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Abstract

Introduction We and others previously observed immuno-
surveillance against transplantable tumors in mice, and
enhancement thereof by blockade of negative regulationby T
reg cells or the NKT-IL-13-myeloid cell-TGF-f regulatory
circuit. However, it was unknown whether natural immu-
nosurveillance inhibits growth of completely spontaneous
autochthonous tumors, and whether it can be improved by
inhibition of negative regulation.

Materials and methods To examine the existence of T
cell-mediated immunosurveillance against spontaneous
tumors, BALB-neuT mice were treated with anti-CD4 and/
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or anti-CD8. A role for IL-13 in the suppression of
immunosurveillance was investigated by treating mice with
IL-13 inhibitor.

Results We show that even spontaneous autochthonous
breast carcinomas arising in Her-2/neu transgenic mice
appear more quickly when the mice are depleted of T cells,
evidence for T-cell mediated immunosurveillance slowing
tumor growth. This immunosurveillance could be further
enhanced by blockade of IL-13 (but not IL-4) which
slowed the appearance of these autologous tumors com-
pared to control antibody-treated mice.

Conclusion Thus, even completely spontaneous, autoch-
thonous breast cancers can be controlled in part by natural
immunosurveillance, and blockade of negative regulation
can improve this control.

Keywords IL-13 - Breast cancer - Immunosurveillance

Introduction

Tumor immunity and natural immunosurveillance have
been most often studied with transplantable animal tumors,
but the role of natural immunosurveillance, defined as
spontaneous immunologic rejection or retardation of tumor
growth without any immune manipulation, in completely
autochthonous, spontaneous tumors, is not yet well under-
stood. Although it is still in debate whether or not tumor
immunosurveillance exists against spontaneous tumors [23,
24], more evidence suggesting a role of immunosurveil-
lance to some degree in preventing development and
growth of tumors has been accumulated. Several molecules
such as IFN-o/f, IFN-y, STATI1, and perforin have been
suggested to be involved in tumor immunosurveillance
against spontaneous tumors [10, 25, 27]. However, little is
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known about suppressive mechanisms blocking tumor
immunosurveillance to allow spontaneous tumors to
grow [2].

Here, we investigated whether natural anti-tumor
immunosurveillance existed in unmanipulated BALB-
neuT mice, which develop neoplastic mammary lesions
starting from 4 weeks of age [3], and palpable sponta-
neous autochthonous mammary tumors from 14 to
15 weeks. We also asked whether any such immunosur-
veillance could be magnified by blocking IL-13 in vivo,
as we previously found that IL-13 made by NKT cells
was a mediator inhibiting tumor immunosurveillance in
several transplanted mouse tumor models [28-30]. As
immunosurveillance is not always apparent even for
tumors induced with carcinogens or other mutagens, that
might alter self, it was not expected that any immuno-
surveillance would be detected against completely
spontaneous autochthonous tumors arising from early
overexpression of an oncogene to which the mouse was at
least partially tolerant. Surprisingly, our findings imply
the existence of natural T cell immunosurveillance even
against an autochthonous tumor, but also the existence of
a negative immunoregulatory mechanism involving IL-13
that limits the effectiveness of this immunosurveillance
[22, 28-31].

Materials and methods
Mice and tumor assessment

Virgin female BALB-neuT mice, BALB/c mice transgenic
for the rat transforming Her-2/neu oncogene expressed
under the control of mouse mammary tumor virus promoter
[3], develop an independent mammary carcinoma in each
of the ten mammary glands starting at 4 weeks of age [3].
Tumors become palpable and individually identifiable
asynchronously from the 15th to the 25th week of age, and
were inspected once or twice a week. Tumor multiplicity
was calculated as the cumulative number of incident
tumors/total number of mice. Female BALB/c mice were
purchased from Animal Production Colonies, Frederick
Cancer Research and Development Center, NIH (FCRDC,
Frederick, MD). All mice were maintained in a pathogen-
free animal facility. Animal experiments were conducted in
accordance with protocols approved by the National
Cancer Institute (NCI) Animal Care and Use Committee.

Antibodies and in vivo depletion of T cells

CD4" and CD8" T cells were depleted by i.p. injection of
500 pg of rat anti-CD4 (clone GK1.5) or anti-CD8 (clone
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Fig. 1 Acceleration of tumor growth in BALB-neuT mice by
depletion of both CD4* T cells and CD8" T cells. a BALB-neuT
mice were treated with anti-CD4 antibody (GK1.5) and anti-CD8
(2.43) antibody (0.5 mg/injection at day 0, 1, 2, 5, 9) starting from the
age of 8 weeks, then weekly until 25 weeks (anti-CD4 and anti-CD8
group vs rat IgG group, P < 0.001 by log-rank test on the entire
curves). b BALB-neuT mice were treated with anti-CD4 antibody
(GK1.5) or anti-CD8 (2.43) antibody. Control mice were treated with
rat Ig. No significant difference was found between groups in b. Five
mice were used for each group. Left panels mean number of tumors
per mouse; right panels cumulative tumor incidence for the entire
group (independent tumors in 50 mammary glands). Similar results
were obtained in repeated experiments and a representative is shown.
¢ PBMC from two mice (upper and lower panels, right) depleted by 5
injections of anti-CD4 and anti-CD8 as described above were
obtained one day after the fifth dose of antibody and stained for
with FITC-anti-CD4 and PE-anti-CD8 as described in “Materials and
methods” section, or with isotype control antibodies (not shown). For
comparison, at /eft are shown similar staining plots of PBMC obtained
from mice treated in vivo with control rat IgG. Depleting antibodies
were found not to compete with staining antibodies

2.43) antibody, respectively, from the Frederick Cancer
Research and Development Center. As a control, rat IgG
was used (ICN, Costa Mesa, CA). Starting at 8 weeks of
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age, the antibodies were injected on day O, 1, 2, 5, 9, then
once per week until 25 weeks of age. T cell depletion
(>99% of total T cells) was verified by FACS analysis
of PBMCs 1 day after the 5 initial treatments using
FITC-conjugated anti-CD4 and PE-conjugated anti-CD8
antibodies (BD PharMingen, San Diego, CA) (For repre-
sentative examples, see Fig. 1c). Control experiments
confirmed that the antibody used for depletion did not
simply block binding of the fluorescent antibody.

IL-13 inhibitor and inhibition of IL-13 and IL-4 activity

IL-13 inhibitor, a fusion protein of murine IL-13 receptor-
o2 and human IgGl Fc(sIL-13Ra2-Fc), was made as
described [8] and provided with its control isotype-mat-
ched human IgG from the External Research Department,
Wyeth Research, Cambridge, MA. BALB-neuT mice, 4-5
or 8-10 weeks old, were treated with IL-13 inhibitor or
control IgG (0.2 mg/injection) every other day for the first
2 weeks, then twice per week until 21 weeks of age. For
the inhibition of IL-4 activity, BALB-neuT mice (4—
5 weeks old) were injected i.p. with rat anti-IL-4 antibody
(0.5 mg/injection) according to the same schedule as for
IL-13 inhibition. Anti-IL-4 (clone 11B11) antibody was
obtained from the FCRDC, as a control antibody for the
anti-IL-4, rat IgG was purchased from ICN.

Statistical analysis

Cumulative tumor multiplicity was compared by a log-rank
test, using JMP software (SAS Institute, Cary, NC). The
tumors in each of the 10 mammary glands arise indepen-
dently, and their rate of appearance is similar in all mice in
a group, so the cumulative incidence of all tumors was
compared among groups using the log-rank test.

Results

Acceleration of tumor growth in BALB-neuT mice
by depletion of both CD4™ T cells and CD8" T cells

To address whether T-cell mediated natural immunosur-
veillance may be influencing the rate of spontaneous
autochthonous mammary carcinoma tumor appearance in
BALB-neuT female mice, we depleted mice of CD4* and/or
CD8" T cells from the age of 8-25 weeks. Depletion of T
cells was confirmed by FACS analysis as less than 1% of
pretreatment levels of CD4" cells and about 1% of pre-
treatment levels of CD8™ cells in PBMCs (Fig. 1c). Effects
on tumor growth were evaluated by counting palpable

mammary tumors. Although the age of first tumor appear-
ance did not differ between the groups, tumor development
was accelerated by 2-3 weeks between the age of 18 and
22 weeks in BALB/c-neuT mice depleted of both CD4* and
CD8" T cells compared to the control groups (P < 0.001,
comparing the cumulative incidence of tumors in 50
mammary glands in each group, right panel) (Fig. la).
Thus, this degree of T cell depletion was sufficient to reveal
a T-cell-mediated delay in tumor growth that was lost on
depletion of T cells. It is possible that T-cell depletion
starting even earlier might reveal even greater acceleration
of tumor growth, as the abnormality in mammary gland
development starts as early as 3 weeks of age [6]. Never-
theless, the treatment starting from 8 weeks of age was
sufficient to reveal evidence for immunosurveillance. The
delay was not a non-specific effect of antibody adminis-
tration, as the effect was observed relative to control,
isotype-matched antibody-treated animals. (Although we
cannot rule out an anti-antibody response to the injected
depleting antibodies, this does not appear to have been
sufficient to prevent T cell depletion as measured by FACS
and by the biological effect. Further, the depleted mice
would be less likely to make antibodies against the
depleting antibodies since such antibody production would
likely require CD4™ T cell help.) However, there was no
significant difference between the control group and the
groups depleted of either CD4* T or CD8* T cells alone
(Fig. 1b). These results imply that immunosurveillance
against spontaneous tumor development exists in vivo even
without immunization and is mediated by both CD4" and
CD8" T cells. Although the spontaneous anti-tumor
immune response retarded tumor growth by 2-3 weeks,
tumor development was inevitable as the oncogene con-
tinues to engender new tumors. Therefore, this natural
immunosurveillance may be suppressed in the developing
tumor environment. There are reports that anti-tumor
immunity is negatively regulated by Th2-type cytokines
such as IL-4, IL-13 [1, 5, 19, 29, 31] or by TGF-f [15, 16,
30], but very few studies exist on natural immunosurveil-
lance against spontaneous autochthonous tumors.

Retardation of tumor growth in BALB-neuT mice
by inhibition of IL-13

To confirm whether this acceleration of tumor growth by T
cell depletion reflected a limited degree of T-cell mediated
immunosurveillance that was reigned in by immunoregula-
tory mechanisms, we asked whether such putative
immunosurveillance could be amplified by diminishing such
negative regulation. As we had previously observed an
inhibition of such a negative immunoregulatory mechanism
dampening tumor immunosurveillance in two transplanted,
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Fig. 2 Retardation of tumor growth in BALB-neuT mice by in vivo
inhibition of IL-13 activity. BALB-neuT mice (5/group) were treated
with IL-13 inhibitor, sIL-13Ra2-Fc, (0.2 mg/injection) every other day
for the first 2 weeks starting from the age of 4-5 weeks (two
independent experiments in panels a and b) or from the age of 8—
10 weeks (panel c¢), then twice weekly until 21 weeks. The control
group was treated with control isotype-matched human IgG. Left panels
mean tumor incidence/mouse; right panels cumulative tumor inci-
dence/group (independent tumors in 50 mammary glands per group)

non-autologous tumors by blockade of IL-13 but not IL-4
[22, 29], we addressed whether natural immunosurveillance
could be recovered by inhibition of IL-13 using a soluble IL-
13 inhibitor, sIL-13Ra2-Fc. BALB-neuT mice were treated
with IL-13 inhibitor or control Ig, from the age of 4-5 weeks
every other day (0.2 mg/injection, i.p.) for the first 2 weeks,
then twice a week until the age of 21 weeks (Fig. 2a, b).
Tumor incidences were compared between groups by the
average number of palpable tumors per mouse (n = 5 mice
per group) (left panels), and the total cumulative tumor
incidence within the group (right panels). Tumor growth in
50% of mammary glands, was found around the age of
20-21 weeks in control Ig-treated mice. However, a similar
level of tumor development was not reached until 4-5 weeks
later in IL-13 inhibitor-treated mice (P < 0.001 for both A
and B) (Fig. 2a, b). This retardation of tumor growth was
dependent on the starting time point of IL-13 inhibitor
treatment, as it was not apparent when treatment started at 8—
10 weeks (Fig. 2c). Lack of efficacy of delayed treatment
may reflect the fact that BALB-neuT mice highly express
Her-2 protein on the terminal ductular-lobular units of the
mammary glands by the 3rd week of age [3]. Thus, to unmask
natural immunosurveillance from the suppressive effects of
IL-13, it was critical to inhibit IL-13 activity from the very
beginning of tumor development in vivo.

@ Springer

(0.5 mg/injection) was used as the control antibody for the anti-IL-4
and human isotype matched IgG1 for the IL-13 inhibitor

Consistent with our previous findings in other tumor
models [22, 29], blockade of IL-4, also from age 4—
5 weeks, did not delay tumor growth, in contrast to the
effect of IL-13 blockade (Fig. 3). This finding is consistent
with the idea that the regulatory mechanism in the Her-2
transgenic mice is similar to that we had identified previ-
ously in adoptively transferred tumor models [22, 29].

Discussion

The role of immunosurveillance in inhibiting tumor growth
has long been debated. Evidence for immunosurveillance
exists from experiments of Schreiber and coworkers [9-12,
25] in aging mice and in carcinogen-induced tumors. Also,
studies using carcinogen in Jol8 KO and CD1 KO mice
indicated that NKT cells can enhance tumor immunity
against carcinogen-induced spontaneous tumors [26].
However, it is still uncertain how broadly immunosurveil-
lance plays a role in controlling growth of autochthonous
tumors [33]. We found that in several mouse tumor models,
in which the CD25" T regulatory cells do not appear to play a
role [32], tumor immunosurveillance is suppressed by NKT
cells that produce IL-13 [22, 28-31]. However, these studies
were all carried out using transplantable tumors in which
tumor antigens have been identified. Here, we asked whether
even in the case of completely spontaneous autochthonous
tumors arising in oncogene-transgenic animals, evidence for
tumor immunosurveillance could be obtained. If T cells
mediate such immunosurveillance, we reasoned that its
presence might be revealed by depleting T cells in vivo and
observing an effect on tumor growth. Acceleration of tumor
appearance in the transgenic animals depleted of T cells, but



Cancer Immunol Immunother (2008) 57:907-912

911

not in controls treated with isotype-matched antibodies,
indicated that such immunosurveillance existed but was
grossly inadequate, as even in a T-cell replete animal, tumors
appeared inexorably in all mammary glands. Indeed, it has
been notoriously difficult to control completely this onco-
gene-mediated mammary carcinogenesis even with potent
vaccines [7, 20]. Having thus found evidence for the exis-
tence of spontaneous T-cell-mediated immunosurveillance,
we asked whether the reason this was not more effective was
in part due to negative regulation of the immunity, and
whether abrogation of a negative regulatory pathway would
unmask natural immunosurveillance against authochtho-
nous tumors.

We previously observed that IL-13, but not IL-4, was a
critical molecule mediating the negative regulatory effect of
NKT cells early in the immune response [22, 29, 30]. IL-13
production occurs early in the response of NKT cells.
Therefore, we examined whether blockade of IL-13 would
improve the limited spontaneous immunosurveillance
observed in T-cell-replete untreated mice. Indeed, we found
that blockade of IL-13 but not IL-4 further delayed tumor
growth, consistent with this mechanism. However, it is
possible that IL-13 comes from multiple sources, and pro-
duction of CD1d knockout BALB-neuT transgenic mice
would be required to confirm the origin of the cytokine as
NKT cells. Nevertheless, these results are sufficient to sug-
gest that even in a completely spontaneous autochthonous
tumor, where no immune response would be expected, there
is anaturally occurring T-cell response against the tumor that
is minimally effective because it is kept in check by strong
regulatory mechanisms, potentially of multiple types.

There is evidence for a role of different subsets of NKT
cells in regulating immune responses. Type I NKT cells,
that respond to «-GalCer, play a role in suppressing Thl-
mediated autoimmune disease [34]. Also, type II NKT
cells, without the canonical Va14 receptor, are sufficient to
suppress immunosurveillance when type I NKT cells are
absent [32]. These are not activated by a-GalCer. There is
evidence in humans that these type II NKT cells make IL-
13 [13]. Recent evidence suggests that there are also dif-
ferent subsets of type I NKT cells expressing greater or
lesser amounts of Th2 cytokines in mice [5]. In BALB-neu
T mice, the role of type I NKT cells activated by a-GalCer
is primarily protective. Their repeated stimulation with o-
GalCer elicits a significant immunosurveillance against the
onset of autochthonous carcinomas in BALB-neu T mice
[17]. It has also been used in human clinical trials, although
early phase trials have shown immunological effects but
have not yet demonstrated a clear impact on tumor growth
[4, 14, 18, 21]. The ability of IL-13 blockade to enhance
spontaneous immunosurveillance suggests that type II
NKT cells naturally primed by tumor growth may possibly
contribute to the suppression of immunosurveillance even

in the case of spontaneous, autochthonous tumors. We do
not know the exact site where these NKT cells mediate
their effect, but because the IL-13 must induce myeloid
cells to make TGF-f to suppress [30], and because the
TGF-f produced by the tumor itself does not seem to
matter in this mechanism, we think that the most likely
place is in the tumor draining lymph node where tumor
immunity is being generated. We must also consider the
possibility that some of the effect of IL-13 is through
alternative mechanisms, such as influencing the production
of cytokines that have proangiogenic effects supporting
tumor growth.

By anti-CD4 and anti-CD8 antibody treatment, we
showed that depletion of both CD4" and CD8* T cells
accelerated tumor growth. Since this treatment cannot
deplete CD4CD8 double negative population of T cells, it is
possible that CD4CD8 double negative T cells are enriched
in vivo in the treated mice. Recently it was reported that
liver-derived CD4CD8 double negative NKT cells medita-
tive protective tumor immunity [5]. However, in the mice
treated with both anti-CD4 and anti-CDS in this report did
not show better protection against tumor. Further, many of
suppressor T cells reported are either CD4 or CDS positive.
Therefore, the result suggested that there is an active T cell-
mediated natural immunosurveillance in BALB-neu T mice
although it is not strong enough to prevent tumor growth.

Overall, we conclude that T-cell-mediated tumor
immunosurveillance occurs even against a completely
spontaneous autochthonous tumor, and delays tumor
growth, even though it does not fully prevent it. Blocking
immunoregulation mediated by IL-13 further improves this
immunosurveillance. Additional strategies to optimize
immunosurveillance could potentially prophylactically
reduce the incidence of some cancers or delay their
progression.
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