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Immunotherapy is currently emerging mode of breast cancer therapy as efficacy of traditional therapies seems
to reach plateau nowadays. First transplanted generation from non-SPF spontaneous BLRB mammary adeno-
carcinoma (MAC) were used as appropriate mouse model to examine whether a single local interleukin-2 (IL-2)
treatment is efficient against mammary cancer. We showed that survival dynamics of syngeneic recipients with
early emerging transplanted mammary cancer (short subclinical period) could be significantly improved by a
single IL-2 treatment (2.5 x10° IU per mouse) applied locally two weeks after MAC cell inoculation. However,
the same IL-2 therapy mode applied to later emerging tumors (long subclinical period) of the same average size
of 5 mm as late as eighth week after tumor cell inoculation notably shortened the survival of tumor-bearing
mice.

Finally, both the fundamental significance and applied implications of biphasic IL-2 effect on mammary cancer

growth was shown and discussed.
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INTRODUCTION

Numerous studies presented evidence
that breast cancer (BC) patients exhibit T -
cell mediated functional immunosuppres-
sion, which progresses during tumor growth,
so that even the early localized disease
shows distinct defects [1]. And high-grade
generalized immune dysfunction in ad-
vanced disease is characteristic for either
tumor-bearing mice [2] or BC patients [3, 4].
Moreover, BC adjuvant therapy (chemother-
apy, radiotherapy, or their combination) sig-
nificantly delayed immune restoration in
numerous immune parameters, but espe-
cially in interleukin-2 (IL-2) level recovery [5].
Local IL-2 deficiency was demonstrated
within breast carcinoma [6]; and IL-2 aug-
mented tumoricidal function of each leuko-

cyte population within tumor infiltrated leu-

cocytes [7]. Thus, wide broad evidence was
accumulated more than three decades ago
for the in vivo IL-2 therapeutic administra-
tion to BC patients. Data obtained in ex-
perimental research provided rationale to
apply IL-2 locally [8].

IL-2 belongs to mediators that are pro-
duced by T cells and exert multiple, plei-
otropic effects in an autocrine or paracrine
fashion [9]. Specific activities of IL-2 as a
member of yC cytokine family are nowadays
well documented in both natural and thera-
peutic settings [10]. The stimulation of a tu-
mour-specific T-cell response has several
theoretical advantages over other forms of
cancer treatment. Namely, T cells can home
to antigen-expressing tumor deposits and
continue to proliferate in response to im-
munogenic proteins expressed on cancer
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cells until all the tumour cells are eradicated.
Moreover, immunological memory can be
generated, allowing for eradication of anti-
gen-bearing tumors if they reoccur [11].

The IL-2 therapy alone and/or in com-
binations with other immunotherapeutical
modalities is currently a distinct immuno-
therapy mode in BC clinic (discussed in [11,
12]) while it’s therapeutic potential is still
not clear both in mice [13] and human pa-
tients [14]. However, clear therapeutic bene-
fit has been achieved in limited cohorts of
patients [3, 15]. Indeed, from either theo-
retical point of view (due to dual nature of
this cytokine) or applied implementations
(numerous lessons from animal research)
one may expect differing IL-2 effects on tu-
mor growth parameters as IL-2 plays quite
opposite roles for the T-effector and T-
regulatory arms of the immune system (dis-
cussed in [16, 17]).

Using IL-2 to enhance T-cell immunity
one should keep in mind crucial importance
of application time during immune response
in vitro. At the time of initial T-cell activation
IL-2 increased the size of the CD8+ memory
pool but reduced the parameter if present
during memory maintenance by inhibiting
the proliferation of CD8+ memory cells.
Thus,  IL-2-based
strategies should take into account the di-

immunotherapeutical

vergent roles of IL-2 in CD8+ T cell immunity
[18].

As early as 1969, T-cell mediated local
IL-2 therapy was shown to be sensitive to
the start and duration time of IL-2 admini-
stration in several animal tumor models in
vivo [19]. Timing of IL-2 administration and
T-cell
gated in details in EL-4 tymoma mouse

differentiation status were investi-

model [20]. Administration of IL-2 during the
initial phase of the response, clonal expan-
sion, and development of effector function,
had no effect on the number of cytotoxic T-
lymphocytes (CTL) generated or the control
of tumor growth. In contrast, a short 2-day
time course of low-dose IL-2 at the peak of
clonal expansion or at later times resulted in
prolonged and expanded responses by the
CTL, with concomitant decrease in tumor
load and extension of survival. However,
when [L-2 administration was more pro-
longed, as is often the case in clinical trials,
the therapeutic benefit was lost due to
elimination of the tumor-specific CTL, at
least in part through induction of apoptosis
[20].

Previously we have shown that on av-
erage anti-cancer IL-2 effect may be hardly
seen in several transplantable mouse mod-
els of BC when tumor growth and survival
parameters are estimated for the whole
treated and control groups [21]. We showed
that distinct therapeutic effect for the whole
IL-2 treated group might be hidden as both
benefit and non-benefit subgroups exist
within treated tumor-bearing mice. There-
fore, to reveal masked IL-2 potency tumor
parameters should be analyzed separately
for short and long survivor, for instance. Us-
ing similar subgrouping approach, retrospec-
tive research of Characiejus et al. demon-
strated that immunotherapy by interferon
increased overall survival only in the sub-
group of renal cell carcinoma patients who
had shorter survival potency, whereas for
patients with longer survival potency immu-
notherapy obviously tended to shorten the
survival [22].
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Keeping in mind the theoretical impor-
tance of timing schedule in the IL-2 immuno-
therapy protocol and going back to applied
implementation of this point in a given
mouse model we question whether the time
of IL-2 application itself or the initial size of
an individual tumor at the therapy start is of
a particular value to predict recipient out-
come. To address this query specifically we
develop mouse model of BC in BLRB males
with the first transplantation generation
from spontaneous female mammary adeno-
carcinoma (MAC). We applied IL-2 locally
only ones for the tumors of 5 mm in size 2
weeks post transplantation (p.t.) for the first
subgroup of mice with early emerging MAC
(short subclinical period, sub*™"), and 7
weeks p.t. for the second subgroup with
lately emerging MAC (long subclinical pe-
riod, sub'"®).

MATERIALS AND METHODS
Mice
We used mice of our inbred strain
BLRB- Rb(8.17)1lem (thereafter called BLRB)
with high
mammary adenocarcinoma

incidence of naturally arisen
(MAC) [13].
Animals were maintained in non-SPF thor-
oughly controlled conditions.

Experimental design

Twenty-six relatively old BLRB males
(~12 months of age) were used for MAC cell
inoculation to mimic cancer appearing in
elderly. Tumor cells were taken from two
naturally arisen fast and slowly growing syn-
geneic female MACs. At day 0, 107 cells from
this suspension were injected in male mice

subcutaneously near right fad pads. At day
14 seven males with early emerging sub™™"
tumors of about 5 mm in diameter were
treated peritumorally with 2.5 x 10° U Chi-
ron IL-2 suspended in 0.5 ml containing 0.9%
NaCl and 0.1% Bovine Serum Albumin (BSA).
Six control mice with tumors of the similar
size were injected in the same manner with
0.5 ml 0.9% NaCl/0.1% BSA (vehicle) at the
same time. Six males with late emerging
sub®™ tumors of about 5 mm in diameter
were treated by IL-2 in the same manner at
day 51; seven control males with the tumors
of the same size received vehicle. Mice were
inspected each day for survival and health
monitoring. The mean tumor diameter was
measured once a week as described in [13].

Statistical Analysis

The Mann-Whitney non-parametric U-
test was used to compare tumor growth ki-
netics and survival dynamics.

RESULTS
No differences in average tumor di-
ameter were found after a single IL-2 appli-

b*"°"* MACs versus

cation at day 14 p.t. to su
controls. However, the IL-2 treated males
survived significantly longer (p<0.05, fig. 1,
white figures).

No differences in average tumor di-
ameter were seen after IL-2 application at
day 51 p.t. to sub™"® MACs versus controls;
while IL-2 treated males survived shorter
than the controls. The survival dynamics dif-
fered significantly from day 35 until day 135

(p<0.05, fig.1, black figures).
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Figure 1. Survival dynamics of IL-2 treated (triangles) and control (cubes, dotted lines) mice with early (white

figures) and late (black figures) emerging mammary adenocarcinomas (MAC). Early emerging MACs with

short subclinical period (sub™™"

, White triangles) were treated with a single peritumoral IL-2 injection at day

14. Late emerging MACs with long subclinical period (sub’°"g, black triangles) were treated at day 51 after

tumor cell inoculation. Controls with sub®™"

tumors (white cubes) and sub™™ tumors (black cubes) were

treated with a vehicle at the same time as corresponding IL-2 treated mice.

DISCUSSION

Early and late emerging transplanted
mouse MACs were demonstrated in recipi-
ent mice suggesting distinct similarity to
human BC where both aggressive and indo-
lent forms occur [23]. Obtained data showed
that single peritumoral IL-2 application
against early emerging mouse MAC near the
second week p.t. resulted in significant sur-
in the BLRB mouse
model, similarly to previously published data
in A/Sn and BALB/c transplantable MC with

the long transplantation history [21]. How-

vival improvement

ever, mice that acquired tumors of the same
initial size considerably later and were
treated at 8" week p.t. survived shorter than
controls.

These data show clearly that in the
model used duration of subclinical period
was of particular importance rather then the
initial tumor size. This seems to be in discor-
dance with [24], where the benefit of serial
intratumoral IL-2 therapy depended on ini-
tial low tumor burden and failed in large
mesotheliomas. However, tumor burden is a
function of post transplantation time. Thus,
similarly to our research, in [24] anti-cancer
IL-2 therapy also failed being applied too
late.

Kiessling et al. revealed different ef-
fects of fast and slowly growing transplanted
murine cancer on the host immune system
versus generalized tumor-

causing local

associated immune suppression, respec-
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tively [2]. From this point of view IL-2 immu-
notherapy might fail in mice bearing late
emerging, slowly growing MACs, at least
partly due to generalized tumor-associated
immunodeficiency.

Furthermore, recently published data
support IL-2 essential role in immune toler-
ance rather than early paradigm in which IL-
2 was a central for protective immune sys-
tem [16]. From one side, based on the IL-2
effect on T-effector arm both IL-2 and it’s
Russian analog roncoleukin are currently
used to augment anticancer response, i.e.
boost autoimmune reaction against autolo-
gous tumor [25]. Based on the IL-2 effect on
T-regulator arm both pharmaceutical forms
of cytokine are used to down regulate re-
sponse in autoimmune patients [17]. There-
fore, not only some parts of these newly
published data remain controversial, but
even cytokine itself paradoxically proposed
to augment and suppress generally the same
process, i.e. immune response to self-
antigens.

We assume that these two sides of the
IL-2 effect can be distinguished in vivo in tu-
mor-bearing host by means of different ap-
plication time of cytokine. Probably, during
early time (~2weeks p.t.) IL-2 application
may contribute to protected T-effector arm
immunity causing survival benefit. However,
being applied too late (~7week p.t.) IL-2 may
actively supply another arms of it’s activity,
namely apoptosis of T-effectors and devel-
and/or T-
regulators (Treg), which were shown to sup-

opment of memory T-cells

press effector reactions [16, 17].

Developing subgrouping approach, we
disclosed promising anti-cancer potential of
a single IL-2 treatment in various types of

transplanted BC after therapy efficacy esti-
mation in early and late emerging MAC sub-
sets separately [21]. Survival improvement
was found only for recipients bearing tumors
with short subclinical periods; whereas sur-
vival of animals bearing MACs with long sub-
clinical periods was shortened.

These findings from mouse models of
BC may be translated to clinic. Although ini-
tial tumor size at BC diagnosis is one of the
most used among other prognostic factors in
clinic [23] to predict patient’s outcome [26];
it may be essential but not sufficient to fore-
cast benefit of the IL-2 immunotherapy. Du-
ration of subclinical period may be of signifi-
cant independent importance; although this
parameter value in BC clinic is hardly esti-
mated as most tumors are several years old
at initial presentation [27].

CONCLUSIONS

Taken together, obtained data (1)
demonstrate both benefit and non-benefit
effects of IL-2 therapy on recipient survival
in mouse model of BC used and (2) compel
to search for prognostic factors that may
predict the therapeutic effect of IL-2 ther-
apy. These findings may facilitate to develop
basic principles of a selection procedure for
BC patients who may benefit from local IL-2
therapy as was proposed by Kedar and Klein

almost three decades ago [28].
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