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Known endocrine resistance
mechanisms in breast cancer
Estrogen receptor—positive (ER') breast
cancer accounts for the majority of breast
cancer diagnoses and is predominantly
categorized by luminal subtypes through
transcriptional profiling (1), reflecting hor-
mone-regulated gene expression. Endo-
crine resistance in ER* breast cancer has
traditionally been attributed to tumor-
intrinsic mechanisms, including activation
of growth factor signaling pathways such
as PI3BK/AKT and MAPK, dysregulat-
ed cell-cycle control (2), and epigenetic
remodeling that sustains estrogen-inde-
pendent transcriptional programs (3) as
well as the acquired estrogen receptor o
(ESR1) ligand-binding domain mutations
under the pressure of endocrine therapy
(4). These processes enable tumor cells to
bypass estrogen dependence and limit the
effectiveness of aromatase inhibitors and
selective estrogen receptor degraders. How-

A major unmet need in estrogen receptor-positive (ER*) breast cancer

is understanding the mechanisms that underlie resistance to endocrine
therapy. Although accumulating evidence suggests an association between
the tumor immune microenvironment (TIME) and endocrine response,

the specific role of the TIME in mediating endocrine resistance remains
unclear. In this issue of the JC/, Napolitano et al. analyzed tumor biopsies
from patients with ER* breast cancer and reported that endocrine-resistant
tumors exhibited heightened CD8* T cell infiltration and activation of the
CXCL11 — CXCR3/-7 axis. Spatial and coculture analyses of these tumors
demonstrated that the CD8" T cell-associated chemokine CXCL11 drove
estrogen-independent tumor growth. These findings identify an immune-
mediated mechanism of endocrine resistance in breast cancer and identify
CXCL11 as a potential biomarker and therapeutic vulnerability.

ever, these tumor cell-intrinsic pathways do
not fully explain the heterogeneity of clini-
cal resistance (2, 5).

CD8* T cells as unexpected
partners in endocrine
resistance

The tumor immune microenvironment
(TIME) in breast cancer is highly hetero-
geneous and exerts a profound influence
on tumor biology, treatment response,
and clinical outcomes. It is composed of
diverse immune cell populations, includ-
ing tumor-infiltrating lymphocytes (TILs),
whose abundance, phenotype, and func-
tional state differ markedly across molecu-
lar tumor subtypes (6). CD8" cytotoxic T
lymphocytes (CTLs) are key components
of the TIL population that recognize
tumor antigens presented on MHC class
I molecules and eliminate malignant cells
primarily through the release of perfo-
rin and granzymes, as well as via death
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ligand—mediated apoptosis. High TIL lev-
els, especially in triple-negative breast can-
cer (TNBC) and human epidermal growth
factor receptor 2—positive (HER2") breast
cancers, are predictive biomarkers associat-
ed with improved prognosis (7, 8).

Although ER* breast cancers generally
display relatively lower levels of TILs (9,
10), accumulating evidence suggests that
immune infiltration may modulate endo-
crine responsiveness. Notably, increased
TILs and immune-related genes have been
linked to a poor antiproliferative response
to neoadjuvant aromatase inhibitor treat-
ment (11, 12). Consistent with these obser-
vations, pooled analyses from the German
Breast Cancer Group demonstrated that
higher TIL levels were associated with
worse survival in patients with luminal
HER2" tumors (10).

Consistent with these findings, in this
issue, Napolitano et al. (13) have demon-
strated that tumors resistant to estrogen
deprivation are not immune silent but
instead exhibit an immune-inflamed phe-
notype (Figure 1). Through spatial tran-
scriptomics and CIBERSORT-based cell
population deconvolution of pre- and
biopsies
with hormone receptort breast cancer,

post-treatment from patients
the authors found that endocrine-resis-
tant tumors harbored increased CD8" T
cell infiltration and showed upregulation
of IFN-responsive and antigen-processing
pathways in the TIME. Intriguingly, fea-
tures that are typically associated with effec-
tive antitumor activity in other breast can-
cer subtypes were correlated with persistent
tumor proliferation and endocrine resis-
tance. This work continues to reframe the
immune contexture of luminal tumors and
suggests that immune infiltration does not
necessarily equate to antitumor immunity.
Collectively, these findings point
toward a subset of ER* tumors that can
be characterized as “immune-inflamed but
endocrine-resistant,” raising the possibil-
ity that immune-tumor interactions may

actively promote estrogen-independent
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Figure 1. The CXCL9/-10/-11/CXCR3/-7 axis mediates resistance to estrogen deprivation in HR* breast
cancer. Napolitano et al. found that a subset of HR* breast cancers resistant to estrogen suppression
exhibited a TIME enriched with CD8* T cells (13). The TIME in these tumors was also enriched in the
chemokines CXCL9/-10/-11-CXCR3/-7 axis, and production of these chemokines by CD8* T cells (and
other immune cell populations) augmented tumor proliferation via their cognate receptors CXCR3/-7.
Thus, rather than promoting effective antitumor immunity, the immune-inflamed environment in these
endocrine-resistant tumors is subverted by CXCL11-mediated reprogramming to promote tumor growth.

growth and reflect a responsive, aggressive
tumor adaptation or mechanism of endo-
crine resistance, rather than promoting
effective antitumor immunity.

CXCL11 connects CD8* T cells to
estrogen-independent growth

A central finding by Napolitano et al.
was the selective enrichment of CXCLY,
CXCL10, and especially CXCLI! in estro-
gen deprivation—resistant tumors. These
chemokines are canonically induced by
IFN-y to recruit immune cells, regulate
their differentiation and activation, and
propagate inflammation (14). CXCL11, in
particular, is a robust chemoattractant of
activated T cells into tumors (15, 16). In
this study, spatial transcriptomics revealed
that both immune and malignant compart-
ments contributed to these chemokines,
while coculture studies showed that CD8*
T cells promoted CXCL11 secretion. Func-
tionally, recombinant CXCLI11 induced
estrogen-independent proliferation in HR*
breast cancer cell lines, activating the ERK
and AKT pathways. Knockout of its cog-
nate receptors CXCR3 or CXCR?7 abol-
ished this growth response, confirming a
mechanistic requirement for CXCL11-driv-
en signaling. Although CXCL11 is tradi-

tionally associated with antitumor immu-
nity through the recruitment of CD8" T
cells, these findings recapitulate a paradox-
ical tumor-promoting role for CXCL11 in
the context of estrogen suppression in ER*
breast cancer.

Redefining the ER* TIME
Napolitano et al. show that endocrine-
resistant tumors exhibited a paradoxical
immune-inflamed, yet tumor-permissive,
microenvironment characterized by enriched
CDS8* T cells, heightened IFN signaling,
increased antigen-processing machinery,
reduced Treg numbers, and elevated stro-
mal TIL scores. Rather than initiating tumor
clearance, this immune milieu appeared to
support estrogen-independent growth, in
part through CXCL11-mediated transcrip-
tional reprogramming. These observations
argue for reframing ER* tumors not as
immunologically “cold,” but as a subset with
immune-subverted microenvironments.

Clinical implications and
opportunities

The findings by Napolitano et al. have sev-
eral important clinical and translational
implications. From a biomarker perspective,
CXCL11 levels, either alone or as part of a
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CXCL9/-10/-11 chemokine signature, may
serve as an early indicator of tumors unlikely
to respond to endocrine therapy. Integrating
such immune-based signatures with tumor
cell-intrinsic biomarkers could refine patient
stratification for endocrine therapy.

Therapeutically, the CXCL11-CXCR3/-
7 axis emerges as a potentially targetable path-
way in ER* breast cancer. While currently
there are no clinical neutralizing antibodies
against CXCL11, agents designed to block
CXCR3 or CXCRY7 signaling, or to modulate
upstream IFN signaling cascades, could theo-
retically interrupt the proproliferative chemo-
kine signaling initiated by CD8" T cell-associ-
ated CXCL11. Small molecular inhibitors of
CXCL3 such as AMG487 have been shown
to inhibit lung metastasis in the murine 66.1
cancer model but lacked efficacy in reducing
local tumor burden or enhancing animal sur-
vival (17). Further investigations and develop-
ment of such interventions may restore endo-
crine sensitivity or prevent the development of
estrogen-independent growth, offering a new
direction for overcoming immune-mediated
resistance mechanisms.

Importantly, the same tumor immune
features that drive endocrine resistance, such
as CDS8" infiltration, antigen presentation,
and IFN activation, may also prime these
tumors for response to immunotherapy. In
this context, immune-inflamed ER* tumors
might paradoxically represent the subset
most likely to benefit from checkpoint block-
ade, as suggested by encouraging emerg-
ing clinical data in high-risk breast cancer
showing an increased pathological complete
response with the addition of anti-PD-1
inhibitors to chemotherapy (18, 19). These
insights support future clinical trials explor-
ing rational combinations of endocrine ther-
apy with immunomodulatory agents.

In parallel, advances in spatial transcrip-
tomics provide an unprecedented oppor-
tunity to characterize the TIME with high
spatial resolution. The spatial organization
of immune cells relative to the tumor epitheli-
um may predict early endocrine responses or
identify tumor cell subpopulations at risk for
adaptive resistance. Incorporating such spa-
tial biomarkers into neoadjuvant trial designs
could enable earlier therapeutic intervention
and personalized treatment adaptation.

Together, these findings redefine the
clinical paradigm of luminal breast cancer.
By demonstrating that CD8" T cells can
facilitate tumor persistence under estrogen
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deprivation through CXCLI11 signaling,
Napolitano et al. reveal an immune-endo-
crine interplay that broadens our under-
standing of resistance biology and opens
new avenues for therapeutic innovation.

Unanswered questions

Despite these advances, several important
questions remain. The triggers of CXCL11
induction are not yet fully understood, rais-
ing the possibility that estrogen withdrawal
itself, alteration of IFN-y signaling, preexist-
ing immune activation, or their interaction
may stimulate chemokine upregulation.
Additionally, although CD8" T cells appear
to be a prominent source of CXCL11, the
relative contributions of other immune cell
populations, such as macrophages or DCs,
require further clarification to define the full
cellular circuitry of this pathway in vivo. It
also remains unclear how estrogen receptor
signaling intersects with immune regulatory
networks; coordinated regulation of IFN-
responsive and estrogen-dependent transcrip-
tional programs may underlie the emergence
of immune-mediated endocrine resistance.
Finally, whether CXCL11 can serve as a
predictive biomarker for responsiveness to
immune checkpoint inhibitors in ER* breast
cancer warrants prospective clinical validation.

Conclusion

This work adds an immune dimension to
endocrine resistance, complementing estab-
lished tumor cell intrinsic drivers such as
ESR1 mutations, MAPK/PI3K pathway
activation, and cell-cycle dysregulation. By
demonstrating that CD8" T cells can facili-
tate tumor survival under estrogen depriva-
tion, Napolitano et al. highlight the neces-
sity of incorporating the TIME into future
models of endocrine resistance. Targeting
the CXCL11-driven immune-endocrine axis
may unlock new therapeutic avenues for
improving outcomes in ER* breast cancer.
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