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Opposing effects of androgen ablation
on immune function in prostate cancer
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Although it is recognized that immune function is modulated by androgen ablation therapy for prostate cancer, the
long-term consequences are not completely understood. We recently showed that both effector and inhibitory immune
mechanisms are amplified by androgen ablation, providing one explanation for only transient increases in immune

function after castration.

Androgen ablation is a first-line therapy
for advanced prostate cancer, and results
in apoptotic death of the primary tumor.
Studies of immune function early after
androgen ablation showed that hormone
removal increased T-cell responses to pros-
tate tumor antigens."”* However, immune
augmentation must be transient, since
castration-resistant disease recurs, months
to years after treatment of the primary
tumor. Thus, understanding the long-
term impact of androgen ablation/block-
ade on the immune system will permit the
development of more effective immune
therapies for advanced prostate cancer.

The mechanisms for increased T-cell
responses after castration are not com-
pletely understood. Androgen ablation
increases thymus size and peripheral
T-cell numbers (reviewed in ref. 3), sug-
gesting that heightened responses may be
due to greater numbers of naive T cells
capable of responding to tumor antigens.
Subsequent studies in autoimmune dis-
ease models have shown that hormone
blockade/removal ameliorates autoim-
mune disease, suggesting that inhibitory
immune mechanisms that control effector
responses may also be increased (reviewed
in ref. 4).

In the context of prostate cancer, pre-
clinical and clinical studies have shown

that CD4* and CD8"* T-cell responses are
increased early after androgen ablation.!
Functional CD8* cytolytic T cells are
required for the rejection of solid tumors.
In a murine model of endogenous pros-
tate cancer generated by prostate-specific
deletion of the Pten tumor suppressor
gene, we observed that functional CD8*
T-cell numbers were increased at an early
time point after surgical castration, but
declined rapidly to pre-castration levels.’
Building on these data and the observa-
tions of ameliorated autoimmune disease
after androgen ablation, we hypothesized
that
must be amplified after castration as well.

immune inhibitory mechanisms

In our recent work, we found that the
numbers of CD4*CD25*FoxP3* regula-
tory T cells (Tregs) were amplified in the
prostate draining lymph node and spleen
of castrated Pten’ mice compared with
sham-castrated Pten”’” mice.® This increase
was observed at an early time point (2.5
weeks) post-castration, when functional
GzB*/CD8* T cells in the prostate tumor
were also increased in number. To deter-
mine whether increased Tregs affected
CD8" T-cell responses to a defined tumor
antigen, we immunized Pren”’ mice with
the model tumor cell line, UV8101-RE.
Heightened responses to this antigen
were only observed when Tregs were
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also depleted together with castration.
Increased  functional — antigen-specific
CDS8* T cells were maintained for several
weeks (5 weeks post-castration) in the LN
and spleen, demonstrating that Treg deple-
tion both increased and sustained effector
T-cell function. These data suggest that
increased Tregs may prevent the mainte-
nance of CD8* T-cell responses to prostate
tumor antigens shed by the dying primary
prostate tumor, and may be one mecha-
nism responsible for only transient increase
in effector function after castration.

It is presumed that the dying prostate
epithelial cells shed previously sequestered
tumor antigens which then activate CD8*
and CD4* T cells, leading to secretion of
effector cytokines such as interleukin-2
(IL-2) by the T cells. In addition to sup-
porting effector T-cell proliferation and
differentiation, IL-2 is the signature cyto-
kine required for the maintenance and
expansion of Tregs.” We showed that in
vivo blockade of IL-2 together with cas-
tration of Pten’ mice prevented Treg
expansion. Together, our results suggest
the following model (Fig. 1): surgical
castration causes apoptosis of hormone
dependent cancerous prostate epithelium,
leading to processing and presentation of
shed tumor antigens, and amplification of
functional CD8* T cells within the tumor.
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Figure 1. Proposed model for amplification of Tregs after castration. Surgical castration induces apoptotic death of cancerous prostate epithelium.
Antigens shed by the dying prostate tumor elicit effector CD8* T-cell responses, which induce production of IL-2 by effector T cells. Preferential con-
sumption of IL-2 by Tregs leads to Treg expansion and subsequent inhibition of CD8* T-cell function in the prostate draining lymph nodes (PDLN).

Increased IL-2 produced by the acti-
vated effector T cells leads to expansion
of Tregs, which then inhibit CD8* T-cell
function.®? This paracrine loop is at least
partially responsible for prostate cancer
progression after castration. It is possible
that androgen ablation may also change
Treg homeostasis through modulation of
thymic T-cell development, contributing
to Treg expansion after immunization.
We depleted Tregs by administration of
anti-CD25 antibody 2 d prior to castration.
A limitation of this therapy is the potential
collateral elimination of CD25* effector T
cells. In our system, however, anti-CD25
treatment augmented CD8* effector cell
function. We speculate that the availability
of IL-2 as a result of Treg depletion height-
ens effector T-cell proliferation, compen-
sating for an initial depletion of CD25*
effector T cells. Alternately, only CD25"
T cells, which may be predominantly
Tregs, are depleted by anti-CD25 admin-
istration."” Importantly, Tregs were ampli-
fied after castration only when immune
responses against tumor antigens were also
induced, and not when wild-type animals
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were castrated alone, further strengthening
the suggestion that increased IL-2 caused
the paradoxical response.

Our results imply that other treatments
such as chemotherapy or radiation ther-
apy, which also induce massive tumor cell
death, can expand both effector T cells
and Tregs. Treg depletion prior to or along
with tumoridical therapy may augment
effector anti-tumor immune responses,
preventing tumor progression and devel-
opment of metastatic disease.
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