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Targeting TET3 in macrophages provides a concept
strategy for the treatment of endometriosis
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Macrophages overexpress TET3
in endometriosis
Macrophages are key immune cells in
inflammation and tissue repair that con-
tribute to the pathogenesis of endome-
triosis. Proinflammatory macrophages
are actively recruited to endometriotic
lesions, where they exacerbate to the local
inflammatory environment by secreting
cytokines, growth factors, and other proin-
flammatory mediators (1). Their altered
function in endometriosis promotes angio-
genesis, tissue remodeling, and resistance
to immune clearance, thereby perpetuat-
ing the condition’s chronic nature (1).
Ten-eleven translocation 3 (TET3), a
member of the TET enzyme family, plays
a pivotal role in regulating DNA methyl-
ation and gene expression by converting
5-methylcytosine to 5-hydroxymethylcyto-
sine (2). Chronic overexpression of TET3 is

Endometriosis, characterized by the presence of endometrial-like tissue
outside the uterus, is a condition associated with pain and infertility. In
this issue of the JCI, Lv et al. illuminate the critical pathophysiological role
of the ten-eleven translocation 3 (TET3) in endometriosis. TET3 expression
levels were higher in macrophages of endometriotic lesions compared with
control endometrial tissue, implicating TET3 as a contributing factor in

the chronic inflammation that occurs in endometriosis. TGF-$1and MCP1
are present in the peritoneal cavity of women with endometriosis, and
macrophage exposure to these factors resulted in upregulation of TET3,
thereby promoting their survival. Notably, Bobcat339, a selective TET
inhibitor, induced apoptosis in these macrophages. Further, myeloid-specific
TET3 loss reduced endometriosis in mice. RNA-Seq analysis following
TET3 knockdown revealed alterations in cytokine signaling and cell-death
pathways, underscoring the therapeutic potential of targeting TET3 in
macrophages as a strategy for managing endometriosis.

linked to various inflammatory conditions,
including type 2 diabetes and liver fibro-
sis, suggesting a broader involvement of
TET3in inflammatory processes (2). In this
issue of the JCI, Lv et al. (3) demonstrate an
association between TET3-overexpressing
macrophages and inflammation in endo-
metriosis. The authors used rigorous meth-
odologies including single-cell RNA-Seq
(scRNA-Seq) data analysis, genetic and
pharmacological approaches, and both in
vitro and in vivo models facilitating a thor-
ough examination of TET3’s role in mac-
rophages. Specifically, they observed an
eight-fold increase in TET3-overexpress-
ing macrophages in peritoneal endometri-
otic lesions compared with healthy endo-
metrial tissue, emphasizing TET3’s role in
the disease’s inflammatory milieu.

highly  adapt-
able cells that modify their functions in

Macrophages are
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response to environmental signals (4).
Lv et al. demonstrated that factors such
as TGF-B1 and MCP1, which are elevated
in the peritoneal cavities of patients with
endometriosis, can upregulate TET3 in
macrophages. Additionally, conditioned
media from endometriotic stromal cells
further enhanced TET3 expression, an
effect that was mitigated by TGF-B1-
specific antibodies. These findings indi-
cate that TET3 is dynamically regulated
by the endometriotic microenvironment,
affecting macrophage function and surviv-
al. Moreover, TET3 knockdown induced
apoptosis, further indicating TET3 as a
crucial factor for macrophage viability (3).

TET3-overexpressing
macrophages promote
inflammation in endometriosis
RNA-Seq analysis revealed that TET3
knockdown particularly changed pathways
related to cytokine/chemokine signaling
and cell death. There was an upregulation
of proapoptotic genes such as Bcl2l11, Bid,
and Pmaipl alongside alterations in genes
involved in inflammatory responses. Nota-
bly, the modulation of IL-6 expression
in response to TET3 levels underscores
its impact on macrophage function and
inflammation (3). IL-6 is crucial for macro-
phage polarization and survival, influenc-
ing the broader inflammatory landscape of
endometriosis (5, 6). Elevated IL-6 levels
are often associated with increased macro-
phage activity and chronic inflammation,
further linking TET3 with disease pathol-
ogy. The interplay between TET3 and
IL-6 suggests that TET3-overexpressing
macrophages may drive the inflammatory
response in endometriosis by modulating
IL-6 signaling (Figure 1). Understanding
this relationship provides insight into how
TET3 contributes to the disease’s inflam-
matory environment and highlights poten-
tial therapeutic targets.

TET enzymes, particularly TET3, play a
crucial role in modulating the gene-expres-
sion profiles of macrophages through their
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epigenetic modifications. This capability
enables macrophages to rapidly adapt to
changes in their environment, a vital func-
tion given their role in immune responses
(7). Unlike other cell types, macrophages
exhibit remarkable plasticity, allowing
them to continuously adjust their func-
tional states between proinflammatory and
antiinflammatory phenotypes in response
to local stimuli. This dynamic modulation
is essential for effective immune respons-
es and tissue repair, as macrophages must
respond appropriately to varying sig-
nals encountered during inflammation
and injury (7). Within this context, TET3
emerges as a pivotal regulator of macro-
phage gene expression, underscoring its
importance in the broader framework of
immune adaptability.

A central component of this regula-
tory network is IL-6, a proinflammatory
cytokine that becomes activated in chronic
disease states (8). Lv et al. have shown that
TET3 overexpression in macrophagesleads
to increased IL-6 levels, which are mediat-
ed by the inhibition of let-7 microRNAs (3).
Upon stimulation, IL-6 activates the JAK/
STAT3 signaling pathway, facilitating the
recruitment of STAT3 to specific gene pro-
moters, including those that regulate IL-6
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and other inflammatory mediators (8, 9).
This interaction enhances the transcrip-
tion of genes associated with inflamma-
tion, thereby facilitating the transition of
macrophages to a proinflammatory state.
Moreover, TET3 has been shown to inter-
act directly with STAT3, further complicat-
ing the regulatory mechanisms at play (10).
This direct interaction suggests that TET3
may influence gene expression indirectly
through IL-6 and enhance the transcrip-
tional activity of STAT3 itself, amplifying
the inflammatory response.

Thus, the interplay among TET3, IL-6,
and STAT3 is vital for maintaining the
balance between proinflammatory and
antiinflammatory macrophage states. This
balance is crucial for effective immune
regulation, as dysregulation of these path-
ways can lead to persistent inflammation
and contribute to various inflammatory
diseases including endometriosis. Under-
standing the intricate relationships among
TETS3, IL-6, and STAT3 not only provides
valuable insights into the molecular mech-
anisms underlying macrophage function,
but also highlights potential therapeutic
targets for modulating immune responses,
offering hope for the future of immune-
response modulation.
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Figure 1. Macrophage-expressed TET3 has
a pathophysiological role in endometri-
osis. In a healthy uterine environment,
antiinflammatory, repair macrophages
produce interleukins and interferons that
maintain healthy tissue. In contrast,
inflammatory macrophages associat-

ed with endometriotic lesions express
increased TET3 levels. The endometri-
osis environment has increased levels

of TGF-B1and MCP1, both of which can
induce TET3 expression in macrophages.
TET3 blocks the posttranscriptional miR-
NA regulator let-7, resulting in increased
production and secretion of the proinflam-
matory cytokines IL-6 and IL-1B. TET3 also
interacts with the STAT3/NCOR1/HDAC4
transcriptional corepressor complex to
exert additional inflammatory effects.

Other immune
dysfunction

Clinical implications and
considerations

Lv et al’s use of human and mouse mod-
els enhances the robustness and appli-
cability of the findings, providing strong
translational potential. Targeting TET3
offers a promising strategy to modu-
late the inflammatory environment in
endometriosis. Bobcat339 is a synthetic
molecule that destabilizes TET3 (3). Par-
ticularly important was the finding that
Bobcat339 selectively degraded TET3
and reduced endometriosis progression in
mice. Bobcat 339 also promoted apopto-
sis in TET3-overexpressing macrophages
via von Hippel-Lindau (VHL) E3 ubiqui-
tin ligase-mediated degradation. These
findings emphasize the importance of
TET3 in macrophage function and offer a
treatment strategy for endometriosis and
possibly other related inflammatory condi-
tions. However, the complexity of TET3’s
involvement across different cell types
calls for more research to fully understand
its potential side effects and to develop tar-
geted therapies.

Despite numerous strengths of Lv et
al., some areas for improvement exist.
The reliance on a single marker (CD163)
to identify macrophages in human and
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mouse tissues, for example, might not
fully capture the heterogeneity within
macrophage populations and could over-
look other influential subpopulations (11).
Additionally, Lv et al. (3) did not address
the potential variability in TET3 expres-
sion and macrophage behavior across dif-
ferent stages of endometriosis or among
different patient demographics, which
could impact the generalizability of the
findings. Another methodological concern
involved the use of the LysM-cre strain
for myeloid-specific Tet3 knockout, as
LysM is also expressed in other myeloid
lineage cells, including granulocytes and
dendritic cells (12, 13). This crossreactiv-
ity could introduce confounding factors
that obscure the specific effects of mac-
rophage-specific TET3 loss. Furthermore,
while the study demonstrated the thera-
peutic potential of Bobcat339, it did not
thoroughly explore the potential off-target
effects and long-term safety of this com-
pound, which are crucial for clinical trans-
lation. Preclinical studies focusing on the
pharmacokinetics, pharmacodynamics,
and toxicity profiles of such compounds
will be essential for advancing them
toward clinical trials.

Overall, Lv et al. (3) provides valuable
insights into the role of TET3-overex-
pressing macrophages in endometriosis,
highlighting their effects on inflammation
and the microenvironment. The inter-
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play between TET3 and IL-6 particularly
underscores the importance of targeting
TET3 in macrophages as a promising strat-
egy to improve outcomes for patients with
endometriosis. We look forward to further
investigations that explore the clinical
implications of TET3-targeted therapies.
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