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Androgens negatively affect both central and peripheral immunity. Their potent immunosuppressive ability is
thought to lead to gender dimorphism in autoimmune and infectious disease and hamper immunosurveillance of
tumors. Therefore, we investigated the molecular underpinnings of androgens suppression of T-cell differentiation and
found evidence that developing strategies to counteract these inhibitory effects may foster successful cancer
immunotherapy in the future.

Immune modulation by androgens has
been explored previously in both animal
models and humans. Such studies have
established androgens as the main drivers
of gender dimorphism in autoimmune
and infectious diseases, with females gen-
erally being more prone to autoimmunity
and yet relatively less susceptible to infec-
tion than are males.1 In a recent clinical
trial, men’s antibody response to a flu vac-
cine was significantly weaker than that
observed in women. Interestingly, men
with low levels of testosterone had an anti-
body response that was similar in strength
to women’s,2 suggesting sex hormone lev-
els could hamper vaccine efficacy. Andro-
gens exhibit immunosuppressive
capabilities through their action on both
lymphoid and myeloid immune cells in
the periphery. Additionally, androgens
also induce thymic involution by causing
a decline in the input of bone-marrow-
derived stem cells into the gland and a loss
of thymic epithelial cells, thus altering cell
trafficking, reducing thymocyte prolifera-
tion, and increasing thymocyte apoptosis.3

More recently it has become increasingly
evident that androgen deprivation results
in re-expansion of the involuted thymus
of adult animals and men, leading to mea-
surable changes in the pool of circulating
T cells. In the periphery, lymphocytes
undergo testosterone- and dihydrotestos-
terone- (DHT) mediated suppression by
the virtue of their expression of both the
cytosolic and membrane forms of the

androgen receptor (AR). For example, tes-
tosterone treatment of patients with mul-
tiple sclerosis significantly reduced IL-2
and increased transforming growth factor
b1 (TGFb1) production.4 It was later
shown in multiple mouse models that
androgen deprivation ameliorated immu-
nosurveillance of prostate tumors by cir-
cumventing immune tolerance to tumor
antigens in immunized animals.5-7 Conse-
quently, the idea of combining hormone
therapy with immunotherapy and
other standard cancer therapies is now
being clinically tested in prostate cancer
patients.

To date, very little is known about the
cell signaling events that mediate
androgen’s immunogenic effects. Recent
reports have shown that gender dichot-
omy in CD4C T-cell differentiation was
regulated through peroxisome prolifera-
tor–activated receptor a (PPARa).
PPARa is more abundant in male-derived
CD4C T cells as compared to those origi-
nating in females and its expression is sen-
sitive to androgen levels. Deletion of
PPARa selectively removes the brake on
nuclear factor kB (NF-kB) and c-Jun
activity in male T lymphocytes, resulting
in higher production of interferon g
(IFNg) and tumor necrosis factor a
(TNFa).8 It was later shown that human
T cells exhibit a sex difference in the pro-
duction of IFNg and IL-17A that may be
driven by differential expression of both
PPARa and PPARg.9

We have recently identified a new sig-
naling mechanism that is triggered by
testosterone in T cells.10 In an attempt
to identify potential regulators of andro-
gen-mediated immunosuppression, we
profiled the transcriptome of CD4C T
cells from surgically castrated and con-
trol (intact) male mice and performed
pathway analysis. We found that andro-
gen deprivation dramatically altered
gene expression patterns that regulate T-
cell differentiation. We further analyzed
the effects of androgen on murine and
human T cell differentiation in vitro
using testosterone-free culture condi-
tions and testosterone supplementation
and found that testosterone suppresses T
helper type 1 (Th1) differentiation,
resulting in reduced expression of Th1
markers T-bet, IFNg, IL-12Rb and IL-
18R1.10 In addition, testosterone
reduced the phosphorylation rate of
tyrosine kinase 2 (TYK2) and signal
transduction and activator of transcrip-
tion 4 (STAT4) in response to IL-12
challenge, and reduced the threshold of
IL-12 required to induce Th1 differenti-
ation. The latter finding might explain
our observation that T cells infiltrate
various tissues in castrated mice, even in
the absence of antigen priming. Many
differentially expressed genes that con-
tribute to regulation of Th1 differentia-
tion are related to the JAK/STAT
pathway. Among these, , protein-tyro-
sine phosphatase non-receptor type 1
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(PTPN1, also known asPTP1B), was
downregulated in CD4C T cells from
both castrated mice and prostate cancer
patients undergoing androgen depriva-
tion therapy (ADT). Consistently, tes-
tosterone up-regulated PTPN1
expression in vitro. PTPN1 can dephos-
phorylate the phosphotyrosine residues
of many kinases including insulin recep-
tor kinase, leptin receptor, epidermal
growth factor receptor, insulin-like
growth factor 1 receptor, colony stimu-
lating factor 1 receptor, c-Src, and focal

adhesion kinase as well as other tyro-
sine-phosphorylated proteins, including
STAT5, BCAR1, DOK1, b-catenin and
cortactin. Interestingly, PTPN1 also
dephosphorylates JAK2 and TYK2, 2
JAK/STAT pathway kinases that play a
major role in lymphocyte responses to
IL-12 and IL-23 and Th1 and Th17
cell-fate specification. More importantly,
we showed that pharmacological inhibi-
tion of PTPN1 in the presence of
testosterone restoresIL-12-induced TYK2
and STAT4 phosphorylation, thus

establishing PTPN1 as a direct mediator of
testosterone-mediated suppression of Th1
differentiation.10 Finally, we identified an
androgen receptor-binding site in the intron
between exons 3 and 4 of the Ptpn1 gene, a
site that is conserved across multiple species
but different from the previously reported
sites found in other cell types.

The use of PTPN1 inhibitors for the
treatment of type 2 diabetes and obesity
in preclinical trials has generated much
enthusiasm in the last decade. Yet, this
approach has met with a multitude of
technical challenges. However, as new,
more specific and efficient inhibitors are
being generated, it is tempting to specu-
late that PTPN1 may represent a viable
target for cancer immunotherapy, like
the other, more popular immune check-
points cytotoxic T lymphocyte associ-
ated protein 4 (CTLA-4), programmed
cell death 1 (PD-1) and lymphocyte
activation gene 3 (LAG-3). Overall, our
findings bring new insight into the
mechanisms linking androgens to auto-
immunity (Fig. 1), and provide ratio-
nale for the combination of PTPN1
inhibitors in conjunction with cancer
immunotherapy.
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Figure 1. Multicompartmental action of androgens on the immune system. Androgen-induced
immune regulation takes place in the thymus and peripheral immune system by suppressing T
helper type 1 differentiation. The expression of the key regulatory molecule protein-tyrosine phos-
phatase non-receptor type 1 (PTPN1) in T lymphocytes is transcriptionally upregulated by dihydro-
testosterone activation of androgen receptor. PTPN1-mediated regulation of Th1 and Th17 cell-fate
specification occurs, in turn, via PTPN1 phosphatase activity that attenuates the cytokine-induced
JAK/STAT signaling axis, thus dampening Th1 and Th17 differentiation.
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