination demonstrated the pres
ence of a variable number of intracytoplasmic A particles,
both isolated and in clusters. No budding of viral particles
or presence of B particles was observed.

The cells of the tumor grown in hamster were cultivated
in vitro under the same experimental conditions used to
obtain the SGT line, and a new cell line, designated HWS,
was established. The growth pattern and the morphological
characteristics of the new cell line are comparable to those
of the SGT line. The 2 cell lines were subjected to a
comparative investigation of chromosomal patterns, immu
nological properties, presence of viral particles, and
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AntiserumTarget cellsInhibitionÂ°(%)Anti-SGTSGT98Anti-SGTTGS80

Cytotoxicity
test mb

Serum Cells (%)Colony
ibition test

(%)Anti-SGT

SGT 95
Anti-SGT HWS 50
Anti-HWS HWS 84
Anti-HWS SGT 80
Anti-whole mouse SGT 88
Anti-whole mouse HWS 22
Anti-whole hamster HWS 79
Anti-whole hamster SGT 26100

55
95
85
92
52
90

0Table

6

Cytoagglutination ofSGT and HWS cells

Reported values are the averages of 10experiments.@.tg/mlÂ°Con

A WGA RCA IRCAIISGT

83 31 1.45
HWS 26 17 1.660.83 0.71

Properties of Mouse Salivary Gland Tumor

Table 4

Cytotoxic effect of anti-SG T sera on TGS and SG T cells by colony
inhibition test

original tumor of the mouse, were no longer detectable in
SGT or HWS cells (Fig. 2).

Finally, experiments to test the oncogenicity of HWS
cells demonstrated that s.c. inoculation of 1 x l0 cells in
the hamster was followed by the appearance, in 100% of the
recipient animals, of a tumor that was morphologically
identical to the tumor induced by inoculation of SGT cells.
The oncogenicity of HWS cells has shown a tendency to
decrease, parallel to the prolongation of the permanence in
vitro. After 40 days of in vitro cultivation, the percentage of
takes was still 100, with an average latency of4O days, using
an inoculum of 1 x l0@ cells. After 94 days of in vitro
cultivation, the petcentage of takes, using the same inocu
lum size as before, had decreased to 37. After 240 days in
culture, the dose of 1 x l0 cells was no longer oncogenic,
while inoculation of 5 x 106 cells was followed by the
appearance of a tumor in 33% of the recipient animals, with
an average latency of 60 days. The causes of this decline in
oncogenic power are presently unknown and are being
investigated.

HWS cells are nononcogenic for C3H/He and
C3HeB/FeJ mice.

The data reported above clearly indicate that a cell line
(SGT) derived from a mouse submaxillary tumor after a
prolonged period of in vitro cultivation undergoes loss of
oncogenicity for normal isogeneic hosts. However, the
observation that the cells are still oncogenic in newborn
immunosuppressed, isogeneic hosts, rules out the possibility
that SGT cells may be considered as â€œrevertants,â€•accord
ing to the definition of Rabinowitz et a!. ( 14, 15, 30â€”35).

Rather, the â€œconditionedâ€•oncogenicity of these cells
could be explained on the basis of an increased immuno
genic activity, as compared to the cells of the originaltumor

Table 5

Cytotoxicity and colony inhibition tests with various antisera towards SGT
and HWS cells

a Averages of 5 experiments.

cytoagglutinability by plant lectins.
Analysis of the karyotype has demonstrated that the 2

cell lines have very similar chromosomal patterns. The
modal numbers are 56 chromosomes for the SGT cells and
52 for the HWS cells. In both cases the pattern is
characterized by a number of large, metacentric chromo
somes (Fig. 1). Murine cell lines characterized by the
presence of metacentric chromosomes have frequently been
reported in the literature (8, 12, 13, 16). However, no
correlation was shown between the appearance of metacen
tric chromosomes and the oncogenic properties of the cell
lines under investigation. The similarity of the karyotype in
2 cell lines, SGT and HWS, which have different oncogenic
ities, indirectly confirms the data of other authors. A
peculiarity of the chromosomal pattern of SGT and HWS
cells is represented by the presence of a number of
metacentric chromosomes that is larger than the number
found in other murine lines reported in the literature. On the
other hand, TGS cells freshly prepared from the in vivo
tumor display a typical murine chromosomal pattern.

The immunological properties of the 2 cell lines were
analyzed by colony inhibition test and cytotoxicity test using
rabbit antisera. As shown in Table 5, anti-SGT sera were
highly toxic for SGT cells and less toxic for HWS cells.
Anti-HWS sera were highly toxic for both cell lines.
Anti-hamster sera were cytotoxic for HWS cells but not for
SGT cells. Anti-mouse sera were cytotoxic for SGT cells
and much less cytotoxic for HWS cells. The above data
indicate that, in spite of similar chromosomal patterns,
SGT and HWS cells have a different serological behavior,
suggesting a different antigenic pattern.

Cytoagglutinability of SGT and HWS cells was studied
using a number of plant lectins with different specificities.
Con A is known to bind nonreducing manno- and glucopy
ranosyl residues in the a configuration (27). WGA binds
N-acetylglucosamine residues (1), while RCA I and RCA II
bind galactose and lactose (23). RCA II also has a specific
ity for N-acetylgalactosamine (23). As shown in Table 6, no
significant differences between the 2 cell lines were found
when RCA I and RCA II were considered. In the case of
Con A, the lectin concentration for half-maximal agglutina
tion of HWS cells was about one-third of that required for
half-maximal agglutination of SGT cells. A similar effect
was observed for WGA, which caused half-maximal aggluti
nation of HWS cells at a concentration that was about
one-half of that required for the same effect on SGT cells.

Electron microscopic analysis demonstrated the presence
of intracytoplasmic A particles in a small percentage (about
2%) of both SGT and HWS cells. B particles, present in the a Agglutinin concentration for half-maximal agglutination.
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(TGS). In fact, not only are the SGT cells oncogenic in
hosts totally deprived of immune reactivity, but they are
also capable of immunizing isogeneic animals against a
subsequent challenge with TGS cells. Since the strong
immunogenicity of SGT cells can be demonstrated in
syngeneic MTV-free hosts but not in MTV carriers, it ap
pears reasonable to assume that the antigens responsible for
such immunogenicity are virus associated or virus coded.
This assumption is supported by the observations of Vaage
(40), indicating the presence of a common component in
mammary tumors of C3H mice that is immunogenic in
MTV-free but not in MTV-infected mice. In the case of the
submaxillary gland tumor, the cells that are no longer onco
genic (SGT) are immunogenic, while those that are onco
genic (TGS) are unable to induce a detectable immunologi
cal protection (4).

The antigenic differences between TGS and SGT cells, as
detected with the procedures described, are quantitative, not
qualitative. The same is true when SGT cells are compared
with HWS cells. Quantitative differences are observed not
only in terms of antigenicity but also of cytoagglutinability
by Con A and WGA. HWS cells are in fact agglutinated at
Con A and WGA concentrations that are significantly lower
than those required to agglutinate SGT cells.

It is more difficult to explain the behavior of SGT cells
when these are inoculated in hamster. The hamster has a
tendency to develop a tumor when inoculated with tumor
cells of animals from different species. On the other hand, in
the experimental system described above, TGS cells inocu
lated in hamsters not only are nononcogenic but they elicit
the production of an immune serum that is highly cytotoxic
for TGS as well as SGT and HWS cells and that protects a
compatible host (C3H/He or C3HeB/FeJ) against a chal
lenge with TGS cells.

In conclusion, our present goal is to better characterize
the antigenic differences among TGS, SGT, and HWS cells
through the isolation of cell surface antigenic determinants
in an effort to establish whether a different number of
antigenic sites (or a different topological distribution) is
sufficient or whether a more profound, qualitative differ
ence is necessary to induce the different behavior of the cell
lines under investigation.
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Fig. 1. a, chromosomal pattern of SGT cells. The modal number is 56. b, chromosomal pattern of HWS cells. The modal number is 52.
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