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RESULTS

Tumor-inducing Capacities of the Transformed Cell Lines.
Previous studies of LSH hamster embryo cells transformed by
Ad2, Ad12, and SV40 indicated that a variety of tumorigenic
phenotypes were present among the 19 lines examined (7).
Several studies have implied that the tumorigenic phenotypes
of some of these transformed cell lines depended upon their
succumbing to or resisting destruction by the celiular immune
response of the challenged host (4, 5, 17, 18). To assess the
general implications of these results, it was necessary to more
stringently define the tumor-inducing capacities of those trans-
formed LSH embryo lines that seemed to represent distinct
tumorigenic phenotypes. To accomplish this, the tumor-induc-
ing efficiencies of 5 Ad2 lines, 5 Ad12 lines, and 5 SV40 lines
were determined in groups of hamsters representing different
stages of immunological maturity and different degrees of
immunological relatedness (Table 2). The Ad2HE7 (Ad2-trans-
formed hamster embryo line 7) and Ad2HE9 lines were essen-
tially nononcogenic for syngeneic hamsters of any age. Only 2
tumors developed in 367 hamster pups injected s.c. during the
first 3 days of life with 107 or 108 cells. Cells from each of these
lines were tested in multiple experiments between the 5th and
the 58th tissue culture passages. Thus, newborn hamsters, in
spite of their immunological immaturity, are capable of rejecting
\arge numbers of cells expressing this phenotype. The
Ad2HE1, Ad2HE3, and Ad2HES6 lines produced tumors in 45
to 100% of newborn LSH hamsters given injections of 107 cells
but were essentially nononcogenic when 108, 107, or 108 cells
were injected into adult LSH hamsters. The 5 Ad12 lines
produced tumors in 100% (92 of 92) of newborns and pro-
duced tumors quite efficiently in syngeneic adult hamsters with
the number of tissue culture cells per TPDs, for syngeneic
adults varying from 1032 to 10*%. The Ad12-transformed LSH
hamster embryo cells were 250 to =2500-fold less efficient in

their ability to produce tumors in allogeneic CB hamsters. One
of these lines (AD12HE1) induced no tumors in the 30 animals
given injections of 10° or 107 cells in 3 separate experiments.
Two other Ad12-transformed lines (Ad12HE2 and Ad12HE4)
exhibited a weak tumor-inducing capacity in allogeneic ham-
sters in that only 7 of 20 hamsters given injections of 107 or
108 cells developed neoplasms; the number of tissue culture
cells per TPDs, for these lines was =10%7 and =10%°, respec-
tively. The remaining 2 Ad12-transformed LSH embryo lines
(Ad12HES3 and Ad12HES) required 10%' and 10°7 tissue cul-
ture cells, respectively, to induce tumors in 50% of the allo-
geneic CB animals. The 5 SV40-transformed LSH lines derived
in these studies were quite tumorigenic in both syngeneic and
allogeneic hamsters. The number of tissue culture cells per
TPDs, for these 5 lines varied from 10%* to 10*® in adult
syngeneic animals and from 1035 to 10%® for adult allogeneic
hamsters. For these SV40-transformed LSH lines, the differ-
ences in the number of cells per TPDs, for adult syngeneic and
allogeneic hamsters varied only from 2.5- to 80-fold.

The foregoing results show that, among these 15 lines of Ad-
and SV40-transformed LSH hamster embryo cells, there are 4
distinct tumorigenic phenotypes as determined by the effi-
ciency with which the cells induce tumors in different types of
hamsters type |, a phenotype that is nononcogenic for synge-
neic newborn hamsters (Ad2HE7 and Ad2HE9); type I, a
phenotype that is oncogenic only for newborn syngeneic ham-
sters (Ad2HE1, Ad2HES, and Ad2HES6); type lll, a phenotype
that is oncogenic for both syngeneic newborns and syngeneic
adults but that is only weakly oncogenic for allogeneic adult
hamsters (Ad12HE1 to Ad12HES); and type IV, a phenotype
that is almost equally oncogenic for both syngeneic and allo-
geneic adult hamsters (SV40HE1 to SV40HES).

Cellular Inmune Response, the Determining Factor in De-
fining the Tumorigenic Phenotype. Two studies have shown
that the age-related ability of syngeneic hamsters to reject

Table 2
Tumor induction by Ad2-, Ad12-, and SV40-transformed LSH hamster embryo cells in syngeneic LSH and allogeneic CB hamsters

Transformed cells suspended in EMEM without serum were inoculated s.c. (0.2 mi/animal) into 1 to 3 litters of newborn (<4 days old) LSH or 4 to 6 adult (>28
days old) LSH or CB hamsters. The animals were observed for tumor development for 10 to 12 weeks after inoculation; the number of transformed cells per TPDso

was determined by the method of Karber (15).

No. of hamsters that developed enlarging tumors/no. of hamsters surviving the observation period at following cell concentrations

LSH adults CB aduits
No. of No. of LSH
Trans- cells cells newborn
formed R (Iog.o)g (logio)/ (7 X
cell line 8 7 6 5 4 3 TPDso 8 7 6 5 4 3 TPDso logio)
Ad2HE7 0/4 0/23 >8.5 0/4 0/4 >8.5 1/231
Ad2HES 0/4 0/15 >8.5 0/4 0/4 >8.5 0/95
" Ad2HE1 0/20 0/30 2/20 >8.5 0/10 0/10 >8.5 35/54
Ad2HE3 0/7 0/20 0/10 >8.5 0/9 0/10 >8.5 10/22
Ad2HE6 0/10 0/10 0/20 0/10 >8.5 0/10 0/10 >8.5 19/19
Ad2HTL3-1 16/19 16/19 11/14 7/10 2/7 4.0 4/15 0/10 0/5 0/5 0/6 =7.2 NT®
Ad12HE1 10/15 7/15 5/15 4/185 1/15 4.5 0/15 0/15 0/15 0/15 0/15 >7.5 14/14
Ad12HE2 5/5 4/5 2/5 0/5 0/5 4.3 3/5 1/ 0/5 0/5 0/5 =6.7 19/19
Ad12HE3 5/5 5/5 5/5 5/5 2/5 3.1 5/5 2/5 0/5 0/5 0/5 6.1 20/20
Ad12HE4 5/5 5/5 5/5 5/5 0/5 3.5 3/5 0/56 0/5 0/5 0/5 =6.9 20/20
Ad12HES 5/5 5/5 5/5 5/5 1/5 3.3 5/5 2/5 2/5 0/5 0/5 5.7 19/19
SV40HE1 21/21 22/22  11/11 2/12 1/12 4.2 16/16 16/16 2/6 1/6 0/6 5.0 11/20
SV40HE2 27/27 22/22 12/12 7/12 2/6 3.6 17/21 16/16 1/6 0/6 0/6 5.5 15/17
SV40HE3 5/5 5/5 5/5 5/5 0/5 3.5 5/5 5/5 5/5 5/5 0/5 3.5 20/20
SV40HE4 5/5 5/5 5/5 0/5 0/5 45 5/5 5/5 2/5 0/5 0/5 49 20/20
SV40HES 14/14 14/14 10/14 0/14 0/14 4.8 12/14 10/14 5/14 0/14 0/14 5.6 22/22
2 No. of cells inoculated (log:o)/animal.
® No. of cells (10g:0)/ TPDso = tissue culture TPDso.
© NT, not tested.
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Ad2HE3- and Ad2HE6-transformed cell-induced tumor trans-
plants is a thymus-dependent cellular immune function (6, 8).
Since these tumor cells were tumorigenic only in newborn LSH
hamsters and failed to produce tumors when grafted into
hamsters over 7 to 10 days of age, they exhibited the same
tumorigenic phenotype (type ) as did the Ad2HE3 and
Ad2HES® tissue culture cell lines which induced them. Evidence
that interactions between tumor cells and the host cellular
immune response are important in defining 2 of the other
tumorigenic phenotypes was obtained by grafting Ad2HE7-
and Ad2HE9-transformed cell lines (type 1) into nude mice and
newborn hamsters treated with AHLS and by grafting cells from
SV40HE11 (type IV) -induced LSH tumors into LSH-immune CB
hamsters (Tables 3 and 4, respectively).

Ad2HE7 and Ad2HES9 cells, which failed to induce tumors in
newborn LSH hamsters, induced tumors in nude mice. In 4
experiments (Table 3, Experiments 1, 2, 5, and 6), 30 of 30
nude mice given injections of 107 cells developed progressively
enlarging tumors which were histologically similar to the small-
cell sarcomas that were induced in newborn hamsters by
Ad2HE1 cells. None of 59 LSH newborns challenged with
Ad2HE7 or Ad2HES cells developed progressively enlarging
neoplasms.

To determine if newborn hamsters, in spite of their docu-
mented immunological immaturity (1, 8, 25), possess a cellular
immune response capable of rejecting cells with the type |
tumorigenic phenotype, 1072 to 107° Ad2HE7 and Ad2HE9
tissue culture cells were injected into LSH newborn animals
that were treated with either rabbit AHLS or normal rabbit
serum (Table 3, experiments 3, 4, and 7). In these experiments,
30 of 51 AHLS-treated newborns developed progressively
enlarging tumors that were histologically similar to the smali-
cell sarcomas that developed in nude mice. None of 64 new-
borns treated with normal rabbit serum developed progres-
sively enlarging tumors. Thus, transformed hamster cells, such
as Ad2HE7 and Ad2HE9, with the type | tumorigenic phenotype
appear to be nononcogenic for newborn hamsters because

they can be destroyed by components of the cellular immune
system that function in these immunologically immature syn-
geneic animals.

One explanation for the existence of the type IV tumorigenic
phenotype (resistant to rejection by allogeneic CB hamsters)
represented by SV40-transformed LSH cell lines is that such
cell lines fail to efficiently express histocompatibility antigens
on their surfaces. To begin to evaluate this hypothesis, the
susceptibility of cells from SV40HE1 cell-induced LSH tumors
to rejection by a second-set allograft reaction in preimmunized
CB hamsters was studied (Table 4). Cell suspensions prepared

Table 4

Ability of LSH-immune CB hamsters to reject allogeneic SV40 LSH tumor cells

Adult LSH and CB hamsters were immunized by i.p. inoculation of suspensions
(in EMEM) of Ad2HTL6 tumor cells (tumors originally induced in newborn LSH
hamsters by Ad2HEG6 celis and maintained by serial passage in newborn animals),
10*' to 10%° TPDso/injection (Experiment 1); spleen cells (irradiated with 2000
R to prevent the development of graft-versus-host disease) from aduit LSH
hamsters 2 to 3 X 107 cells/injection suspended in Roswell Park Memorial
Institute Medium 1640 with 250 units of penicillin per mi (Experiment 2); cells
from an ascites form of a methylcholanthrene-induced mouse sarcoma (Meth A)
(20), 2 x 107 cells/ injection (Experiment 3). All hamsters were inoculated once
per week for 3 weeks. One week following the last immunization, the animais
were challenged with serial 10-fold dilutions of suspensions of SV40HTL1 tumors
(tumors originally induced in adult LSH hamsters by SV40HE1 cells and subse-
quently maintained by serial passage in adult animals). The animals were ob-
served for 10 to 12 weeks after inoculation; the number of TPDs of the
suspension of SV40HTL1 tumors was determined by the method of Karber (15).

Dilution of standard tumor
suspension (logo) at the 50%

end point
Experiment Immunization LSH CcB
1 None 4.0 4.0.
LSH tumor (Ad2HTL6) 3.0 <0.5
2 None 4.5 3.5
LSH spleen 4.5 <0.5
3 None 5.1 49
Mouse tumor 5.1 5.5

® <0.5 = no tumors developed after challenge with undiluted standard tumor
suspension.

Table 3

Tumor induction by Ad2-transformed LSH hamster embryo cell lines, Ad2HE7 and Ad2HED, in nude mice and immunosuppressed syngeneic (LSH) newborn
hamsters

Transformed cells suspended in EMEM were inoculated (0.2 ml/animal) s.c. into nude mice and syngeneic LSH newborn (<4 days old) and adult (>28 days oid)
hamsters. In Experiments 3, 4, and 7, the newborn hamsters were immunosuppressed with i.p. injections (0.1 to 0.2 mi/animal; see Footnote a) with either normal

rabbit serum or rabbit AHLS.
No. of animals developing enlarging
tumors/no. of animais surviving the Tumor incidence in
observation period
LSH newborns
No. of cells treated with
inoculated/ normal® rabbit LSH newborns
Cell line Experiment animal (logo) Nude mice LSH newborns serum treated with AHLS® LSH aduits
Ad2HE7 1 7.0 8/8 0/25 NT? NT 0/5
2 7.0 5/5 0/9 NT NT 0/5
3 7.2 10/10 0/8 0/26 4/13 0/5
4 7.5 7/7° 0/26 0/23 13/20 0/4
Ad2HE9 5 7.0 8/8 0/14 NT NT 0/5
6 7.0 9/9 0/11 NT NT 0/5
7 7.3 5/5° 0/14 0/15 13/18 0/5

® Hamsters in Experiment 3 received 0.1 ml of rabbit AHLS i.p. 1 day before being challenged with transformed cells, 1 day after challenge, and every 3 to 4 days
thereafter. Animals in Experiments 4 and 7 were immunosuppressed by the same initial treatment as were the hamsters in Experiment 3. After the first 2 injections
of AHLS, hamsters in Experiment 4 received 0.2 mli.p. every 3 to 4 days until the tumors were =30 mm in diameter (from 5 to 9 weeks), while hamsters in Experiment
7 rgceived 0.1 mli.p. every 3 to 4 days for 3 weeks and then received 0.2 ml i.p. until the tumors were 30 to 35 mm in diameter (from 4 to 6 weeks).
NT, not tested.
€ Nude mice in these experiments died prematurely or were sacrificed due to undiagnosed ilinesses when their tumors were 5 to 20 mm in diameter. Tumors
developing in healthy nude mice réached diameters of 30 to 40 mm in 7 to 11 weeks.
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from SV40HE1-induced LSH tumors failed to graft into CB
hamsters that were preimmunized with either Ad2HE6-induced
LSH tumor cells or with normal LSH spleen cells. Immunization
of CB animals with viable xenogeneic mouse tumor cells (the
ascites form of the methylcholanthrene-induced BALB/c sar-
coma, Meth A, obtained from Drs. M. J. Rogers and L. W. Law,
Laboratory of Cell Biology, National Cancer Institute) (20) had
no effect on the efficiency with which these SV40 tumor cells
grew in the allogeneic CB hamsters. Thus, in spite of their
resistance to rejection as allografts in normal CB adults, SV40
LSH tumor cells were recognized and efficiently eliminated by
CB hamsters that were specifically sensitized to LSH histocom-
patibility antigens, suggesting that the explanation for the type
IV tumorigenic phenotype of such SV40-transformed hamster
cells is complex. While these transformed cells apparently
express histocompatibility antigens, the quantities of such an-
tigens recognizable on the surface of the cell may be reduced
when compared to transformed cells of the type Il tumorigenic
phenotype. In addition, the inherent resistance or susceptibility
of these transformed cell lines to destruction by host effector
cells may play an integral role in determining their tumorigenic
phenotypes, as suggested by our previous studies (4, 5).

DISCUSSION

A number of studies have shown that cellular immunity rather
than humoral immunity is responsible for the destruction of
hamster cells rendered neoplastic by DNA viruses (2, 8, 27).
The data presented in this paper demonstrate that LSH hamster
embryo celis transformed by Ad2, Ad12, and SV40 possess at
least 4 different tumorigenic phenotypes. To explain the differ-
ences in their tumor-inducing capacities, we are suggesting
that, during the process of transformation, the interaction be-
tween different viruses and the LSH cells which they transform
causes the development of different levels of resistance to
rejection by the hamster cellular immune response in the re-
sulting neoplastic cells. The tumorigenic phenotype is deter-
mined by the degree of susceptibility or resistance of cells
representing that tumorigenic phenotype to the cellular immune
components which are present and functioning in newborn
syngeneic LSH hamsters, adult syngeneic LSH hamsters, or
adult allogeneic CB hamsters. The following observations sup-
port this concept.

Hamsters, like other rodents, are immunologically immature
at birth, and, as has been observed in other mammalian models,
there appears to be a stepwise maturation in hamster immune
ontogeny (25). Evidence of cellular immune function such as
resistance to the induction of tolerance, response of spleen
cells to the T-cell mitogen concanavalin A, and the thymus-
dependent ability to reject Ad2-transformed cell tumor trans-
plants has not been detected until the second week of life (1,
6, 8). The responses of peripheral blood lymphocytes to con-
conavalin A and of spleen cells in mixed-lymphocyte reactions
were not detected until the third or fourth weeks of life (6). The
ability of hamsters to produce antibody to mumps antigen was
not detected until the second week of life (21). In spite of these
deficiencies in cellular and humoral immunity, newborn ham-
sters can reject 107 to 108 Ad2HE7 and Ad2HE9 cells, cell
concentrations which produce tumors in 100% of nude mice.
The ability of newborn hamsters to reject the Ad2HE7 and the
Ad2HE9 cells that express tumorigenic phenotype | can be

MARCH 1982

abrogated by immunosuppressing the animals with immune
sera prepared against lymph node cells. This finding implies
that cells sharing antigenic determinants with adult components
of the cellular immune system are responsible for tumor rejec-
tion in newborn hamsters. These data also suggest that rejec-
tion of Ad2HE7 and Ad2HE9 cells by newborn hamsters de-
fines a new level in the ontogeny of the hamster immune
system.

Ad2-transformed LSH embryo cells possess Ad2-specific
transplantation antigen, and there is little correlation between
the ability of these cells to induce resistance to tumor challenge
in immunized animals and their tumorigenic phenotype. For
example, Ad2HTL3-1 tumor cells, which efficiently produce
tumors in adult LSH hamsters but not in CB hamsters (Table 2)
and thus represent the type lll tumorigenic phenotype, induced
greater resistance [resistance index, 3000 (Table 1)] in LSH-
immune hamsters than did Ad2HE7 cells [resistance index,
600 (Table 1)] which are oncogenic only in newborn animals
(type | tumorigenic phenotype).

Highly immunogenic (as defined by the induction of immunity
to tumor challenge) SV40-transformed hamster embryo cells
[SV40HE1 and SV40HE2 (Table 1)] produce tumors with al-
most the same efficiency in allogeneic CB hamsters as in
syngeneic LSH animals. It is possible that the apparent differ-
ence in the efficiency with which the SV40HE2 LSH cell line
induces tumors in allogeneic CB hamsters when compared to
the SV40HE1 line (Table 2) is a reflection of the greater
immunogenicity of the SV40HE2 cells. In spite of this possibil-
ity, SVA0HE2 cells could not be eliminated by allogeneic CB
hamsters as efficiently as cells representing the type lll tumor-
igenic phenotype. Furthermore, we have shown that SV40HE2
cells are significantly more sensitive to cytolysis by tumoricidal
activated mouse macrophages [percentage of specific release,
47.7 + 2.1 (S.E.) in 5 experiments] than were SV40HE1 cells
[percentage of specific release, 16.8 + 2.1 in the same exper-
iments] (4). These findings suggest phenotypic variability in
different clones of SV40-transformed LSH hamster cells and
might partly explain the difference in the tumor-inducing ca-
pacity between SV40HE1 and SV40HE2 cells in CB hamsters.

The resistance of SV40-transformed LSH hamster cells to
cytolysis by activated mouse and hamster macrophages pro-
vides a possible explanation for the inherent sensitivity or
resistance of DNA virus-transformed hamster cells to host
cellular immune defenses. Recent studies have shown that,
while those transformed cells exhibiting tumorigenic phenotype
IV express resistance to cytolysis by activated macrophages,
the transformed cells exhibiting phenotypes |, Il, and il are
equally susceptible to macrophage-induced lysis.® Thus, the
pattern of resistance to cellular immune rejection expressed by
transformed cells may be determined in part by their ability to
avoid destruction by the cumulative activity of the effector cells
of the host that have obtained functional maturity at the time of
tumor challenge. By this mechanism, transformed cells repre-
senting different tumorigenic phenotypes would then express
different susceptibilities to in vitro lysis by different types of
effector cells. In support of this mechanism, we have prelimi-
nary data which suggest that Ad12-transformed LSH embryo
cells expressing tumorigenic phenotype lll that are sensitive to
lysis in vitro by activated hamster macrophages are relatively

3 J. L. Cook, J. B. Hibbs, Jr., and A. M. Lewis, Jr., unpublished results.
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resistant to lysis by hamster natural cytotoxic cells when com-
pared to cells representing tumorigenic phenotypes | and II.3

We believe that these data strongly support our concept that
differences in the inherent resistance to cellular immune rejec-
tion rather than differences in transformed cell immunogenicity
determine the tumorigenic phenotype of hamster cells trans-
formed by DNA viruses. Since all types of cell lines we have
described share many of the generally accepted in vitro prop-
erties of transformed cells, but can be segregated into distinctly
different tumorigenic phenotypes, we concluded that cell trans-
formation (i.e., the conversion of a normal cell to a neoplastic
cell with unlimited potential to divide), and the establishment of
susceptibility or resistance to cell-mediated immune rejection
(which determines oncogenicity) are independent events. The
role of the viral genome in the establishment of resistance to
cellular immune rejection is being investigated.
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