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Summary

 

Induction and maintenance of cytotoxic T lymphocyte (CTL) activity specific for a primary
endogenous tumor was investigated in vivo. The simian virus 40 T antigen (Tag) expressed un-
der the control of the rat insulin promoter (RIP) induced pancreatic 

 

b

 

-cell tumors producing
insulin, causing progressive hypoglycemia. As an endogenous tumor antigen, the lymphocytic
choriomeningitis virus (LCMV) glycoprotein (GP) was introduced also under the control of
the RIP. No significant spontaneous CTL activation against GP was observed. However,
LCMV infection induced an antitumor CTL response which efficiently reduced the tumor
mass, resulting in temporarily normalized blood glucose levels and prolonged survival of double
transgenic RIP(GP 

 

3

 

 Tag2) mice (137 

 

6

 

 18 d) as opposed to control RIP-Tag2 mice (88 

 

6

 

 8 d).
Surprisingly, the tumor-specific CTL response was not sustained despite the facts that the tu-
mor cells continued to express MHC class I and LCMV-GP–specific CTLs were present and
not tolerized. Subsequent adoptive transfer of virus activated spleen cells into RIP(GP 

 

3

 

 Tag2)
mice further prolonged survival (168 

 

6

 

 11 d), demonstrating continued expression of the
LCMV-GP tumor antigen and MHC class I. The data show that the tumor did not spontane-
ously induce or maintain an activated CTL response, revealing a profound lack of immunoge-
nicity in vivo. Therefore, repetitive immunizations are necessary for prolonged antitumor im-
munotherapy. In addition, the data suggest that the risk for induction of chronic autoimmune
diseases is limited, which may encourage immunotherapy against antigens selectively but not
exclusively expressed by the tumor.

 

T

 

umor-specific cytotoxic T lymphocytes (CTLs) can
prevent or eradicate tumors in a number of experi-

mental systems (1–5). However, in other models CTLs
failed to control tumor growth, which resembles the situa-
tion for most cancer patients. Possible reasons for the lack
of antitumor CTL activity are selection of tumor antigen or
MHC-negative tumor cells (6–9), defective lymphocyte
homing to the tumor (10), lack of immunogenicity and co-
stimulation for CTL activation (11–15), or functional or
physical absence of tumor antigen–specific CTLs (16). Al-
ternatively, efficient antitumor CTL activity may initially
be induced but subsequently declines. It is of interest to
characterize why tumor immunosurveillance fails so that
antitumor immunotherapy can be improved.

Tumor antigens recognized by CTLs may be encoded
by viral genes or by mutated cellular genes (1–3). These an-

tigens are foreign to the tumor-bearing host and are thus
tumor specific. However, detailed analyses have shown that
most defined human tumor antigens are tumor selective
but not entirely tumor specific, since physiological expres-
sion is also detected in testis, placenta, or melanocytes (17–
19). Since such antigens are expressed only in selected tis-
sues and/or at low levels they may be less accessible for
lymphocytes, but it is still possible that autoimmune disease
may occur if CTLs are activated for therapeutic purposes.
Nonetheless, if tissue-specific self antigens were used as tar-
gets for immunotherapy, the development and application
of tumor vaccines might be simplified by targeting the
same protein or major epitopes in different patients. There-
fore, it is important to evaluate whether CTL activation
against such antigens results in damage of healthy tissues
and whether this would trigger chronic autoimmune disease.
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Tumor Immunogenicity and Immunotherapy in Vivo

 

To assess these questions in an in vivo model, we took
advantage of the simian virus 40 tumor T antigen (Tag)

 

1

 

which is a potent oncogene, largely due to its ability to in-
activate two tumor suppressors, Rb and p53 (20, 21). We
used transgenic mice expressing Tag under the control of
the rat insulin promoter (RIP). The RIP-Tag2 line of
transgenic mice develops pancreatic 

 

b

 

-cell tumors leading
to progressive autonomous insulin secretion and hypogly-
cemia, which is lethal when the mice reach the age of 3–4
mo (22). Histological sections show both hyperplasia and
tumor formation by proliferating 

 

b

 

 cells. The transgenic
mouse line RIP-Tag2 used in this study expresses Tag early
during embryogenesis leading to immune tolerance such
that Tag-specific lymphocytes are not detectable in the T
cell repertoire (16).

As a tumor-associated antigen, we introduced the lym-
phocytic choriomeningitis virus (LCMV) glycoprotein (GP),
also expressed under the control of the RIP (24). Like the
RIP-Tag2 mice (23), these RIP-GP mice do not mount a
spontaneous immune response against the transgenic prod-
uct. However, in contrast to the RIP-Tag2 mice, there is
no specific T cell tolerance to the transgenic neoantigen. As
a consequence, infection with LCMV activates GP-specific
CTLs which destroy the pancreatic 

 

b

 

 cells and induce type
I autoimmune diabetes (24). LCMV is a natural mouse
pathogen which replicates rapidly in vivo. It induces a
strong immune response dominated by LCMV-specific cy-
totoxic T cells which proliferate to high numbers (

 

z

 

25%
of splenic mononuclear cells). These CTLs are responsible
for rapid virus elimination occurring within 

 

z

 

10 d and
give rise to a long-term protective CTL memory (25–27).
This strong CTL response was well suited for an in vivo
model of tumor immunotherapy.

The two transgenic lines were crossed to obtain mice
with 

 

b

 

-islet cell tumors expressing LCMV-GP. The effec-
tiveness of antitumor responses was evaluated by addressing
the following questions in vivo: (

 

a

 

) Are LCMV-GP specific
T cells spontaneously activated in tumor-bearing mice? (

 

b

 

)
Does immunological unresponsiveness to LCMV-GP de-
velop? (

 

c

 

) Do these mice mount a cytotoxic T cell response
after immunization? (

 

d

 

) Will chronic autoimmune disease
develop after induction of the tumor-specific LCMV-GP
response? Our data show that the tumor antigen–specific
CTLs were not spontaneously activated but efficiently re-
duced the tumor mass upon activation by virus infection.
The tumor cells were profoundly incapable of stimulating
an LCMV-GP–specific response in vivo since the antitu-
mor CTL activity was not maintained but declined in par-
allel with the virus specific response.

 

Materials and Methods

 

Mice and Typing.

 

C57BL/6 (H-2

 

b

 

) mice were purchased from
The Jackson Laboratory (Bar Harbor, ME). The Tag-transgenic
mouse line RIP-Tag2, originally described as line RIP1-Tag2

(22), was crossed with GP-transgenic mice RIP-GP (24) to ob-
tain RIP(GP 

 

3

 

 Tag2) double transgenic mice. Mice transgenic
for a V

 

a

 

2/V

 

b

 

8 TcR specific for H-2D

 

b

 

 and the major LCMV
epitope, i.e., the GP-derived peptide aa 33-41 (p33), were gener-
ated as described (27) and crossed with the RIP-Tag2 and
RIP(GP 

 

3

 

 Tag2) transgenic mouse lines. All mice were H-2

 

b

 

;
they were typed for the presence of the transgenes by PCR. The
primer sequences and PCR conditions for the RIP-Tag2 trans-
gene were GGACAAACCACAACTAGAATGCAGTG/CA-
GAGCAGAATTGTGGAGTGG and 60 s/94

 

8

 

C, 60 s/60

 

8

 

C, and
180 s/72

 

8

 

C; and for the RIP-GP transgene they were CAA-
GCAAGATGTAGAGTCTGCC/GGCTTTGGACATGAACC-
GCCC and 15 s/94

 

8

 

C, 30 s/53

 

8

 

C, and 30 s/72

 

8

 

C.

 

Tumor Monitoring, In Vivo Antitumor Treatment, and Adoptive
Transfer Experiments.

 

Blood glucose levels were measured from
blood obtained from the tail vein. The Haemogluco Test Kit was
used according to the instructions of the supplier (Boehringer
Mannheim Biochemicals, Indianapolis, IN). Tumor growth and
pancreatic islet cell structure were examined by histology. For the
induction of tumor-specific CTLs, the transgenic mice were im-
munized i.v. with LCMV Armstrong strain (2 

 

3

 

 10

 

5

 

 PFU for
TCR transgenic mice, 2,000 PFU for all other mice). For adop-
tive transfer experiments, spleen cells from C57BL/6 mice im-
munized with LCMV Armstrong (2,000 PFU) were collected 8 d
after infection. 5 

 

3

 

 10

 

7

 

 spleen cells were injected into the tail
vein of control mice and of RIP(GP 

 

3

 

 Tag2) with recurrent hy-
poglycemia.

 

Proliferation Assays.

 

Responder spleen cells (10

 

5

 

) were cul-
tured with 20 Gy-irradiated stimulator macrophages (2 

 

3

 

 10

 

4

 

)
previously incubated with 10 nM LCMV-GP–derived peptide aa
33-41 (p33) recognized by LCMV-GP–specific CTLs. The cul-
tures were maintained in 96-well flat-bottomed microtiter plates
at 37

 

8

 

C in a 5% CO

 

2

 

 humidified atmosphere. IMDM was supple-
mented with 10% FCS, 5 

 

3

 

 10

 

2

 

5

 

 M 2-mercaptoethanol, penicil-
lin, and streptomycin (complete IMDM). After 3 d, the cultures
were pulsed for 16 h with 1 

 

m

 

Ci of [

 

3

 

H]thymidine, harvested,
and counted on a Matrix 96 direct beta counter (Canberra Pack-
ard). The data are expressed as mean cpm of triplicate cultures.

 

Cytotoxicity Tests.

 

To detect secondary effector activity in
mice analyzed 30 d after LCMV infection, spleen cells (3 

 

3

 

 10

 

6

 

/
well) were cocultured with irradiated C57BL/6J stimulator mac-
rophages (3 

 

3

 

 10

 

5

 

/well) previously incubated with peptide p33
(10 nM) in complete IMDM at 37

 

8

 

C for 5 d. Effector functions
from untreated mice or 8 d after LCMV infection were tested di-
rectly ex vivo. Effector cells were tested in duplicate cultures and
serial dilutions in 96-well round-bottomed plates during 5 h in

 

51

 

Cr (NEN/DuPont, Boston, MA) release assays using MC57G
fibroblast target cells (H-2

 

b

 

) previously incubated with 10 nM
peptide p33 for 1 h at 37

 

8

 

C. The supernatant of the cytotoxicity
cultures was counted in a Cobra II Gamma Counter (Canberra
Packard, Meriden, CT). Percentage of specific lysis was calculated
as (experimental release 

 

2

 

 spontaneous release)/(total release 

 

2

 

spontaneous release) 

 

3

 

 100.

 

Immunohistology.

 

Freshly removed organs were immersed in
HBSS and snap-frozen in liquid nitrogen. Tissue sections of 5-

 

m

 

m
thickness were cut in a cryostat and fixed in acetone for 10 min.
Sections were then incubated with the primary rat mAbs M1/42
specific for mouse MHC class I (28), YTS 191 specific for CD4,
or YTS 169 specific for CD8 (29) for 30 min at room tempera-
ture, followed by a two-step indirect immunoenzymatic staining
procedure. First, alkaline phosphatase–labeled rat-specific goat
immunoglobulins (Tago, Inc., Burlingame, CA) were applied for
30 min at room temperature, followed by alkaline phosphatase–

 

1

 

Abbreviations used in this paper:

 

 GP, glycoprotein; LCMV, lymphocytic
choriomeningitis virus; RIP, rat insulin promoter; Tag, T antigen.
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labeled goat-specific immunoglobulins (Jackson Immunoresearch
Labs, Inc., West Grove, PA) for another 30 min. Dilutions were
performed in 0.1 M Tris-HCl (pH 7.4) containing 5% normal
mouse serum. Alkaline phosphatase was then detected by a red
color reaction using naphthol AS-BI phosphate and New Fuchsin
as a substrate. Endogenous alkaline phosphatase was blocked by
Levamisol. Sections were counterstained with Mayer’s hemalum
for 2 min.

 

Results

 

Hypoglycemia Due to Insulin Overproduction by 

 

b

 

-islet Tu-
mor Cells.

 

To generate double transgenic RIP(GP 

 

3

 

 Tag2)
mice, tumor-susceptible RIP-Tag2 mice were crossed with
transgenic RIP-GP mice expressing the LCMV-GP on
pancreatic 

 

b

 

 cells. To monitor tumor progression, blood
glucose was measured regularly. Pathological hypoglycemia
(i.e., multiple values 

 

,

 

5 mM glucose) corresponded with a
large tumor burden since the 

 

b

 

-islet tumor cells autono-
mously released high quantities of insulin (22). This oc-
curred in tumor-bearing RIP-Tag2 and RIP(GP 

 

3

 

 Tag2)
mice, which both developed hypoglycemia at the age of
70–85 d (Fig. 1 

 

A

 

). As expected, control C57BL/6 and
RIP-GP mice showed normal blood glucose levels. The
RIP(GP 

 

3

 

 Tag2) mice developed tumors and hypoglyce-
mia with identical kinetics to RIP-Tag2 mice suggesting
that the LCMV-GP specific T cells did not spontaneously
develop tumor protective activity.

 

No Detectable Spontaneous T Cell Responses Against the
LCMV-GP Tumor Antigen.

 

It was important to directly
examine the GP-specific T cell responses by the tumor-
bearing mice. Spleen cells were stimulated with irradiated
macrophages pulsed with peptide p33, the major epitope of
LCMV-GP in the H-2

 

b

 

 haplotype (30). Fig. 2 

 

A

 

 (

 

closed
bars

 

) shows that the T cells from untreated RIP-GP, RIP-
Tag2, and double transgenic mice did not proliferate signif-
icantly. Proliferation could be observed in spleen cells de-
rived from mice transgenic for a GP-specific TCR. Be-
cause this assay can easily detect GP-specific memory CTLs
from LCMV-immunized C57BL/6 mice (see below), the
results indicated that no efficient spontaneous lymphocyte
activation against the LCMV-GP tumor antigen had oc-
curred in vivo (23, 24).

 

Tumor Regression upon LCMV Infection.

 

To activate tu-
mor-specific T cells, mice were immunized i.v. with
LCMV. This was done at the age of 80 d or, in tumor-
bearing mice, after two consecutive blood glucose readings

 

,

 

5 mM. Fig. 1 

 

B

 

 shows that early after infection, the single
transgenic RIP-GP mice developed hyperglycemia as seen
in autoimmune diabetes due to 

 

b

 

-cell destruction by the
GP specific CTLs (24). Importantly, the blood glucose lev-
els of the tumor-bearing RIP(GP 

 

3

 

 Tag2) mice increased
also. This suggested that the CTLs destroyed insulin pro-
ducing tumor cells and normal 

 

b

 

-islet cells. However, hy-
poglycemia recurred, probably due to the waning of the
LCMV response and the continuous expansion of insulin-
producing tumor cells. The control mice not expressing
GP in their islets remained normoglycemic (C57BL/6) or

showed progressive hypoglycemia due to insulin produc-
tion by the 

 

b

 

-cell tumor (RIP-Tag2) which was similar to
that in uninfected mice (not shown).

The functional LCMV-GP–specific response was also
examined in these animals. Spleen cells taken 8 d after
LCMV infection showed strong in vitro proliferative re-
sponses in all the mice (Fig. 2 

 

A

 

, 

 

open bars

 

). GP-specific cy-
tolytic T cell activity was measured in 

 

51

 

Cr release assays,
revealing strong cytotoxic responses specific for p33 in all
the mice tested (Fig. 2, 

 

B

 

 and 

 

C

 

). Together, these data
demonstrated that LCMV infection led to efficient func-
tional CTL activation which was associated with specific
regression of those tumors which expressed LCMV-GP.

To further examine tumor burden and the consequences
of the induction of an antiviral/antitumor response, the
pancreata were examined histologically. This confirmed
that the 

 

b

 

 cell tumors in single transgenic RIP-Tag2 mice

Figure 1. Blood glucose levels reflect the tumor burden and the effec-
tiveness of tumor immunotherapy in vivo. (A) RIP(GP 3 Tag2) and
RIP-Tag2 mice developed hypoglycemia indicative of b-cell hyperplasia
and insulin overproduction, while control RIP-GP and C57BL/6 mice
showed normal glucose levels. (B) Tag2 transgenic animals with two
consecutive blood glucose readings ,5 mM (at an age of 70–85 d) and
age-matched control mice were infected with LCMV to induce tumor-
specific CTLs. After infection, the GP-expressing mice (but not those
without GP) increased the blood glucose levels. This effect was reversed
in the RIP(GP 3 Tag2) mice and hypoglycemia relapsed within 4 wk. In
1 out of 10 RIP(GP 3 Tag2) mice the LCMV-induced hyperglycemia
was very high and lethal. The figures show 1 mouse/group representative
for 7–20 mice/group (4 mice for C57BL/6). j, RIP-GP; d, RIP(GP 3
Tag2); s, RIP-Tag2; h, C57BL/6.
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were not affected by the LCMV infection. In contrast, in
RIP(GP 3 Tag2) mice pancreatic b-islets were infiltrated
with inflammatory cells including CTLs at maximal levels
8 d after infection, leading to tumor mass reduction and in-
creased blood glucose levels. Fig. 3 shows that the tumors
in RIP(GP 3 Tag2) transgenic mice were infiltrated by
numerous CD81 and many CD41 lymphocytes, whereas
the tumors in RIP-Tag2 mice had only limited lympho-
cyte infiltration. These findings correlated with the in vitro
results (Fig. 2) of minimal spontaneous lymphocyte re-
sponses in uninfected tumor-bearing mice but very strong
CTL activity upon viral immunization. Thus, the tumor-
specific CTLs were efficiently activated by LCMV infec-
tion but not by the tumor.

Systematic comparisons of histological sections con-
firmed that significant CD81 cell infiltration was found
only in LCMV-immunized mice where the b-islet cells ex-
pressed the GP (Table 1). Interestingly, the lymphocytic
infiltrations in small b-cell hyperplasias and large tumors
were of similar intensity (data not shown), indicating that
even advanced tumors remained susceptible to CTLs. Mor-
phometric analysis of pancreas sections further revealed that
the insulinomas in LCMV-treated RIP(GP 3 Tag2) mice
had many regions with relatively low density of viable tu-
mor cells. Finally, the insulinomas in LCMV-infected
RIP(GP 3 Tag2) mice were significantly smaller than in
RIP-Tag2 mice or in uninfected controls. These data con-
firmed that LCMV-activated CTLs directly destroyed GP
expressing tumor cells and reduced tumor mass.

Prolonged Survival Due to Immunotherapy. To evaluate
whether the CTL-mediated tumor destruction was of ex-
tended therapeutic value, we monitored disease progression
and survival. All mice were infected with LCMV after two
consecutive blood glucose readings ,5 mM. Tumor-bear-
ing RIP-Tag2 mice had a mean life expectancy of 88 6 8 d
(Table 2), similar to uninfected RIP-Tag2 and RIP(GP 3
Tag2) mice (not shown). However, LCMV infection of
RIP(GP 3 Tag2) mice lead to a significant increase in sur-
vival with a mean of 137 6 18 d (P ,0.001). Thus, a single
acute LCMV infection with its known short duration of
z10 d (25) prolonged survival considerably, demonstrating
the intense immune response elicited by LCMV and the
potential for tumor immunotherapy.

We crossed the RIP(GP 3 Tag2) mice with mice trans-
genic for an LCMV-GP–specific TCR to investigate whether
a high frequency of tumor-specific CTLs would increase
the efficiency of virus-mediated antitumor therapy. Indeed,
the survival of LCMV-infected triple transgenic TCR
RIP(GP 3 Tag2) mice was much longer as compared to
the survival of TCR RIP-Tag2 mice (Table 2). Thus, the
TCR transgenic mice showed an even greater prolongation
of survival due to more efficient CTL-mediated tumor de-
struction. These data show that virus-induced CTL-medi-
ated immunotherapy significantly controlled pancreatic b-cell
tumor progression. Ultimately, the tumor-bearing mice
nevertheless succumbed to lethal hypoglycemia, demon-
strating that a single virus challenge did not trigger a chronic
antitumor response and permanent CTL activity.

Figure 2. GP-specific T cells were neither spontaneously activated nor rendered unresponsive by the tumor. (A) LCMV-GP–specific proliferative re-
sponses. Spleen cells were taken from untreated mice (closed bars), 8 d after LCMV infection (open bars), or 30 d after LCMV infection (hatched bars) and in-
cubated in vitro with stimulator macrophages treated with the LCMV glycoprotein peptide p33. Data are mean 6 SD of triplicate cultures. Control cul-
tures using macrophages without peptide had background levels ,3,000 cpm (not shown). (B–E) Normal LCMV-specific cytotoxic responses were
detected 8 d after LCMV infection (B and C), or 30 d after LCMV infection upon restimulation in vitro for 5 d (D and E). In the RIP(GP 3 Tag2) mice
studied 30 d after LCMV infection the tumors had grown back and blood glucose was low (3–5 mM). No data were obtained for day 30 RIP-GP or
RIP-Tag2 mice (n.d., not determined) because these animals were killed due to diabetes or tumor burden. Target cells were MC57G fibroblasts un-
treated (C and E) or treated with peptide p33 (B and D). The results shown are representative for three independent experiments and analysis of at least
four mice per group. j, RIP-GP; d, RIP(GP 3 Tag2); s, RIP-Tag2; h, C57BL/6.

Figure 3. Intense lymphocytic infiltration after LCMV infection in double transgenic RIP(GP 3 Tag2) but not in RIP-Tag2 single transgenic mice.
Mice were immunized with LCMV i.v. and killed on day 8 (A–F). Tag transgenic mice showed islet hyperplasia and tumor formation by proliferating b
cells (C–H). Immunohistochemical analysis with CD8-specific (left) or CD4-specific (right) antibodies showed intense lymphocytic infiltration in the tu-
mors of RIP-GP 3 Tag2 (E and F) but not RIP-Tag2 (C and D) mice or nontransgenic mice (A and B). In uninfected mice (G and H), the tumors
showed minimal lymphocyte infiltration (only RIP-GP 3 Tag2 shown).
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Persistence of Functionally Competent CTLs. We investi-
gated whether the GP-specific CTLs had been functionally
or physically eliminated during or after infection because of
the presence of the GP-expressing tumors. Spleen cells
from immunized RIP(GP 3 Tag2), control C57BL/6, or
control TCR transgenic mice obtained 30 d after in vivo
infection proliferated normally upon GP-specific in vitro
stimulation with peptide p33–treated macrophages (Fig. 2
A, hatched bars). After 5 d of such in vitro stimulation, a
normal peptide-specific cytotoxic response was also de-
tected (Fig. 2, D and E). These data show that tumor anti-
gen–specific CTLs functioned normally and were not tol-
erized in vivo.

Continued Tumor Susceptibility to CTL-mediated Immuno-
therapy. We examined other parameters which may have
limited the antitumor therapy in the RIP(GP 3 Tag2)
mice. Immunohistological sections from pancreas revealed
positive staining for MHC class I expression in tumors from
RIP(GP 3 Tag2) mice 30 d after LCMV infection (data
not shown), suggesting that the tumor cells did not down-
regulate MHC class I. But did the tumors also continue to
present the cognate peptide? We performed functional ex-
periments to determine whether those tumor cells which
had survived a previous immunotherapy would remain sus-

ceptible to tumor antigen–specific CTLs. Spleen cells from
LCMV immune C57BL/6 mice were adoptively trans-
ferred into RIP(GP 3 Tag2) mice which had been immu-
nized previously with LCMV and had redeveloped hy-
poglycemia. As shown in Table 2, this additional treatment
significantly (P ,0.005) prolonged the survival with a
mean of 168 6 11 d as compared to mice that had only
been immunized once with LCMV (137 6 18 d). There-
fore, the tumor cells had not developed secondary immune
escape mechanisms but remained susceptible to CTL-medi-
ated immunotherapy.

Discussion

Most models which examine tumor immunity are based on
transplanted syngeneic tumors. However, primary tumors
which naturally develop and grow in vivo are likely to rep-
resent more realistic models for human cancers. Using the
latter approach, this study was designed to examine the po-
tential for efficient tumor immunotherapy in vivo. No
spontaneous tumor regression was detectable despite the
presence of LCMV-GP–specific CTLs and LCMV-GP ex-
pressed by tumor cells. However, virus infection induced
tumor-specific CTLs infiltrating small and even large b-cell
tumors and mediating efficient immunotherapy with signif-
icantly prolonged survival of tumor-bearing mice. Never-
theless, after viral clearance, the CTLs were no longer ac-
tive and no chronic autoimmune diabetes was induced
despite continuous expression of antigen/MHC by the tu-
mor and persistence of functional tumor-specific CTLs.
This experimental model thus demonstrates an efficient tu-
mor therapy (by virus infection) capable of treating estab-
lished primary tumors. However, the tumors themselves
were profoundly nonimmunogenic, since they could not
activate T cells or maintain an activated T cell response.

Table 1. Effect of Virus Infection on Infiltration of CD81 Cells, 
Tumor Cell Density, and Tumor Size

RIP
(GP 3 Tag2) P RIP-Tag2

8 d after LCMV infection
CD81 cell

infiltration (%) 39.13 6 8.5 ,0.0001 2.59 6 2.40
Tumor cell

density (%) 71.25 6 10.7 ,0.001 92.65 6 4.39
Tumor size (mm2) 0.25 6 0.07 0.002 0.46 6 0.46

Uninfected
CD81 cell

infiltration (%) 3.88 6 1.90 NS 2.11 6 1.66
Tumor cell

density (%) 94.13 6 4.01 NS 95.11 6 2.42
Tumor size (mm2) 0.51 6 0.29 NS 0.64 6 0.20

Morphometric histological analysis: CD81 cell infiltration indicates the
percentage of insulinoma square zones (100 3 100 mm each) contain-
ing CD81 cells in relation to the total of square zones (20–30) analyzed
per mouse pancreas. Tumor cell density indicates the percentage of ar-
eas consisting of viable tumor cells in relation to the total area per indi-
vidual sample square zone. Tumor size is estimated from measuring the
size of the area covered by each insulinoma. Data are mean 6 SD from
four mice per group, analyzed using one to three nonadjacent pancreas
sections revealing four to six insulinomas per mouse. Each insulinoma
was analyzed by arbitrarily placing five sample square zones of 100 3 100
mm each. At the time of necropsy, all mice were 79–90 d old. The up-
per part of the table shows data from mice that had been infected with
2,000 PFU LCMV i.v. 8 d earlier, and the lower part shows data from
untreated mice. NS, i.e., P .0.05.

Table 2. Life Span of Tumor Mice after Virus Infection

Lineage No. of mice Life span* P

RIP-Tag2 7 88 6 8
,0.001

RIP(GP 3 Tag2) 9 137 6 18
,0.005

RIP(GP 3 Tag2) 1 AT 4 168 6 11

TCR RIP-Tag2 4 90 6 17
,0.0001

TCR RIP(GP 3 Tag2) 4 183 6 5

Mice were i.v. infected with LCMV the day after two consecutive
blood glucose readings ,5 mM which was at an age of 70–85 d. At
necropsy, all mice had b-cell tumors.
*Life span in days, mean 6 SD. 1 AT (adoptive transfer): once hy-
poglycemia recurred in LCMV-infected, tumor-bearing mice, mice
were adoptively transferred by i.v. injection of 5 3 107 spleen cells
taken from C57BL/6 mice 8 d after i.v. LCMV infection.
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The data show that the tumors behaved similarly to normal
nonlymphoid peripheral tissues which fail to activate im-
mune responses despite the existence of self-specific CTLs
(24, 31).

These results relate to several important issues for tumor
immunotherapy: (a) Why are peripheral epithelial, neurec-
todermal or mesenchymal tumors antigenic but fail to in-
duce an immune response? Are they ignored by T cells or
do they anergize or tolerize T cells? (b) How can an antitu-
mor T cell response be maintained to effectively control
tumors? (c) Will the T cell response cause chronic autoim-
mune disease?

(a) Immunogenicity Versus Antigenicity of Peripheral Tu-
mors. That tumors are often antigenic but not immuno-
genic has been recognized for many years (32–35). More
recently, the detailed analysis of the so called tum2 variants
obtained by in vitro treatment with mutagens revealed that
mice which had rejected tum2 variants were significantly
protected against a challenge with the original tumor (11,
12). This indicated that the latter was antigen positive.
Since then it has been shown that many tumors express an-
tigens which may be recognized by CTLs, and thus display
the necessary targets for potential immunotherapy.

Several mechanisms may contribute to the failure of tu-
mor immunosurveillance. Models have demonstrated that
downregulation of peptide/MHC expression (6–9), lack of
costimulation (11–15), the induction of lymphocyte unre-
sponsiveness (16), local fibrin formation or alterations in
the glycocalyx, or changes in homing receptor expression
(10) may all contribute to tumor evasion from the immune
system. In our model, virus infection and/or adoptive
transfer of virus-activated lymphocytes remained an effi-
cient means to counteract tumor expansion in vivo. Thus,
there was no obvious tolerization of tumor-specific CTLs,
and the tumors have not actively escaped immunosurveil-
lance. Although we cannot entirely exclude the possibility
that some of the above mentioned escape mechanisms have
occurred to some degree in our model, it is evident that
such mechanisms were not dominant. Rather, the lack of
immunogenicity of tumor cells was the major feature with
respect to the failure of immunosurveillance.

In vivo, adequate spontaneous activation of tumor spe-
cific lymphocytes either does not occur or often results in
inefficient tumor protection. This is in part because the tu-
mor cell itself is not a professional antigen-presenting cell
and therefore is relatively inefficient at activating tumor-
specific effector cells. Previous studies have shown that if a
tumor cell or nonprofessional antigen-presenting cell reaches
secondary lymphoid organs, measurable cytotoxic T cell
responses are nevertheless induced against epithelial and
mesenchymal malignancies. Thus, whether or not a T cell
immune response is induced is related to the physiological
location of the tumor itself (32, 36). In many cases, the tu-
mor is not in an environment which enhances an antitu-
mor response, or tumor metastasis to organized lymphatic
tissues occurs too late to induce an effective antitumor re-
sponse in vivo.

Recognition of antigen by naive T cells in the absence of

costimulation has been postulated to induce T cell unre-
sponsiveness. Since most carcinomas do not express costimula-
tory molecules, it has been suggested that tumor therapy may
only be feasible in patients with recent onset cancers,
whereas in advanced disease all the tumor-specific T cells
will have become unresponsive (4). However, our data do
not support this notion since they show that tumors may
progress without significantly altering tumor-specific T cell
responsiveness. This is in parallel to antigens of healthy tis-
sues that neither induce immunological tolerance nor im-
mune responses but remain invisible for T cells (24, 31).
Thus, carcinomas and sarcomas, similar to solid tissue anti-
gens which do not reach secondary lymphoid organs, may be
ignored by T cells. Appropriate immunization could there-
fore induce an efficient T cell immunity against such tumor
antigens even after extended periods of tumor burden.

(b) Maintenance of an Antitumor T Cell Response. Our data
indicate that the lack of tumor immunogenicity may be
more profound than previously suspected, since the tumor
was not even sufficiently immunogenic to maintain an acti-
vated and ongoing strong immune response. Despite persis-
tence of functionally competent specific CTLs and of anti-
gen-expressing tumor cells, the CTL effector function
declined. This result indicates that antigen must be pre-
sented in an immunogenic form not only for induction but
also for maintenance of T cell responses, including protec-
tive T cell memory. The fact that the CTL effector func-
tion was not sustained by the tumor is a novel finding,
which has important implications for immunotherapy. It
indicates that repetitive vaccination or adoptive transfer of
activated tumor-specific CTL is necessary to sustain antitu-
mor activity in cancer patients.

(c) Antitumor Immunity and Autoimmune Disease. Damage to
healthy organs may be acceptable to some extent, as widely
illustrated by many radiation and chemotherapeutic tech-
niques which are partially but not highly specific for tumor
tissues. However, in the case of immunotherapy specific for
tumor antigens which are also expressed by some healthy
tissues, there is the possibility of inducing uncontrolled and
progressive chronic autoimmune disease. It has been dem-
onstrated that the lymphocytes from patients with vitiligo
may be activated against tyrosinase and other melanocyte-
specific antigens (37–39) and that spontaneous appearance
of vitiligo in persons with metastatic melanoma was associ-
ated with improved prognosis (40, 41). Discrete and lim-
ited damage of normal skin has recently also been demon-
strated experimentally where passive immunization with
antibodies directed against the melanocyte differentiation
antigen gp75 (tyrosinase-related protein 1) was successfully
used to treat melanomas in mice (42). Both clinical and ex-
perimental evidence suggests that the damage of healthy
tissues remains limited despite effective antitumor immune
activity (37–43). In our model, not only tumor cells but
also normal b cells were targets for CTLs (24), and it is
possible that tumor cells compensated for reduced insulin
production by normal b cells. As can be expected from the
sharing of a specific antigen by tumor and normal cells, the CTL
cytotoxicity was not tumor specific. However, the impor-
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tant finding was that the CTL activity was limited in time.
Thus, although reactivity to healthy tissue may be difficult
to avoid, there was no development of progressive chronic
autoimmune disease. These data indicate that CTL activity
can be controlled by the intervals and intensity of the applied
immunization procedures.

We conclude that solid tumors may not be sufficiently
immunogenic either to initiate or to maintain a beneficial
or therapeutic immune response. Therefore, efficient tu-

mor surveillance must include both improved and acceler-
ated induction by using vaccines localizing tumor antigens
to secondary lymphoid organs and booster immunizations
to sustain the antitumor effect. Antigens selectively but not
exclusively expressed by the tumor may be considered tar-
gets for antitumor CTL therapy, since CTL activity is lim-
ited in time and thus induction of chronic autoimmune
disease is unlikely.
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