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The role of estrogen receptor signaling in suppressing
the immune response to cancer
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Immune checkpoint blockade (ICB) therapies are standard of care for
the treatment of many solid tumors. While some patients with cancer
experience exceptional and long-term responses, intrinsic and acquired
mechanisms of resistance limit the clinical efficacy of ICBs. In addition,
ICBs can elicit life-threatening side effects. Alternative options that can

increase ICB responses without added toxicities are needed. In this issue of
the JCI, Chakraborty et al. explored the role of estrogen receptor a. (ERa) in
modulating ICB activity. Using transcriptomics and preclinical melanoma
maodels, the authors show that ERa signaling in tumor-associated
macrophages contributed to an immune-suppressive state within the
tumor microenvironment (TME) by promoting CD8* T cell dysfunction

and exhaustion. Further, in murine melanoma models, the addition of
fulvestrant, a selective estrogen receptor downregulator (SERD) approved
for the treatment of breast cancer, enhanced the antitumor effects of ICB.
These results provide a rationale for human trials to test the combination of

antiestrogens with ICBs.

ERa signaling remodels the
tumor microenvironment
One of'the limitations of conventional can-
cer treatment is the incomplete consider-
ation of interactions between tumor cells
with their microenvironment. Most tar-
geted cancer therapies do not address the
interplay between cancer cells and their
essential host nontumor support cells.
Healthy host cells are inherently more
genetically stable and could provide a less
variable target for emerging therapies.
One of the critical factors regulating the
tumor microenvironment (TME) may be
estrogenic stimulation (Figure 1).
Estrogen receptor a (ERa) is expressed
in multiple cell types, and its activity is
involved in multiple aspects of normal
human physiology, including the growth
and development of female reproductive

tissues, bone integrity, cardiovascular and
central nervous system functions, normal
mammary development, and immune
response. Studies suggest that in patients
with cancer, men may receive greater ben-
efit from immunotherapy than women and
that this phenomenon is related to sex dif-
ferences in circulating steroid hormones.
Specifically, higher circulating estrogen
concentrations in women likely promote
tumor growth via a cancer cell-extrin-
sic mechanism by modulating the TME.
Results from a 2018 meta-analysis evalu-
ating randomized trials of immune check-
point blockade (ICB) agents used to treat
cancers, including melanoma, non-small-
cell lung, renal cell, urothelial, head and
neck, gastric, and mesothelioma cancers,
found that overall survival rates for men
were substantially higher than those for
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women (1). This analysis excluded clinical
trials of anti-programmed death ligand
1 (anti-PD-L1) drugs, and a more recent
meta-analysis found that the patient’s sex
was not associated with ICB efficacy (2).
However, evidence from patients who
were not treated with ICBs suggests that
high estrogen levels and ERa signaling
increase the risk of developing melanoma
for women. Conversely, the use of adju-
vant antiestrogen therapy in patients with
breast cancer is associated with a lower
risk of developing secondary melanoma
compared with the general population (3).
Whether there are true sex differences in
responses to ICB therapy remains contro-
versial. However, strong, supportive data
suggest that ERa signaling modulates the
immune TME, leading to ICB resistance.
In addition, given that men also have cir-
culating estrogens, the study in this issue
of the JCI by Chakraborty et al. (4) show-
ing that inhibition of ERa signaling can
enhance the response to ICB therapy is
therefore relevant to cancers in both sexes.

To investigate the role of ERa in mod-
ulating the antitumor activity of ICBs,
Chakraborty and co-authors analyzed
transcriptomic data sets from patients with
melanoma to test for correlations between
signatures of tumor myeloid cell infiltra-
tion and patients’ response to ICB therapy.
The authors found that the predominant
suppressive myeloid cells in the TME were
myeloid-derived suppressor cells (MDSCs)
and  tumor-associated = macrophages
(TAMs). The MDSC signatures were not
predictive of the patient’s response; how-
ever, a signature for polarized TAMs was
associated with the response. Specifically,
enrichment of the M1, but not M2, mac-
rophage gene signature was associated
with better responses to ICB therapy. Fur-
thermore, the M1/M2 ratio gene signature
was associated with better overall survival
in patients with melanoma receiving ICB
therapy (4). These results, and studies
showing that ERa signaling affects the

1


https://www.jci.org
https://doi.org/10.1172/JCI151347
https://doi.org/10.1172/JCI155476

:

COMMENTARY

f Fulvestrant LN

Proinflammatory Estrogen receptor

cytokines dimerization
%0 )
Androstenedione E1l
-

@ o
/—\‘

Testosterone E

Adipocyte

., Estrogen receptor
“) dimerization

—

MDSC

CD8* tumor-infiltrating
lymphocyte

The Journal of Clinical Investigation

Tumor cell
growth

Figure 1. Model for estrogen remodeling of the TME. E1 and E2 signal through the estrogen receptor in MDSCs to promote tumor growth. Estrogen signal-
ing increases the immunosuppressive activities of tumor-infiltrating immune cells, including the suppression of CD8* T cells. Treatment with fulvestrant
inhibits tumor growth by blocking ERa signaling and increasing the intratumoral macrophage ratio and cytotoxic T cell capabilities. Fulvestrant also blocks
estrogen signaling within adipocytes. Adipocytes produce estrogen via the enzyme CYP19 and release cytokines that recruit macrophages and T cells and

induce chronic inflammation.

immune system (5), led the authors to
hypothesize that ERa modulates the TME,
resulting in ICB resistance. They tested
this theory using melanoma as a model
for ICB activity. First, they showed that
ERa was expressed at negligible levels in
the melanoma cells, which established
the utility of these models for studying
cancer cell-extrinsic actions of ERa sig-
naling. Using three separate syngeneic
murine melanoma models, the researchers
showed that 17B-estradiol (E2) treatment
in tumor-bearing ovariectomized mice led
to increased tumor growth. In addition,
E2 treatment in an autochthonous murine
model of activated B-RafV¢°°t and homozy-
gous deletion of Pten also led to increased
tumor growth. RNA-Seq of tumor-infil-
trating immune cells isolated from these
tumors showed that E2 treatment resulted
in changes in gene expression patterns in
TAMs. Additional studies, including deple-
tion of ERa in the mouse myeloid cells led
the researchers to conclude that ERa sig-
naling increases the immunosuppressive
activities of tumor-infiltrating myeloid
cells. In all, the preclinical study results
suggest that E2 activation of ERa exerts a
direct effect on macrophages to suppress
the proliferation and activity of both CD4*
and CD8* T cells (4).

Having established that ERa signaling
increased the immunosuppressive activi-
ty of tumor-infiltrating myeloid cells, the

authors tested whether blocking ERa using
fulvestrant, a selective estrogen receptor
downregulator (SERD) approved for the
treatment of breast cancer, could inhibit
tumor growth in vivo. Substantial tumor
growth inhibition was observed in all three
syngeneic models when fulvestrant was
given alone at a dose comparable to that
used in patients with breast cancer. These
results suggest that fulvestrant treatment
alone can inhibit melanoma tumor growth
by blocking the effects of ERa signaling
and suppressing the immune response
(Figure 1). An important next step was to
determine whether the combination of
fulvestrant with the immune checkpoint
inhibitor anti-programmed cell death 1
(anti-PD-1) in both PD-l1-sensitive and
PD-1-resistant murine melanoma models
was superior to single-agent treatment.
In both models, the combination outper-
formed the single agent. Taken together,
their in vivo studies indicate that pharma-
cological targeting of ERo can improve the
efficacy of ICBs (4).

It is of some interest to determine the
mechanisms of hormonal stimulation
responsible for this immunosuppression.
A critical issue in evaluating this work
involves the choice of estrogens. Recent
data have shown that estrone (E1) is not
simply a slightly weaker ERa agonist but
rather evokes a critically different ERo-reg-
ulated transcriptome with an emphasis

on proinflammatory pathways mediated
by NF-kB (6). After menopause, ovarian
E2 declines, and estrone (E1), synthe-
sized from adrenal androstenedione by
aromatase primarily in fat, dominates (7).
In obesity, androstenedione synthesis
remains unchanged (8), but its aromatiza-
tion to E1 in fat increases (9). Consequent-
ly, women with obesity have two to four
times higher E1 levels, and both obesity
and high E1 levels correlate with a greater
ER-positive breast cancer risk after meno-
pause (10). Adipocytes mediate inflamma-
tion and immunosuppression by activating
NF-kB and cytokine induction. Adipose
tissue releases cytokines that recruit mac-
rophages and T cells to induce chronic
inflammation (11-13). An expanded pre-ad-
ipocyte population produces proinflamma-
tory cytokines, including IL-6, IL-8, and
CCL2, that drive pre-adipocyte prolifer-
ation (11) and stimulate IL-18 and TNF-a
to recruit monocytes and T cells, thereby
perpetuating inflammation (14). Recent
experiments in breast cancer models indi-
cate that the tumor-promoting activities of
E2 are far less than those of E1 (5), which
may explain the mechanism by which
receptor inactivation by SERDs decreases
the proinflammatory and immunosuppres-
sive environment. This mechanism also
opens the possibility of blocking estrogen
production (E1 and E2) in the treatment of
cancer using an aromatase inhibitor (AI) in
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postmenopausal women, or ovarian sup-
pression therapy in combination with an AI
in premenopausal women.

Clinical implications

ICB therapy has proven effective for the
treatment of many solid tumors, but its
efficacy in treating breast cancer is mod-
est. Given the results from Chakraborty et
al. (4) showing that ERa has cancer cell-
extrinsic effects that promote tumor growth
by inhibiting host immune response, it is
interesting to consider how this effect might
contribute to breast cancer. While antiestro-
gens are effective treatments, they do not
work in patients with ER-negative breast
cancers, and nearly one-third of patients
with ER-positive disease receive no bene-
fit. Moreover, all patients with ER-positive
metastatic breast cancer (MBC) ultimately
become refractory to all known antiestro-
gens (15). Therefore, several clinical studies
have explored the efficacy of single-agent
ICB therapy in patients with MBC. For
example, in the KEYNOTE-086 study, the
response rate to single-agent pembroli-
zumab in previously treated metastatic tri-
ple-negative breast cancer (nTNBC) was
5.3%, but a subset of patients with PD-L1-
positive tumors and no previous treatment
had an objective response rate (ORR) of
21.4% (16). In a study of single-agent pem-
brolizumab in PD-Ll-positive advanced
ER-positive breast cancers, KEYNOTE-028
reported an ORR of 12.0% (17). Although
the rates of response to anti-PD-1/anti-
PD-L1 monotherapy appear to be modest in
both ER-positive MBC and mTNBC, select
patients do achieve durable responses.
ER-positive breast cancer is thought to be
relatively immunologically cold compared
with TNBC, largely indicated by low-fre-
quency biomarkers that also predict ICB
benefit in the primary disease setting. For
example, in primary tumors, HR-positive
breast cancer on average has lower levels of
CD8" tumor-infiltrating lymphocytes, less
PD-L1 positivity on tumor cells and immune
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cells, and a lower somatic mutational bur-
den compared with TNBC (18-20). To date,
clinical trials testing ICB for the treatment
of breast cancer have been conducted in
patients with mTNBC or ER-positive MBC
who have become refractory to antiestro-
gen therapy. Therefore, the combination of
ICBs with antiestrogens has yet to be tested
and could prove effective in these patients.
If estrogens (E1 and E2) exert critical action
within the TME and on adipocytes (or
MDSCs) to promote the immunosuppres-
sive environment, drugs such as fulvestrant
may have a role to play in tumors in which
the cancer cells themselves are ER negative,
such as TNBC or melanoma.
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