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Regulatory T cells (T,egs) that suppress tumor-specific T cell-mediated immune responses are the subject of an intense
wave of investigation. We recently reported that a subset of T s namely effector/memory CD25"" cells, are responsible
for suppressing high avidity tumor-specific T cells in mouse mammary tumors. Here, we discuss additional findings that
clarify this mechanism ofTreg—mediated immunosuppression.

Introduction

Regulatory T cells (T, ) pose a signifi-
cant barrier to the success of immuno-
therapeutic strategies aimed at activating
high-avidity tumor-specific T-cells. Initial
strategies to downmodulate the effect
of T . targeted the interleukin 2o
(IL2a) receptor CD25 with little suc-
cess.”? We have previously shown that
low-dose cyclophosphamide (Cy) given
one day prior to a neu-targeted, whole
cell, granulocyte macrophage colony-
stimulating factor (GM-CSF)-secreting
vaccine (neu-vaccine) leads to the deple-
tion of CD4*FOXP3*CD25* T, More
recently, we have demonstrated that a sub-
population of CD25"* effector/memory
T were particularly sensitive to Cy and
regs
preferentially suppressed high- vs. low-
avidity HER-2/neu-specific T cells in the
HER-2/neu transgenic (nex-N) mouse
model of mammary carcinoma.® Here,
we present companion data showing that
anti-CD25 therapy preferentially affects
CD25"¢ T, leaving CD25 effector/
memory T unaffected and capable of
suppressing high-avidicy T cells. These
findings provide a possible mechanism for
the lack of enhanced antitumor activity

when CD25-targeted approaches are used
to inhibit Tregs.

Results

To elucidate differences in the activation of
tumor-specific CD8* T cells with distinct
avidities, we developed high- and low-avid-
ity CD8* T-cell receptor transgenic mice
specific for the immunodominant epit-
ope of HER-2/neu (RNEU,, ,..), which
is expressed by mammary tumors in the
neu-N mouse model of breast carcinoma.
We specifically addressed the role played
by T, in suppressing high- and low-avid-
ity T-cells. Using adoptive transfer studies,
we showed that in non-tolerant (paren-
tal FVB/N) mice, high- and low-avidity
RNEU

420-429
neu-vaccine accumulate in the tumor bed,

-specific T cells given with

but only high-avidity T cells cause tumor
rejection. In nen-N mice, high-avidity T
cells failed to accumulate (and function)
in tumors, unless mice were pretreated
with Cy and the neu-vaccine. On the con-
trary, low-avidity RNEU,, . -specific T
cells do not invade the tumor microenvi-
ronment even in the presence of Cy plus
the neu-vaccine. High avidity RNEU,,
-specific T cells transferred with Cy and
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neu-vaccine upregulate integrins, which
are required for trafficking to the tumor
site, and secrete high levels interferony.
Importantly, we found that Cy selectively
depletes a CD4*FOXP3*CD25"" subpop-
ulation of T that displays an effector/
memory phenotype similar toa T popu-
lation that has been recently described in
reference 4 and 5.

simultane-

Companion data from

ous studies not published in reference 4,
evaluated the anti-CD25 antibody PC6l
as another method for depleting T . We
previously showed that Cy given with PC61
and the neu-vaccine allowed for the sys-
temic activation of endogenous high-avid-
ity T cells in the 7eu-N model. However,
in other models, PC61 given with vaccine
was unable to elicit a significant anti-tumor
response.”®” We therefore adoptively trans-
ferred high avidity RNEU,, . -specific T
cells into tumor bearing 7eu-N mice receiv-
ing the neu-vaccine and either PC61, Cy
or Cy the PC61. When treated with PC61
plus the neu-vaccine, nen-N mice had sig-
nificantly fewer CD4"FOXP3* T_ in their
tumor draining lymph nodes than mice
given Cy plus the neu-vaccine. However, this
T,, depletion did not translate into tumor
clearance as tumors in the mice treated with
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’ Figure 1. For figure legend, see page 1193.

PC61 plus the neu-vaccine grew as quickly
as tumors in mice given the vaccine and
high-avidity T cells (a tumor permissive
environment, Fig. 1A and B). When we
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compared the function of adoptively trans-
ferred high-avidicy RNEU,, . .-specific T
cells in tumor draining nodes from mice

treated with neu-vaccine plus either Cy or
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PC61, we found that mice given Cy plus
the neu-vaccine plus high-avidity T cells
had a significant population of T cells that
secreted interferon vy, whereas mice given
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Figure 1 (See opposite page). Cyclophosphamide, not PC61, enhances the therapeutic effect of the neu-vaccine and high-avidity T-cell activity

in neu-N mice. (A) PC61 depletes significantly more CD4*FOXP3* T cells than cyclophosphamide (Cy) when given with neu-vaccine. The percent of
CD4*FOXP3* T cells in the tumor draining lymph nodes of neu-N mice challenged with NT2.5 tumor (5 x 10 cells on day 0) and treated with the neu-
vaccine (3 x 10° cells on day 3) and high-avidity T cells (5 x 10° cells on day 4) (HV), with the addition of either 100 mg/kg Cy (HCV) or 150 p.g/mouse
PC61 (HPV) on day 2. *p < 0.05, **p < 0.001. (B) Only Cy combined with high-avidity T cells and neu-vaccine treatment leads to tumor rejection in neu-N
mice. Tumor growth in neu-N mice challenged with NT2.5 tumor (5 x 10* cells) and treated with high-avidity T cells (5 x 10° cells) and the neu-vaccine
(3 x 10° cells) (HV) with the addition of either 100 mg/kg Cy (HCV), 150 p.g/mouse PC61 (HPV), or Cy and PC61 combined (HCPV). **p < 0.001. (C) Cy plus
neu-vaccine treatment leads to cytokine secretion by high-avidity T cells. High-avidity (Thy1.2) T cells from tumor draining lymph nodes on neu-N
mice treated with high-avidity T cells, neu-vaccine and Cy (HCV) or PC61 (HPV) were tested for their ability to secrete inflammatory cytokines 3 and 5

d after adoptive transfer. (D) Cy, not PC61, treatment leads to increased B1-integrin expression on high-avidity Tcells. High-avidity T cells isolated from
tumor draining lymph nodes 3 days after adoptive transfer in neu-N mice treated with HCV, HPV or HV (E and F) Cy and PC61 preferentially deplete
different subsets of CD25* Tregs. The number of CD4*FOXP3+CD25"" (E) or CD4*FOXP3*CD25"9" (F) TregS in the spleen and tumor draining node (TDN) of
neu-N mice treated with HCV, HPV or HV. *p < 0.05, **p < 0.001. All experiments were conducted at least 3 times (3 mice per group) with similar results.

PC61 plus the neu-vaccine plus high avidity
T cells had few, if any, such T cells (Fig. 1C).
In addition, high-avidity Tcells given with
PC61 plus the neu-vaccine did not upregu-
late integrins or accumulate into the tumor
bed (Fig. 1D). These data led us to suspect
that there might be specific T subpopu-
lations that are responsible for suppress-
ing activated T cells at the tumor site that
differ from those that operate in draining
lymph nodes. Based on our data with PC61
depletion, we suspected that these sub-
populations differed in CD25 expression.
As suspected, Cy depleted mainly CD4*
FOXP3'CD25*" T _, whereas PC61 treat-
ment depleted only CD4*FOXP3*CD25"s
Tregs (Fig. 1IE and F).

Discussion

Here, we describe companion data to
our recent publication “Trafficking of
high avidity HER-2/neu-specific T cells
into HER-2/neu-expressing tumors after
depletion of effector/memory-like Tregs,” in
which we showed that the T,_-depleting
antibody PC61 is unable to cause the same
antitumor effects as the Cy-mediated
depletion of ngs. Even though PCél
treatment led to a greater decrease in
CD4'FOXP3'CD25* T, high-avidity
CD8* T cells did not upregulate integrins,
secrete interferony or effect tumor kill-
ing after PC6l-mediated T _ depletion.
Though the possibility exists that PC61
might have depleted adoptively trans-
ferred T cells or activated CD4* T cells,
this is unlikely because the administra-
tion of Cy plus PC61 plus the neu-vaccine
allowed for similar extents of tumor kill-
ing as the administration of Cy plus the
neu-vaccine alone, and we previously
reported that the combination of Cy plus
PC61 plus the neu-vaccine is able to elicit
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endogenous high-avidity T-cell responses
againt HER-2/neu.’

Similar results showing the ineffec-
tiveness of PC61 in melanoma and pan-
creas cancer models may be explained by
the fact that PC6l-like therapies fail to
attack effector T, thar traffic with regu-
lar effector CD8* T cells into the tumor
microenvironment. Recent reports have
demonstrated that PC6l-mediated T
depletion effectively reduces tumor
growth but only when given with lym-
phodepleting doses of temozolomide.®
Altogether, these data highlight the com-
plexity of T phenotypes, but also the
fact that they can be effectively nulli-
fied to enhance tumor immunotherapy.
Further elucidation of T _ subpopula-
tions and their functions should lead
to new ways to more efficiently deplete
the T populations that de facto sup-
press the tumor-specific effector T cells
while leaving in place populations that
suppress non-specific T cell popula-
tions that are also activated by cancer
immunotherapies.

Materials and Methods

All assays, adoptive transfer studies, and
data analyses were performed as in ref-
erence 4, except that the anti-CD25
antibody PC61 was given in place of
cyclophosphamide at a dose of 150 pg/
mouse one day prior to vaccine. PC61
was purified from culture supernatants
of the PC61.5.3 cell line (American Type
Culture Collection) grown in Protein Free
Hybridoma Medium I1.?
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