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Abstract N°-methyladenosine (m®A) RNA modification has emerged as a pivotal epitranscriptomic mark
shaping RNA metabolism and cellular programs. Among the diverse m°A reader proteins, YTHDF2 has garnered
significant attention as a key regulator of RNA stability. Recent studies highlight the multifaceted roles of
YTHDF2 in orchestrating hematopoietic stem cell self-renewal and differentiation, fine-tuning immune cell
development and function, and modulating tumor-immune interactions within the tumor microenvironment.
YTHDF2 has also been shown to function as a reader for RNA 5-methylcytosine (mC) modification. By linking
mC®A- and/or m3C-dependent RNA dynamics to hemato-immune homeostasis, YTHDF2 functions as a central
epitranscriptomic integrator linking intrinsic genetic programs to developmental and environmental cues. Here,
we summarize current advances in understanding YTHDF2-mediated RNA regulation across physiological and
pathological contexts, discuss its potential as a therapeutic target in immune-related diseases and cancers, and
highlight future directions in the field.
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Introduction malignancies [8-10], as well as cancer and cancer
immunotherapy [11-15] has been extensively reviewed

Post-transcriptional regulation plays a critical role in by us and others. In this review, we specifically focus on

shaping gene expression programs essential for cellular
homeostasis and disease progression. Among the diverse
chemical modifications on RNA, N°-methyladenosine
(mfA) is the most abundant internal modification in
eukaryotic mRNAs, influencing RNA stability, splicing,
translation, and localization [1,2]. The biological effects
of m®A are mediated by a dynamic interplay between
methyltransferases (“writers”, e.g., METTL3, METTL14,
WTAP, KIAA1429, RBM15/RBM15B, ZC3H13, and
METTL16), demethylases (“erasers”, e.g., FTO and
ALKBHS5), and m®A binding proteins (“readers”, e.g.,
YTHDF1/2/3 and IGF2BP1/2/3), which collectively
orchestrate RNA fate in response to developmental and
environmental cues [3-6]. The broad role of mofA
modification in gene regulation [7], hematological
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YTHDF2, given its critical role and the breadth of studies
highlighting its involvement in hematopoiesis, immunity,
and cancer.

YTHDF2, a prototypical m®A reader, primarily
functions to promote mRNA degradation by recognizing
m®A-modified transcripts and recruiting decay machinery
[16,17]. Beyond its canonical role in m®A recognition,
emerging evidence suggests that YTHDF2 may also
engage with other RNA modifications, such as 5-
methylcytosine (m°C) [18], reflecting a broader
functional versatility within the epitranscriptomic
landscape. YTHDF?2 exerts widespread regulatory effects
on multiple biological processes, including hematopoietic
stem cell (HSC) self-renewal, immune cell differentiation
and activation, inflammatory response modulation, and
tumor-immune interactions [19-22]. Building on these
findings, YTHDF2 has emerged as a pivotal post-
transcriptional regulator that integrates intrinsic genetic
programs with extrinsic environmental cues to fine-tune
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cellular homeostasis [4]. In the hematopoietic system,
YTHDEF2 safeguards HSC integrity by facilitating the
clearance of pro-differentiation transcripts, thus
maintaining stemness and supporting stress-induced
regeneration [21,23]. In the immune system, YTHDF2
orchestrates lineage specification and functional
programming of diverse immune cell subsets [24].
Emerging evidence also links YTHDF2 to the dynamic
crosstalk between immune cells and the tumor
microenvironment (TME) [17,25]. Thus, by shaping the
transcriptomic landscape of both immune effectors and
tumor cells, YTHDF?2 influences the antitumor immunity,
immune evasion, and therapeutic responses.

In this review, we summarize the current understanding
of YTHDF2-mediated RNA regulation and its
implications for cellular and organismal physiology,
including HSC maintenance, immune cell development,
functional programming, and the modulation of tumor-
immune interactions within the TME. Finally, we discuss
the emerging therapeutic potential of targeting YTHDF2
and highlight future directions to guide research in this
rapidly evolving field.

Literature search strategy

References for this review were identified through
searches of PubMed and Web of Science, with additional
articles obtained via Google Scholar and reference mining
from key original studies and recent reviews. The search
covered literature published between 2014 and 2025,
using combinations of the terms “YTHDF2” (or “YTH
domain-containing  protein  27), “mSA”, “m>C”,
“hematopoiesis”,  “immune  regulation”, “tumor
immunity”, “cancer”, and “inhibitor”. Only English-
language, peer-reviewed original research and review
articles providing mechanistic or functional insights into
YTHDF2 were included, whereas conference abstracts,
preprints, and correlation-only studies  without
experimental validation were excluded. Foundational
papers in immunology and hematopoiesis were
additionally reviewed to provide essential conceptual
context.

RNA-stability-dependent and independent
role of YTHDF2 in gene expression
regulation

The YTHDF family proteins (YTHDF1, YTHDF2, and
YTHDF3) share a conserved YTH domain that
recognizes m®A-modified transcripts, yet they execute
distinct regulatory functions on these targets. YTHDF1
primarily promotes translation of m®A-modified mRNAs
through interaction with the translation initiation factor
complex 3 (elF3) [26]. YTHDF3 cooperates with
YTHDF1 and YTHDEF2 to support either translation or

mRNA decay and may show partial functional overlap
with YTHDF2 in certain contexts [27,28]. By contrast,
YTHDEF?2 is distinctive for its dual recognition capacity,
mediating m®A-mediated RNA decay and m>C-associated
stabilization, which underlies its unique and non-
redundant function in post-transcriptional regulation
[2,17].

As a major m°A reader, YTHDF2 recognizes
methylated transcripts and typically promotes their
degradation, thereby shaping gene expression post-
transcriptionally in an RNA-stability-dependent manner
[16,29,30]. Mechanistically, YTHDF2 interacts with the
superfamily homology (SH) domain of CNOTI, the
scaffolding subunit of the CCR4-NOT deadenylase
complex, to recruit this complex, initiating poly(A) tail
shortening and subsequent decay of mCA-modified
mRNAs by the CAF1 and CCR4 subunits [29]. Besides
deadenylation-dependent decay, YTHDF2 can also
promote m°A  RNA  degradation through an
endoribonucleolytic pathway. In this process, HRSP12
binds to the GGUUC motif within target transcripts and
bridges YTHDEF2 to the RNase P/MRP endoribonuclease
complex, thereby facilitating site-specific cleavage and
rapid degradation of the bound RNAs [30]. m°C is
another post-transcriptional modification implicated in
the regulation of mRNA metabolism, including transcript
stability, export, and translation efficiency [31,32].
Recent evidence indicates that YTHDF2 also acts as a
reader of m3C, contributing to mRNA stabilization and
enhanced gene expression via recruiting poly(A)-binding
protein cytoplasmic 1 (PABPC1) [18,33]. Beyond its
canonical role in promoting mRNA decay, a recent study
has revealed that YTHDF2 can also facilitate mRNA
translation in an RNA-stability-independent manner [34].
In ovarian cancer (OC), YTHDF2 physically interacts
with the RNA helicase DDX1 and the eukaryotic
translation initiation factor eIF3F to promote the
translation of mfA-modified transcripts encoding
microtubule-associated proteins such as cytoskeleton-
associated protein 2 (CKAP2) [34]. This highlights a
previously unrecognized, RNA-stability-independent role
of YTHDF2 in promoting protein translation. Together,
these findings underscore the multifaceted regulatory
functions of YTHDF?2 in shaping gene expression through
both RNA-stability-dependent decay and RNA-stability-
independent translational enhancement (Fig. 1).

Role of YTHDF2 in hematopoiesis

Emerging evidence has highlighted the critical role of
m®A RNA modification in regulating hematopoiesis. As a
principal m°A reader, YTHDF2 selectively mediates the
degradation of methylated transcripts and serves as a
pivotal regulator of HSC fate decisions. Early evidence
from a zebrafish model by Zhang et al. demonstrated that
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Fig. 1 Molecular mechanisms underlying YTHDF2-mediated RNA fate decisions. YTHDF2 modulates gene expression via RNA-stability-
dependent and -independent mechanisms. In the RNA-stability-dependent pathway, YTHDF2 recruits the CCR4-NOT deadenylase complex or
mediates endoribonucleolytic cleavage through the HRSP12 and RNase P/MRP to promote m6A RNA degradation. YTHDF?2 also acts as an m>C
reader, recruiting PABPCI to stabilize target mRNAs. In the RNA-stability-independent pathway, YTHDF2 interacts with DDX1 and elF3F to

enhance the translation of specific m®A-modified transcripts.

YTHDEF?2 plays an essential role in hematopoiesis through
mOPA-dependent mRNA decay, primarily by modulating
the Notch signaling pathway required for hematopoietic
stem and progenitor cell (HSPC) specification [21]. A
critical step of this process is the endothelial-to-
hematopoietic transition (EHT), during which HSPCs
derive from hemogenic endothelium and acquire
hematopoietic identity during embryogenesis [35,36].
Depletion of either METTL3 or YTHDF2 disrupts this
transition, resulting in markedly reduced expression of
HSPC markers (runxi, cmyb) and a significant loss of
hemogenic endothelial cells and emerging HSPCs [21].
Mechanistically, this phenotype results from impaired
YTHDF2-mediated mC®A-dependent degradation of
arterial transcripts such as notchla and rhoca, leading to
sustained Notchl signaling during EHT that maintains
endothelial identity and represses HSPC programming
[21,37-39]. Under physiologic conditions, m°A
methylation enables YTHDF2 to recognize and promote
the decay of mofchla mRNA, thereby limiting Notch
signaling activity to permit the EHT. In the absence of
functional m®A modification or YTHDF2 recognition,
notchla transcripts exhibit increased stability, resulting in
persistent Notchl activity that preserves endothelial
characteristics and ultimately blocks HSPC specification
[21]. This finding first reveals a unifying mechanism by
which m®A modification, through YTHDF2-dependent
mRNA decay, acts as a critical modulator of cell fate

decisions in pluripotent and multipotent stem cells during
early hematopoietic development.

In the adult hematopoietic system, Li et al. first
reported that YTHDF2 recognizes m°A-modified
transcripts  encoding key self-renewal transcription
factors, including Tall, Gata2, RunxI, and Statia,
facilitating their degradation and consequently limiting
HSC expansion [40]. Conditional deletion of Ythdf2 in
hematopoietic cells markedly increases the number of
functional HSCs without affecting lineage differentiation
or inducing hematologic malignancies [40]. Similarly,
knockdown (KD) of YTHDF2 in human umbilical cord
blood (hUCB) HSCs significantly enhances ex vivo HSC
expansion, colony-forming capacity, and serial
transplantation potential [40]. Complementing this
finding, Wang et al. reported that hematopoietic-specific
deletion of Ythdf2 in mice not only expands HSC
numbers but also enhances their regenerative capacity
under stress conditions [41]. Mechanistically, YTHDF2
deficiency prevents the degradation of mRNAs encoding
Wnt signaling targets, such as Myc, Cendl, and Axin2, as
well as pro-survival factors, including Mcl-1 and Bcl2,
during hematopoietic stress; these combined effects
synergistically promote HSC regeneration [41]. Further
extending these observations, Mapperley et al
demonstrated that YTHDF2 plays an essential role in
maintaining long-term HSC function by restraining
proinflammatory signaling [42]. While Ythdf2 deficiency
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initially led to HSC expansion, its loss ultimately
impaired HSC self-renewal and multilineage hemato-
poiesis in mice, particularly under serial transplantation
or aging conditions [42]. Mechanistically, loss of
YTHDF2 in HSCs results in the accumulation of mOA-
modified transcripts associated with inflammatory
signaling, such as Statl, ll6ra, and Gadd45g, due to their
prolonged half-life [42]. This accumulation of proinflam-
matory transcripts sustains activation of multiple
inflammatory signaling pathways, including IFN-o and
IFN-y responses, TNF-a signaling, and IL6/JAK/STATS3
cascades, thereby driving chronic inflammation that
compromises HSC function [42]. Furthermore, YTHDF2
expression was upregulated in response to experimentally
induced inflammation and was required to protect HSCs
from inflammatory stress [42].

Taken together, these studies collectively establish

essential roles in early embryonic HSPC specification,
adult HSC expansion, stress-induced regeneration, and
the suppression of inflammatory stress responses (Fig. 2).
Notably, YTHDF?2 plays stage-specific yet evolutionarily
conserved roles across  hematopoiesis:  during
embryogenesis, it facilitates the EHT by limiting Notchl
signaling through m°A-dependent mRNA decay, whereas
in adult hematopoiesis, it maintains HSC homeostasis by
controlling the stability of transcripts involved in self-
renewal and inflammatory regulation.

Role of YTHDF2 in immune cell
development and function

To provide a comprehensive overview of the multifaceted
roles of YTHDF2 in immune regulation, we summarize
current mechanistic insights across distinct immune cell
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Fig. 2 Multifaceted roles of YTHDF2 in embryonic and adult hematopoiesis. (A) In the zebrafish model, YTHDF2 promotes HSPC specification
during the EHT by mediating m®A-dependent decay of arterial endothelial transcripts such as notchla. Loss of YTHDF2 stabilizes notchla
mRNA, leading to sustained Notch signaling, maintenance of endothelial identity, and impaired HSPC emergence. (B) In the adult hematopoietic
system, loss of YTHDF2 leads to accumulation of m®A-modified transcripts encoding self-renewal factors (Tall, Gata2, RunxI, and Stat5a) and
Whnt signaling targets, thereby promoting HSC expansion and enhancing regenerative capacity. In parallel, YTHDF2 deficiency stabilizes
inflammatory transcripts (Stat!, Il6ra, Gadd45g), leading to sustained inflammatory signaling that ultimately impairs long-term HSC function.
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Table 1 YTHDF2-mediated immune regulation across different immune cell types

Immune cell type

Role of YTHDF2

Mechanistic basis

References

B cells

NK cells

Macrophages

MDSCs

CDS8* T cells

Treg cells

Th9 cells

Developmental and fate
commitment regulator

Homeostasis and effector
regulator

Immunosuppressive

Immunosuppressive

Effector and mitochondrial
homeostasis regulator

Immunosuppressive

Immunosuppressive

Promotes pro-B proliferation by degrading Foxol and Rag!; directs GC fate by
repressing PB/PC-associated genes (Irf4, Xbpl, Prdml, Sdcl) at the pre-GC stage

Maintains NK cell homeostasis and maturation via Eomes regulation and m°A-
dependent Tardbp mRNA decay; essential for IL-15-mediated survival,
proliferation, and cytotoxicity; promotes antitumor and antiviral function by
sustaining perforin expression and Ly49D"Ly49H™" effector subsets; regulated by
SMADA4 to enhance NKG2D expression in CRC; suppressed by IncRNA
LINCO00707-mediated degradation in HCC

Suppresses M1 polarization via IFN-y—STAT1 inhibition; regulated by IL-
10-STAT3 axis and CX3CL1-CX3CR1-mediated recruitment; promotes M2
polarization through p53 mRNA decay and NF-kB/MAPK suppression; controls
inflammation/ROS via Mettl3-dependent Pyk2 mRNA decay; drives pro-tumoral
polarization in TNBC with reduced antigen presentation

Degrades Adrb2, Metrnl, and Smpdi3b to sustain NF-«kB activity; promotes TGF-B
signaling by degrading Bambi mRNA under irradiation; promotes RXRa mRNA
degradation to restrain PMN-MDSCs expansion, chemotaxis, and suppressive
function in AIH

Promotes nuclear RNA synthesis upon activation; maintains mitochondrial fitness by

degrading Coa3, Mrpli6, Mrpsi2, and Tefm; cooperates with IKZF1/3 to support
open chromatin and effector gene expression

Forms a TNF-NF-kB—YTHDF2 regulatory loop that sustains intratumoral Treg
survival and immunosuppressive activity via degradation of Nirc3, Nfkbie, and
Traf3

Restrains Th9 cell differentiation by degrading m®A-modified Gata3 and Smad3
transcripts; reduces 1L-9, IL-21, and IL-2 production; deletion enhances Th9 cell-
mediated antitumor immunity by promoting infiltration and activation of DCs,

[46,47]

[56-58]

[19,20,61-64]

[69-71]

[78]

(80]

(81]

CDS8" T cells, and NK cells in the TME

development, homeostasis, and effector functions of B
cells, natural killer (NK) cells, macrophages, myeloid-
derived suppressor cells (MDSCs), CD8* T cells, and
CD4" T cell subsets, including regulatory T (Treg) cells
and T helper 9 (Th9) cells. These effects are highly
context-dependent,  highlighting YTHDF2 as a
multifaceted regulator of immune responses (Fig. 3).

YTHDEF?2 directs early B cell proliferation and
germinal center fate commitment

B cells are central to adaptive immunity, responsible for
antibody production, antigen presentation, and long-term
immunological memory. Their development proceeds
through defined stages in the bone marrow, beginning
with HSCs and progressing through pro-B, pre-B,
immature, and mature B cell stages [43]. Upon antigen
encounter in secondary lymphoid organs, mature B cells
can further differentiate into either antibody-secreting
plasmablasts or germinal center B (GC B) cells, the latter
undergoing clonal expansion, somatic hypermutation, and
affinity maturation to generate high-affinity antibodies
and memory B cells [44]. During early B cell
development in the bone marrow, IL-7 signaling plays a
pivotal role in supporting the proliferation and survival of
pro-B cells [45]. Recent evidence reveals that YTHDF2
facilitates this process by promoting the decay of

mPA-modified transcripts that would otherwise restrain
cell cycle progression [46]. In large pre-B cells, a subset
of transcripts bearing high levels of m°A modifications,
including Foxol and Ragl, which negatively regulate cell
cycle progression, is selectively bound and destabilized
by YTHDF2 [46]. Functionally, conditional deletion of
Ythdf2 in B-lineage cells leads to a moderate
developmental block between the pro-B and late large
pre-B stages and results in reduced total B cell numbers
in the spleen [46]. In vitro proliferation assays further
confirm that Ythdf2-deficient pro-B cells display a
markedly impaired proliferative response to IL-7
stimulation [46]. Notably, the subsequent transition from
large pre-B to small pre-B cells remains unaffected by
YTHDEF2 loss, highlighting a stage-specific requirement
for YTHDF2-mediated RNA decay during early B
lymphopoiesis [46].

Beyond early development, YTHDF2 also plays a
pivotal role in B cell differentiation during adaptive
immune responses. Upon antigen stimulation, B cell
precursors at the pre-GC stage upregulate YTHDF2
expression, which promotes the degradation of mCA-
modified transcripts involved in the plasmablast (PB)
genetic program [47]. This post-transcriptional repression
prevents premature commitment to the PB lineage and
facilitates the establishment of the GC B cell fate. Loss of
Ythdf2 in B cells selectively impairs GC B cell formation
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Fig. 3 Overview of YTHDF2 functions in immune cell differentiation and effector function. (A) YTHDF2 promotes pro-B cell proliferation by
degrading m®A-modified transcripts such as Foxol and Ragl, thereby facilitating IL-7-driven cell cycle progression. (B) YTHDEF2 is
transcriptionally induced by IL-15-activated STATS and sustains NK cell survival, proliferation, and effector functions by degrading m°A-
modified Tardbp mRNA. Loss of YTHDF2 impairs IFN-y, perforin, and granzyme B production, thereby weakening antitumor activity.
(C) YTHDF?2 restrains M1-type macrophage polarization by promoting Statz/ mRNA decay and limiting IFN-y-STAT1 signaling. YTHDF2
deficiency increases proinflammatory cytokines (IL-6, TNF-o, IL-12, IL-1B) and enhances CD8" T cell-mediated antitumor immunity.
(D) YTHDEF2 promotes the degradation of Adrb2, Metrnl, and Smpdi3b mRNAs, sustaining NF-kB signaling and driving MDSC expansion and
tumor infiltration, thereby suppressing antitumor immunity. (E) YTHDF2 depletion in CD8" T cells leads to accumulation of méA-modified
mitochondrial transcripts, causing mitochondrial stress and permitting IKZF1/3-mediated repression, which in turn increases PD-1 and TIM-3
expression and promotes T cell exhaustion. (F) TNF-driven NF-kB activation in intratumoral Treg cells induces YTHDF2 expression, which
promotes the decay of m®A-modified transcripts encoding NF-xB negative regulators (Nlrc3, Nfkbie, and Traf3), sustaining NF-kB activity,
supporting Treg survival and suppressive function in the TME. (G) YTHDF2 deficiency in Th9/Tc9 cells stabilizes méA-modified Gata3 and
Smad3 transcripts, enhancing IL-2, IL-9, and IL-21 production, reprogramming the TME, and promoting DC, CD8" T, and NK cell infiltration and
activation to amplify antitumor immunity.
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while leaving antigen-induced proliferation and activation
largely intact, indicating that YTHDF?2 is dispensable for
early activation but essential for directing lineage
commitment toward the GC  program [47].
Transcriptomic analysis further revealed that Ythdf2-
deficient GC-phenotype (GL7t FAS™) B cells aberrantly
upregulate expression of genes typically expressed in PBs
and plasma cells, including I7f4, Xbpl1, Sdcl, and Prdml,
indicating a failure to suppress the PB/PC differentiation
program [47]. Together, these observations support that
post-transcriptional suppression of PB-associated gene
expression by YTHDF2 is essential for directing
appropriate B cell fate commitment during the early
stages of adaptive immune responses.

YTHDEF?2 orchestrates NK cell development and
antitumor/antiviral function

NK cells are cytotoxic innate lymphoid cells that
constitute a critical component of the innate immune
system. They exert potent antitumor and antiviral effects
by inducing target cell apoptosis through perforin/
granzyme release and death receptor pathways, and by
secreting cytokines such as IFN-y and TNF-a [48-51].
The development, maturation, and effector functions of
NK cells are tightly controlled by cytokine signaling
(notably IL-15), transcriptional regulators such as Eomes
and T-bet, and post-transcriptional mechanisms, including
RNA modifications [52—55].

A recent study uncovered the multifaceted regulatory
roles of YTHDF2-mediated m®A methylation in NK cell
immunity [56]. YTHDF2 regulates NK cell homeostasis
and terminal maturation by modulating cell trafficking
and controlling the expression of Eomes, a key
transcription factor for NK cell differentiation [56].
Moreover, YTHDF?2 is transcriptionally upregulated by
STATS downstream of IL-15 signaling and is essential
for IL-15-mediated NK cell survival, proliferation, and
effector functions [56]. Mechanistically, YTHDF2
maintains NK cell homeostasis and effector function by
selectively binding to m®A-modified Tardbp mRNA and
promoting its degradation [56]. Consistent with a broader
role in host defense, YTHDF?2 is constitutively expressed
at high levels in NK cells and is further induced by IL-15
stimulation, murine cytomegalovirus (MCMYV) infection,
and tumor challenge [56]. In the B16F10 melanoma lung-
metastasis model, NK cell-specific deletion of Ythdf2
(Ythdf2ANK mice) results in reduced NK cell infiltration
into tumor sites and diminished expression of IFN-y,
granzyme B, and perforin, leading to increased metastatic
burden, a phenotype further validated by adoptive transfer
of Ythdf2ANK or Ythdf2WT NK cells into NK/T/B cell-
deficient (Rag2™"112rg”") mice [56]. During MCMV
infection, Ythdf2-deficient NK cells show impaired
expansion, reduced proliferation, and decreased

percentages of Ly49D* Ly49H™" effector NK cell subsets,
accompanied by a marked reduction in perforin but not
IFN-y or granzyme B production, suggesting a
predominant role for perforin-mediated antiviral activity
[56]. Recent studies have identified a SMAD4-YTHDF2
regulatory axis in NK cells that is critical for sustaining
antitumor function within the TME of colorectal cancer
(CRC) [57]. SMAD4 expression is markedly reduced in
NK cells infiltrated in CRC tumors, correlating with
impaired cytotoxicity. Enforced overexpression of
SMAD4 significantly enhanced NK cell cytotoxicity
against CRC cells, highlighting its functional importance
[57]. Mechanistically, YTHDF2 acts as a downstream
effector of SMAD4, mediating the post-transcriptional
control of m®A-modified RNAs involved in NK cell
activation and cytotoxicity [57]. Elevated SMAD4
expression increased YTHDF2 abundance, which in turn
promoted the activating receptor NKG2D, thereby
amplifying NK cell cytotoxicity toward CRC cells [57].
Conversely, another study demonstrated that the IncRNA
LINC00707 facilitates  the  ubiquitin-dependent
degradation of YTHDF2, impairing NK cell cytotoxicity
and promoting hepatocellular carcinoma (HCC)
progression [58]. LINC00707 was identified as the most
significantly upregulated IncRNA in HCC tissues and acts
as an oncogene by driving HCC cell proliferation,
migration, and invasion [58]. Mechanistic investigations
revealed that LINC00707 directly binds to YTHDF2 and
promotes its  ubiquitination-mediated  proteasomal
degradation, thereby reducing YTHDF2 protein levels
and compromising NK cell cytotoxicity [58]. Overall,
YTHDF2 emerges as a central regulator of NK cell
development and antitumor function, whose activity is
finely tuned by transcriptional programs and IncRNA-
mediated pathways, with significant implications for
immune surveillance and tumor progression.

YTHDEF2 deficiency promotes antitumoral
macrophage differentiation

Macrophages are highly plastic immune cells that play
central roles in orchestrating inflammatory responses and
shaping the TME. Depending on environmental cues,
they can adopt distinct functional phenotypes, ranging
from pro-inflammatory, antitumoral M1 macrophages to
anti-inflammatory, tumor-promoting M2 macrophages
[59]. Tumor-associated macrophages (TAMs) predomi-
nantly exhibit an M2-like phenotype, which supports
tumor  progression, angiogenesis, and immune
suppression [60]. Reprogramming TAMs toward an M1
phenotype represents a promising strategy to enhance
antitumor immunity.

An carly study showed that YTHDF2 knockdown
promotes antitumoral (M1) macrophage polarization by
enhancing LPS-induced production of proinflammatory
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cytokines, including IL-6, TNF-a, IL-1B, and IL-12,
indicating that YTHDF2 functions as a negative regulator
of MI-type macrophage polarization [61]. Subsequent
studies further demonstrated that YTHDF2 deficiency
promotes the reprogramming of TAMs toward an
antitumoral M1 phenotype. Knockout of Y#hdf2 in TAMs
significantly inhibits tumor growth in both ovalbumin
(OVA)-expressing B16 (B16-OVA) melanoma and
MC38 colon carcinoma mouse models [19].
Mechanistically, YTHDF2 deficiency stabilizes Stat/
mRNA and further activates the IFN-y—STAT]1 signaling
pathway to promote M1 reprogramming [19]. Notably,
YTHDEF2 expression is regulated by the IL-10-STAT3
signaling axis, and targeting YTHDF2 in TAMs has been
shown to enhance CD8" T cell-mediated antitumor
immunity and improve the efficacy of PD-L1 blockade
therapy [19]. In addition, tumoral YTHDF2 plays a
crucial role in shaping the tumor immune
microenvironment by modulating macrophage
polarization [20]. Specifically, YTHDF2 deficiency
within tumor cells promotes the recruitment of
macrophages via CX3CL1-CX3CR1 axis and drives their
polarization toward an inflammatory, antitumoral M1
phenotype in the presence of CD8* T cell-associated IFN-
v, thereby enhancing antigen presentation and antitumor
immune responses [20]. Consistently, independent studies
have further highlighted the multifaceted role of
YTHDEF2 in macrophage immunity. YTHDF2 regulates
macrophage polarization via distinct mechanisms in M1
and M2 subsets, promoting M2 polarization by
facilitating p53 mRNA degradation while suppressing M1
polarization through inhibition of NF-xB, p38, and JNK
signaling pathways [62]. The Mettl3—Y THDF2—Pyk2 axis
has been identified as a key post-transcriptional pathway
controlling macrophage inflammatory responses and ROS
production, with YTHDEF2 directly binding Pyk2 mRNA
in a Mett/3-dependent manner to modulate MAPK/AKT
signaling and NADPH oxidase activity [63]. In triple-
negative breast cancer (TNBC), YTHDF2 promotes the
polarization of intra-tumoral macrophages toward a pro-
tumoral, immunosuppressive phenotype, which is
associated with reduced antigen presentation and SPI1-
driven transcriptional programs [64]. Collectively, these
findings establish YTHDF2 as a pivotal regulator of
macrophage  functional programming, integrating
cytokine signaling, post-transcriptional control, and
tumor-derived cues to shape immune polarization and
antitumor immunity.

YTHDEF?2 regulates the expansion and function of
MDSCs

MDSCs are a heterogeneous population of immature
myeloid cells that expand in cancer, autoimmune
diseases, and other conditions associated with chronic or

persistent inflammation. They inhibit T cell activation,
promote regulatory T cell differentiation, and remodel the
TME to favor immune evasion and tumor progression
[65-67]. Based on their lineage origin, MDSCs are
classified into two major subsets in both humans and
mice: granulocytic/polymorphonuclear MDSCs (PMN-
MDSCs), which derive from the granulocytic lineage, and
monocytic MDSCs (M-MDSCs), which originate from
the monocytic lineage [68]. Owing to their critical role in
maintaining an immunosuppressive milieu, MDSCs have
emerged as key targets for improving antitumor
immunity.

A recent study found the significance of YTHDEF2 in
modulating antitumor immunity during radiotherapy
(RT). Ionizing radiation (IR) induces YTHDF2
expression in MDSCs through NF-kB activation, which
in turn promotes their expansion, tumor infiltration, and
immunosuppressive function in both murine and human
tumors [69]. Myeloid-specific Ythdf2 deficiency remodels
the MDSC compartment by altering their differentiation
and limiting accumulation, ultimately enhancing the
antitumor efficacy of RT [69]. Mechanistically, YTHDF2
directly degrades transcripts such as Adrb2, Metrnl, and
Smpdi3b, which encode negative regulators of NF-«B
signaling, thereby forming an IR-YTHDF2-NF-xB
regulatory circuit that sustains immunosuppressive
activity in irradiated MDSCs [69]. Another independent
mechanism involves the TGF-f pathway, controlled by
YTHDEF2 through bone morphogenetic protein and
activin membrane-bound inhibitor (Bambi) transcript
degradation. IR specifically downregulates BAMBI in
MDSCs in both murine models and humans via
YTHDF2-mediated, m°A-dependent mRNA decay, a
process dependent on NF-«kB signaling [70]. Decreased
BAMBI expression activates TGF-3 signaling in MDSCs,
initiating a positive feedback loop that reinforces their
immunosuppressive activity. Restoring BAMBI using
adeno-associated viral delivery (AAV-Bambi) reverses
these effects, improving antitumor immunity and
synergizing with RT to suppress local tumors and distant
metastasis [70]. However, a recent study demonstrated
that the role of YTHDF2 in MDSCs is context dependent.
In a model of ConA-induced hepatitis, Ythdf2-deficient
MDSCs exhibit increased expansive and suppressive
function, resulting in reduced immune-mediated liver
injury [71]. Mechanistically, suppression of YTHDF2
promotes the proliferation and function of MDSCs
through upregulation of RXRa transcripts, a key
transcription factor governing the expression of lipid
metabolism-related genes [71]. Therefore, these findings
underscore the dualistic nature of YTHDF2 in immune
regulation; therapeutic targeting of YTHDF2 must be
highly context-specific, with careful consideration of
disease type, immune landscape, and treatment modality.
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YTHDF2 maintains CD8" T cell antitumor activity

CDS8" T cells are pivotal mediators of adaptive antitumor
immunity, distinguished by their antigen-specific
recognition of tumor-derived peptides presented by MHC
class I molecules. Upon activation, they undergo clonal
expansion and differentiate into cytotoxic T lymphocytes
(CTLs) capable of eliminating malignant or infected cells
through antigen-directed killing and transcriptionally
regulated effector functions [72,73]. However, under
chronic antigen exposure and/or sustained inflammatory
signaling, CD8" T cells may enter an exhausted state.
These exhausted CD8* T cells are characterized by a
progressive loss of effector functions, reduced memory
recall and maintenance capacity, and sustained
upregulation of multiple inhibitory receptors such as PD-
1, TIM-3, and LAG-3 [74,75]. To overcome T cell
exhaustion and restore antitumor immunity, immune
checkpoint blockade (ICB) therapies have been
developed to target inhibitory pathways such as the PD-
1/PD-L1 axis. Blockade of the PD-1 pathway can
partially reverse T cell exhaustion and enhance immune
responses in both chronic infections and cancer [76,77].

Recent studies have revealed that YTHDF?2 is a critical
mediator of CD8" T cell antitumor immunity by
integrating m°A-dependent RNA metabolism with
transcriptional and epigenetic regulation. Although
predominantly cytoplasmic under homeostatic conditions,
YTHDF2 translocates to the nucleus in an mOA-
dependent manner upon early activation or reactivation of
T cells, where it facilitates nascent RNA synthesis [78].
In the cytoplasm, YTHDF2 maintains mitochondrial
homeostasis by promoting the m°A-dependent decay of
transcripts such as Coa3, Mrpll6, Mrpsi2, and Tefm,
which would otherwise accumulate and disrupt metabolic
fitness in CD8* T cells [78]. In addition, YTHDF2
interacts with the transcriptional repressors IKZF1 and
IKZF3, contributing to the maintenance of an open
chromatin state and supporting the sustained transcription
of effector genes required for CD8" T cell
polyfunctionality [78]. Therapeutically, the impaired
effector function and PD-1 resistance observed upon
conditional knockout of Ythdf2 in T cells can be partially
rescued by pharmacologic inhibition of IKZF1/3 using
lenalidomide. In MC38-bearing murine tumor models,
combination treatment with lenalidomide and PD-1
blockade markedly restored cytokine production and
tumor control in Ythdf2-deficient mice, nearly eradicating
tumors in some cases [78].

YTHDF2 regulates CD4* T cell differentiation and
antitumor function

CD4" T cells are a heterogeneous population of
lymphocytes essential for orchestrating adaptive immune

responses and shaping the tumor immune landscape.
Upon activation, naive CD4" T cells differentiate into
multiple effector subsets, including Th1, Th2, Th17, Tth,
Th9, and Treg cells, each characterized by distinct
cytokine profiles and transcriptional programs [79]. In
general, the dynamic balance between effector and
regulatory CD4" T cell subsets plays a pivotal role in
shaping antitumor immunity. Recent studies have
revealed that YTHDF2 modulates this balance by
restraining Treg-mediated immunosuppression and
promoting the differentiation and effector function of
antitumor Th9 cells [80,81]. YTHDF2 plays a context-
specific role in sustaining the survival and suppressive
function of Treg cells within the TME. Conditional
deletion of Ythdf2 in Treg cells significantly reduces
tumor growth in murine models, including B16F10

melanoma and MC38 colon carcinoma, without
perturbing peripheral immune homeostasis [80].
Mechanistically, intratumoral Treg cells upregulate

YTHDF?2 in response to TNF-driven NF-kB activation.
YTHDF2, in turn, promotes the degradation of mCA-
modified transcripts encoding negative regulators of NF-
kB signaling, including Nirc3, Nfkbie, and Traf3, thereby
sustaining NF-kB activity [80]. This positive feedback
loop enhances Treg survival and immunosuppressive
function within tumors. In the absence of YTHDF2,
Tregs undergo increased apoptosis, reduced intratumoral
accumulation, and impaired ability to suppress local
immune responses [80]. Targeting YTHDF2 in Treg cells
may therefore represent a viable strategy to relieve
immunosuppression  within tumors and selectively
enhance antitumor immunity, while preserving peripheral
immune homeostasis.

Tumor necrosis factor (TNF) is a rapidly induced
proinflammatory cytokine produced by multiple immune
cell types, including CD4* T cells, and must be tightly
regulated to prevent excessive inflammation [82,83]. A
recent study demonstrated that activation of human
primary CD4" T cells leads to increased m6A methylation
of TNF mRNA, predominantly in the 3’ untranslated
region [84]. YTHDF?2 directly binds m®A-modified TNF
transcripts and promotes their degradation, functioning as
a negative feedback mechanism to rapidly downregulate
TNF production during early immune responses [84].
Pharmacologic modulation of m°A levels confirmed its
functional relevance, as inhibition of the demethylase
FTO with entacapone reduced TNF protein and mRNA
expression, whereas inhibition of METTL3 with
STM2457 or CRISPR/Cas9-mediated METTL3 knockout
reduced m°A levels and increased TNF expression [84].
A recent study from our group uncovered a pivotal role
for YTHDF2 in T helper cell differentiation [81]. Genetic
ablation of Y#hdf2 in naive CD4" T cells did not affect
differentiation into Thl, Th2, Th17, or Treg subsets, but
significantly enhanced Th9 cell differentiation in both
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mice and humans [81]. Mechanistically, YTHDF2
deficiency promotes Th9 polarization by stabilizing
Gata3 mRNA in the presence of IL-4 signaling [85] and
Smad3 mRNA downstream of TGF-f signaling [86], two
transcription factors known to directly regulate Th9
differentiation [87-89]. Th9 cells possess unique
properties that stimulate robust antitumor responses by
engaging both adaptive and innate immunity [81,90-94].
Our findings demonstrate that YTHDF2-deficient,
antigen-specific Th9 cells produce elevated levels of 1L-9
and IL-21, which enhance the infiltration and cytotoxic
activity of NK cells and CD8" T cells, thereby
suppressing tumor growth in three distinct murine tumor
models [81]. Building on these insights, we engineered
YTHDEF2-disrupted human chimeric antigen receptor
(CAR) Th9 cells targeting epidermal growth factor
receptor (EGFR) or prostate stem cell antigen (PSCA)
[81]. These modified CAR Th9 cells secreted higher
levels of IL-9 and IL-21 compared to their wild-type
counterparts [81]. In vivo, YTHDF2-deficient CAR Th9
cells exhibited superior antitumor efficacy in both lung
and pancreatic cancer xenograft models [81].
Collectively, these findings identify YTHDF2 as a key
regulator of Th9 cell differentiation and effector function
and suggest that targeting YTHDF2 may enhance the
therapeutic potential of CAR T cell immunotherapies.

YTHDF2 in cancer progression and tumor
immunity

Dual roles of YTHDF?2 in cancer progression

In solid tumors, YTHDF2 predominantly acts as an
oncogenic factor through diverse mechanisms. In lung
adenocarcinoma (LUAD), YTHDF2 facilitates tumor
proliferation and metastasis by degrading AXINI and
activating the Wnt/B-catenin pathway [95]. In HCC,
multiple studies reveal its multifaceted roles: it promotes
cancer stemness and metastasis via stabilizing OCT4
expression [96], enhances immune evasion and
angiogenesis by upregulating the ETV5/PD-L1/VEGFA
axis [97], and its oncogenic function is further potentiated
by O-GlcNAcylation, sustaining tumor growth in HBV-
related HCC [98]. Additionally, YTHDF2 forms co-
condensates with CRTC2 to boost translation of
oncogenic m®A-modified transcripts such as LRP5 and
c-Jun, driving HCC development and contributing to
lenvatinib resistance [99]. In other malignant solid
tumors, YTHDF2 promotes prostate cancer (PCa)
progression through multiple mPA-dependent
mechanisms. One study revealed that elevated levels of
METTL3 and YTHDF?2 correlate with poor prognosis in
PCa patients [100]. Mechanistically, YTHDF2 directly
binds to m®A-modified transcripts of LHPP and NKX3-1,
promoting their degradation and thereby enhancing AKT

phosphorylation and downstream oncogenic signaling.
Functionally, knockdown of either METTL3 or
YTHDEF2, or overexpression of LHPP and NKX3-1,
suppresses tumor cell proliferation and migration through
inhibition of AKT signaling [100]. Another study further
demonstrated that YTHDF2 facilitates PCa invasion and
metastasis by recognizing METTL3-mediated m°A
modification of USP4 mRNA and inducing its
degradation via HNRNPD recruitment, thereby triggering
downstream signaling alterations [101]. In glioblastoma
(GBM), PRMT6 and CDK9 co-regulate YTHDF2
expression, and elevated YTHDF2 promotes migration,
invasion, and epithelial-mesenchymal transition (EMT)
by degrading APC and GSK38 mRNAs, thereby
activating the Wnt/B-catenin pathway and driving GBM
progression [102]. In ocular melanoma, a study provided
the first evidence of a mechanistic crosstalk between
histone lactylation and m®A methylation in tumorigenesis
[103]. Elevated histone lactylation was observed in ocular
melanoma tissues and correlated with poor prognosis
[103]. Mechanistically, increased histone lactylation
promotes YTHDF2 transcription, which in turn
recognizes m®A-modified PERI and TP53 mRNAs and
leads to their degradation, thereby suppressing the
expression of these tumor-suppressor genes and
accelerating  tumorigenesis [103]. Pharmacological
inhibition of histone lactylation using the glycolysis
inhibitors 2-deoxy-D-glucose (2-DG) and oxamate, or
simultaneous silencing of LDHA and LDHB, effectively
reduced YTHDF2 expression and suppressed ocular
melanoma growth both in vitro and in vivo, identifying
YTHDEF?2 as a novel oncogenic driver in ocular melanoma
[103]. Notably, beyond its canonical mRNA decay
function, YTHDF2 also exerts an RNA-stability-
independent role in OC by promoting the translation of
mPA-modified transcripts, which contributes to tumor
progression and chemotherapy resistance [34].

In hematological malignancies, YTHDF2 similarly
exhibits pro-tumorigenic roles but through mechanisms
distinct from those in solid tumors. In acute myeloid
leukemia (AML), YTHDF2 1is essential for the
maintenance of leukemia stem cells (LSCs). Paris et al.
demonstrated that YTHDF2 sustains the survival and self-
renewal of LSCs by facilitating the degradation of
multiple m°A-modified transcripts, notably including
Tnfrsf2 (TNFR2), whose accumulation in Ythdf2-deficient
LSCs sensitizes the cells to apoptosis [23]. In parallel,
YTHDF?2 also promotes AML progression by binding to
mCA-modified precursor microRNA-126 (pre-miR-126)
and recruiting AGO2 to facilitate its maturation into
oncogenic miR-126 [104], which further reinforces LSC
self-renewal and leukemogenesis by targeting multiple
downstream genes, including ADAMY, ILK, and CDK3
[105-107]. Collectively, these studies indicate that
YTHDEF2 drives AML progression through both mRNA
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degradation-dependent and microRNA  maturation-
dependent mechanisms. Importantly, YTHDF2 appears
dispensable for normal HSC function, and its deletion
may even enhance HSC activity, underscoring its
potential as a selective therapeutic target in AML [21]. In
multiple myeloma (MM), YTHDF2 has been shown to
promote malignant cell proliferation by activating the
STATSA/MAP2K2/p-ERK  axis and the EGRI/
p21¢ipl/wafl/)CDK2-Cyclin E1 axis [108,109]. Extending
these findings, a recent study by Chen et al. revealed that
YTHDF2 plays a pivotal oncogenic role in B cell
malignancies. Its overexpression alone was sufficient to
drive B cell acute lymphoblastic leukemia (B-ALL)
initiation [18]. Mechanistically, YTHDF2 functions as a
dual RNA modification reader: as an m°C reader, it
stabilizes transcripts such as ATP5PB, ATP5MG, and
ATP5SMF by recruiting PABPCI, thereby enhancing
mitochondrial ATP synthesis to fuel malignant
proliferation; as an mO°A reader, it suppresses the
expression of CD19 and HLA-DMA/B (major
histocompatibility complex (MHC) class II molecules)
and thereby promotes B-ALL cells escape from immune
surveillance [18].

Despite its predominantly pro-tumorigenic roles,
emerging evidence indicates that YTHDF2 can also
function as a tumor suppressor in specific contexts,
highlighting its dual role in cancer progression. In HCC,
YTHDEF2 suppresses tumor growth by promoting the
mOA-dependent degradation of EGFR mRNA, thereby
inhibiting ERK/MEK signaling, cellular proliferation, and
tumor growth potential [110]. Furthermore, YTHDF2
maintains ~ vascular  homeostasis and  restrains

inflammation-mediated malignancy by degrading 1L/
and SERPINE? transcripts, and its loss accelerates
vascular remodeling and metastatic progression [22].
Similarly, in gastric cancer, YTHDF2 functions as a
tumor suppressor by upregulating PPP2CA in an mOA-
independent manner and inhibiting the FOXC2 signaling
pathway, while clinical evidence associates its expression
with improved prognosis in patients [111-113].

Taken together, these findings underscore the dual,
context-dependent roles of YTHDF2 in cancer
progression. This context dependency, particularly
evident in HCC, likely arises from tumor
microenvironmental influences such as hypoxia,
inflammation, and metabolic stress, which dynamically
modulate YTHDF2  expression, post-translational
modifications, and target specificity. While YTHDF2
predominantly acts as an oncogenic driver in both solid
tumors and hematological malignancies, it can exert
tumor-suppressive effects under specific molecular or
microenvironmental contexts, such as in HCC and gastric
cancer, reflecting the influence of cancer type, molecular
signaling, and TME-derived cues (Table 2).

YTHDEF?2 orchestrates tumor immune evasion

Tumor immune evasion refers to the capacity of
malignant cells to avoid recognition and elimination by
the host immune system, despite the presence of tumor-
associated antigens and active immune surveillance [114].
Among various immune escape strategies, suppressed
antigen presentation and restricted immune cell
infiltration are key processes regulated by YTHDEF2.

Table 2 Dual roles of YTHDF?2 in cancer progression across different tumor types

Cancer type Role of YTHDF2 Mechanistic basis

References

Lung adenocarcinoma Oncogenic

AXINI degradation; Wnt/B-catenin pathway activation

[95]

Hepatocellular carcinoma

Oncogenic/Tumor-

OCTH4 stabilization; ETV5/PD-L1/VEGFA axis activation; O-GlcNAcylation;

[22,96-99,110]

suppressive LRPS5, c-Jun mRNA translation; EGFR, IL11, SERPINE2 mRNA degradation

Prostate cancer Oncogenic LHPP and NKX3-1 mRNA degradation; AKT phosphorylation; METTL3- [100,101]
mediated m®A modification recognition; HNRNPD recruitment; USP4 mRNA
degradation

Glioblastoma Oncogenic PRMT6/CDK9-mediated YTHDF2 upregulation; APC, GSK38 mRNA [102]
degradation; Wnt/B-catenin pathway activation

Ocular melanoma Oncogenic Histone lactylation-induced YTHDF2 upregulation; degradation of m®A- [103]
modified PER] and TP53 mRNAs

Ovarian cancer Oncogenic RNA-stability-independent role: DDX 1/eIF3F-mediated translation of m6A- [34]
modified microtubule-associated mRNAs (e.g., CKAP2)

Acute myeloid leukemia Oncogenic LSC survival and self-renewal maintenance; degradation of m®A-modified [23]
transcripts (e.g., Tnfrsf2)

Multiple myeloma Oncogenic STATSA/MAP2K2/p-ERK axis activation; EGR1/p21¢iP/wafl/CDK2-Cyclin E1 ~ [108,109]
axis activation

B cell acute lymphoblastic  Oncogenic m>C-driven stabilization of ATP5PB, ATP5MG, ATP5MF via PABPCI [18]

leukemia

Gastric cancer

Tumor-suppressive

recruitment; méA-driven degradation of immune recognition transcripts (CD19,
HLA-DMA/B)

PPP2CA upregulation (m°A-independent); FOXC?2 signaling inhibition

[111-113]
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Through its control of RNA metabolism, YTHDF2
orchestrates critical steps of tumor immune evasion,
shaping an immunosuppressive microenvironment and
impairing  antitumor immune responses (Fig. 4).
Mechanistically, YTHDF2 accelerates the degradation of
méA-modified Cx3cll transcripts, thereby restricting the

A
Tumor cell ‘
CD19 CART cell
Mitochondrial
CD4* T cell respiration
B

'§Oxaliplatin

chemokine-driven recruitment of CX3CR1" inflammatory
macrophages and cytotoxic CD8" T cells into the TME
[20]. This suppression contributes to the establishment of
that
presentation and impairs effector T cell activation. In
addition to blocking immune cell infiltration, YTHDF2

an immune-excluded TME limits  antigen

Recruitment T
CX3CR1

CX3CL1

Anti-tumoral TAM

a0s v

CD8* T cell

Tumor cell

Fig. 4 YTHDF?2 orchestrates tumor immune evasion or promotes antitumor immunity in a context-dependent manner. (A) In malignant cells,
YTHDF2 drives immune evasion by degrading mSA-modified Cx3cll transcripts to suppress CX3CLl-mediated recruitment of CX3CRI™
macrophages and CD8" T cells, sustaining glycolytic activity to metabolically restrain CD8" T cells, and destabilizing CD19 and HLA-DMA/B
transcripts to impair antigen presentation and recognition by CD4* T cells, CD8" T cells, and CD19-CAR-T cells. (B) In peritumoral hepatocytes,
oxaliplatin induces YTHDF2 expression via the cGAS-STING-IRF3 axis, leading to m®A-dependent stabilization of Cx3cl/ transcripts and

enhanced CD8" T cell recruitment, thereby promoting antitumor immunity.
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suppresses the polarization of tumor-infiltrating
macrophages toward an antitumoral M1-like phenotype
and restrains their capacity for antigen cross-presentation,
particularly under IFN-y stimulation [20]. Loss of
YTHDEF2 in tumor cells enhances the accumulation and
functionality of antitumoral macrophages, thereby
facilitating CD8% T cell-mediated cytotoxic responses
[20]. Furthermore, YTHDF2 sustains tumor glycolytic
activity, which imposes metabolic constraints on
infiltrating CD8* T cells. Deletion of YTHDF2 reduces
glycolysis, promotes mitochondrial respiration in CD8* T
cells, and restores their effector function and persistence
within the TME [20]. Notably, IFN-y produced by
activated CD8" T cells contributes to the degradation of
tumor-intrinsic  YTHDF2, establishing a positive
feedback loop that enhances CD8" T cell-mediated
cytotoxicity [20].

In addition to immune cell exclusion, YTHDF2 further
impairs antitumor immunity by reducing tumor cell
immunogenicity through selective degradation of m°A-
modified transcripts [18]. Notably, YTHDF2 targets key
components of the antigen-presentation machinery,
including CD19 and HLA-DMA/B, whose expression is
essential for B cell recognition by CAR-T cells and
effective peptide loading onto MHC class II molecules
[18]. By recruiting canonical RNA decay effectors such
as CNOT1/6 and HRSP12 to these mRNAs, YTHDF2
facilitates their degradation and thereby limits surface
antigen availability [18]. This process enables malignant
B cells to evade T cell-mediated killing, including that
elicited by CDI19-targeted therapies such as
blinatumomab and CD19-CAR-T cells [18]. Conversely,
YTHDF2 depletion stabilizes these transcripts, restores
antigen expression to functionally significant levels,
enhances immune synapse formation, and sensitizes
tumors to adoptive T cell therapy [18].

By contrast, the immunoregulatory role of YTHDF2
appears to be highly context dependent. While tumor-
intrinsic YTHDF2 promotes immune evasion by limiting
chemokine  expression and impairing antigen
presentation, recent findings have demonstrated that
YTHDEF2 in peritumoral hepatocytes plays an opposing
role in liver cancer [115]. Oxaliplatin (OXA), a platinum-
based chemotherapeutic agent commonly used in liver
and colorectal cancers, induces YTHDF2 expression in
hepatocytes via activation of the cGAS-STING-IRF3
signaling axis, leading to m®A-dependent stabilization of
Cx3cll transcripts [115-117]. This, in turn, promotes the
recruitment and activation of CD8" T cells, thereby
facilitating effective antitumor immunity [115].

Together, these findings establish YTHDF2 as a
context-dependent regulator of tumor immune dynamics.
In malignant cells, YTHDF2 promotes immune evasion
by restricting immune infiltration and destabilizing
antigen-presentation machinery, thereby suppressing both

innate and adaptive immune responses. In contrast,
YTHDF2 enhances antitumor immunity in nonmalignant
cells, such as peritumoral hepatocytes, by stabilizing
chemokine transcripts and promoting CD8" T cell
recruitment. These divergent roles underscore the
importance of cell type-specific considerations when
targeting mCA regulators in cancer. Therapeutically,
precision modulation of YTHDF2 offers a promising
strategy to reshape the tumor immune microenvironment,
enhance tumor immunogenicity, and improve responses
to immunotherapies, including ICB and CD19-CAR-T
cell therapy.

YTHDF2 inhibition as a therapeutic
strategy

The concept of targeting YTHDF2 for cancer therapy is
supported by accumulating preclinical evidence and the
development of selective inhibitors. The first proof-of-
concept was provided by a study demonstrating that
pharmacologic inhibition of YTHDF2 with DC-Y13-27
effectively enhanced RT efficacy by counteracting IR-
induced immunosuppression [69]. Screening an in-house
compound library using fluorescence polarization (FP)-
based high-throughput assays, researchers identified DC-
Y13-27, a compound that blocks YTHDF2-mfA
interactions with an ICsg of 21.8 = 1.8 umol/L. Selectivity
profiling revealed a marked preference for YTHDF2 over
YTHDF1, which showed significantly weaker inhibition
(ICsp of 165.2 = 7.7 pumol/L) [69]. Mechanistically,
YTHDEF2 blockade disrupted the IR-NF-kB positive
feedback loop, attenuated MDSC expansion and
suppressive activity, and restored antitumor immunity.
Notably, combining DC-Y13-27 with PD-L1 blockade
produced synergistic effects, supporting the incorporation
of YTHDEF2 inhibitors into RT/immunotherapy regimens
to overcome radioresistance [69].

Subsequently, DF-A7 was identified as a potent
YTHDF2 degrader through a structure-based virtual
screening followed by a fluorescent reporter assay [20].
DF-A7 mediated selective YTHDF2 degradation with an
ICsg of approximately 50 nmol/L, while sparing YTHDF1
and YTHDF3 [20]. Functional studies confirmed that DF-
A7 restored the expression of YTHDF2 targets such as
Cx3cll and PRR5 and significantly inhibited tumor
growth in both MC38 and B16-OVA tumor models.
Importantly, the antitumor activity of DF-A7 was
immune-dependent, as shown by increased infiltration of
CD8" T cells and antitumoral macrophages, and was
abrogated in immunodeficient mice [20]. DF-A7 exerted
its antitumor effects by alleviating immunosuppressive
signaling and reprogramming the TME to favor immune
activation. Combining DF-A7 with PD-1/PD-L1
checkpoint blockade further enhanced therapeutic
efficacy, providing a strong rationale for integrating
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YTHDEF2-targeting  degraders into immunotherapy
strategies, particularly in tumors refractory to current
treatments [20].

In addition, CCI-38 was identified as a selective
YTHDF2 inhibitor through structure-based virtual
screening and validated by drug affinity responsive target
stability (DARTS) and fluorescence thermal shift assays
[18]. CCI-38 preferentially binds to YTHDF2 over
YTHDEF1 and YTHDEF3, with a dissociation constant (Kp)
of 10.1 = 0.978 pmol/LL [18]. Functional assays
demonstrated that CCI-38 competitively blocks the
binding of m®A- and m3C-modified RNA to YTHDF2,
thereby restoring the expression of immune recognition
molecules such as CD19 and HLA-DMA/B, reversing
antigen escape in relapsed patient samples with low
CD19 abundance and resensitizing these cells to CD19-
CAR-T cytotoxicity [18]. In patient-derived xenograft
models, CCI-38 treatment alone reduced malignant B cell
burden, delayed leukemia progression, and prolonged
survival, while its combination with CD19-CAR-T cells
or blinatumomab produced synergistic therapeutic effects.
This study provides preclinical evidence that targeting
YTHDF2 with CCI-38, cither alone or in combination
with CAR-T or BiTE-based therapies, may offer a
promising strategy for treating relapsed or refractory B
cell malignancies by restoring immune recognition and
overcoming antigen escape [18].

A recent study reported the identification of
phenylpyrazole-based compounds as selective inhibitors
of YTHDF2, with CK-75 emerging as a potent candidate
[118]. Using a pipeline of orthogonal assays, including
FP, Amplified Luminescent Proximity Homogeneous
Assay Screen (AlphaScreen), and electrophoretic
mobility shift assay (EMSA), CK-75 was shown to block
YTHDF2-m°A RNA interactions, achieving complete
inhibition at 25 umol/L [118]. Selectivity profiling
demonstrated that CK-75 did not exhibit detectable
inhibition of mfA binding to YTHDF1, YTHDF3,
YTHDCI1, or YTHDC?2, indicating high specificity for
YTHDF2 [118]. Cellular assays further demonstrated that
YTHDEF2 inhibition by CK-75 induced cell cycle arrest,

Table 3 Small-molecule inhibitors target YTHDF2

promoted apoptosis, and
viability of cancer cells [118].
Beyond selective inhibition of YTHDF2, N-7 was
identified as a pan-YTH inhibitor through screening of a
nucleoside analog library against the YTH domain of
YTHDF1 [119]. Using FP competition assays, N-7 was
shown to inhibit mA RNA binding across all five human
YTH domains (YTHDF1, YTHDF2, YTHDEF3,
YTHDC1, and YTHDC2), with ICsy values ranging from
30 to 48 pumol/L [119]. Direct interaction between N-7
and YTH domains was further confirmed by a thermal
shift assay [119]. As a pan-inhibitor, N-7 expands the
chemical landscape of m°A reader inhibitors and provides
a valuable tool compound for probing YTH-dependent
biology, while offering a potential starting point for next-

significantly reduced the

generation inhibitors with improved potency and
selectivity.
Among currently available YTHDF2 inhibitors

(Table 3), the degrader DF-A7 shows the highest apparent
potency (ICsp = 50 nmol/L) with strong selectivity over
YTHDF1/3 [20]. DC-Y13-27 blocks the YTHDF2-m°A
interaction with an ICsy of 21.8 + 1.8 pmol/L [69].
CCI-38 preferentially binds to YTHDF2 (Kp = 10.1 £
0.98 umol/L) over YTHDF1/3 [18]. CK-75 achieves
complete blockade of YTHDF2-m®A binding at
25 pmol/L, with minimal activity toward other YTH
readers [118]. N-7, a pan-YTH tool compound (ICs
30-48 umol/L across YTHDF1/2/3 and YTHDCI1/2), is
useful for probing YTH biology but is currently limited
by selectivity and potency [119]. Collectively, these
inhibitors represent a spectrum of YTHDF2-targeting
strategies, with DF-A7 likely being the most potent and
selective. DC-Y13-27 and CK-75 show distinct
translational potential in RT sensitization and tumor-cell
inhibition, CCI-38 functions as an immune-restoring
agent in antigen-escape B cell malignancies, and N-7
serves as a broad pan-YTH probe, albeit with limited

potency.
Overall, these preclinical studies highlight the
translational potential of pharmacologic YTHDEF2

inhibition in oncology. By disrupting YTHDF2-RNA

Inhibitor Discovery/screening method Potency (ICso/Kp) Selectivity References
DC-Y13-27  FP-based HTS of in-house compound library 1Cso=21.8 + 1.8 umol/L Preferential for YTHDF2 over YTHDF1 [69]
(ICsp=165.2 £ 7.7 umol/L)

DF-A7 Structure-based virtual screening followed by ICsy =~ 50 nmol/L Selective for YTHDF2 over YTHDF1/3 [20]
fluorescent reporter assay

CCI-38 Structure-based virtual screening with Kp=10.1£0.978 umol/L  Selective for YTHDF2 over YTHDF1/3 [18]
DARTS and fluorescence thermal shift
assays

CK-75 FP, AlphaScreen, and EMSA Complete inhibition at High specificity for YTHDF2 (no inhibition  [118]

25 pmol/L of YTHDF1/3/DC1/DC2)
N-7 Nucleoside analog library screening with FP ICsp = 3048 pmol/L Pan-inhibitor of YTHDF1/2/3/DC1/DC2 [119]

competition assay and thermal shift assay
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interactions or promoting targeted protein degradation,
small-molecule inhibitors such as DC-Y13-27, DF-A7,
CCI-38, CK-75, and N-7 have demonstrated the ability to
restore immune recognition, overcome antigen escape,
and reprogram the TME to favor antitumor immunity.
These findings not only validate YTHDEF2 as a druggable
target but also provide a framework for its incorporation
into multimodal cancer therapy, including RT, ICB, and
adoptive cell therapies. Future efforts will be needed to
optimize the potency, selectivity, and pharmacokinetic
properties of YTHDF2 inhibitors, paving the way for
their clinical translation and broad application in cancer
treatment.

Conclusions and perspectives

YTHDEF2 has emerged as a central regulator of RNA
metabolism and tumor-immune interactions, exhibiting a
highly context-dependent dual role. While it frequently
promotes oncogenic signaling and facilitates immune
evasion, it can, in certain settings, contribute to antitumor
immunity through immune-regulatory —mechanisms
[18-20,69,80]. This complexity underscores both the
therapeutic promise and the inherent challenges
associated with targeting YTHDF?2 in cancer.

Given the diverse roles of YTHDF2 in tumor
progression and immune regulation, targeting YTHDF2 is
most likely to achieve maximal benefit when integrated
into rational combination strategies. Preclinical evidence
suggests that YTHDF2 inhibition synergizes with ICB,
RT, and adoptive T cell therapies by reversing
immunosuppressive programs and restoring immune
surveillance [18,20,69]. These findings provide a
framework for clinical development in tumors resistant to
standard immunotherapy. Within this broader framework,
recent advances in m3C methylation research further
emphasize the therapeutic relevance of targeting RNA-
modification readers in cancer and immune-related
diseases, supporting the notion of YTHDF2 as a dual
(m®A/m>C) reader with translational potential [120,121].

Beyond small-molecule  inhibitors, = RNA-based
therapeutic approaches offer an alternative strategy to
suppress YTHDEF2 expression. siRNA-loaded
nanoparticles and aptamer—liposome systems have
demonstrated promising efficacy in HCC, reducing PD-
L1 expression and angiogenesis while enhancing
antitumor immunity [97]. Such delivery platforms may
enable tumor-selective targeting and mitigate systemic
toxicity, which remains a key challenge given the
context-dependent role of YTHDF2 in normal immune
and hematopoietic function.

Future research should prioritize the development of
clinically viable YTHDEF2 inhibitors with improved
selectivity and pharmacokinetics, as well as biomarker-
driven patient stratification to identify tumors most likely

to respond. Comprehensive evaluation of safety profiles,
particularly regarding HSC and T cell function, will be
essential. Collectively, these strategies highlight the
potential of YTHDF2 as an actionable epitranscriptomic
target, paving the way for combination therapies that
integrate epigenetic modulation with immunotherapy and
conventional modalities.
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