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Abstract In this report we examine the ability of a re-
combinant tumor antigen preparation to prevent the
establishment of experimental pulmonary metastasis.
Baculovirus-derived recombinant simian virus 40 (SV40)
large tumor antigen (T-Ag) was injected into BALB/c
mice followed by challenge with an intravenous injection
of syngeneic SV40-transformed tumorigenic cells. The
experimental murine pulmonary metastasis model al-
lows for the accurate measurement of metastatic lessions
in the lungs at various times after the challenge, using
computer-assisted video image analysis. Following
challenge, lung metastasis and survival data for the
groups of mice were obtained. Animals immunized with
recombinant SV40 T-Ag showed no detectable sign of
lung metastasis and survived for more than 120 days
after challenge. Antibodies speci®c for SV40 T-Ag were
detected in the serum of immunized mice by enzyme-
linked immunosorbent assay. Splenocytes obtained from
mice immunized with recombinant SV40 T-Ag did not
lyse syngeneic tumor cells, indicating that no cytotoxic T
lymphocyte response was induced. Control mice devel-
oped extensive lung metastasis and succumbed to lethal
tumor within 4 weeks after challenge. These data indi-
cate that immunization with the recombinant SV40 T-Ag
induces protective, T-Ag-speci®c immunity in an
experimental pulmonary tumor metastasis model.
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Introduction

The primary tools used in cancer treatment include
surgery, chemotherapy, and radiation therapy or com-
binations thereof. These modalities represent highly
invasive and relatively non-speci®c treatments, thus al-
ternative methods to treat or prevent cancer are under
active investigation. Included in these alternative meth-
ods are prophylactic and therapeutic vaccination strat-
egies that target tumor-speci®c or tumor-associated
antigens expressed on the cancer cell. Although a num-
ber of investigations have described the utilization of
cancer vaccines as a means to treat cancer (reviewed
in [9]), several problems have been identi®ed that have
limited the progress in this ®eld of investigation. Pro-
gress in the identi®cation of tumor antigens that can be
employed as tumor vaccines has been slow. Tumor-
associated antigens are expressed on both normal
cells and tumor cells, hence the induction of immune
responses to self antigens is problematic. There may also
be di�culty in obtaining large quantities of the highly
puri®ed tumor antigen because its complex nature does
not allow one to implement the newer technologies
presently employed in the development of vaccines
against infectious agents (reviewed in [3]). Finally, the
lack of experimental animal models where tumor for-
mation can be evaluated and accurately quanti®ed has
hampered e�orts to examine the e�ectiveness of certain
tumor vaccines in vivo.

Surgical removal of the primary tumor can be cura-
tive in many cancer patients. However, surgery may
expose tumor cells to the circulation, which can lead to
metastasis and tumor establishment at distal sites.
Chemotherapy and/or radiation therapy are normally
used to eliminate metastatic cells; however, this may
only control disease temporarily. Immunotherapeutic
strategies may have di�erent e�ects on a localized pri-
mary tumor and on metastatic lesions (e.g., [2, 23, 42]).
In these studies, models of experimental metastasis
appeared to be more di�cult for inducing evidence of
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tumor immunity than were primary solid tumor models
[23, 42].

Previous studies employing murine models for simian
virus 40 (SV40) tumors have used the intraperitoneal
route for introduction of SV40 tumorigenic cells into a
syngeneic murine system, with the induction of primary
solid tumor and lethal tumor burden serving as a ref-
erence point [5, 54]. Alternatively, intradermal inocula-
tion of SV40 tumorigenic cells results in a variable tumor
mass that can be measured for quantitative purposes
[25]. Neither of these two routes of inoculation repre-
sents a model for tumor metastasis. Other animal
models of SV40-induced tumors have employed new-
born hamsters challenged with SV40 or hamsters inoc-
ulated with SV40 tumorigenic cells (reviewed in [38]).
However, the lack of availability of immunological
reagents speci®c for the hamster has hampered the
development of this animal model.

We have recently described an experimental murine
pulmonary metastasis model employing syngeneic SV40
tumor cells [66]. In this model, the intravenous (i.v.)
route of SV40 tumorigenic cell administration results in
tumorigenic cell metastasis to the lungs and eventual
pulmonary tumor formation. Additional reference
points for use in monitoring tumor induction and pro-
gressive tumor development in organs and tissues other
than the lung have also been de®ned within this model.
Quanti®cation of the tumors induced by SV40 tumor-
igenic cells based on the number and size of foci ob-
served in the lungs of inoculated BALB/c mice, is
accomplished by video-assisted computer imaging [65].
This in vivo tumor model is useful for the evaluation of
immunologically based therapies with the goal of pre-
venting the development of metastatic foci in the lungs
and subsequent metastatic events. In the present report,
we use this newly developed SV40 murine tumor me-
tastasis model to examine the ability of immunization
with recombinant SV40 large tumor antigen (T-Ag) to
produce protective immunity against SV40-tumorigenic-
cell-induced pulmonary metastasis. Our results indicate
that recombinant SV40 T-Ag represents an e�ective
prophylactic cancer vaccine that completely prevents
pulmonary tumor metastasis within this model.

Materials and methods

Mice, cells and media

Female BALB/c mice, 6±8 weeks old, were obtained from the
Jackson Laboratory (Bar Harbor, Me.) and maintained under
standard conditions. Treatment and care of the animals were in
accordance with institutional guidelines and the Animal Welfare
Assurance Act. The SV40-transformed BALB/c mouse kidney ®-
broblast cell line, designated mKSA [27], is tumorigenic in BALB/c
mice and was used for in vivo tumor induction. mKSA cells were
cultured in Dulbecco's modi®ed Eagle medium with L-glutamine
(Gibco BRL) supplemented with 0.1 mM non-essential amino
acids, 500 units/ml penicillin, 500 lg/ml streptomycin (Mediatech,
Washington D.C.) and 10% heat-inactivated fetal bovine serum
(BioWhittaker, Walkersville, Md.). Flasks were incubated in a

humidi®ed, 5% CO2 atmosphere at 37 °C. Prior to injection, cells
were detached from ¯asks by 5 min exposure to phosphate-bu�ered
saline (PBS) and 1 mM EDTA (pH 7.5). The tumor cells were
washed once, resuspended in PBS, counted, and adjusted to the
appropriate density with additional PBS prior to injection.

Antigen production and puri®cation

Recombinant SV40 T-Ag was generated in the Sf9 insect cell line,
using a baculovirus expression vector system [31], and immunoaf-
®nity-puri®ed by methods previously described [53, 55]. The purity
of recombinant SV40 T-Ag was assessed by methods described
elsewhere [54]. The concentration was determined, using an ab-
sorption coe�cient of 1.14 for a 1% solution at 280 nm prior to
alum precipitation by methods described in detail previously [24].

Enzyme-linked immunosorbent assay (ELISA) for the detection
of antibodies to recombinant SV40 T-Ag

SV40 T-Ag speci®city and the titer of mouse sera were examined by
a previously described indirect ELISA [4, 5, 54]. An absorbance at
410 nm, determined to be approximately three times that obtained
for a 1:10 dilution of the preimmune sera, was established as the
cuto� for positive antibody reactivity and determination of the
antibody endpoint titer [64]. Anti-(SV40 T-Ag) antibodies failed to
bind a control baculovirus recombinant viral antigen (hepatitis B
surface antigen; HBsAg) in similar assays (data not shown).

Cytotoxic T lymphocyte assay

To measure SV40 T-Ag cytotoxic T lymphocyte (CTL) activity, a
4-h 51Cr-release assay was performed as previously described [7].
Brie¯y, splenocytes were obtained from immunized mice prior to
tumor challenge, and employed as e�ector cells. A secondary
in vitro stimulation of e�ector cells was performed using irradiated
mKSA cells. Viable mKSA were labeled with 100 lCi 51Cr and
employed as the target cells. Target cells were used at a concen-
tration of 5 ´ 104 cells, and various e�ector to target cell ratios
were examined. The percentage speci®c lysis was calculated as
previously described [7].

Immunization and tumor challenge

Groups of ten BALB/c mice were immunized via intraperitoneal
injection with either an alum precipitate of immunoa�nity-puri®ed
recombinant SV40 T-Ag, or alum alone. In previous studies, we
demonstrated that injection of alum alone gave comparable results
to injection with alum-precipitated control antigens with regard to
the lack of protective tumor immunity against SV40 tumorigenic
cells [5, 54]. Recombinant SV40-T-Ag-immunized mice were
primed with 5 lg recombinant SV40 T-Ag as an alum precipitate.
Three subsequent injections of 2 lg recombinant SV40 T-Ag as an
alum precipitate were given at approximately 14-day intervals.

Approximately 30 days after the ®nal immunizations, groups of
mice were injected with a 50-ll volume of either 5 ´ 105 (initial
experiments) or 1 ´ 106 (con®rmatory experiments) mKSA cells in
PBS into the dorsal tail vein. For the lower dose, the majority of the
animals were used for tumor challenge survival experiments. Four
of the ten animals from each group given the higher dose
(106 mKSA cells) were euthanized 10 days after challenge, at which
time a post-mortem examination was conducted. The remaining six
animals were used in tumor challenge survival experiments. To
evaluate the e�ects of genetic immunization, groups of mice were
immunized intramuscularly with plasmid DNA containing the
SV40 T-Ag gene or with a control plasmid not containing the T-Ag
gene. These plasmids have been described in detail elsewhere [7].
Mice immunized with plasmid DNA were primed with 100 lg
DNA in saline and subsequently received three additional injec-
tions of 100 lg DNA per injection at approximately 14-day inter-
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vals. Mice were challenged 30 days following the fourth injection
with 5 ´ 105 mKSA cells and experiments were performed as de-
scribed above.

Pulmonary tumor foci quanti®cation

The left lung of each animal was removed after euthanasia and
stained by injecting lobes with 10% India ink. Lungs were then
suspended in Fekete's destaining solution [67], using a technique
described previously [66]. After destaining for 15 min, the number
of foci visible on the ventral surface of the lung was quanti®ed
using an IS-1000 digital imaging system (Alpha Innotech Corpo-
ration, San Leandro, Calif.). Density threshold parameters were
de®ned to ensure that the foci counted consistently fell above a gray
scale value of 25 (compared to black lung background). Size
threshold parameters were set to count only those foci that were
more than 4 pixels in diameter on the computer image [65]. A range
for the number of foci and an estimate of their diameter were
de®ned and employed as indicators of disease progression. In in-
stances where tumor foci were deemed too numerous to count and
the individual foci became indistinguishable because of overlap
(tumor foci number >60), visible foci from an individual lung are
shown and not quanti®ed.

Survival experiments

In order to asses the long-term outcome of the various doses of
mKSA cells in inoculated mice, animals from each group were
allowed to progress in illness and observed daily for up to 120 days
after challenge to evaluate mean survival time.

Statistical analysis

Data were analyzed using the mean collected for animals in each
group and the standard error of the mean to demonstrate the
amount of variability within each group.

Results

Components of the immune response
induced by recombinant SV40 T-Ag
compared to DNA immunization

To examine the humoral immune responses to SV40
T-Ag, anti-SV40 T-Ag responses were measured by
ELISA following each immunization with recombinant
SV40 T-Ag (Table 1). The antibody responses were
speci®c for SV40 T-Ag. The preimmune sera as well as
sera speci®c for HBsAg failed to recognize SV40 T-Ag
(data not shown). The reciprocal anti-SV40 T-Ag anti-
body endpoint titers in BALB/c mice ranged from 50 to
3200 and from 12,800 to 1,638,400 following two and
four injections with recombinant SV40 T-Ag respec-
tively. To evaluate the CTL responses, splenocytes were
obtained from mice immunized with recombinant SV40
T-Ag after the fourth injection. At various e�ector to
target cell ratios, the immune splenocytes fail to lyse
syngeneic tumor cells in the CTL assay (data not
shown). Less than 5% speci®c lysis was observed with
e�ector cells obtained from SV40-T-Ag-immunized mice
(E:T cell ratios ranged from 6:1 to 200:1). This was
comparable to the levels of speci®c lysis obtained with

e�ector cells from control immunized mice. These results
indicate that recombinant SV40 T-Ag immunization
does not induce a speci®c CTL response in the spleno-
cytes of immune mice; however, it does induce SV40-
T-Ag-speci®c antibodies. Mice immunized with plasmid
DNA containing the SV40 T-Ag gene did not generate
detectable antibodies to SV40 T-Ag following the fourth
injection (titers <50). However, in vitro CTL responses
were observed in splenocytes from SV40-T-Ag-DNA-
immunized mice when compared to mice immunized
with recombinant SV40 T-Ag and control plasmid
(>30% speci®c lysis at an E:T cell ratio of 100:1; data
not shown). These results con®rm our previous studies
on the dichotomy of the anti-(SV40 T-Ag) immune
response to SV40 T-Ag protein compared to genetic
immunization [5, 7].

Protection from lethal tumor challenge

In initial experiments, we examined whether immuniza-
tion with recombinant SV40 T-Ag protects the mice
from lethal tumor challenge and the establishment of
experimental pulmonary metastasis. In these experi-
ments, we evaluated two parameters indicative of
protective tumor immunity: survival after tumor cell
challenge and no development of lung tumor
foci. Table 2 shows that the SV40-T-Ag-immunized
mice were protected from a lethal tumor challenge of
5 ´ 105 mKSA cells. Speci®cally, control mice survived a
mean of 24 days after challenge (a range of 22±31 days).
Mice immunized with SV40 T-Ag survived longer than
120 days, at which time no tumors were evident. It is
clear that SV40 T-Ag immunization also prevented
establishment of experimental pulmonary metastasis
(Fig. 1A). One mouse from each group was euthanized
25 days after tumor cell inoculation and the lungs were
evaluated for tumor foci. The lung obtained from the
SV40-T-Ag-immunized mouse exhibited no visible tu-
mor foci, whereas a lung obtained from a control mouse
contained more than 60 tumor foci.

Table 1 Anti-(SV40 T-Ag) endpoint titers in sera from immunized
mice. Titers were determined by an indirect enzyme-linked im-
munosorbent assay. The groups consisted of 20 female BALB/c
mice, immunized and bled biweekly. The titers represent the re-
ciprocal of the dilution of sera that had three times the absorbance
value obtained with a 1:10 dilution of the preimmune sera. The
mean of each group is shown with the range of individual values
in parenthesis. SV40 simian virus 40, T-Ag large tumor antigen

Group Number of
injections

Anti-(SV40 T-Ag) titer

Alum 1 <50
2 <50
3 <50
4 <50

SV40 T-Ag/alum 1 <50
2 615 (50±3,200)
3 123,093 (1,600±819,200)
4 311,885 (12,800±1,638,400)
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To con®rm our initial observations, we selected a
higher tumor challenge dose and added an additional
parameter to evaluate tumor immunity, namely quanti-
®cation of tumor foci in the lungs. We examined mor-
tality among control and immunized mice after

challenge with an i.v. injection of mKSA cells (Table 2).
The mean survival time for six control mice inoculated
with 1 ´ 106 mKSA cells was 21 days (range 19±23
days). Recombinant SV40-T-Ag-immunized mice sur-
vived for more than 120 days, during which time no sign
of illness or tumors was apparent.

Plasmid-DNA-immunized mice that had been previ-
ously shown to be completely immune to tumor in a
primary solid tumor model [7] demonstrated partial to
no protection in the experimental pulmonary metastasis
model with regard to survival. Mice immunized with
plasmid DNA containing the SV40 T-Ag gene were
challenge with 5 ´ 105 mKSA cells and their mean sur-
vival time was 31 days (range 27±41 days). This com-
pared to 23.5 days (range 23±25 days) for mice
immunized with control plasmid DNA (Table 2).

Protection from development of lung tumor foci

The presence of foci in the lungs is used as a main in-
dicator of disease progression in this SV40 murine tumor
metastasis model. Lungs were obtained from mice in
each group and bleached with Fekete's solution, which
results in a clear distinction between foci (white) and
normal lung tissue (black) after staining. Both the size
and number of foci were measured 10 days after inoc-
ulation. To quantify the lung foci, computer-assisted
image analysis of the lung ventral surface was employed.
Density and size threshold parameters were de®ned in
order to keep counts consistent from experiment to ex-
periment, as previously described [65]. Table 3 shows
data for individual mice and mean values for the groups.
Upon examination of lungs taken from control mice 10
days after inoculation, a mean of 33 foci were counted
(Table 3). Foci diameters fell between 5 and 8 pixels

Table 2 E�ect of SV40 T-Ag immunization on survival after
metastatic challenge. Each group contained BALB/c mice im-
munized four times and challenged once with mKSA cells. Survival
time values represent the means of the individual survival times.
Values in parenthesis represent the range

Group Dose No. of
survivors

Mean survival
time (days)

Alum 5 ´ 105 0/9 24 (22±31)
1 ´ 106 0/6 21 (19±23)

SV40 T-Ag/alum 5 ´ 105 12/12 >120
1 ´ 106 6/6 >120

SV40 T-Ag DNA 5 ´ 105 0/5 31 (27±41)

Control DNA 5 ´ 105 0/6 23.5 (23±25)

Fig. 1 A Representative video image prints of lungs taken from
(left) an alum-injected BALB/c mouse and (right) a BALB/c mouse
immunized with simian virus 40 large tumor antigen 25 days after
i.v. inoculation with 5 ´ 105 mKSA cells. B Photographs of lungs
obtained from BALB/c mice taken 10 days after inoculation with
1 ´ 106 mKSA cells. Lungs on the right of each panel (1±4) are
from immunized mice. The left of each panel shows lungs from the
control group of mice

Table 3 Tumor formation measured as the number of visible foci
on lungs of BALB/c mice after metastatic challenge. The mean foci
count � SD for control mice is 33 � 9.9. ND not determined
since no visible foci were detected

Group Dose Day No.
mice

Foci
count

Foci size
(pixels)

Alum 1 ´ 106 10 1 42 5±8
1 ´ 106 10 1 26 5±8
1 ´ 106 10 1 23 5±8
1 ´ 106 10 1 41 5±8

SV40 T-Ag/alum 1 ´ 106 10 1 0 ND
1 ´ 106 10 1 0 ND
1 ´ 106 10 1 0 ND
1 ´ 106 10 1 0 ND

SV40 T-Ag DNA 5 ´ 105 10 1 1 11
5 ´ 105 10 1 31 10
5 ´ 105 10 1 2 14
5 ´ 105 10 1 1 23

Control DNA 5 ´ 105 10 1 35 8
5 ´ 105 10 1 27 11
5 ´ 105 10 1 32 8
5 ´ 105 10 1 30 14
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when the computer image was analyzed. No foci were
detected on lungs taken from immunized mice. Images
of representative lungs taken from both control immu-
nized mice and recombinant SV40-T-Ag-immunized
mice are shown in Fig. 1B. Together, these data clearly
indicate that SV40 T-Ag immunization can prevent the
establishment of pulmonary tumors in this experimental
animal model of pulmonary metastasis. Alternatively,
mice immunized with SV40 T-Ag DNA contained lung
foci following challenge with 5 ´ 105 mKSA cells. All
four mice examined exhibited lung foci, and one of the
four had lung foci comparable in number to those in the
group of mice immunized with control DNA (Table 3).
The other three mice in the group immunized with SV40
T-Ag DNA had fewer lung foci than the controls;
however, the size of the foci, based on pixel units, was
comparable or larger. These data indicate that SV40
T-Ag DNA immunization fails to provide complete tu-
mor immunity in this experimental pulmonary metas-
tasis model.

Discussion

A number of immunotherapeutic strategies to treat a
variety of cancers have been investigated both in animal
models and in human clinical trials (reviewed in [11, 37]).
These strategies include in vitro expansion and adoptive
transfer of tumor-speci®c cytotoxic T cells in the pres-
ence or absence of recombinant cytokines [45], the direct
use of cytokines that inhibit tumor growth [58], tumor-
reactive monoclonal antibodies conjugated to toxin [61,
63], monoclonal antibodies speci®c for tumor antigens
[17±19, 33, 43], genetic introduction of immunological
molecules into the tumor cells [8, 41, 60], and tumor-
antigen-based vaccines (reviewed in [3, 9, 12, 20, 29, 30,
52, 57]). Examination of the potential of the latter ap-
proach, namely tumor antigen vaccines, was the basis
for the investigation described here.

A number of investigators have previously described
the induction of protective tumor immunity via pro-
phylactic vaccination. For the most part, these studies
have indicated a role cell-mediated immune (CMI) re-
sponses, in particular CTL for the induction of tumor
immunity [10, 12±14, 42, 46, 51, 56]. Yet when these
strategies to induce tumor immunity are applied to
therapeutic vaccination, often only partial responses are
obtained and tumor immunity is rarely complete [10, 13,
14, 23, 42, 56, 71]. The induction of tumor immunity by
various immunotherapeutic strategies has utilized a va-
riety of murine models; however, the outcome of vacci-
nation is not predictable [10, 13, 23, 70] and is
reminiscent of the situation with infectious disease vac-
cines. Indeed, murine models were poor predictors of the
clinical e�cacy in humans of the herpes simplex virus
vaccine, vaccines against protozoan infections, such as
schistosomiasis, and the formulation of combined bac-
terial and viral pediatric vaccines. In contrast, mouse
potency models are still employed to predict the human

immunogenicity of hepatitis B virus surface antigen
vaccines [1]. These observations suggest that murine
models provide evidence to support studies in humans,
but may not represent true predictors of the human
situation (reviewed in [26]). Nevertheless, success in a
prophylactic modality provides justi®cation for at-
tempting therapeutic regimens, and murine models rep-
resent the cost-e�ective choice for such studies. Murine
models may also not predict the ability of a tumor cell to
undergo mutation in vivo, which results in a tumor an-
tigen variant that is not recognized by the pre-existing
induced immune response, as has been reported in
human B cell lymphoma (reviewed in [52]).

Previously, we demonstrated that recombinant SV40
T-Ag is an e�ective protein-based vaccine for the pre-
vention of primary solid tumors induced by inoculation
with syngeneic SV40-transformed cells into BALB/c
mice [5, 54]. In additional studies, we demonstrated that
plasmid DNA encoding the SV40 T-Ag gene was also an
e�ective genetic vaccine for the prevention of primary
solid tumors [7]. A dichotomy in the induction of anti-
(SV40 T-Ag) immune responses was observed when
protein was used for immunization instead of DNA.
Recombinant SV40 T-Ag induced antibodies that me-
diated in vitro tumor cell lysis by antibody-dependent
cell-mediated cytotoxicity, T cell proliferative responses,
and the secretion of Th1-type cytokines, namely inter-
feron c and interleukin-2 [5, 6]. This was supported
by the induction of both IgG1 and IgG2a anti-(SV40
T-Ag) subclasses of antibodies and the IgG2a:IgG1 ratio
[5]. However, major-histocompatibility-complex(MHC)-
class-I-restricted CTL responses were not induced by
this immunization scheme. Plasmid DNA immunization
resulted in the induction of MHC-class-I-restricted CTL
responses in the splenocytes of immunized BALB/c mice
with little to no anti-(SV40 T-Ag)-speci®c antibodies
being generated [7]. These data indicate that both hu-
moral and CMI mechanism(s) played a role in tumor
immunity in this non-metastatic solid-tumor model. We
have now extended our studies to examine the ability of
recombinant SV40 T-Ag and plasmid DNA containing
the SV40 T-Ag gene to prevent experimental murine
pulmonary metastasis. BALB/c mice were immunized
with a baculovirus-derived recombinant SV40 T-Ag
preparation and subsequently challenged i.v. with syn-
geneic SV40 tumorigenic cells. All mice immunized with
SV40 T-Ag produced SV40-T-Ag speci®c antibodies, as
detected by ELISA. Again, no speci®c CTL activity was
apparent when immune splenocytes were used as e�ector
cells along with secondary in vitro stimulation in an
attempt to expand the CTL population. Following im-
munization and challenge, the survival rates of mice
were evaluated and revealed that immunization with
SV40 T-Ag is completely protective against a lethal tu-
mor challenge in this model. Conversely, immunization
with plasmid DNA encoding the SV40 T-Ag gene
resulted in partial or no protection in the SV40 T-Ag
experimental pulmonary metastasis model. Together,
these data suggest the possibility of an antibody-based
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mechanism in the prevention of the experimental pul-
monary metastasis. Studies by other investigators have
suggested a role for antibodies in tumor immunity [70].
Synthetic human mucin, MUCI peptides conjugated to a
carrier protein, generated antibodies but no T cell re-
sponses, including delayed-type hypersensitivity, lym-
phocyte proliferation, and CTL responses, when used to
immunize mice. In a prophylactic vaccination format,
signi®cant protection was observed from a challenge
with MUCI-expressing tumor cells. Lung foci were re-
duced by approximately 50%±70% when compared to
control challenge group of mice, yet protection from
tumors was not complete. In addition, this study dem-
onstrated that one could not a priori select which MUCI
peptide conjugate formulation would induce protection
from tumor formation in mice without immunization
and experimental challenge. Conjugation of MUCI to
the carrier protein, involving a particular heterobi-
functional cross-linking agent and the experimental
adjuvant QS-21, was required for the induction of op-
timal tumor immunity. A potential role for antibody in
tumor immunity and the prevention of metastasis in
vivo has been recently described. Antibodies speci®c for
the GD2 ganglioside prevented syngeneic micrometas-
tasis in a murine lymphoma model [71]. In our system,
additional studies are warranted to determine the exact
role of antibodies and T cell populations in the in-
duction of immunity in vivo within this SV40 T-Ag
system.

A number of investigations have characterized the
immune response to SV40 T-Ag in murine systems. It
has been well established that BALB/c mice (H-2d) do
not respond to SV40 T-Ag, as far as induction of CTL
responses are concerned, following challenge or immu-
nization with SV40-transformed cells [15, 28, 39, 40, 62].
This has also been extended to immunization with re-
combinant SV40 T-Ag in alum adjuvants [5]. These data
are not surprising, in that immunization with soluble
proteins without modi®cation or appropriate adjuvants
only rarely induces CD8+ CTL responses [16, 34, 35, 44,
47±49, 72]. Investigators have also demonstrated that
BALB/c mice can reject subcutaneously administered
primary tumors if they have been previously immunized
with irradiated tumor cells, SV40-transformed allogeneic
and xenogeneic cells, SV40-T-Ag-expressing adenovirus,
and puri®ed SV40 T-Ag protein [5, 21, 22, 32, 54, 68, 69]
(reviewed in [59]). We and others have demonstrated
that genetic immunization with DNA encoding SV40
T-Ag will provide complete immunity against subcuta-
neous tumors in BALB/c mice [7, 50]. In these studies,
DNA immunization induced MHC-class-I-restricted
CD8+ CTL responses that were associated with tumor
immunity [7, 50]. These investigations also con®rmed the
inability of immunization with SV40 T-Ag protein to
induce CTL responses in BALB/c mice [7, 50], with data
similar to those described herein. More recently, CTL
responses have been induced in BALB/c mice by im-
munization with vaccinia virus expressing SV40 T-Ag
[36]. These studies highlight the role of antigen pro-

cessing and presentation pathways in the recruitment of
distinct T cell subsets into the immune response. In ad-
dition, these data support the notion that both humoral
an CMI responses play a role in immunity against pri-
mary SV40-T-Ag-expressing solid tumors.

To characterize the ability of immunization with
SV40 T-Ag to protect from pulmonary metastasis, lung
tumor foci were measured and enumerated following
challenge. In our previous studies to develop the pul-
monary metastasis model, digital image analysis of the
lungs indicated that, 10 days after challenge, the lungs
possess tumor foci that are small and few enough for an
accurate measurement of number and size to be ob-
tained [65, 66]. Therefore, this assay time and dose were
chosen to analyze size and number of lung tumor foci as
an indicator of tumor burden in the lung. No lung tumor
foci were detected in mice immunized with recombinant
SV40 T-Ag. These data indicate that immunization with
recombinant SV40 T-Ag can prevent the establishment
of pulmonary metastasis within this model.

In the development and characterization of this mu-
rine tumor model, the presence of SV40 tumorigenic
cells in a number of organs and tissues was evaluated
and characterized by morphological identi®cation and
by immuno¯uorescene directed to SV40 T-Ag expres-
sion [66]. The tumorigenic cells expressing SV40 T-Ag
are detectable in organs and tissues distal to the site of
inoculation and are indicative of tumor metastasis. In
previous studies where SV40 T-Ag was shown to induce
tumor immunity in murine systems, the animal models
employed were non-metastatic. Tumor immunity was
determined on the basis of either survival [5, 54] or
measurement of a solid tumor via intradermal inocula-
tion with tumor cells [25]. Therefore, the animal model
employed in this present study represents a useful tool
for studies associated with tissue-speci®c tropism in
metastasis in addition to potential in studies of the
mechanism(s) of tumor-speci®c immune responses. The
in vivo tumor model we have employed is useful for
the evaluation of immunologically based therapies with
the goal of preventing the development of metastatic foci
in the lungs of inoculated syngeneic mice by directing the
immune response towards a tumor-speci®c antigen ex-
pressed on the tumor cells. Our results indicate that
immunization with recombinant SV40 T-Ag, but not
plasmid DNA containing the SV40 T-Ag gene, protects
from lethal tumor challenge within this model and pre-
vents the establishment of pulmonary tumors with the
capability for subsequent metastasis. Based on our pre-
vious studies using a primary solid-tumor model, the
experimental pulmonary metastasis model utilized here
appears to be a more stringent system for evaluating
SV40-T-Ag-based vaccination and immunotherapeutic
strategies. A recent study has described a vaccinia hu-
man papillomavirus type 16 E7 prophylactic vaccination
strategy that prevents the establishment of an experie-
mental pulmonary metastasis in eight out of ten mice
challenged intravenously with E6/E7-expressing tumor
cells [23]. To our knowledge, this is the second example
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where immunization with a virally encoded tumor-
speci®c antigen alone prevented the establishment of
tumors within an experimental pulmonary metastasis,
animal model system. However, in our studies, recom-
binant SV40 T-Ag induced complete tumor immunity
within this tumor model system. These data imply a role
for antibodies in SV40 T-Ag immunity against an ex-
perimental metastasis. Additional studies are required to
evaluate the role of T cells in the induction of this ob-
served immunity and whether therapeutic vaccination
strategies will have any in vivo e�ect on the tumor
burden within this system. Other investigations that
utilized vaccines based on virally encoded tumor-speci®c
antigens have demonstrated some antitumor e�ects in
therapeutic modalities: however, these antitumor e�ects
were not as pronounced as the tumor immunity ob-
served in prophylactic regimens [23]. In certain situa-
tions, where genetics, environment, and exposure to a
carcinogenic agent may present a high risk for metastatic
cancers, prophylactic vaccination strategies may be
warranted.
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