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ABSTRACT

Background: Castration-resistant prostate cancer (CRPC) remains a lethal progression state
despite androgen-deprivation therapy, driven by epigenetic plasticity and a fibrotic tumour
microenvironment. Single-agent epigenetic inhibitors have limited activity in solid tumors,
partly because compensatory H3K27me3-mediated silencing may preserve gene repression
after DNMT inhibition.

Objective: To comment on a recent PNAS study and evaluate the mechanistic and trans-
lational rationale for dual DNMT-EZH2 inhibition as a stroma-directed strategy in CRPC.
Discussion: The study shows that DNMT inhibitor monotherapy induces compensatory
EZH2-dependent H3K27me3 deposition at the ADAMTST locus, maintaining silencing of this
collagenase. Dual DNMT-EZH2 targeting reactivates ADAMTS1, promotes collagenolysis, and
disrupts FAK/MAPK/EMT mechanotransduction, thereby counteracting androgen-indepen-
dent survival. In immunocompetent preclinical models, the combination achieves over 90%
tumoursuppression,increases CD8" T-cellinfiltration by 11.4-fold, reducesimmunosuppressive
cells, and activates interferon-driven innate immune pathways with limited systemic toxicity.
Conclusion: Dual DNMT-EZH2 inhibition is a mechanistically justified preclinical strategy
that links epigenetic reprogramming, ECM remodelling, and anti-tumour immunity. Clinical
validation, biomarker development, and assessment of immune-checkpoint combinations
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are needed before translation.

Introduction

Progress in oncology frequently emerges
from discoveries that bridge epigenetic biology
and tumour-microenvironment research. Andro-
gen-deprivation therapy (ADT) remains standard
care for advanced prostate cancer, yet many patients
progress to lethal castration-resistant prostate cancer
(CRPC). Resistance arises through multiple routes,
including androgen receptor alterations, neuroen-
docrine trans-differentiation, and epigenetic dys-
regulation. Although DNMT and EZH2 inhibitors
have shown clinical activity in hematological malig-
nancies, single-agent epigenetic inhibition generally
produces unsatisfactory responses in solid tumors
such as CRPC.

A key unresolved question concerns the com-
pensatory crosstalk between two repressive chroma-
tin marks: DNA methylation and H3K27me3. After
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DNMT inhibition, H3K27me3 can act as a second-
ary silencer that preserves gene repression and lim-
its therapeutic benefit. CRPC is also characterized
by a dense fibrotic extracellular matrix (ECM). Stiff,
collagen-rich stroma activates androgen-indepen-
dent survival signaling and forms a physical barrier
that restricts cytotoxic T-cell infiltration, contrib-
uting to local immunosuppression. Although these
components have been studied separately, how epi-
genetic plasticity cooperates with ECM biomechan-
ical remodelling has remained under-appreciated.
A recent PNAS study addresses this gap and rais-
es important translational questions for advanced
prostate cancer [1].

Epigenetic Compensation in a Tumour-Stromal
Context
Earlier work documented compensatory H3K27-
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me3 accumulation following DNMT inhibition [2],
mainly in hematological models [3-5]. Whether this
epigenetic switch regulates ECM-remodelling genes in
stroma-rich CRPC was previously unclear.

Current clinical oncology does not regard DNMT
or EZH2 monotherapy as sufficient for CRPC. CRPC
resistance is multifactorial, shaped by genetic alter-
ations, androgen-receptor plasticity [6], epigenetic
rewiring [7], and stromal signals [8]. Nevertheless,
clinical cohorts show that higher EZH2 and DNMT
expression correlates with poorer survival, and pros-
tate cancer specimens display a reciprocal negative
correlation between H3K27me3 and DNA methyla-
tion. These observations suggest that this epigenetic
switch is associated with aggressive disease features.

They also give rise to a testable hypothesis: com-
pensatory epigenetic silencing of ECM-regulatory
genes such as ADAMTSI may represent an important
bottleneck limiting epigenetic therapy efficacy.
Definitive clinical evidence is lacking, but this
mechanistic model warrants objective experimental
evaluation.

Fibrotic Stroma as a Driver of Resistance

CRPC remains a major cause of cancer-related
mortality among men. Despite modern androgen-re-
ceptor-targeted therapies, stroma-driven resistance
frequently emerges. Fibrotic ECM increases tumor
stiffness and activates FAK/MAPK/EMT mechano-
transduction, and sustains androgen-independent
tumour-cell survival. Such resistance cannot be fully
overcome by agents that target only tumour-cell-in-
trinsic pathways.

Dense collagen also contributes to immunother-
apy failure. Immunologically “cold” CRPC shows
scarce CD8" T-cell infiltration together with abundant
immunosuppressive macrophages and regulatory T
cells. Although cancer-cell-intrinsic defects contrib-
ute to immune escape, the fibrotic matrix physical-
ly restricts T-cell access to tumour sites. This creates
a major clinical obstacle: even effective tumour-cell
killing may fail if stromal exclusion persists.

Linking Epigenetic Reprogramming, ECM
Remodelling, and Immunity

The featured PNAS study supports an intercon-
nected model in which epigenetic state, ECM archi-
tecture, and anti-tumour immunity are functionally
linked. Key observations include:

¢ DNMT-inhibitor —monotherapy triggers

compensatory EZH2-dependent H3K27me3

deposition at the ADAMTSI locus,
maintaining silencing of this collagenase
despite partial DNA hypomethylation.

e Dual DNMT-EZH?2 targeting disrupts this
epigenetic switch and synergistically reacti-
vates ADAMTSI; restored ADAMTS]I drives
collagenolysis and degrades fibrotic tumour
stroma.

o ADAMTSI-mediated ECM  breakdown
inactivates FAK/MAPK/EMT mechano-
transduction and counteracts castration
resistance; ADAMTSI knockdown largely
abrogates the anti-tumour benefit of dual
epigenetic therapy.

¢ In immunocompetent preclinical models,
combined DNMT-EZH?2 inhibition achieves
over 90% tumour suppression, increases
CD8* T-cell infiltration by 11.4-fold, reduc-
es immunosuppressive cell populations, and
stimulates interferon-driven innate immune
pathways.

e In vivo studies suggest limited systemic tox-
icity, supporting further translational explo-
ration.

These findings underscore the value of co-target-

ing chromatin plasticity and the stromal biomechani-
cal niche to overcome solid-tumour resistance.

Translational Considerations

Although durable tumour control with DNMT-
EZH2 dual inhibition has not yet been demonstrated
in patients with CRPC, the combination represents a
biologically plausible therapeutic concept. Dual epi-
genetic targeting relieves silencing of ECM-remodel-
ling genes while remodelling the immunosuppressive
microenvironment, and clinically available DNMT
and EZH2 inhibitors could be repurposed.

Several practical considerations should be ad-

dressed before clinical implementation:

e Profile human CRPC biopsies to deter-
mine how frequently ADAMTSI undergoes
dual silencing by DNA methylation and
H3K27me3 across clinical subtypes.

o Validate therapeutic responses in patient-de-
rived xenografts or organoids, which were
not used in the original study.

e Prioritize selective DNMT1 inhibitors or
EZH2 degraders to reduce oft-target epigen-
etic perturbation in normal tissues.

o Explore whether dual epigenetic therapy syn-
ergises with immune-checkpoint blockade.



e Develop epigenetic biomarkers to select pa-
tients most likely to benefit from this com-
bination.

Conclusion

The crosstalk between epigenetic plasticity and
fibrotic tumour microenvironments is an active re-
search frontier in prostate cancer biology. Current
data are largely confined to preclinical systems,
and human trial outcomes are not yet available.
Nevertheless, dual DNMT-EZH2 targeting dis-
rupts a critical compensatory epigenetic switch, re-
stores ADAMTSI-driven ECM remodeling, blunts
mechanotransduction-mediated resistance, and re-
lieves local immunosuppression.

The concept of epigenetic-ECM co-evolution
expands our understanding of CRPC beyond tu-
mor-cell-centered perspectives. Future work should
define the prevalence of this silencing signature
across human CRPC subgroups, improve drug se-
lectivity, and assess rational combinatorial regimens.
Until clinical data emerge, dual DNMT-EZH?2 inhi-
bition remains a promising, mechanistically justified
preclinical strategy for overcoming stroma-driven
resistance in CRPC and potentially other ECM-rich
solid malignancies.
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