Bzl SPANDIDOS
7] ,§, PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 228, 2026

MTAZ2: Decoding pathogenic mechanisms, clinical implications
and therapeutic frontiers across disease landscapes (Review)

HAO XIE"", LING CHEN%", JING GOU>", XUEHONG LONG®, YA YANG’,
HAI HU®, PING WU’, QIBING YAN® and YONGKANG WU?#

1Department of Radiology, West China Hospital Sichuan University Jintang Hospital, Jintang First People's Hospital, Chengdu,

Sichuan 610400, PR. China; 2West China Hospital Sichuan University Jintang Hospital, Jintang First People's Hospital, Chengdu,

Sichuan 610400, PR. China; 3Department of Laboratory Medicine, West China Hospital Sichuan University Jintang Hospital,

Jintang First People's Hospital, Chengdu, Sichuan 610400, P.R. China; 4Hospital Infection Management Department,

West China Hospital Sichuan University Jintang Hospital, Jintang First People's Hospital, Chengdu, Sichuan 610400, P.R. China;

5Department of Ultrasound Medicine, West China Hospital Sichuan University Jintang Hospital, Jintang First People's Hospital,
Chengdu, Sichuan 610400, P.R. China; 6Department of Radiology, Sichuan University Affiliated Chengdu Second People's Hospital,

Chengdu, Sichuan 610052, P.R. China; 7Departrnent of Radiology, The Traditional Chinese Medicine Hospital of Longquanyi,
Chengdu, Sichuan 610101, P.R. China; 8Department of Laboratory Medicine, West China Hospital,
Sichuan University, Chengdu, Sichuan 610041, P.R. China

Received January 20, 2026; Accepted June 9, 2026

DOI: 10.3892/ijmm.2026.5899

Abstract. Metastasis-associated protein 2 (MTA?2), a crucial
member of the metastasis-associated family of transcriptional
regulators, serves as a core component of the Mi-2/nucleosome
remodeling and deacetylase complex. It contributes to diverse
human diseases through epigenetic regulation and integration
of multiple signaling pathways. This paper systematically
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reviews the molecular and structural properties of MTA?2 and
investigates its functional mechanisms in both oncological and
non-oncological contexts, focusing on breast cancer, gastric
cancer and hepatocellular carcinoma, emphasizing its biolog-
ical roles in cancer metastasis, drug resistance and tumor
microenvironment remodeling. Building on existing research,
the review highlights the clinical significance of MTA2 as a
potential diagnostic marker and therapeutic target in cancer
and discusses targeted intervention strategies aimed at the
MTAZ2-related regulatory network. Finally, the development
of highly specific inhibitors targeting MTA?2 and the estab-
lishment of rapid MTA2 detection techniques for real-time
intraoperative margin assessment will fully unlock the clinical
potential of MTA2.
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1. Introduction

Molecular structure of MTA2 protein

Composition of the MTA family. Metastasis and the formation
of secondary malignant tumors are the primary causes of
mortality in cancer patients (1-3). Recent studies have increas-
ingly focused on the metastasis-associated (MTA) family, a
chromatin-modifying group crucial for cancer invasion and
metastasis regulation (1,4). This family is closely associated


https://www.spandidos-publications.com/10.3892/ijmm.2026.5899

2 XIE et al: MTA2: PATHOGENIC ROLES, CLINICAL VALUE, AND THERAPEUTIC PROSPECTS IN HUMAN DISEASES

with Mi-2/nucleosome remodeling and deacetylase (NuRD)
complexes (5). MTA1 was first identified by Xue et al (6)
in 1998 as a component of the NuRD complex. Subsequently,
Zhang et al (7) purified the NuRD complex and identified
MTA?2 instead of MTAI. Typically, distinct MTA family
members are found in separate NuRD complexes and do not
appear together within the same complex (8). In vertebrates,
the MTA family primarily includes three highly homologous
proteins, MTA1, MTA2 and MTA3, with molecular weights
of ~80, 70 and 65 kDa, respectively (9). In humans, the genes
encoding these proteins have well-defined chromosomal local-
izations: MTAL1 at 14q32.3, MTA2 at 11q12-q13.1 and MTA3
at 2p21 (10). As an important member of this family, MTA2
comprises 668 amino acids and multiple functional domains
and modification sites, reflecting modular structural features.
It participates in transcriptional regulation and chromatin
remodeling, bridges intranuclear activities with cytoskeletal
dynamics and coordinates multiple signaling pathways in
malignant progression (11,12). Notably, this structural unique-
ness preliminarily implies MTA?2 cannot be fully functionally
substituted by MTA1 or MTA3 within NuRD assemblies, and
the three homologs form mutually exclusive NuRD variants
with divergent chromatin-targeting preference across dispa-
rate cancer types.

MTALI is the founding homologue of the MTA family;
subsequent studies indicated widespread overexpression of
the MTA1 protein in most human tumors containing both
solid and hematological neoplasms, in which it contributes to
tumorigenesis and tumor progression (13). MTA3 (515 amino
acids) and its longer isoform MTA3L (594 amino acids) are
highly similar at their unique carboxyl termini (14). Alignment
of the primary structure of MTA proteins shows that human
MTAZ2 and MTA3 share 68.2 and 73.2% homology with human
MTAL, respectively. The N-termini of MTA proteins are
highly homologous, whereas the C-terminal regions are diver-
gent (10). All three members of the MTA family are subunits
of the NuRD complex. However, recent evidence suggests
that they constitute distinct Mi-2/NuRD complexes and may
exhibit specific transcriptional functions in a cell-type-specific
manner (8). A detailed overview of the similarities and differ-
ences among the various MTA family members in terms of
structure, expression patterns, molecular regulatory mecha-
nisms and functions is provided in Table SI.

Although all members of the MTA family are part of the
NuRD complex, each member possesses unique functions.
MTAZ2 appears to regulate cytoskeletal remodeling by modu-
lating genome-wide gene expression and activating the Rho
signaling pathway (15,16). MTA3 also plays a role in cytoskel-
etal regulation by participating in the control of epithelial state
through the regulation of Snail (14). Furthermore, the overall
levels of MTA family members appear to be coordinately
regulated at the protein level. Fujita ef al (17) demonstrated
that overexpression of MTA1 reduces the protein levels of
MTA?2 and MTA3 while increasing their mRNA expres-
sion levels. Similarly, Zhang et al (18) and Araghi et al (19)
found that in breast tumors overexpressing the polyomavirus
intermediate T antigen, MTA1 expression increases while
MTA3 expression decreases as the tumor progresses. Thus,
the overall levels of MTA may be limited by the availability of
NuRD complex components capable of binding to them. This

competitive binding for limited NuRD scaffold subunits is
another core reason for their non-interchangeable properties:
Elevated MTA1 competitively occupies the common NuRD
binding pocket and displaces endogenous MTA2/MTA3 from
pre-assembled complexes, which switches the global chromatin
landscape from MTA2-dependent proliferation inhibition to
MTA I-mediated invasive phenotype in progressive breast and
liver cancers. Mutations in MTA?2 are uncommon in human
cancers. Furthermore, MTA2 is more frequently subject to
gene amplification than deletion in cancers, suggesting that
its role in cancer and metastasis is likely achieved through
upregulation rather than mutational activation (20).

Collectively, multiple lines of evidence support MTA2 as
the central functional element of the MTA family within the
NuRD epigenomic network compared with MTA1 and MTA3:
First, only MTA2 owns a complete set of four canonical
conserved domains [bromo-adjacent homology (BAH)/Egl-27
and MTA1 homology 2 (ELM2)/SWI3, ADA2, N-CoR and
TFIIIB (SANT)/atypical GATA zinc finger] required for both
NuRD complex assembly and precise genomic targeting; partial
domain truncation exists in C-terminal of MTA1 and MTA3,
impairing their full-range chromatin recruitment capacity.
Second, unlike MTA1 [mainly epithelial to mesenchymal
transition (EMT) driver] and MTA3 (hormone-dependent
tissue-specific regulator), MTA2 uniquely bridgesthe NuRD
complex with multiple core oncogenic cascades including
Rho, mTOR, HIF-1a and p53 signaling to coordinate epigen-
etic repression across proliferation, autophagy and DNA
damage response simultaneously. Third, at the genetic level,
MTAZ2 relies on gene amplification to gain oncogenic function
in most cancers without frequent coding mutation, whereas
MTAI1/MTA3 are mainly regulated via transcriptional upreg-
ulation or isoform alternative splicing; its stable copy-number
gain enables sustained central scaffolding function of NuRD
during malignant evolution.

Structural domains of the MTA2 protein. MTA?2 contains
four highly conserved functional domains. The domains and
motifs of the MTA2 protein are as follows (Fig. 1): i) The
BAH domain, comprising amino acids 1-144, functions as a
versatile module for chromatin-related activities. It mediates
protein-protein interactions, recognizes specific histone-tail
modifications and participates in nucleosome binding (21);
ii) the ELM2 domain, spanning amino acids 145-256, is
frequently present in transcriptional regulators and may
contribute to protein dimerization and complex assembly (11);
iii) the SANT domain (amino acids 263-315) serves as a funda-
mental unit for binding DNA and histone tails, supporting the
activity of chromatin-remodeling enzymes (11); and iv) an
atypical GATA zinc-finger domain (amino acids 367-394),
which may be involved in specific DNA recognition or mediate
interactions with specific proteins (21).

Post-translational modification sites. The biological func-
tions of MTA2 are finely regulated by diverse post-translational
modifications: i) Phosphorylation sites: Identified sites include
S433 (22), S435 (22-24), T534 (24) and S548 (25). These
sites may dynamically regulate MTA?2 activity by sensing
and integrating upstream signals, such as those activated by
DNA-damage responses or growth factors. ii) Acetylation:
Within the ELM2 domain, K152 carries an Ne-acetyllysine
modification, suggesting dynamic and reversible regulation by
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Figure 1. The domains and motifs of metastasis-associated protein 2.

acetyltransferases and deacetylases, which in turn affects the
transcriptional co-repressive activity of MTA2 (26).

These modification sites collaborate with the functional
domains of MTA2 to form a multilevel regulatory network
that underlies its participation in nuclear processes such as
chromatin remodeling and transcriptional regulation (26-29).

Mechanism of action of MTA2 protein. The mechanisms of
action of the MTA?2 protein are as follows (Fig. 2).

Key element of the Mi-2/NuRD complex. MTA family
members are crucial to the Mi-2/NuRD complex (30,31),
which regulates global gene expression. MTA?2 is vital for
maintaining the NuRD complex's structural integrity and
directing histone deacetylase (HDAC) activity to specific
substrates. Through its BAH, ELM2 and SANT domains,
MTAZ2 targets the NuRD complex to defined genomic regions,
mediating dynamic chromatin reorganization and transcrip-
tional regulation (11). From the complex assembly perspective,
MTA?2 acts as the indispensable bridging hub for HDAC
subunit and chromatin-binding module of NuRD; neither
MTAI nor MTA3 can fully restore intact HDAC enzymatic
activity and genome-wide chromatin targeting efficiency when
endogenous MTA2 is depleted, further verifying its irreplace-
able central status in NuRD epigenetic regulation compared
with other MTA paralogs.

Regulatory mechanisms at the transcriptional level.
MTAZ2 regulates gene expression through two main mecha-
nisms: i) Global histone deacetylation: MTA2 mediates
chromatin remodeling and regulates transcriptional processes
through the intranuclear NuRD complex. For example,
MTA2/NuRD can specifically target the interleukin-4 (IL4)
gene and repress its expression (32,33). ii) Regulation via
acetylation of key nodes: MTA?2 directly regulates the acetyla-
tion status of key signaling molecules [such as HIF-1a (34,35),
estrogen receptor o (ERa) (28) and p53 (27)], affecting their
stability and transcriptional activities. MTA2 suppresses p53
transcriptional activity by deacetylating it, thereby influencing
cell-cycle arrest and apoptosis (27).

Participation in epigenetic regulatory networks. MTA2
recruits the methyltransferase enhancer of zeste homolog 2
(EZH2) to promoter regions of mechanistic target of
rapamycin (mTOR) pathway repressors, including TSC
complex subunit 2 (TSC2), Ras homolog family member A
(RHOA), DEP domain-containing mTOR-interacting protein,
FK506 binding protein 11, regulator of G protein signaling 16
and glucose-6-phosphate isomerase (1). This recruitment
silences these genes, particularly TSC2, through histone meth-
ylation, thereby activating mTOR signaling and inhibiting
autophagy (36).

Regulation of hypoxia-inducible factor (HIF)-la
stability: Under hypoxic conditions, transcription of the long
non-coding RNA MTAZ2 transcriptional regulator is upregu-
lated, increasing MTA2 expression. This stabilizes the HIF-1a
protein via deacetylation and enhances its transcriptional

Contribution to the DNA damage response (DDR). The
MTA2/NuRD complex is a crucial regulator in the DDR (38).
MTA2/NuRD collaborates at DNA double-strand break (DSB)
sites to facilitate repair and regulate checkpoint activation,
maintaining genomic stability.

Expression in normal human tissues. Futamura et al (39)
reported MTA2 expression in all 16 adult normal tissues
examined by Northern blotting, with high levels in testis,
brain, heart, lung, liver and kidney. High expression in the
testis and significant expression in the ovary and heart was
further confirmed (40). Lung tissue expression was reported
by Matsusue et al (41).

2. Pathogenic mechanisms of MTA2

MTAZ? is notably overexpressed in various malignant tumor
types, including cervical cancer (CC) (7), hepatocellular
carcinoma (HCC) (42), osteosarcoma (43), non-small cell lung
cancer (NSCLC) (44), thymoma (45), esophageal squamous
cell carcinoma (ESCC) (46), pancreatic ductal adenocarci-
noma (PDAC) (47), gastric cancer (GC) (48), breast cancer
(BC) (16) and glioma (49). This overexpression correlates
with more aggressive tumor biology and increased metastatic
potential. In cancer, MTA2 is more often amplified than
deleted, indicating that its role in carcinogenesis is mainly due
to increased expression rather than mutations that alter protein
function (11). Functionally, MTA?2 activates multiple signaling
pathways, including the Rho pathway, and regulates global
gene-expression networks. This induces cytoskeletal reor-
ganization and enhances the distant migration and invasive
capabilities of tumor cells (11). The pathogenic mechanisms
of MTA2 in human diseases have now been largely elucidated
(Fig. 3 and Table I).

Across diverse malignancies, MTA2 displays three
conserved downstream regulatory patterns: First, it generally
repressesepithelial markerstotrigger EMT;second,itcommonly
upregulates multiple matrix metalloproteinase (MMP) family
proteins to boost tumor invasiveness; third, frequent PI3K/AKT
overactivation occurs after MTA2-mediated phosphatase and
tensin homolog deleted on chromosome ten (PTEN) suppres-
sion. Meanwhile, various non-coding RNAs form conserved
competitive endogenous RNA (ceRNA) loops to modulate
MTAZ2 abundance. Despite these shared mechanisms, distinct
upstream regulators and downstream effector molecules are
employed in different tumor types, as elaborated below for
each disease.

MTA?2 in BC.BC remains a major global health challenge due to
its complex pathogenesis and varied clinical presentations, which
hinder effective treatment and prevention (50-53). In BC, MTA2
primarily exerts its functions by regulating cytoskeletal reor-
ganization and the Rho/Rho associated coiled-coil containing
protein kinase (ROCK) signaling pathway. MTA?2 inhibits Rho
GTPase dissociation inhibitor oo (RhoGDIa), thereby activating
Rho GTPases such as RhoA and enhancing downstream
ROCK activity (16). This activation promotes actin restruc-
turing and lamellipodia formation, conferring amoeboid-like
motility to breast cancer cells and significantly increasing
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Figure 2. Mechanism of action of the MTA2 protein. (A) MTA?2 is a core scaffold subunit of the Mi-2/NuRD chromatin remodeling complex. (B) Within
NuRD, MTA?2 mediates histone deacetylation to repress transcription and inhibit TF activity. (C) MTA2 cooperates with epigenetic regulators such as EZH2 to
silence multiple target genes. (D) MTA2-containing NuRD complexes are recruited to DSB to facilitate DNA repair. MTA?2, metastasis-associated protein 2;
TF, transcription factor; EZH2, enhancer of zeste homolog 2; DSB, DNA double-strand break.

migration and invasion. Reintroducing RhoGDIa or adminis-
tering ROCK-specific inhibitors suppresses the MTA2-induced
migration phenotype (11). In ERa-negative breast cancers,
MTA?2 expression undergoes reciprocal regulation by the Rho
pathway: RhoGDIa overexpression reduces MTA2 protein
levels, while MTA?2 upregulation inhibits RhoGDIa, forming
a positive feedback loop (16). In ERa-positive breast cancers,
MTA2 overexpression is frequently accompanied by RhoGDIa
downregulation. This is linked to tamoxifen resistance and
increased anchorage-independent growth (15).

The antitumor small molecule MEQ directly binds MTA2,
disrupting its interaction with the Mi-2/NuRD complex. This
lifts repression of the seryl-tRNA synthetase (SerRS) gene and
inhibits vascular endothelial growth factor A (VEGFA)-driven
angiogenesis (54).

In BC, MTA1 overexpression reduces MTA2 protein
levels without affecting mRNA. MTAI induces activation
of neutrophil elastase, which cleaves the C-terminal region
of MTA?2 at residues 486, 497, 542, 583 and 621, leading to
MTAZ?2 degradation. This antagonism partially explains why
MTALI can inhibit metastasis, whereas MTA?2 promotes it (55).

MTA2 in GC. GC is a significant global health concern (56). It
ranks as the fifth most prevalent cancer and the third leading
cause of cancer-related mortality worldwide, with >1 million
new cases annually (57,58). MTA2 contributes to GC progres-
sion via several mechanisms. As a transcriptional regulator,
MTAZ2 binds the promoter of minichromosome maintenance
complex component 5, enhancing GC cell proliferation and
metastatic potential (59). Overexpression of MTA2 promotes
clonogenic formation and tumorigenesis in vivo, partly
through activation of the downstream interleukin-11 (IL-11)
pathway (60).

MTAZ2 preferentially binds DNA replication origins. This
exacerbates olaparib-induced replication stress and renders

BRCA-wild-type GC cells more sensitive to poly(ADP ribose)
polymerase (PARP) inhibition, supporting targeted clinical
use of PARP inhibitors in selected GC groups (61).

Circular RNA (circ)MTA?2 binds the deubiquitinating
enzyme ubiquitin C-terminal hydrolase L3 (UCHL3), preventing
ubiquitination and degradation of the MTA2 protein. This
stabilizes MTA2 and promotes tumor progression; the axis can
be transmitted via exosomes (62). Conversely, long non-coding
(Inc)RNAs in the small nucleolar RNA host gene family
(SNHGs) retain MTA?2 in the cytoplasm, preventing NuRD
complex formation. This elevates acetylation of histone H3 and
p53 and suppresses GC-cell proliferation and metastasis (63).

MTA2 in HCC. Liver cancer poses a significant global health
challenge, with projections indicating it will impact >1 million
individuals each year by 2025. HCC accounts for 90% of
primary liver cancers and ranks as the fourth leading cause
of cancer-related mortality globally (64-66). MTA2, an
integral part of the NuRD complex, suppresses the transcrip-
tion of target genes by facilitating histone deacetylation and
independently regulates gene expression without relying on
transcription factors. Immunohistochemical analysis reveals
significantly elevated MTA2 expression in HCC tissues,
primarily localized to the nucleus. Analysis of The Cancer
Genome Atlas database further confirms markedly elevated
MTA2 mRNA levels in HCC. Furthermore, MTA2 expres-
sion correlates with increased a-fetoprotein (ATP) levels in
patient cohorts, suggesting a potential association with HCC
recurrence (67).

Research indicates that MTA?2 accelerates the growth, prolif-
eration and metastasis of HCC cells by inhibiting the Hippo
signaling pathway through suppression of genes such as FERM
Domain Containing 6 (FRMD6). The MTA2/FRMD6/Hippo
signaling axis plays a crucial role in HCC development and
progression (68).
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invasion and EMT via the RhoGDIo/ROCK and CDHI1 pathways, and inhibits angiogenesis via the MEQ/SerRS axis. (B) Gastric cancer: MTA2 promotes
proliferation, transfer and tumor occurrence through SNHG, MCMS5 and IL-11 signaling. (C) Liver cancer: MTA?2 drives proliferation, migration and inva-
sion by inhibiting the Hippo pathway via FRMD6, and through the PTK7/MMP7 axis. (D) Colorectal cancer: MTA2 promotes proliferation, migration and
invasion via EZH2-related epigenetic regulation. (E) Cervical cancer: MTA2 contributes to tumor occurrence via CPNEI, and promotes transfer via the
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and invasion. (L) Pancreatic ductal adenocarcinoma: MTA2 regulates proliferation and invasion via the HDAC1/Snail/PTEN pathway. (M) Osteosarcoma:
MTAZ2 promotes proliferation and invasion through the ERK1/2/uPA pathway. (N) Non-tumor diseases: MTA2 maintains colon cell identity stability, sperm
maturation homeostasis and B-cell differentiation. AIB1, amplified in breast cancer 1; CDHI1, cadherin 1; CPNEI, copine 1; EIF4E, eukaryotic initiation
factor 4E; EMT, epithelial-mesenchymal transition; ERK, extracellular signal-regulated kinase; EZH2, enhancer of zeste homolog 2; FRMD6, FERM domain
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tensin homolog deleted on chromosome ten; RhoGDIa, Rho GTPase dissociation inhibitor a; ROCK, Rho associated coiled-coil containing protein kinase;
TF, transcription factor; uPA, urokinase-type plasminogen activator; VEGF, vascular endothelial growth factor.

MTA?2 in rectal cancer (RC). RC ranks as the third most preva-
lent cancer type worldwide and is the second leading cause of
cancer-related mortality, comprising one-third of these cases (69).
Despite a general decline in colorectal cancer incidence and
mortality, RC rates among individuals under 50 years of age are
rapidly increasing, with projections indicating a 124.2% rise for
those aged 20 to 34 by 2030 in the United States (70-72). In RC,
the biological function of MTA?2 is precisely regulated through
post-translational modifications. Among these, acetylation at
lysine 152 mediated by the histone acetyltransferase p300 signif-
icantly enhances the oncogenic activity of MTA2, promoting
proliferation, migration and invasion in RC cells. Conversely,

mutations at this site inhibit RC cell growth and attenuate the
migration and invasion capabilities of Rat-1 fibroblasts (73).

At the level of the immune microenvironment, RC progres-
sion is also regulated by MTA2. Tumor-infiltrating monocytes
secrete human beta-defensin 3 (hBD-3) and inhibit cancer cell
migration through a paracrine mechanism. This inhibitory effect
is closely associated with downregulation of MTA2 mRNA.
Importantly, hBD-3 does not directly inhibit cancer cell prolif-
eration (74).

MTA?2 in CC. CC, primarily caused by persistent high-risk
human papillomavirus (HR-HPV) infection, is a major
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Table I. Pathogenic mechanisms of MTA2.

Cancer type Authors, year Study population Mechanism (Refs.)
Breast cancer Zhang et al,2019  Human BC cell line MTAI induces MTA?2 C-terminal cleavage, (55)
(ZR-75-30, MDA-MB-231) leading to its degradation and establishing
an antagonistic relationship
Gastric cancer Shi et al, 2021 Human GC cell line Combined with replication-initiation (61)
(MKN45, AGS, KATO III) sequences, intensifies olaparib-induced
replication stress and enhances PARP
inhibitor sensitivity
Xie et al, 2024 Human GC cell line circMTA2 binds UCHL3, inhibits MTA2 (62)
(MKN45, AGS, SGC7901) ubiquitination and degradation, stabilizes its
expression and promotes tumor progression
Rectal cancer Zhou et al,2014  Human RC cell line, mouse p300 mediates K152 acetylation, enhancing (73)
model (HCT116, Ratl) MTAZ2 oncogenic activity and promoting
proliferation, migration and invasion
Uraki et al,2014  Human RC cell line hBD-3 downregulates MTA2 mRNA via (74)
(COLO-320, SW480, paracrine signaling, inhibiting colorectal
SW620) cancer cell migration
Non-small cell Zhang et al,2015 Human NSCLC cell line, Combines with epithelial markers and (84)
lung cancer human lung fibroblast cell their suppressor promoters to trigger
line (A549, H460, WI-38) EMT and tumor metastasis
Renal cell Lee et al, 2022 Human RCC cell line Co-suppression of MTA?2 expression (112)
carcinoma (Caki-1, ACHN) reduces renal cell carcinoma migration
and invasion capabilities
Glioma Cheng ef al,2014 Human glioma cell line MTA?2 downregulation inhibits cell growth (49)
(GBMS8401,MO059J, M059K) and migration, induces GO/G1 arrest and
correlates with tumor grading
Pancreatic Zhu et al, 2018 Human pancreatic Under hypoxia, HIF-1a upregulates MTA2,  (106)
ductal carcinoma cell line which enhances HIF-1a stability, jointly
adenocarcinoma (PANC-1,BxPC-3,SW1990) driving EMT
Spermatogenesis  Zhu et al, 2014 mouse model (Primary Upregulates MTA2 in supporting cells, (125)

murine spermatogenic cells)

transcriptionally suppresses Fshr, and

maintains phagocytic function and
spermatogenesis

BC, breast cancer; EMT, epithelial-mesenchymal transition; GC, gastric cancer; MTA2, metastasis-associated protein 2; NSCLC, non-small cell
lung cancer; PARP, poly(ADP ribose) polymerase; RC, rectal cancer; RCC, renal cell carcinoma; UCHL3, ubiquitin C-terminal hydrolase L3.

cause of mortality among women globally and in the United
States (75). CC remains a significant public health issue, with
~600,000 new cases and 300,000 deaths annually, making
it the fourth most prevalent cancer type among women (76).
MTAZ2 promotes tumor metastasis by negatively regulating
kallikrein-related peptidase 10 (KLK10) expression and
activating the microRNA (miR)-7/specificity protein 1 (Spl)
signaling axis. MTA?2 is highly expressed in CC tissues,
while KLK10, a known inhibitor of tumor migration,
shows a significant negative correlation with MTA?2 levels.
Knockout of MTA?2 leads to marked upregulation of KLK10.
Concurrently, downregulation of MTA2 activates miR-7,
which suppresses the activity of transcription factor SP1,
forming a multilevel cascade regulatory network. Within this
network, SP1 undergoes both direct regulation by MTA?2 and
indirect suppression by miR-7. Together, these factors act on

downstream targets to influence the migratory capacity of
CC cells (77).

Additionally, MTA2 exhibits synergistic carcinogenic
effects with the calcium-calcium-phospholipid-binding protein
copine 1 (CPNEI) in CC. MTA2 and CPNEI expression levels
show a significant positive correlation (r=0.668, P<0.01),
suggesting they may act through shared signaling pathways to
promote tumorigenesis and progression (78).

MTA2 in NSCLC. Lung cancer is the most common cause
of cancer-associated death worldwide, with an estimated
1.6 million deaths each year (79,80). NSCLC accounts for
~85% of lung cancer cases, with lung adenocarcinoma and lung
squamous cell carcinoma being the predominant subtypes (81).
NSCLC is characterized by significantly elevated MTA2
expression. Research confirms that a specific antibody targeting
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MTAZ2 effectively blocks proliferation, migration and invasion
in NSCLC cells. Further findings reveal that MTA2 activation
is closely associated with enhanced activity in the extracellular
signal-regulated kinase (ERK)/AKT signaling pathway and the
VEGF pathway, while inhibition of MTA2 expression markedly
reduces the phosphorylation levels and signaling efficiency of
key molecules within these pathways. Silencing MTA2 reduces
phosphorylation of ERK and AKT, significantly inhibiting
NSCLC cell growth and invasiveness (82).

MTAZ2,acrucial part of the NuRD complex, plays dual roles
in tumor progression. During the primary lung tumor stage,
MTAZ2 negatively regulates NF-kB signaling independently
of inhibitor of NF-kB kinase subunit beta (IKK2), thereby
inhibiting tumor growth (83). However, when tumors progress
to the metastatic stage, MTA?2 dissociates from NF-kB target
gene promoters and shifts to positively regulating NF-xB in an
IKK?2-dependent manner, thereby promoting EMT and cancer
metastasis (83).

MTAZ? is essential for maintaining the malignant pheno-
type of lung cancer and is highly expressed in invasive lung
cancer cells. At the molecular level, MTA?2 directly binds to the
promoter regions of epithelial markers such as epithelial cell
adhesion molecule (EPCAM) and cadherin 1 (CDHI), thereby
suppressing the transcription of these genes and inducing EMT
and tumor metastasis. Functional experiments demonstrate
that MTA2 overexpression suppresses the promoter activity of
CDHI1 or EPCAM, whereas its deletion enhances the activity
of these promoters (84). This stage-dependent dual role
(tumor-suppressive in primary lesions, oncogenic in metastatic
stages) indicates MTA2 function is highly context-dependent,
regulated by NF-«B signaling and IKK2 dependency. Such
stage-dependent dual functions of MTA2 in NSCLC are further
fine-tuned by competitive dynamics between MTA2 and other
MTA paralogs, where altered MTA1 abundance can displace
MTAZ2 from NuRD complexes and reshape NF-kB-dependent
tumor phenotypes in a context-specific manner.

MTA?2 in head and neck malignant tumors. Head and neck
cancer, which arises in the lining or mucosa of the upper
aerodigestive tract, specifically the oral cavity, oropharynx,
larynx, hypopharynx and paranasal sinuses, is the seventh
most common cancer type worldwide (85).

Oral squamous cell carcinoma (OSCC) significantly
contributes to the morbidity and mortality associated with head
and neck squamous cell carcinoma (86,87). Although there
have been recent advancements in surgical methods, adjuvant
therapy, molecular targeted therapy and immunotherapy, the
outcomes remain inadequate (88). Studies on OSCC reveal
that MTA2 enhances oral cancer cell migration and invasion
by reducing the expression of autophagy markers light chain
3-1I and phosphorylated cofilin. Suppression of MTA?2 expres-
sion via gene knockdown markedly reverses these malignant
phenotypes (89). At the regulatory level, IncRNA HOTAIR
functions as a competitive endogenous RNA. By binding to
miR-326, it relieves miR-326-mediated translational repres-
sion of MTA2 mRNA, thereby indirectly upregulating MTA?2
expression. This HOTAIR/miR-326/MTA?2 axis shows a
significant positive correlation with EMT in OSCC, suggesting
a pivotal role in tumor progression (90). Nasopharyngeal
carcinoma (NPC) is an epithelial cancer originating from
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the mucosal lining of the nasopharynx (91). Tumors in the
nasopharynx are frequently located at the pharyngeal recess.
NPC exhibits a unique geographic distribution, being notably
common in East and Southeast Asia (92). In NPC pathogen-
esis, MTA?2 is directly targeted and regulated by miR-148b.
miR-148b is notably downregulated in NPC and suppresses
MTAZ2 expression by targeting the 3'-UTR of MTA2 mRNA
to inhibit its translation. Restoration of miR-148b expression
significantly inhibits NPC cell proliferation, migration, and
invasion. Reintroduction of MTA2 partially counteracts the
tumor-suppressive effects mediated by miR-148b, indicating
that miR-148b exerts its antitumor activity in part by inhib-
iting MTA2 (93). Furthermore, analysis across ethnic groups
reveals that in Han Chinese patients with NPC, MTA2 expres-
sion negatively correlates with patient age, with no significant
association with clinical stage or lymph node metastasis. In
Zhuang patients, MTA2 expression shows no correlation with
clinical indicators (94).

MTA?2 in other solid tumors of the digestive system. Globally,
esophageal cancer ranks as the ninth most prevalent cancer
and the sixth leading cause of cancer-related mortality (95).
The two primary histological subtypes, ESCC and esophageal
adenocarcinoma (EAC), exhibit notable geographical distri-
bution differences (96,97). ESCC is the most prevalent type,
commonly found in developing countries, with its incidence
declining in developed nations (98). Research on ESCC has
identified a regulatory positive feedback loop between eukary-
otic initiation factor 4E (EIF4E) and Twist in controlling EMT.
MTA?2 binds to EIF4E, which subsequently increases the
expression of Twist, a crucial EMT regulator. Twist recruits
MTAZ2 to the E-cadherin gene promoter, suppressing its
transcription by decreasing histone acetylation. This positive
feedback loop significantly promotes the metastatic process
in ESCC (99).

Conversely, the IncRNA SNHGS binds directly to the
MTAZ2 protein, preventing its nuclear translocation and facili-
tating its degradation through ubiquitination. Furthermore,
overexpression of SNHGS5 can downregulate MTA?2 expression
at the transcriptional level. In esophageal cancer, downregula-
tion of SNHGS leads to abnormal accumulation of MTA2
protein, thereby accelerating the EMT process (100).

PDAC ranks as the fourth most common cause of
cancer-related mortality in developed nations (101). By 2030,
PDAC is projected to become the second leading cause
of cancer-related mortality in the United States (102,103).
Research on PDAC indicates that MTA2 recruits Snail
protein and interacts with HDACI1 at the PTEN promoter,
forming a transcriptional repression complex. The complex
suppresses PTEN expression via histone deacetylation,
diminishing negative regulation of the PI3K/Akt pathway
and thereby enhancing PDAC cell proliferation, migration
and invasion (104). Experimental evidence shows that benzyl
isothiocyanate (BITC) treatment of MIA Paca-2 and PANC-1
cell lines leads to a dose- and time-dependent reduction in
MTAZ2 expression, along with increased PTEN expression and
reduced phosphorylated PI3K and AKT levels (105).

Research shows that MTA2 and HIF-la create a posi-
tive feedback loop under hypoxic conditions. HIF-1a binds
to the hypoxia response element (HRE) in the MTA2
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promoter, boosting MTA2 transcription. Concurrently, the
MTA2-HDACI complex deacetylates HIF-1a, increasing its
protein stability. Activated HIF-1a further recruits MTA2 to
the E-cadherin promoter region, suppressing the expression of
this epithelial marker and driving the EMT process (106).

MTA?2 in renal cell carcinoma (RCC). RCC accounts for 2-3%
of all malignant diseases in adults. It ranks as the seventh most
prevalent cancer in men and the ninth in women. Globally, there
are ~209,000 new cases and 102,000 deaths annually (107).
The rising incidence of all stages of this cancer over the years
has led to a continuous increase in population-based mortality
rates (108-110). Previous studies have confirmed that MTA2
negatively regulates miR-133b expression, thereby weakening
the latter's binding to and inhibition of the 3' untranslated
region of MMP9 mRNA. This ultimately promotes MMP9
expression, further enhancing the migration and invasive
capacity of RCC. Research indicates that reducing MTA2
expression significantly inhibits RCC migration, invasion and
metastatic potential in vivo, without appreciably affecting cell
proliferation. In RCC cells with low MTA2 expression, the
enzymatic activity, protein levels and mRNA transcription
levels of MMP9 are all reduced (111). Another study indi-
cated that melatonin combined with sorafenib synergistically
reduces MTA?2 expression, effectively inhibiting cancer cell
migration and invasion in RCC cells (112).

MTA?2 in glioma. Gliomas, comprising 81% of central nervous
system malignancies, are the most prevalent primary brain
tumors. Gliomas arise from neuroglial progenitor cells (113),
evolving into astrocytoma, oligodendroglioma, ependymoma
or oligoastrocytoma (114,115). The World Health Organization
(WHO) classifies gliomas into four grades: Grades 1 and 2
are low-grade, while grades 3 and 4 are high-grade gliomas
(HGG) (116). During the development of malignant gliomas,
MTA?2 expression is directly negatively regulated by
miR-548b. This miRNA targets the 3'-UTR of MTA2 mRNA,
leading to its degradation or translational inhibition, thereby
decreasing MTA?2 expression. Experimental evidence shows
that miR-548b overexpression decreases MTA?2 protein levels,
thereby inhibiting glioma cell proliferation and invasive capa-
bilities. Further rescue experiments demonstrate that restoring
MTAZ2 expression can counteract the tumor-suppressive effects
mediated by miR-548b (117).

Additionally, MTA?2 participates in the progression of
glioma by regulating cell-cycle processes. Research shows
that significantly lowering MTA2 expression hinders the
proliferation, migration and invasion of human glioblastoma
cell lines GBM8401 and Hs683 and induces cell-cycle arrest
at the GO/G1 phase. MTA?2 expression was notably elevated
in GBM8401 and Hs683 cells compared to other glioma cell
lines, including M059J, M0O59K and U-87MG, at both the
mRNA and protein levels. MTA2 expression in glioma tissues
significantly correlates with tumor grade (P<0.001), indicating
its potential as a biomarker for disease progression (49).

MTA?2 in osteosarcoma. Osteosarcoma, the most prevalent
primary malignant bone tumor, is characterized by malignant
mesenchymal cells that produce osteoid or immature bone. It
has a global incidence of about one to three cases per million

annually (118,119). It mainly occurs in children and teen-
agers, with another increase in cases seen in individuals aged
>50 years (120). Research on osteosarcoma has identified that
MTAZ2 regulates urokinase-type plasminogen activator (uPA)
expression through the ERK1/2 signaling pathway, significantly
enhancing the migration and invasion of osteosarcoma cells.
Experimental results indicate that knocking down MTA2 down-
regulates uPA expression and inhibits the formation of pulmonary
metastatic lesions. Notably, treatment of MTA2-knockdown
osteosarcoma cells with recombinant human (rh)-uPA leads to
a marked recovery in migration and invasion capabilities (121).

Mechanistic roles of MTA2 in non-neoplastic disease-related
biological processes. In non-neoplastic diseases, earlier find-
ings indicate that MTA?2 regulates the plasticity of intestinal
cell lineages. It acts synergistically with SATB homeobox 2,
a protein that binds specifically to AT-rich sequences, to
maintain the stability of colonic cell identity. Further studies
indicate that MTA?2 and hepatocyte nuclear factor 4o (HNF4A)
co-occupy DNA on colonic chromatin. In the absence of
MTA2, HNF4A detaches from colonic chromatin and binds to
small intestinal chromatin, leading to the activation of genes
involved in lipid absorption. This promotes functional lipid
uptake processes and ultimately drives the transformation of
colonic cells toward a small intestinal phenotype. This mecha-
nism highlights the central role of MTA?2 in tissue-specific
enhancer regulatory networks (122).

In the epididymal epithelial cells of the male reproduc-
tive system, MTA2 was found to colocalize with ERa in the
nucleus. By inhibiting the transactivation function of ERa,
it participates in regulating the luminal microenvironment
homeostasis essential for sperm maturation (123). MTA2
expression is notably increased in testicular Sertoli cells
during the phagocytosis of apoptotic spermatogenic cells,
leading to the transcriptional suppression of the follicle-stim-
ulating hormone (FSH) receptor (FSHR) gene (124). This
FSH/MTA2/FSHR negative feedback loop is crucial for main-
taining the integrity of spermatogenesis by sustaining normal
phagocytic function in supporting cells through the reduction
of circulating FSH levels (125).

The MTA2/NuRD complex modulates the expression of
crucial genes, including immunoglobulin lambda-like poly-
peptide 1 and V-set pre-B cell surrogate light chain 1, in pre-B
cells during B-lymphocyte development by interacting with
transcription factors IKAROS family zinc finger 3 (AIOLOS,
IKZF3) and IKAROS family zinc finger 1 (IKAROS, IKZF1).
The absence of MTA2 increases histone H3 lysine 27 acetyla-
tion (H3K27ac) at gene promoter regions, disrupting B-cell
differentiation. This results in developmental defects in pro-B
cells, immature B cells and marginal zone B cells, as well as
abnormal differentiation of germinal center B cells (126).

MTA2 and MTA3 collaboratively maintain pluripotency
in human embryonic stem cells by repressing genes linked to
mesodermal differentiation. Studies show that ID8, an inhibitor
targeting dual-specificity tyrosine phosphorylation-regulated
kinases (DYRKs), partially mitigates the differentiation
phenotype resulting from MTA?2 or MTA3 knockdown. This
effect is primarily mediated by inhibiting DYRK4 activity,
suggesting that DYRK4 may function downstream of MTA2
or MTA3 in this pathway (127).
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Collectively, MTA2 functions as a conserved epigen-
etic and metastatic driver across nearly all human cancers
examined. All tumor types share core MTA2-mediated
mechanisms, including NuRD complex-dependent transcrip-
tional repression, induction of EMT, enhancement of MMP
activity and non-coding RNA-mediated regulation. However,
tissue-specific pathogenic mechanisms are evident: BC relies
on Rho/ROCK cytoskeletal signaling; digestive system malig-
nancies converge on epigenetic silencing, hypoxia/HIF-1a
loops and mTOR pathway dysregulation; NSCLC uniquely
exhibits stage-specific biphasic NF-kB regulation; gyneco-
logic and urologic tumors act through distinct miRNA-MMP
axes; head and neck cancers feature ceRNA crosstalk and
ethnicity-associated expression patterns; and glioma and
osteosarcoma are characterized by aberrant cell-cycle control
and ERK/uPA-driven invasion. By contrast, MTA2 contrib-
utes to non-neoplastic homeostasis by maintaining lineage
stability, reproductive function, immune development and
stem cell pluripotency, representing a fundamentally distinct
role from its oncogenic activity. This combination of shared
core machinery and tissue-specific effector pathways defines
the multifaceted landscape of MTA2-mediated pathogenesis.

3. Clinical implications and therapeutic frontiers across
disease landscapes of MTA2

MTAZ2, a protein with a key mechanistic role in tumorigenesis
and progression, is significantly overexpressed in multiple
malignant tumor types. Consistently across most malignancies,
elevated MTA?2 expression serves as a universal poor prognostic
marker linked to advanced tumor stage, lymphatic metastasis
and shortened survival. A total of four shared therapeutic
directions have been validated preclinically: Disrupting the
MTA2-NuRD complex, restoring tumor-suppressive miRNAs,
small-molecule intervention against MTA2-associated axes
and inhibiting downstream EMT/MMP/PI3K cascades.
Despite these universal rules, each tumor displays distinctive
prognostic characteristics and exclusive targeted regimens are
detailed below with cross-cancer comparison (Fig. 4, Table II).

MTA2 in BC. In BC targeted therapy, small-molecule inhibi-
tors such as MEQ, which target the MTA2-NuRD complex,
can restore the expression of tumor suppressor genes such
as SerRS, thereby inhibiting tumor angiogenesis (54).
Furthermore, disrupting the interaction between MTA?2 and
amplified in breast cancer 1 (AIB1) can upregulate E-cadherin,
partially reversing EMT (128). Enhancing miR-589 expression
or altering the TTC39A-AS1/miR-483-3p/MTA2 signaling
pathway markedly decreases MTA?2 levels, suggesting a prom-
ising therapeutic approach for triple-negative BC (129,130). In
ER+ BC, the synergistic inhibitory effect mediated by MTA2
and AIBI1 indicates that therapy should be combined with
endocrine strategies (128). Additional evidence indicates that
knocking out the MTA?2 gene increases tumor-cell sensitivity
to chemotherapeutic drugs and induces apoptosis (131). In ER+
BC, the presence of the MTA2-AIBI complex may predict
resistance to endocrine therapy (128).

MTA2 in GC. In targeted strategies for GC, epigenetic modu-
lators targeting the MTA2-HDAC1 complex (e.g., HDAC
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inhibitors) may reverse the malignant phenotype of GC.
MTAZ2 expression may also serve as a biomarker for predicting
the efficacy of PARP-inhibitor therapy, such as Olaparib;
when used with ataxia-telangiectasia and Rad3-related (ATR)
inhibitors, this approach increases tumor-cell sensitivity and
treatment effectiveness (61). Furthermore, disrupting the
circMTA2/UCHL3/MTA?2 signaling axis may offer novel
strategies for curbing GC progression, particularly by targeting
exosome-mediated intercellular communication. This
approach also lays the groundwork for developing targeted
inhibitors and designing combination regimens (62). The
natural inhibitory molecules SNHGS5 (132) and miR-1236-3p
exert antitumor effects by regulating MTA?2; their analogues
or overexpression techniques may represent novel avenues for
GC gene therapy (63,133). Combined detection with HDAC1
may further enhance prognostic accuracy (134).

MTA2 in HCC. In HCC targeted-therapy research, interven-
tion strategies targeting MTA?2 show potential value. MK-886
interacts with MTA2 through a-alkyl and alkyl interactions,
leading to significant inhibition of HepG2 cell growth and
dose-dependent apoptosis (135). Additionally, small interfering
(si)RNA targeted at focal adhesion kinase (FAK) or FAK
inhibitors (PF-573228) exhibit synergistic effects in the context
of low MTA?2 expression, jointly inhibiting MMP7-mediated
invasion and metastasis (136).

For prognosis in HCC, MTA2 shows significantly higher
expression in tumor cells, and its upregulation is closely
linked to poor clinical outcomes, with both MTA2 and the
proliferation marker Ki-67 markedly higher than in adjacent
normal tissue. Nuclear MTA?2 expression is positively corre-
lated with Ki-67 (P=0.019). Furthermore, patients with HCC
with elevated MTA2 display immune-microenvironment
features marked by higher levels of activated CD4+ T cells
and MO-type macrophages, indicating that immune regulation
may contribute to tumor development (135).

MTA?2 in RC. In targeted therapy for RC, acetylation-focused
interventions have gained attention. Inhibiting acetylation at
K152 of MTA2 (e.g., with p300-specific inhibitors) may block
its tumor-promoting functions, effectively suppressing tumor
growth and metastasis (73). Preclinical models indicate that
targeting IncRNAs in exosomes with antisense oligonucle-
otides or siRNA directed at the prostate cancer-associated
transcript 1 (PCAT1)/ZNF217 (zinc finger protein 217)/MTA2
pathway may inhibit EMT and metastasis (137). In immune
regulation, analogues or inducers of hBD-3 may suppress
tumor cell migration by downregulating MTA?2, offering a
potential approach for metastatic disease in advanced RC (74).
Small-molecule inhibitors that disrupt the MTA2-EZH2
interaction may restore TSC2 expression and suppress mTOR
pathway activation, showing therapeutic potential in RC (36).

MTA?2 in CC. Studies of therapeutic targets for CC show
that small-molecule inhibitors, such as p38 kinase inhibi-
tors, can hinder the MTA2/MMPI12 pathway. This disruption
affects activator protein-1 (c-Fos/c-Jun) binding to the
MMP12 promoter by interfering with phosphorylation of
Y-box binding protein 1 (YBI1), ultimately suppressing
MMPI12 expression and reducing metastatic potential (138).


https://www.spandidos-publications.com/10.3892/ijmm.2026.5899

10 XIE et al: MTA2: PATHOGENIC ROLES, CLINICAL VALUE, AND THERAPEUTIC PROSPECTS IN HUMAN DISEASES

Table II. Clinical implications and therapeutic frontiers across disease landscapes of MTA2.

Cancer type

Role of MTA2 in disease diagnosis
or prognosis assessment

Role of MTA?2 in disease treatment

(Refs.)

Breast cancer

Gastric cancer

HCC

Rectal cancer

Cervical cancer

Non-small cell
lung cancer

Oral squamous
cell carcinoma

Nasopharyngeal
carcinoma

Esophageal
squamous cell
carcinoma

Renal cell
carcinoma

Glioma

Pancreatic
ductal
adenocarcinoma

Overexpression correlates with lymph
node metastasis, advanced stage and
poor prognosis; it predicts endocrine
resistance in ER+ patients.

High expression is an independent
poor-prognosis indicator, associated
with stage, metastasis and short
survival; combined with HDACI1
testing improves accuracy.

High expression correlates with short
survival, TNM staging, vascular
invasion and immune infiltration
characteristics.

High expression is positively
correlated with tumor grade and
associated with short progression-
free survival.

High expression correlates with
malignant progression, FIGO staging
and metastasis, shortening disease-

free survival as a prognostic biomarker.

High expression correlates with low
differentiation, metastasis and poor
prognosis as an independent prognostic
indicator.

High expression correlates with
increased tumor grade and low
survival rates in stage III patients.
Expression varies by ethnicity; low
expression in Zhuang patients is
associated with higher survival rates
under specific chemotherapy regimens.

High expression correlates with tumor
grade, stage and short survival as
an independent prognostic indicator.

High expression correlates positively
with tumor grade and can assist in
assessing malignancy.

High expression correlates positively
with tumor grade, serving as an

independent adverse prognostic indicator

associated with short survival duration.

Isoflavone derivative MEQ inhibits triple-
negative breast cancer progression by
targeting MTA2.

Gastric cancer cells with high MTA2
expression are sensitive to Olaparib and
AZDG6738, targeted inhibition of MTA2 can
enhance the therapeutic effect of gastric
cancer when combined with drugs.
MK-886, SB203580 and PF-573228 can
target MTA2 to inhibit the proliferation and
induce the death of hepatocellular carcinoma
cells.

GSK126 can inhibit colorectal cancer
progression by targeting MTA2-related
pathways, and human p-defensin-3 can
downregulate MTA2 expression to suppress
colon cancer cell migration.

SB203580 can inhibit cervical cancer cell
metastasis by targeting MTA2-related
pathways.

HDAC inhibitors can intervene in tumor
growth and metastasis by regulating the
MTA2/NuRD and NF-kB pathways.

miR-148b can target and inhibit MTA2 to
suppress the proliferation, migration and
invasion of nasopharyngeal carcinoma cells.

SNHGS5 can inhibit cancer cell proliferation,
metastasis and epithelial-mesenchymal
transition by ubiquitinating and degrading
MTA2.

miR-133b can target and regulate the MTA2
pathway to inhibit renal cancer cell
metastasis, and melatonin combined with
sorafenib can synergistically suppress MTA2
expression and block the invasion and
metastasis of renal cancer cells.

miR-548b can target and inhibit MTA2
expression to suppress glioma cell
proliferation, invasion and tumorigenesis

in vivo.

BITC and miR-146a inhibit MTA2 to
suppress cancer cell proliferation.

(54,128-131)

(61-63,133,134)

(67,135,136)

(36,73,74,137)

(77,78,138,140)

(82-84)

(90)

(93,94)

(99,100)

(111,112)

(49,117)

(105,106)
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Table II. Continued.

Role of MTA2 in disease diagnosis
Cancer type Or prognosis assessment Role of MTA?2 in disease treatment (Refs.)

Osteosarcoma High expression correlates with - (121)
advanced stage and short survival,
enabling prognosis assessment.

BITC, benzyl isothiocyanate; FIGO, International Federation of Gynecology and Obstetrics; MMP, matrix metalloproteinase; MTA2, metas-
tasis-associated protein 2; miR, microRNA; NuRD, nucleosome remodeling and deacetylase; SNHGs, small nucleolar RNA host gene family;
TNM, tumor, node, metastasis.
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Figure 4. Clinical implications and therapeutic frontiers across disease landscapes of MTA2. This figure highlights the regulatory effects of microRNAs,
targeted inhibitors, and therapeutic interventions on MTA2 expression and function. Arrows indicate a promoting effect on downstream signaling path-
ways and blunt-ended arrows indicate an inhibitory effect. (A) Breast cancer: miR-589 inhibits MTA?2 expression, thereby suppressing tumor progression.
(B) Gastric cancer: HDAC inhibitors suppress MTA2 activity; SNHG and miR-1236-3p regulate the circMTA2/UCHL3/MTA?2 axis. (C) Liver cancer: MK-886
inhibits proliferation; siFAK/FAK inhibitors and MTA2-mediated MMP7 suppression reduce transfer. (D) Colorectal cancer: MTA2 siRNA and targeting
the PCAT1/ZNF217/MTA?2 axis inhibit transfer and EMT. (E) Cervical cancer: p38 kinase inhibitors and oligonucleotide drugs targeting the miR-7/Spl
pathway inhibit MTA2-mediated transfer. (F) Non-small cell lung cancer: MTA2 siRNA inhibits proliferation. (G) Oral squamous cell carcinoma: Antisense
oligonucleotides and miR-326 mimics target the HOTAIR/miR-326/MTA?2 axis to inhibit EMT. (H) Nasopharyngeal carcinoma: miR-148b inhibits MTA?2
expression and suppresses tumor progression. (I) Esophageal squamous cell carcinoma: Small molecule inhibitors targeting the MTA2-EIF4E-Twist axis
inhibit transfer. (J) Renal cell carcinoma: Melatonin and sorafenib downregulate MTA?2 to inhibit transfer; miR-133b suppresses the MTA2/MMP9 axis.
(K) Glioma: miR-548b inhibits MTA2 and suppresses the growth of heterologous grafts. (L) Pancreatic ductal adenocarcinoma: BITC and MTA2-HIF-1a
inhibitors suppress proliferation, invasion and transfer via the HDAC1/Snail/PTEN pathway. (M) Osteosarcoma: Inhibitors targeting the MTA2-ERK1/2-uPA
axis suppress proliferation and invasion. BITC, benzyl isothiocyanate; EIFAE, eukaryotic initiation factor 4E; EMT, epithelial-mesenchymal transition; ERK,
extracellular signal-regulated kinase; FAK, focal adhesion kinase; HDAC, histone deacetylase; HIF-1a, hypoxia-inducible factor 1a; KLK10, kallikrein-related
peptidase 10; MMP, matrix metalloproteinase; MTA, metastasis-associated; PTZN, phosphatase and tensin homolog deleted on chromosome ten; SNHGs,
small nucleolar RNA host gene family; UCHL3, ubiquitin C-terminal hydrolase L3; uPA, urokinase-type plasminogen activator.

Additionally, oligonucleotide agents targeting the miR-7/SP1 =~ MTA2-mediated metastasis by promoting KLLK10 expression,
pathway have shown therapeutic potential; these may reverse  informing combination strategies (77). In molecular subtyping
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and personalized therapy, a positive correlation between
MTA?2 and CPNEI1 expression in patients with HR-HPV
(types 16 and 18) may serve as an additional marker for indi-
vidualized treatment (78,139).

For prognosis, high MTA2 expression is associated with
malignant progression. Positive expression rates are 0%
in normal cervical tissue, ~30% in cervical intraepithelial
neoplasia (CIN) and up to 73.4% in cervical squamous cell
carcinoma. Expression correlates with International Federation
of Obstetrics and Gynecology stage and lymph node metas-
tasis (140).

MTA2 in NSCLC. Targeting MTA2 shows promise for
NSCLC. Small-molecule inhibitors aimed at the MTA2-ERK/
AKT/VEGEF axis (e.g., ADMTA?2) in vivo effectively suppress
tumor growth, and siRNA-mediated MTA2 knockdown
significantly inhibits proliferation (82). HDAC inhibitors
targeting the MTA2-NuRD complex may relieve repres-
sion of tumor suppressors such as E-cadherin, facilitating
re-epithelialization (84). Strategies may be stage-specific:
During the primary phase, enhance the inhibitory effect of
MTA2-NuRD on NF-kB signaling; at the metastatic stage,
block the IKK2-MTA?2 interaction (83). Meanwhile, MTA1
antagonizes MTA2 by promoting its degradation, and compet-
itive dynamics within the NuRD complex further determine
MTAZ2's pro- or anti-tumor activity. This inter-MTA competi-
tive balance is highly disease- and stage-specific, making
NuRD functional outputs and therapeutic responses distinct in
NSCLC compared with other cancer types.

MTA2 in head and neck malignant tumors. Targeting ceRNA
networks shows promise. Antisense oligonucleotides or
synthetic miR-326 mimics that suppress HOTAIR and restore
miR-326 can disrupt the HOTAIR/miR-326/MTA2 axis,
markedly reducing MTA?2 and inhibiting EMT (90). Clinically,
MTAZ2 levels in OSCC tissues are higher than in adjacent
normal mucosa (P<0.01). Overexpression is associated with
higher histological grade (P<0.01), underscoring MTA2's
value for assessing OSCC progression and prognosis (90).

In NPC, miRNA-targeted therapy restoring or mimicking
miR-148b suppresses MTA2 pathway activity and exerts
antitumor effects (93). Given ethnic differences in MTA2
expression, treatment can be optimized. For patients of
Zhuang ethnicity with lower MTA2 expression, carboplatin
plus fluorouracil often yields more favorable outcomes. MTA2
expression also has prognostic value. In Zhuang patients with
NPC and low MTA2 expression, the specified chemotherapy
regimen notably enhances overall survival (OS) (hazard
ratio=0.42, P<0.05) (94).

MTAZ2 in other solid tumors of the digestive system. Targeting
the EIFAE/TWIST signaling pathway is a promising strategy
for ESCC. Designing small-molecule inhibitors to disrupt
the MTA2-EIF4E interaction could block TWIST-mediated
upstream EMT events and reduce metastatic foci (99).
Epigenetic regulation is another route: Applying SNHGS5
analogs or overexpression vectors promotes MTA?2 ubiquiti-
nation and degradation, significantly inhibiting proliferation,
migration and invasion in ESCC cells. This approach reverses
the EMT phenotype and restores epithelial characteristics (100).

In PDAC treatment strategies, intervening through
epigenetic regulation by using small-molecule inhibitors (such
as structural analogues of BITC) to target the interaction
between MTA?2 and HDACI can restore PTEN expression. In
preclinical experiments, this intervention significantly reduces
tumor volume (105). MTA2 is a central component and poten-
tial therapeutic target in the regulatory network of the hypoxic
tumor microenvironment, crucial for inhibiting PDAC progres-
sion and metastasis. Blocking the MTA2-HIF-1la signaling
axis using antisense oligonucleotides or specific inhibitors
effectively suppresses metastasis formation, offering a thera-
peutic option for patients with advanced PDAC (106).

Prognostic evaluations indicate that MTA2 expression is
significantly elevated in PDAC tissues compared to adjacent
normal tissues (P<0.01), with a positive correlation between its
expression intensity and tumor grading (105).

MTA?2 in RCC. In RCC, combined targeted strategies show
potential. Melatonin plus sorafenib synergistically downregu-
lates MTA2 expression and attenuates migration and invasion of
RCC cells (112). miRNA-based interventions are also feasible.
Restoring miR-133b or developing its analogs can block the
MTA2-MMP9 axis and inhibit RCC metastasis (111). From
a prognostic perspective, MTA2 expression is significantly
higher in RCC tissues than in adjacent normal tissues (P<0.01).
MTAZ2 overexpression is associated with higher tumor grade
(P=0.002) and advanced TNM stage (P<0.001), indicating its
potential as a prognostic biomarker (112).

MTA?2 in glioma. In miRNA-targeted therapy for glioma,
restoring or mimicking miR-548b inhibits the MTA?2 pathway
and exerts antitumor effects. miR-548b overexpression mark-
edly suppresses growth of U-87MG xenografts (117). In
clinical samples, MTA2 expression is higher in HGG (e.g.,
GBM&8401 and Hs683) than in low-grade lines (e.g., M059J,
MO59K and U-87MG). MTA2 levels positively correlate with
WHO grade (P<0.001), supporting its potential as an auxiliary
marker of malignancy (49).

MTA?2 in osteosarcoma. In clinical treatment strategies for
osteosarcoma, interventions targeting the uPA signaling
pathway demonstrate potential value. It has been indicated that
rh-uPA treatment of MTA2-low osteosarcoma cells signifi-
cantly reverses the suppression of their migration and invasion.
Correspondingly, the application of small-molecule inhibitors
targeting the MTA2/uPA axis markedly reduces the number of
lung metastases. Furthermore, combining these inhibitors with
ERK pathway inhibitors holds promise for further enhancing
the suppression of tumor metastasis (121). In the prognostic
analysis of patients with osteosarcoma, elevated MTA2
expression correlated significantly with advanced tumor stages
(P<0.01). In vivo experiments also confirmed that reducing
MTAZ2 expression markedly suppressed tumor metastatic
activity and the formation of pulmonary nodules (121).

Clinical implications of MTA2 in non-neoplastic diseases.
Research indicates that the MTA2/HNF4A signaling axis may
serve as a therapeutic target for inflammatory bowel disease
and short bowel syndrome. Modulating this pathway may
enable colonic epithelial cells to acquire small-intestine-like
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absorptive properties, thereby improving nutritional deficien-
cies caused by malabsorption (122). Research on male infertility
has revealed that abnormalities in the FSH/MTA2/FSHR
negative-feedback regulatory pathway are associated with
impaired spermatogenesis. Developing drugs targeting this
pathway may correct defects in the phagocytic clearance func-
tion of supporting cells, offering a therapeutic strategy for such
infertility conditions (125). Additionally, the study revealed
that MTA?2 interacts with ERa in the epididymis through a
transactivation mechanism, offering insights for developing
selective ER modulators to help maintain male reproductive
function (123).

It should be noted that the current understanding
of MTA2 in non-neoplastic diseases remains relatively
limited compared with its well-established roles in various
malignant tumors. Most existing studies have concentrated
on the oncogenic functions of MTA2 in cancer initiation,
progression and metastasis, whereas investigations into its
physiological and pathological roles in non-neoplastic condi-
tions are still in the preliminary stage with relatively scarce
clinical and translational evidence. Therefore, the coverage
of non-neoplastic diseases in this review is appropriately
concise, while future studies are warranted to further explore
the clinical and translational potential of MTA?2 in these
non-oncological contexts.

In summary, MTA2 serves as a pan-cancer prognostic
biomarker and a broadly actionable therapeutic target, with
conserved clinical value in predicting poor differentiation,
lymph node metastasis and shortened survival across most
malignancies. Common therapeutic strategies include
disrupting NuRD assembly, inhibiting post-translational
modifications, restoring regulatory miRNAs and blocking
upstream regulatory axes. At the same time, tissue-specific
clinical implications are critical: Digestive system tumors
show unique sensitivities to PARP or HDAC inhibition;
BC exhibits endocrine therapy resistance linked to MTA2;
NSCLC requires stage-specific intervention; and head and
neck, bone and brain tumors benefit from miRNA-based or
ceRNA-targeted strategies. These conserved and distinct
features highlight that MTA2-targeted diagnosis and therapy
should be tumor-type-specific and mechanism-guided to
maximize clinical efficacy.

4. Future applications, prospects and challenges of MTA2

In conclusion, MTA?2 is a central element of the NuRD
complex, featuring several highly conserved functional
domains, including BAH, ELM2, SANT and an atypical
GATA zinc finger. It primarily achieves dual regulation of
gene expression through histone deacetylation and modulation
of transcription factors. Distinct from MTA1 and MTA3 with
incomplete C-terminal domains, the full-set intact conserved
domains equip MTA2 with the exclusive capability to assemble
intact functional NuRD complex (10,141), laying the structural
basis for its unique central regulatory role unavailable for
other MTA homologs.

Although MTA?2 exhibits consistent prognostic value across
most cancer types, its clinical translation is currently hindered
by substantial methodological heterogeneity. Variable detec-
tion platforms, lack of unified cut-off thresholds, inconsistent
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immunohistochemical scoring systems, and ambiguous subcel-
lular localization criteria collectively limit the standardization
of MTA2 as a routine clinical biomarker (142). Standardized
quantitative protocols and prospective cohort validation are
therefore urgently required to achieve stable clinical applica-
tion.

Objectively speaking, clinical application still faces
significant challenges. First, structural homology within
the MTA family poses a major obstacle. MTA2 shares high
sequence and domain similarity with MTA1 and MTA3,
especially in the conserved BAH, ELM?2 and SANT domains,
making it difficult to design small molecules that selectively
target MTA2 without cross-reacting with other MTA family
members (10,13). Second, the lack of a well-defined druggable
domain within the NuRD complex further hinders inhibitor
development. From the perspective of structural biology
and druggability, MTA2 possesses no intrinsic enzymatic
catalytic activity and functions predominantly as a core
scaffold protein. It utilizes intact BAH, ELM2, SANT and
atypical GATA zinc-finger domains to mediate extensive
protein-protein interactions among various subunits inside
the NuRD complex. The deficiency of explicit independent
ligand-binding pocket across its full-length sequence greatly
restricts rational design and screening of conventional
small-molecule inhibitors targeting MTA2 specifically (20).
This structural feature also differentiates MTA2 from MTAI
and MTA3 with incomplete domain composition, partially
explaining why selective inhibitor development against single
MTA paralog remains challenging. MTA?2 functions as a core
scaffold subunit of the NuRD complex rather than an enzyme
with a distinct active pocket; it lacks a clear ligand-binding
pocket or catalytic site that can be readily targeted by conven-
tional small-molecule inhibitors, complicating the rational
design of highly selective MTA2-targeted agents. As of now, no
targeted drugs for MTA?2 have entered the clinical trial phase,
indicating that uncertainties remain regarding the develop-
ment of MTA2-specific inhibitors and rapid MTA2 detection
technologies for real-time intraoperative margin assessment. It
is important to note that some inconsistent or neutral findings
regarding MTA?2 expression and clinical outcomes have been
reported in the literature. In certain tumor types and ethnic
subgroups, MTA2 overexpression does not uniformly correlate
with poor prognosis. For instance, in NPC, MTA2 expression
shows no significant association with clinical stage or lymph
node metastasis in Zhuang patients, in contrast to its clear
prognostic value in Han Chinese patients. Furthermore, while
MTAZ2 is widely linked to aggressive phenotypes and unfavor-
able prognosis in advanced-stage tumors across multiple cancer
types, limited evidence supports a consistent prognostic role
in early-stage lesions, indicating a stage-dependent functional
pattern rather than a universal oncogenic effect. Importantly,
such context-dependent inconsistent phenotypes are largely
attributed to the competitive and dynamic substitution among
MTA family members in assembling NuRD complexes.
MTAI1, MTA2 and MTA3 compete for limited NuRD core
scaffolds to form mutually exclusive complexes, and the domi-
nant MTA paralog determines the overall functional output of
NuRD. In early-stage tumors and specific ethnic subgroups,
elevated MTA1 or MTA3 can competitively replace MTA?2
within NuRD, rewiring chromatin regulatory programs and
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offsetting MTA2-mediated oncogenic effects; in advanced
malignancies, MTA2 gains dominant occupancy of NuRD
complexes, driving persistent malignant progression (8). These
discrepancies may arise from ethnic heterogeneity, tumor stage
differences, tissue-specific regulatory contexts or variations in
detection methods, highlighting the variability and inherent
limitations of current evidence regarding the prognostic value
of MTA2.

Therefore, while the understanding of MTA?2 is gradu-
ally deepening, its clinical application will require the active
participation of more high-level researchers and sustained
investment from multiple biopharmaceutical companies in
the future. Future research should prioritize the analysis of
the competitive and context-dependent substitution patterns
of MTA1, MTA?2 and MTA3 across different disease contexts
to precisely define the subtype-specific functions of NuRD,
overcome current bottlenecks in MTA2-based clinical diag-
nosis and targeted therapy, and accelerate the translation of
MTA? from basic research into mature clinical biomarkers
and targeted drugs.
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