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Abstract: N6-methyladenosine (m6A) is the most common modification on mammalian mRNA and has gained considerable attention 
in recent years as a key regulator of gene expression. RBM15 is an important component of the methyltransferase complex. Although 
its functions are increasingly being recognized, a comprehensive overview of its critical roles in cancer regulation and potential 
therapeutic relevance is still lacking. This review aims to summarize recent advances in RBM15 by outlining its physiological 
functions in normal organisms, detailing its biological roles in tumor regulation and discussing its potential clinical applications. This 
work highlights its potential as a therapeutic target in oncology. 
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Background
Previous studies have elucidated the hierarchical nature of epigenetic regulation mediated by DNA and protein 
modifications. However, the epigenetic regulatory role of RNA modifications is not yet been fully investigated. RNA 
methylation, which accounts for over 60% of all RNA modifications, is the most prevalent form of RNA modification, 
with N6-methyladenosine (m6A) being the most common modification in mammalian messenger RNA (mRNA).1 

Initially identified in the 1970s, the m6A modification did not attract considerable attention at that time. Recently, it 
has emerged as a crucial regulator of gene expression,2 sparking renewed interest in both cancer and non-cancer research. 
The m6A modification has been shown to be critically involved in cancer biology, modulating essential biological 
processes such as RNA maturation, localization, and translation.3–5

M6A RNA modification is a dynamical and reversible biological process—orchestrated by three classes of enzymes: 
m6A methyltransferases (“Writers”), m6A demethylases (“Erasers”), and m6A binding proteins (“Readers”). These 
enzymes collaboratively regulate m6A modifications, thus facilitating RNA processing, degradation, nuclear export, and 
translation, which controls RNA expression and function.6,7 The m6A methyltransferase complex, a multi-component 
entity, mediates m6A modifications on mRNA. METTL3 is the most widely studied methyltransferase and forms a core 
catalytic complex with METTL14, which primarily enhances its enzymatic activity for m6A deposition.8 WTAP, acts as 
a regulatory subunit, guiding the complex to target RNAs and stabilizing its catalytic function,9 RBM15, an adaptor 
protein, directs the complex to uracil-rich mRNA regions.10 Well-known m6A demethylases include ALKBH511 and 
FTO,12 which remove m6A from RNA. M6A binding proteins, known as “readers”, are classified into nuclear and 
cytoplasmic proteins based on their subcellular localization. These proteins play a pivotal role in recognizing and binding 
methylated RNA, thereby regulating key post-transcriptional processes, including mRNA splicing, translation, stability, 
and degradation.13–15
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As an m6A methyltransferase, RBM15 exerts a variety of physiological functions, including a critical role in 
hematopoiesis. In hematopoiesis, RBM15 plays a vital role by regulating hematopoietic cell differentiation, maintain
ing the quiescent state of hematopoietic stem cells (HSCs), and influencing cell fate decisions. It promotes 
B lymphocyte development while inhibiting myeloid differentiation. In addition to its role in hematopoiesis, 
RBM15 is also involved in the regulation of tumorigenesis, studies on the relationship between RBM15 and cancer 
have shown that dysregulated expression of RBM15 closely regulates tumor initiation and progression through various 
molecular mechanisms, including in hepatocellular carcinoma, lung cancer, cervical cancer, and acute leukemia, and is 
associated with patient clinical outcomes. RBM15 is implicated in critical aspects of tumorigenesis, such as angiogen
esis within tumors, immune cells infiltrations, tumor cell proliferation, invasion, migration, and modulation of 
stemness.16 RBM15 was identified later than other m6A “writers” and serves as a critical component of the 
methyltransferase complex (MTC), it plays an essential role in directing the complex to uracil-rich regions of target 
mRNAs,10 Due to its relatively recent discovery, the precise role of RBM15 within the m6A modification landscape 
remains to be fully elucidated and warrants further investigation. Understanding its function is crucial for elucidating 
the impact of m6A regulation in cancer and for advancing our knowledge of tumor biology. Numerous studies utilizing 
bioinformatics analyses have uncovered that RBM15 exhibits copy number variations and abnormal expression across 
multiple cancers, which are significantly associated with overall survival rates. Risk models based on the expression 
profiles of m6A-modulating genes, including RBM15, can be effectively utilized for early diagnosis of cancer and 
patient prognosis.17 Consequently, a comprehensive and systematic review of the association between RBM15 and 
cancer is imperative. This review synthesizes the current understanding of RBM15’s structure, function, and biological 
implications in cancer, and to explore its influence on cancer progression, therapeutic strategies, and prognostic 
outcomes. This study aims to elucidate the molecular mechanisms influenced by RBM15, thereby providing new 
insights into targeted cancer therapy and prognostic improvement.

Protein Structure of RBM15
The gene encoding RBM15 protein is also known as OTT (ovary testis transcribed), OTT1 (ovary testis transcribed 1), 
and SPEN (Split end) in humans, and KIAA1438 in mice. It encodes an RNA-binding protein with a molecular weight of 
105.7 kDa. RBM15, along with its homolog RBM15B, serves as a crucial component of the m6A methyltransferase 
complex. Although RBM15 itself lacks catalytic activity, both RBM15 and RBM15B can interact with WTAP and the 
catalytic subunit METTL3 within the m6A methyltransferase complex, guiding these proteins to specific RNA sites for 
m6A modification.18–20

RNA-binding proteins (RBPs) typically possess one or more RNA-binding domains, including RNA recognition 
domains (RBDs, also known as RNP domains), K homology (KH) domains (types I and II), RGG (Arg-Gly-Gly) boxes, 
Sm domains, DEAD/DEAH boxes, zinc fingers (ZnFs, primarily C-x8-X5-X-x3-H), double-stranded RNA-binding 
domains (dsRBDs), and Pumilio/FBF (PuF or Pum-HD) domains.21,22 Cooperative interactions among these RNA- 
binding domains determine protein specificity for RNA sequences. RBPs are highly diverse, comprising over 200 
different types, including heterogeneous nuclear ribonucleoproteins (hnRNPs), alternative splicing regulators (such as 
members of the SPEN family), and components of small nuclear ribonucleoproteins (snRNPs). A common feature of 
these proteins is the presence of RNA recognition motifs (RRMs). RBM15, a member of the SPEN (Split end) family, is 
involved in regulating alternative splicing. The SPEN (Split end) family, also known as the RRM Spen family, is 
characterized by multiple RRM domains and a highly conserved SPOC domain. Despite their structural similarities, 
different members of the family have distinct functions. For example, SHARP (SMART/HDAC1-associated repressor 
protein) binds to corepressors SMRT/NCoR to inhibit transcription, while OTT3 (RBM15B) and OTT1 (RBM15) 
interact with spliceosomes and the nuclear export factor NXF1 to regulate splicing and export.23 RBM15 plays 
a crucial role in normal development in animals. Both RBM15 and RBM15B contain three RNA recognition motifs 
(RRMs) and are notably enriched at m6A methylation sites in adjacent regions. Despite their similar sequence and 
domain organization, suggesting that RBM15B might compensate for RBM15, their biological functions differ.24 

Notably, RBM15 knockout in mouse embryos is lethal, and RBM15B cannot compensate for the loss of RBM15.25
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Physiological Function of RBM15
RBM15 was first identified and named in the context of acute megakaryoblastic leukemia with the t (1;22) 
translocation,26 Subsequent research has explored its critical role in hematopoietic development. Evidence suggests 
that RBM15 may inhibit myeloid differentiation in hematopoietic cells by stimulating Notch signaling through RBPJ. Its 
function is cell-type specific: it promotes Notch-induced HES1 transcription in hematopoietic cell lines but suppresses 
this activity in non-hematopoietic cells;27 Consistent with this, further studies have shown that RBM15-deficient mice 
exhibit peripheral B cell loss due to impaired pre-B cell differentiation, alongside an expansion of myeloid and 
megakaryocytic cells in the spleen and bone marrow. This results in a shift of progenitor cell fate towards granulocyte 
differentiation. Thus, RBM15 is essential for B lymphocyte hematopoiesis and exerts an inhibitory effect in the bone 
marrow, megakaryocytes, and progenitor cells, influencing the fate and expansion of multipotent hematopoietic cells.28 

RBM15 may also influence the development of hematopoietic stem cells (HSCs) by regulating c-Myc expression. This is 
evidenced by the increased long-term (LT) HSCs observed in both Myc-KO and RBM15-KO mice, as well as the 
production of abnormal, small-sized megakaryocytes in mutant progenitor cells. The increased megakaryocytes in 
RBM15-KO mice can be partially reversed by ectopic expression of c-Myc.29 Additionally, while conditional RBM15- 
deficient mice can maintain lifelong hematopoiesis, their HSCs exhibit a significant reduction in the G0 phase of the cell 
cycle and early onset of exhaustion under stress conditions. This suggests that RBM15 plays a crucial role in maintaining 
the quiescent state of HSCs. Furthermore, RBM15-deficient and aging HSCs share several common features, including 
reduced tolerance to replication stress, increased myeloid potential, elevated absolute numbers, and increased higher 
levels of reactive oxygen species.30 This may be attributed to RBM15’s role in regulating the alternative splicing of the 
Mpl-FL isoform into the dominant-negative Mpl-TR, thereby inhibiting HSC proliferation and dampening THPO signal 
transduction.31 These findings highlight RBM15’s critical role not only in early hematopoietic development but also in 
maintaining the quiescent hematopoietic environment under specific conditions even after maturation.

Research indicates that embryos with RBM15 gene deletion exhibit embryonic lethality by E10.5, highlighting its 
essential role in development. Rescue experiments with RBM15-deficient embryos confirm that RBM15 is essential for 
placental vascular branching, as well as for the development of the heart and spleen.32 Similarly, RBM15 influences 
nervous system development by mediating the degradation of BAF155 through methylation, which affects the layer 
formation of apical radial glial progenitor cells and consequently impacts cortical development,33 This suggests that 
RBM15 may have diverse, yet-to-be-discovered roles across various developmental systems. RBM15 has also been 
implicated in mediating the transcriptional silencing of lncRNA XIST,24 While some studies found that knocking down 
RBM15 does not block XIST-mediated gene silencing.34 Subsequent research demonstrated that both RBM15 and 
RBM15B show redundant functions in this process,24 This redundancy provides a plausible explanation for earlier 
findings. Interestingly, loss of RBM15 and METTL3/14 complex subunits through CRISPR/Cas9 has only a minor 
impact on XIST-mediated silencing.35 This may be due to the fact that, although the loss of the METTL3/14 complex can 
lead to secondary effects, the redundancy of RBM15B, along with variations in experimental models and silencing 
assays, may compensate for these changes and mask the effect of RBM15 knockdown on XIST silencing. These factors 
may collectively account for the observed discrepancies.36

RBM15 has been found to play a vital role in various diseases through m6A modification. Overexpression of RBM15 
alleviates liver damage, inflammation, and oxidative stress in mice with non-alcoholic fatty liver disease. Conversely, 
RBM15 knockdown exacerbates these conditions, likely due to RBM15’s upregulation of RNF5, which subsequently 
ubiquitinates and inhibits ROCK1 expression.37 Similarly, silencing RBM15 in COVID-19 models significantly reduces 
lymphocyte death in vitro and markedly suppresses the expression of multiple target genes associated with programmed 
cell death. RBM15 modulates the immune response to SARS-CoV-2 by increasing the expression levels of these target 
genes, suggesting its potential as a therapeutic target for COVID-19.38 Additionally, offspring of mothers with gestational 
diabetes are more susceptible to impaired glucose intolerance and insulin resistance, which may be due to RBM15’s role 
in epigenetically repressing CLDN4, thereby increasing insulin resistance and reducing insulin sensitivity.39 Recent 
studies also indicate that RBM15 expression is significantly elevated in patients with myocardial infarction. RBM15 
overexpression reduces myocardial cell apoptosis and improves cardiac function in post-infarction mice.40 In aortic 
aneurysm and dissection (AD), RBM15 upregulates glycolysis in macrophages and promotes AD progression by 
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enhancing M1 macrophage polarization.41 These findings suggest that differential expression of RBM15 in various 
diseases may result from different mechanistic pathways. A summary of the pathophysiological functions of RBM15 and 
its associated molecular pathways is presented in Table 1.

Overall, RBM15 is a pivotal RNA-binding protein whose structural configuration directly dictates its broad range of 
intracellular functions. It comprises three highly conserved RNA recognition motifs (RRMs) and a C-terminal SPOC 
(Spen paralog and ortholog C-terminal) domain. The RRMs primarily mediate the binding of RBM15 to uridine-rich 
sequences, thereby guiding it to specific target transcripts. The SPOC domain facilitates interactions with phosphorylated 
WTAP and the C-terminal domain (CTD) of RNA polymerase II, promoting the recruitment of the m^6A methyltrans
ferase complex, including METTL3 and METTL14, to enable site-specific mRNA methylation. This structure–function 
coupling positions RBM15 as a key regulator of gene expression, alternative splicing, and mRNA nuclear export. 
Moreover, the SPOC domain also engages with nuclear export factor NXF1 and the RNA helicase DBP5, facilitating the 
efficient export of mRNA through the nuclear pore complex. Such multidomain versatility allows RBM15 to integrate 
a variety of RNA metabolic processes across diverse cellular contexts through domain-specific interactions. Although the 
functional consequences of RBM15 deficiency in adult hematopoiesis have been extensively characterized, a direct 
association between these phenotypic outcomes and changes in RNA methylation remains unconfirmed. Further 
investigations are warranted to elucidate how RBM15’s structural features mechanistically contribute to its roles in 
hematopoietic regulation. Unraveling these potential cross-cutting molecular mechanisms and how different structures 
function in different cellular environments could provide new therapeutic targets for related diseases.

RBM15 Functions in Tumor
In most cases, RBM15 functions as an oncogene, driving the initiation and progression of hematological malignancies 
and various solid tumors by modifying key transcriptional pathways through m6A methylation. Overall, as a component 
of the m6A methyltransferase complex, RBM15 frequently regulates tumor progression by mediating m6A modifications 
on key cancer-related mRNAs, thereby affecting their stability, translational efficiency, and decay (Figure 1).

Table 1 The Physiological Function of RBM15

Targets Molecular Mechanism Cellular Function Rf.

RBPJ Regulates HES1 activity in a cell type– 

dependent manner

Inhibits myeloid differentiation in hematopoietic cells [27]

Essential for the Development of Pro/Pre-B differentiation [28]

c-Myc Regulates the differentiation of LT- HSCs into ST-HSCs [29]

Maintains HSC quiescence during replicative stress [30]
c-MPL Regulation of c-MPL alternative splicing Inhibit HSC engraftment and attenuate Thpo signaling [31]

Essential for normal placental development and vascular branching 
morphogenesis

[32]

BAF155 Control the Integrity of ventricular zone and delamination of apical radial glia 

progenitors in developing cortex

[33]

Promotes XIST-mediated transcriptional repression [24]

RNF5 Inhibits ROCK1 expression through 

ubiquitination modification

Mitigates NAFLD [37]

CLDN4 Suppress insulin sensitivity and increase insulin resistance of offspring of 

gestational diabetes mellitus mice

[39]

NAE1 Enhances NAE1 expression through 
stabilizing its mRNA

Exerts myocardial protection, attenuate cardiomyocyte apoptosis and improve 
heart function after MI

[40]

Upregulates glycolysis in macrophages Promotes the progress of aortic aneurysm and dissection [41]

Abbreviations: RBPJ, Recombination Signal Binding Protein for Immunoglobulin Kappa J Region; HES1, Hairy and Enhancer of Split 1; Pro-B, Progenitor B cell; Pre-B, Pre-B 
cell; c-myc, Myelocytomatosis viral oncogene homolog; HSC, hematopoietic stem cells; c-Mpl, Cellular Myeloproliferative Leukemia virus oncogene; Thpo, Thrombopoietin; 
LT-HSC, long-term hematopoietic stem cells; ST-HSC, short-term hematopoietic stem cells; BAF155, Brg1/Brm-associated factor 155; XIST, X–inactive specific transcript; 
RNF5, Ring Finger Protein 5; ROCK1, Rho-kinase 1; NAFLD, Nonalcoholic fatty liver disease; CLDN4, Claudin-4; NAE1, enzyme E1 subunit 1; MI, myocardial infarction.
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Acute Leukemia
Previous studies have shown that in acute megakaryoblastic leukemia (AMKL) characterized by the t(1;22)(p13;q13) 
translocation, a novel RBM15-MKL1 (Megakaryoblastic leukemia protein-1) fusion gene is formed by the joining of 
RBM15 and MKL1. This fusion protein disrupts RNA processing and the Hox and Ras/MAPK signaling pathways, 
leading to alterations in megakaryocyte proliferation and differentiation, thereby promoting leukemia development.26 

Under normal conditions, MKL1 is typically localized in the cytoplasm.42 However, the RBM15-MKL1 fusion protein is 
exclusively nuclear, indicating that the aberrant fusion drastically alters MKL1’s subcellular localization. This misloca
lization results in the loss of RBM15’s suppressive function and aberrant upregulation of MKL1-dependent transcrip
tional activation, ultimately contributing to the pathogenesis of AMKL.43 Interestingly, silencing the RBM15 gene 
typically results in the cytoplasmic depletion and nuclear accumulation of mRNA, suggesting that RBM15 plays a critical 
role in mRNA export.44 Furthermore, it has been observed that RBM15 expression is reduced in RBM15-MKL1 
leukemia.45 Consistently, PRMT1 overexpression in AMKL cell lines reduces RBM15 protein levels. PRMT1 mediates 
this effect by methylating RBM15 at the R578 site, leading to its ubiquitin-mediated degradation. Notably, restoring 
RBM15 protein levels can rescue megakaryocyte terminal differentiation inhibited by PRMT1 overexpression.46

Cervical Carcinoma
It has been reported that RBM15 mediates the upregulation of the oncogene OTUB2, which promotes cervical cancer 
progression through the AKT/mTOR pathway.47 Additionally, two other studies have consistently found that RBM15 
knockdown inhibits the proliferation of cervical cancer cells by affecting the JAK/STAT pathway and decorin (DCN) 
expression, and it also suppresses epithelial-to-mesenchymal transition (EMT) in cervical cancer. High levels of RBM15 
are associated with poor clinical outcomes.48–50 Furthermore, the study indicates that HPV, a high-risk factor associated 
with cervical cancer, enhances the accumulation of RBM15 via HPV-E6. Specifically, RBM15 is degraded through 
autophagy, while HPV-E6 inhibits this process, resulting in increased RBM15 levels. This accumulation subsequently 
promotes the proliferation of cervical cancer cells by enhancing c-Myc protein levels.51

Figure 1 Molecular mechanisms underlying regulation of RBM15 on target genes in cancers. RBM15 methylates target transcripts, and the resulting m6A marks recruit m6A 
reader proteins to determine RNA fate. The target genes of RBM15 are indicated by underlined text.
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Liver Cancer
Research indicates that cFAM210A binds to YBX1 and inhibits its transactivation of the MET protein. cFAM210A 
expression is negatively correlated with tumor development in patients with HBV-associated hepatocellular carcinoma 
(HCC). However, the hepatitis B virus X protein (HBx) can promote the expression of RBM15, which in turn induces the 
degradation of cFAM210A, ultimately contributing to tumorigenesis.52

Colorectal Cancer
In colorectal cancer (CRC), RBM15 knockdown has been shown to inhibit tumor growth and liver metastasis. This effect 
is likely due to RBM15-mediated m6A modification of MyD88 mRNA, leading to reduced MyD88 expression, which is 
associated with poorer prognosis.53 However, another study found that MyD88 is highly expressed in CRC tissues and is 
linked to worse survival outcomes in CRC patients.54 This contradiction may be attributed to the dual role of MyD88 in 
CRC, its pro-tumorigenic effects are driven by cancer-associated inflammation and gut microbiota dysbiosis, which 
facilitate tumor invasion and promote the self-renewal capacity of cancer cells. In contrast, its anti-tumorigenic effects 
are achieved by preserving host–microbiota homeostasis, thereby inducing tumor cell cycle arrest and enhancing anti- 
tumor immune responses.55 Mechanistically, RBM15 knockdown increases the expression of KLF1 and SIN3 mRNAs, 
which, through their interaction with IGF2BP3, promote mRNA stability and subsequently enhance CRC cell 
proliferation.56

Renal Cancer
In clear cell renal carcinoma (ccRCC), the acetyltransferases EP300/CBP promote histone acetylation at the RBM15 
promoter, thereby enhancing RBM15 transcription. RBM15, in turn, stabilizes CXCL11 mRNA in an m6A-dependent 
manner, which contributes to tumor growth, metastasis, and macrophage infiltration. Knockdown of RBM15 in ccRCC 
cells can inhibit EMT and reduce tumor metastasis.57 Additionally, from the perspective of cellular senescence, 
resveratrol has been found to affect the stability of CCNB1 mRNA mediated by RBM15 and inhibit cancer progression 
by suppressing EP300/CBP expression.58 These findings provide a basis for improving the prognosis of ccRCC and 
developing new combinatorial therapeutic strategies.

Prostate Cancer
AZGP1 has been identified as an independent predictor of biochemical recurrence following radical prostatectomy for 
prostate cancer,59–61 AZGP1P2, a pseudogene of AZGP1, has been found to act as a methyltransferase “writer” in 
castration-resistant prostate cancer (CRPC). It forms a complex with UBA1 and RBM15, regulating the ubiquitination 
and degradation of RBM15. This interaction decreases the stability of TPM1 mRNA, thereby inhibiting CRPC growth 
and metastasis. Moreover, RBM15 reduces CRPC’s sensitivity to docetaxel chemotherapy, suggesting that AZGP1P2 
ultimately enhances CRPC’s sensitivity to docetaxel and exerts an antitumor effect.62 In summary, the research has 
unveiled a novel mechanism of docetaxel resistance CRPC, involving the AZGP1P2/UBA1/RBM15-TPM1-ERK1/2 
signaling cascade. Conversely, a recent study has shown that overexpression of RBM15 significantly inhibits cell 
migration and proliferation, and it has proposed a new RBM15/IGF2BPs/DNMT1 cross-omic regulatory axis for m6A 
modulation.63 Whether the observed differences are due to new interactions between RNA m6A methylation and DNA 
methylation in the latter case requires further investigation. Additionally, a recent study indicates that RBM15 can also 
promote prostate cancer progression by regulating lncRNA expression.64

Lung Cancer
Studies have shown that upregulation of RBM15 in lung adenocarcinoma (LUAD) tissues is associated with poor patient 
survival outcomes.65 Additionally, RBM15 is linked to in vitro radiosensitivity by antagonizing SETD2.66 Knockdown of 
RBM15 inhibits LUAD cell proliferation, colony formation, migration, and invasion. Furthermore, the TGF-β activator 
(SRI-011381) reverses the suppressive effects of RBM15 silencing on tumor cell growth, possibly due to RBM15 
silencing regulating the TGF-β/Smad2 pathway, thereby promoting ferroptosis in lung cancer cells.65,67 Additionally, 
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studies have found that RBM15 suppresses RASSF8 protein levels through m6A modification and upregulates 
LINC01087, both of which enhance cell migration and invasion, thus accelerating LUAD progression.68,69 However, 
further research is needed to determine whether RBM15 can serve as a biomarker for lung cancer.

Osteosarcoma
RBM15 interacts with circular DNA, specifically with circ-CTNNB1, to promote the expression of hexokinase 2 (HK2), 
glucose-6-phosphate isomerase (GPI), and phosphoglycerate kinase 1 (PGK1) through N6-methyladenosine (m6A) 
modification. This interaction provides a metabolic survival advantage via aerobic glycolysis, thereby facilitating 
osteosarcoma progression.70 Interestingly, other studies have shown that in osteosarcoma (OS), RBM15 is negatively 
correlated with the expression of T cell γδ, while it is significantly positively correlated with natural killer (NK) cells, 
suggesting that RBM15 may serve as a potential immune target in OS.71

Other Cancers
Research on RBM15 in various tumors is relatively limited, with only a few relevant studies providing insights into its 
role, which may lead to discrepancies in findings. This review highlights some of these studies involving RBM15 and the 
involved mechanisms. For instance, in laryngeal squamous cell carcinoma, RBM15 mediates the m6A modification of 
TMBIM6 mRNA and enhances its stability in an IGF2BP3-dependent manner. This suggests that the RBM15/IGF2BP3/ 
TMBIM6 axis may serve as a promising therapeutic target for laryngeal squamous cell carcinoma.72 Additionally, 
RBM15 expression has been reported to increase in testicular germ cell tumors73 and may also influence the progression 
of Kaposi’s sarcoma by promoting KHSV ORF59 expression.74 Moreover, a recent study in bladder cancer revealed that 
ENO1, an important glycolytic enzyme linked to tumorigenesis, is regulated by RBM15. RBM15 enhances the m6A 
modification of ENO1 mRNA through the Smad2/3 pathway, promoting tumor proliferation in bladder cancer.75 In 
another recent study, Su Hwan Park et al demonstrated that RBM15 levels are significantly elevated in basal-like breast 
cancer patients and are associated with poorer clinical outcomes, which is achieved through alterations in serine and 
glycine synthesis.76

The molecular regulatory pathways of RBM15 in cancers are shown in Table 2.

Table 2 Molecular Regulatory Pathways of RBM15 in Cancers

Role Cancer Type Regulator Targets Molecular Mechanism Cellular Function Ref.

Oncogene Leukemia RBM15- 

MKL1

Deregulate RNA processing and/or Hox and Ras/ 

MAP kinase signaling

Alter proliferation or 

differentiation of 

megakaryo-blasts

[26]

Suppressor PRMT1 SF3B1 Regulate alternative RNA splicing Block megakaryocyte 

terminal 

differentiation

[46]

Oncogene BSAC 

(MKL1)

Change the subcellular localization of BSAC. The 

loss of suppressor function of OTT along with 

aberrant up-regulation of BSAC-dependent 
transactivation

Contribute to the 

development of 

leukemia

[43]

Oncogene Cervical 

cancer

OTUB2 Activate the AKT/mTOR signaling pathway Proliferation, 

migration, invasion

[47]

Oncogene JAK-STAT 

signaling 

pathway

Proliferation, 

migration, invasion

[48]

Oncogene Decorin 

(DCN)

Proliferation, 

migration, invasion

[49]

(Continued)
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Targeting of RBM15 for Potential Clinical Application
As previously mentioned, current research indicates that RBM15 primarily plays a pro-oncogenic role in cancer, while 
fewer studies demonstrated the anti-cancer effects of RBM15. Despite the limited available research, targeting RBM15 
may hold clinical significance (Figure 2A–C). Notably, RBM15 promotes cell proliferation and inhibits myeloid 
differentiation in the normal hematopoietic system.27 Silencing RBM15 has been shown to enhance terminal differentia
tion of normal hematopoiesis, thereby inhibiting the proliferation of acute myeloid leukemia (AML). Interestingly, 

Table 2 (Continued). 

Role Cancer Type Regulator Targets Molecular Mechanism Cellular Function Ref.

Oncogene HPV-E6 c-Myc Inhibit the autophagy of RBM15 Proliferation [51]

Oncogene EZH2 Proliferation, EMT [50]
Oncogene Breast cancer Regulate de novo serine and glycine synthesis Proliferation [76]

Oncogene Hepatocellular 

carcinoma

HBx cFAM210A Bound to YBX1 and inhibit its phosphorylation Tumorigenesis [52]

Oncogene VEGFA RNA recognition and stabilization by IGF2BP3 and 

YTHDF2

Proliferation, invasion [77]

Oncogene Colorectal 
cancer

MyD88 Proliferation, 
Metastasis

[53]

Oncogene KLF1/ 

SIN3A

RNA stabilization and expression by IGF2BP2 Proliferation, 

migration, invasion

[56]

Oncogene Renal 

carcinoma

EP300/ 

CBP

CXCL11 Enhanced the stability of CXCL11; promote 

macrophage infiltration and M2 polarization

Proliferation, 

migration, invasion, 

epithelial-interstitial 
transition

[57]

Oncogene Resveratrol CCNB1 Promote the stability of CCNB1 mRNA Proliferation, invasion [58]

Oncogene Prostate 
cancer

UBA1 TPM1 Promote the decay of TPM1 Proliferation, 
Metastasis

[62]

Suppressor SEMA3F Activate Hippo pathway with IGF2BPs Proliferation, 

Metastasis

[63]

Oncogene Bladder cancer ENO1 Inhibiting the K48-linked ubiquitination Proliferation [75]

Oncogene Lung cancer TGF-β / 
Smad2

Regulate the ferroptosis of lung cancer cells Proliferation, 

migration, invasion

[67]

Oncogene RASSF8 Migration, invasion [68]

Oncogene LINC 

01087

Increase the expression and mRNA stability Proliferation, 

migration, invasion, 
EMT

[69]

Oncogene Osteosarcoma circ- 

CTNNB1

Promote aerobic glycolysis Proliferation, 

metastasis, invasion

[70]

Oncogene Laryngeal 

squamous cell 
carcinoma 

(LSCC)

TMBIM6 RNA stabilization by IGF2BP2 Proliferation, 

migration, invasion

[72]

Oncogene KDM5B RNA stabilization by IGF2BP3 Proliferation [78]
Oncogene Kaposi’s 

Sarcoma

ORF57, 

ORF59

Accumulation of nuclear ORF59 RNA Augment ORF59 

production

[74]

Abbreviations: MKL1, Megakaryoblastic leukemia protein-1; PRMT1, Protein Arginine Methyltransferase 1; SF3B1, Splicing Factor 3b Subunit 1; OTT, ovary testis 
transcribed; OTUB2, OTU Deubiquitinase, Ubiquitin Aldehyde Binding 2; HPV-E6, Human Papillomavirus E6; c-myc, Cellular Myelocytomatosis Oncogene; EZH2, 
Enhancer of Zeste Homolog 2; EMT, epithelial-mesenchymal transition; HBx, hepatitis B virus X; cFAM210A, a circular RNA derived from the third exon of transcript 
NM_001098801 of the FAM210A gene; YBX1, Y-box Binding Protein 1; VEGFA, Vascular Endothelial Growth Factor A; MyD88, Myeloid Differentiation Primary Response 
88; KLF1, Kruppel Like Factor 1; SIN3A, SIN3 Transcription Regulator Family Member A; EP300, E1A Binding Protein P300; CBP, CREB Binding Protein; CXCL11, 
C-X-C Motif Chemokine Ligand 11; CCNB1, Cyclin B1; UBA1, Ubiquitin-activating Enzyme 1; TPM1, Tropomyosin 1; SEMA3F, Semaphorin 3F; ENO1, Enolase 1; Smad2, 
SMAD Family Member 2; RASSF8, Ras Association Domain Family Member 8; CTNNB1, Catenin Beta 1; TMBIM6, Transmembrane BAX Inhibitor Motif Containing 6; 
KDM5B, Lysine Demethylase 5B; ORF57, Open Reading Frame 57; ORF59, Open Reading Frame 59.
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PRMT1 catalyzes the methylation of RBM15 at the R578 site, thereby promoting its ubiquitination and subsequent 
degradation. However, the enzymatic activity of PRMT1 V2 can enhance the stability of RBM15.46 To address the 
potential off-target effects of PRMT1 activator, the use of PRMT1 V1 isoform-specific activator may be an effective 
strategy46 (Figure 2E). The emergence of antisense RNA AS-RBM15 also offers a new avenue for research; studies have 
shown that AS-RBM15 enhances the translation of RBM15 protein in a CAP-dependent manner. Developing specific 
inhibitors targeting AS-RBM15 could more precisely influence the regulatory dynamics between RBM15 and AS- 
RBM1579 (Figure 2D). Additionally, reports indicate a direct interaction between RBM15-MKL1 and the Setd1b histone 
H3-Lys4 methyltransferase, which supports cell survival and subsequently enhances cell proliferation.45 Therefore, 
developing small molecule inhibitors and structural inhibitors that target the interaction between RBM15 and Setd1b 
may offer new therapeutic options for acute megakaryoblastic leukemia (AMKL). Similarly, recent studies have 
identified RBM15 as a critical component of the methyltransferase complex responsible for m6A modification of 
VEGFA, which is recognized and stabilized by IGF2BP3 and YTHDF2. Knockdown of RBM15 significantly inhibits 
tumor growth closely associated with VEGFA expression and angiogenesis, suggesting a potential alternative pathway 
for anti-angiogenic therapies targeting VEGFA.77 Furthermore, RBM15 is involved in tumor drug resistance; it promotes 

Figure 2 Clinical value and strategies of targeting RBM15 in cancer. (A) Targeting RBM15 to inhibit tumor angiogenesis by modulating VEGFA expression. (B) Targeting 
RBM15 to downregulate de novo serine and glycine biosynthesis in tumor tissues. (C) Targeting RBM15 to suppress glycolysis in tumor tissues. (D) Develop isoform-specific 
AS-RBM15 inhibitors to downregulate RBM15 translation and achieve targeted inhibition. (E) Design isoform-specific activators targeting PRMT1 V1 to induce ubiquitin- 
mediated degradation of RBM15. (F) Design bifunctional molecules leveraging PROTAC technology to induce the ubiquitin-mediated degradation of RBM15. 
Abbreviations: VEGFA, vascular endothelial growth factor A; PROTAC, Proteolysis-targeting chimeras.
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cisplatin resistance in laryngeal cancer by inhibiting ferroptosis. This indicates that combining cisplatin chemotherapy 
with RBM15 inhibitors could represent a more effective treatment strategy.78

Clinically, high expression of RBM15 is significantly associated with poor overall survival in various cancer patients, 
including those with hepatocellular carcinoma(HCC),80 ovarian cancer,81 and pancreatic cancer.82 Thus, RBM15 holds 
promise as a prognostic marker across multiple tumors. Interestingly, inhibiting m6A modification can enhance tumor 
sensitivity to immunotherapy by altering the tumor microenvironment and increasing the recruitment of CD8+ tumor- 
infiltrating lymphocytes (TILs). In line with this, RBM15 has been reported to be negatively correlated with PD-L1,83 

suggesting that the combined use of RBM15 inhibitors and anti-PD-L1 therapies may enhance the efficacy of immu
notherapy. Moreover, inhibiting RBM15 has been shown to suppress pancreatic cancer progression and regulate 
macrophage phagocytosis, providing a more effective immunotherapeutic strategy for pancreatic cancer treatment.84 

Reports indicate that RNA methyltransferases can influence the stability and expression of lncRNAs.85–87 Research has 
found that RBM15 promotes tumor stemness and enhances the stability of lncRNA HEIH, and lncRNA HEIH regulates 
EGFR expression through miR-802. Downregulation of miR-802 can impede the progression of cervical cancer.88 

Therefore, RBM15 may serve as a potential target for cervical cancer therapy. Additionally, RBM15 contributes to the 
oncogenic activity of HPV and is a key factor in the growth of HPV-associated cervical cancer.51 Thus, targeting RBM15 
could represent a novel approach for treating HPV-related cervical cancer.

A study analyzing the immune cell composition in osteosarcoma found a significant negative correlation between 
RBM15 and γδ T cells. Overexpression of the RBM15 gene led to reduced γδ T cell expression in osteosarcoma. 
Interestingly, RBM15 showed a significant positive correlation with activated natural killer (NK) cells, suggesting new 
directions for immunotherapy in osteosarcoma. This research also established a prognostic model based on the RNA- 
binding proteins RBM15 and YTHDC1, revealing that patients in the high-risk group had significantly lower survival 
rates compared to those in the low-risk group.71 These findings indicate that RBM15 and its m6A regulatory factors may 
serve as novel prognostic indicators for certain tumors.

Conclusions and Perspectives
M6A modification is one of the most prevalent RNA modifications, involving processes mediated by “writers”, “erasers”, 
and “readers”. Extensive research has highlighted its significant functional roles, not only in normal growth and 
development—such as hematopoiesis,27–31 embryonic development of the heart and spleen,32 and the transcriptional 
silencing of lncRNA XIST,24 but also in various human diseases, including azoospermia,89 heart failure,90 cancer.91 

METTL3 is recognized as the sole catalytic subunit in the m6A methyltransferase complex (MTC), forming 
a methyltransferase complex in conjunction with METTL14.92,93 The primary role of METTL14 is to enhance the 
catalytic activity of this complex for m6A modification,8 whereas RBM15 contributes to this process by recruiting the 
MTC to U-rich regions of target mRNAs.10 Given the dual association of RBM15 with both drug resistance and 
favorable prognosis in certain cancers, the development of effective RBM15 inhibitors and activators holds promise as 
a novel anti-cancer strategy. Targeted therapies aimed at modulating RBM15, either alone or in combination with other 
agents, may offer new avenues for the treatment of various malignancies and other disease forms.

Previous investigations have primarily focused on the oncogenic role of RBM15, particularly its association with 
tumor proliferation, invasion, and migration. However, accumulating evidence suggests that RBM15 also contributes to 
other tumor-associated processes, including the inhibition of autophagy, angiogenesis, and metabolic regulation. Notably, 
some studies have revealed that RBM15 may exert tumor-suppressive effects in certain cancers and is associated with 
favorable prognostic outcomes. Whether these divergent roles stem from tissue specificity, variations in the key pathways 
through which RBM15 functions across different tumor types, or whether tumor-suppressor-related genes, within an 
immunosuppressive microenvironment, may paradoxically promote immune evasion.94 The underlying reasons for these 
divergent findings require further investigation. As a component of the MTC, RBM15’s functional dynamics within the 
complex warrant closer examination. Previous studies have demonstrated that METTL14, another core MTC component, 
exhibits tumor-suppressive activity in most cancer types.95 While this review focuses on RBM15, it is important to note 
that the METTL3–METTL14 heterodimer constitutes the core of the MTC, mediating m6A modifications. Research on 
the m6A-dependent roles of RBM15 should also consider the roles of METTL3 and METTL14. Nevertheless, how 
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RBM15 interacts with other MTC components during tumor development, and how the interplay among MTC subunits 
collectively influences tumor progression and suppression, remains an open and compelling question.

In summary, RBM15 plays a pivotal role in various types of cancer, regardless of their dependency on m6A 
modification. Further investigations are warranted to develop RBM15-targeted therapies and promote their application 
in clinical settings. Existing studies suggest that RBM15 may undergo degradation via the ubiquitination pathway, 
highlighting the potential of designing bifunctional molecules using PROTAC (proteolysis-targeting chimera) technology 
to induce its ubiquitin-mediated degradation (Figure 2F).96 Finally, special attention should be paid to the dual regulatory 
role of RBM15 in tumor biology; the use of RBM15 activators or inhibitors should be approached with caution to avoid 
promoting tumorigenesis in other contexts.
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