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The RNA-binding motif (RBM) proteins are a class of RNA-binding proteins named, containing RNA-recognition motifs (RRMs), RNA-binding domains, and ribonucleoprotein motifs. RBM proteins are involved in RNA metabolism, including splicing, transport, translation, and stability. Many studies have found that aberrant expression and dysregulated function of RBM proteins family members are closely related to the occurrence and development of cancers. This review summarizes the role of RBM proteins family genes in cancers, including their roles in cancer occurrence and cell proliferation, migration, and apoptosis. It is essential to understand the mechanisms of these proteins in tumorigenesis and development, and to identify new therapeutic targets and prognostic markers.
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Introduction

RNA-binding proteins (RBPs) are a kind of crucial intracellular protein, which can be widely involved in a variety of post-transcriptional regulation processes, such as RNA splicing, transport, localization, and translation. RBPs are divided into many kinds according to different functions, including Hu-antigen R (HuR), heterogeneous nuclear ribonucleoprotein family (hnRNP), the arginine/serine-rich splicing factor protein family (SRSF), and RNA-binding motif (RBM) proteins family, etc. (1). RBM proteins family is a subgroup of RBPs, which has the same domain characteristics as RBPs, including RNA-recognition motifs (RRMs), RNA-binding domains (RBM), ribonucleoprotein (RNP), cold-shock domain (CSD), and zinc finger (ZnF), etc. (1). RRM is a central structural motif of the RBM proteins family; usually, RBM protein has one or more RRMs, such as RBM3, which includes one RRM, and RBM19 contains up to six RRMs. The member of the RBM proteins family is named sequentially after confirming that they contain RRM. Up to now, more than 50 RBM proteins have been identified (Table S1). It is worth noting that not all the RRM-containing RNA-binding proteins are designated as RBM proteins. Once the exact functions of the RBM protein are determined, the RBM protein will be renamed according to its function, and the ‘‘RBM’’ designation can be removed (2).

Like RBPs, the RBM proteins family are involved in multiple biological activities, such as RNA metabolism, including pre-mRNA splicing, RNA stability, mRNA translation, etc. (Figure 1) (3–7). RBM proteins can regulate alternative splicing by binding to the exon/intron region near the splice site of mRNA. For example, RBM10 can bind to the intron region near the splice site on mRNA, thus interfering with the recognition of splice site, while RBM5 and RBM6 can bind to the exon region near the splice site and recruit splicing components (8). And RBM4 has been reported can regulate the selection of 5’ splice sites or exons in vitro and antagonize the effect of SRSF protein on the selection of 5’ splice sites (9). In addition, RBM proteins can regulate the stability of RNA by directly binding its target mRNAs, such as RBMS1, RBM38, and RBM3 (10–13). Among them, RBM3 also participates in the translation regulation of cyclooxygenase-2 (COX-2) mRNA by recognizing and binding COX-2 AU-rich elements (ARE) sequence. Overexpression of RBM3 can improve the mRNA translation of COX-2 in HCT116 cells (13). Over the past few decades, different effects of the RBM proteins family have been gradually found in various cancer-related studies. In this review, we focused on the role of the RBM proteins family in cancer and summarized the effects of the RBM proteins family members on the occurrence, progression, and treatment of cancer.




Figure 1 | The RBM proteins family can affect gene expression and function by intervening mRNA transport, translation, capping, splicing, and stability. The three colored rectangles represent different exons, black lines represent introns, reddish brown circles represent 5 ‘cap, light blue circles represent RBM family proteins, and green rectangles represent the RRM domain. The central circle is the structure of RBM protein, usually, it has one or more RRMs.





RBM Proteins Family Is Frequently Related to the Occurrence of Cancer

Several studies showed that the RBM proteins family is closely related to the occurrence of cancer. RBM3, a cold-induced RNA-binding protein, was found to be upregulated in several types of cancers (14–17). However, Zeng et al. found that the overexpression of RBM3 in PC3 cells (a human prostate cancer cell line) weakened the stem cell-like characteristics of these cells (18). They indicated that RBM3 hindered the occurrence of prostate cancer because the tumor formation rate of PC3 cells overexpressed with RBM3 in nude mice was significantly lower than that in the control group (18). p53 is the most common mutant gene in human cancer and mutant p53 has been reported to promote tumor metastasis. RBM38, also known as RNPC1, is a target gene of the p53 family; it can inhibit p53 translation by interacting with eIF4E on p53 mRNA (11, 19, 20). Zhang et al. found that RBM38 can jointly regulate mutant p53 and PTEN, a key regulator of T cell development, to affect the occurrence of T cell lymphomas. They showed that the deletion of RBM38 enhanced the expression of mutant p53, and decreased the expression of tumor suppressor PTEN, which promoted the occurrence of lymphoma (21). And Zhang et al. found that mice who deleted RBM38 were more prone to aging and spontaneous tumors (20). These researches indicated that RBM38 could interact with p53 to form a negative feedback regulatory loop to involve tumorgenesis. RNA-binding motif single-stranded interacting protein 3 (RBMS3), another member of the RBM proteins family, has been reported could suppress the morphogenesis of non-small cell lung cancer (NSCLC) (22). Based on these studies, some RBM proteins, such as RBM38, RBM3, and RBMS3, play an inhibitory role in tumorigenesis. However, whether other RBM proteins family have the same effect in tumorigenesis has not been reported. Therefore, the role of the RBM proteins family in tumorigenesis and related molecular mechanisms still needs to be further explored.


RBM Proteins Family Can Promote Tumor Cell Proliferation

Studies have found that RBM proteins family can promote the proliferation of tumor cells. The mechanism of the RBM proteins family promoting proliferation is complex and usually involves the following aspects.


RBM Proteins Family Can Affect Tumor Cell Proliferation by Regulating Cancer-Related Genes and Signaling Pathways

SM Sureban et al. reported that RBM3 could promote the proliferation of colon cancer cells by enhancing the stability and translation ability of COX-2, IL-8 and VEGF mRNA (13). Hypoxic and other adverse conditions that are detrimental to cell growth, RBM3 participates in the survival of colon cancer cells mainly through a COX-2 signal transduction mechanism (23). Furthermore, RBM3 could promote the growth and proliferation of hepatocellular carcinoma (HCC) cells in the stearoyl-CoA desaturase (SCD)-circRNA-2-dependent manner by control SCD-circRNA-2 formation (24). Lin et al. found that RBM4 inhibits the apoptosis of breast cancer cells by upregulating the expression of transcripts IR-B and MCL-1S (25). In the U251 cell line, RBM17 decreased the expression of apoptosis related factors caspase 3, caspase 9 and PARP, and promoted the proliferation of glioma cells (26).



RBM Proteins Family Can Promote Cell Proliferation by Participating in the Regulation of Cell Cycle

HAN et al. found that inhibiting RBM17 expression can significantly reduce the proliferation of hypopharyngeal carcinoma cells, promote their apoptosis, and block their cell cycle progression at the G2/M phase (27). RBM17 plays a similar role in HCC and glioma. Li et al. showed that inhibiting RBM17 expression can decrease the proliferation of HCC cells, arrest cells at the G2/M phase, and significantly increase the apoptosis rate (28). In breast cancer cells, knocking down the RBM7 gene also inhibits cell proliferation, and induces G1 cell cycle arrest. Whereas overexpressing RBM7 promotes the proliferation of breast cancer cells by binding to AU-rich elements of cyclin-dependent kinase1 (CDK1) 3’-UTR and then stabilizing CDK1 mRNA (29).

Other RBM proteins family members also participate in promoting proliferation in various cancers, such as RBM5-AS1, RBM11, RBM15, RBM23, RBM33, etc. (Table 1). The proliferative effects of the RBM protein family members, as mentioned above that on tumor cells, may contribute to tumor progression. Nevertheless, the RBM proteins family can also play anti-tumor effects in cancers.


Table 1 | The RBM family proteins effect promotes a role in cancers.






RBM Proteins Family Inhibits Tumor Cell Proliferation

To date, studies on the anti-tumor proliferation effects of the RBM proteins family on cancer have mainly focused on the following aspect.


RBM Protein Inhibits Cell Proliferation by Targeting the Expression of Proto-Oncogene or Anti-Oncogene

RBM38 can suppress c-Myc protein expression to suppressed cell proliferation by directly binding to target AU-rich elements in the 3’-UTR of c-Myc mRNA. Conversely, c-Myc negatively regulates RBM38 expression by binding to the E-box in the promoter region of the RBM38 gene in breast cancer (30). RBM38 can also increase the expression of phosphatase and tensin homolog gene on chromosome 10 (PTEN) by binding to the 3’-UTR of PTEN transcript, thereby inhibiting the cell proliferation of breast cancer (31). Zhang et al. reported that RBM38 is phosphorylated at Ser195 by glycogen synthase kinase 3 (GSK3), promoting the translation of p53 mRNA and inhibiting tumor cell growth and proliferation (32).



RBM Proteins Family Can Inhibit Cell Proliferation by Regulating the Cell Cycle in Cancer

P21 protein is a cyclin-dependent kinase inhibitor that can arrest the cell cycle and prevent cell proliferation. RBMS2 positively regulates the stability of P21 mRNA by binding to its 3’ -UTR and therefore inhibits the proliferation of breast cancer cells (33). RBM43 is another tumor suppressor gene in the RBM proteins family. It is significantly downregulated in tumors, and its low expression is associated with a poor prognosis (34). Overexpression of RBM43 can inhibit the cell cycle progression by directly binding to the 3’ -UTR of CyclinB1 and then reducing CyclinB1 expression in HCC cells (34).



RBM Protein Can Inhibit Tumor Proliferation by Regulating Signal Pathway

Yong et al. found that RBM4 can inhibit the proliferation of gastric cancer cells in vitro and in vivo. RBM4 inhibits the activity of MAPK dependent signal pathway by inhibiting the expression of MAPK pathway protein, so it plays a role in inhibiting the proliferation of gastric cancer cells (35). RBM5 is a tumor suppressor gene in lung cancer and breast cancer, but its role in the pathogenesis of medulloblastoma (MB) remains unclear. Yu et al. Found that RBM5 knockdown induced Daoy and ons-76 cells proliferation, and the β-Catenin protein expression level was up-regulated in Daoy cells, Therefore, RBM5 may regulate Wnt/β- Catenin signal transduction plays a tumor suppressive role in MB (36). Jiang et al. Found similar results. In human glioma, RBM5 inhibits Wnt/β- Catenin signal transduction to play a role in tumor inhibition (37). Rbm10 can inhibit Notch signal transduction and cell proliferation by regulating the variable splicing of numb. RBM10, a splicing factor, inhibits cell proliferation by switching hTERT transcripts to generate a function-less isoform and suppressing the telomerase activity in pancreatic cancer (38). RBM10 is also an alternative splicing regulator of the Notch regulator gene NUMB. Jordi Hernandez et al. found that RBM10 can inhibit cell proliferation by promoting exon 9 skipping of NUMB in lung adenocarcinoma (LUAD) (39). The inhibitory effect of RBM10 on cell proliferation can be obtained through inactivating RAP1/Akt/CREB signaling pathway in LUAD cells (40).

Other RBM proteins family members also participate in suppressing proliferation in different cancers, such as RBM6, RBMS1, RBMS2, RBMS3, etc. (Table 2). In fact, many RBM proteins family members have dual effects on tumor cells, namely promoting proliferation and inhibiting proliferation, including RBM3, RBM4, RBM10, RBMX, etc. The mechanism of these genes’ dual effect in different tumors is not precise. It may be related to the characteristics of tumors and the location of gene expression, still need more research.


Table 2 | RBM family proteins effect as an inhibitor in cancers.









The Effect of RBM Proteins Family on Tumor Cell Apoptosis

The studies mentioned above indicate that the RBM proteins family members play essential roles in tumor proliferation. In addition, many studies have found that the RBM proteins family also involve in the regulation of apoptosis in cancer, mainly in two aspects.


RBM Proteins Family Can Regulate Tumor Cell Apoptosis by Induced Pro-Apoptotic Genes and Apoptosis Regulatory Proteins, Including Bax and p53

Garabito et al. found that the expression of RBM genes (RBMX, RBM3, and RBM10) on the X chromosome is remarkably associated with the pro-apoptotic gene Bax in breast cancer cells (41). RBM10, a vital member of the RBM genes on the X chromosome, can also promote cell apoptosis by enhancing the expression of TNF-α and regulating the alternative splicing of related genes, including FAS and BCL-X (42, 43). Rbm10 can also increase the stability of p53 by inhibiting MDM2 mediated ubiquitination and degradation of p53 and prolong the half-life of p53 to induce apoptosis to inhibit cancer cell proliferation and induce apoptosis.



RBM Proteins Family Can Affect Apoptosis by Enhanced Mitochondrial Apoptotic Activity and Upregulated the Expression of Autophagy-Related Proteins

Zhao et al. found that RBM5 protein expression significantly decreased in prostate cancer tissues than in normal tissues. Mitochondrial apoptotic activity is significantly increased when RBM5 is overexpressed in prostate cancer cells (44). The upregulation of RBM5 can induce cell apoptosis and increased cell sensitivity to certain apoptotic stimuli by altering the apoptosis regulatory proteins (44, 45). Loiselle et al. reported that RBM5 could directly regulate the cell cycle and apoptosis in small-cell lung cancer (SCLC) (46). RBM5 upregulates the level of autophagy-related proteins, such as LC3, Beclin1, and LAMP1, which further induce cell autophagy in LUAD (47). Similarly, down-regulation of RBM5 in bladder cancer cells leads to inhibition of apoptosis by increasing the expression of β-catenin-mediated mir-432-5p (48). The pro-apoptotic effect of RBM protein may contribute to inhibit tumor progression. Hence, it can accelerate tumor cell death by inducing the expression of RBM proteins family members. And this mechanism may benefit targeted therapy of tumors in the future.




The RBM Proteins Family Affect the Invasion and Migration of Tumor Cells

In addition to playing a role in tumor cell proliferation and apoptosis, the RBM proteins family can also affect the migration and invasion of tumor cells. Most RBM proteins family effect as an inhibitor in the invasion and metastasis of cancer, the primary biology mechanism as the following.


RBM Proteins Family Protein Can Inhibit Tumor Cell Invasion and Metastasis by Targeted Gene Expression

Zonula occludens-1 (ZO-1) is a member of the membrane-associated guanylate kinase (MAGUK) family of proteins, which can control endothelial cell-cell tension, cell migration, and barrier formation (49). RBM38 can positively regulate the ZO-1 gene by directly binding to AU/U-rich elements in the ZO-1 mRNA 3’-UTR. Therefore, overexpression of RBM38 can reverse the invasion and migration of breast cancer cells caused by the knockdown of ZO-1 (50). RBMS3 negatively regulates the expression of Twsit1 and reduces the level of Matrix metalloproteinase 2 (MMP2) induced by Twist1, thus inhibiting the invasion and metastasis of breast cancer cells (51). In human prostate cancer, RBM25 binding directly to an Amotl1-derived circRNA, circAMOTL1L, resulted in the relief of the miR-193a-5p repression of the Pcdha gene cluster, whereas p53 regulates EMT via directly activating the RBM25 gene (52).



RBM Proteins Family Could Inhibit Cancer Invasion and Metastasis by Involving Signaling Pathways, and Regulation mRNA Stability, etc

RBM47 could inhibit the metastasis of NSCLC by increasing the stability of AXIN1 mRNA and then inhibiting Wnt/β-catenin signal transduction (53). In breast cancer, RBM47 also plays a similar role. Dickkopf-1(DKK-1), as a WNT signaling pathway inhibitor 1, was bound with RBM47 to inhibit the activation of the WNT pathway and exert a tumor suppressor effect (54). As a post-transcriptional regulator of RNA stability, RBMS1 has clear significance for the progression of colon cancer. In a mouse model of xenotransplantation, silencing RBMS1 increased the metastatic ability of colon cancer cells while restoring RBMS1 weakened the metastatic capacity of colon cancer cells (10). Some studies have also shown that RBM5 could inhibit the metastasis and invasion of lung cancer (55, 56). Moreover, RBM3 downregulation is related to the distant metastasis of esophageal squamous cell carcinoma (57).



RBM Proteins Family Also Can Promote Cancer Cell Invasion and Metastasis

However, Huang et al. reported that RBM4 promotes the migration and invasion of esophageal cancer. They found that RBM family protein could promote tumor invasion and metastasis by participating in the alternative splicing of some genes, such as tropomyosin I (TPM1). Knockout of the RBM4 gene resulted in specific down-regulation of TPM1 variants V2 and V7, which might inhibit migration and filamentous group formation in esophageal cancer cells (58). RBM5-AS1 can be used as an oncogenic factor in multiple cancers, such as hepatocellular carcinoma, osteosarcoma, and oral squamous cell carcinoma. Mu et al. showed that RBM5-AS1 could decrease miR-132/212 by recruit PRC2 complex, and facilitate HCC cell migration and invasion (59). Fu et al. found that RBM11 was highly expressed in ovarian cancer and could promote tumor cell invasion and metastasis by activating Akt/mTOR signaling (60). circRBM33 was generated from the RBM33 and could promote gastric cancer cells migration and invasion through the circRBM33/miR-149/IL-6 axis (61).

In conclusion, RBM proteins family protein has a dual role in different cancers. Most RBM proteins family effect as an inhibitor in the migration and invasion of cancer cells, while a small group of RBM proteins family members could facilitate tumor cell migration and invasion. It is necessary to explore further why RBM proteins family play different roles in tumor cells. And the relative molecular mechanism of the RBM proteins family may provide a theoretical basis for future research and clinical application.




RBM Proteins Family Can Use As a Predictor for a Prognosis of Cancer

Recently, it was reported that in various tumors, such as liver cancer, gastric cancer, lung cancer, and breast cancer, the expression level of RBM proteins is related to the tumor size, invasion depth, lymph node metastasis, and prognosis. Yong et al. found that RBM4 expression in gastric cancer tissues was significantly lower than that in adjacent normal tissues. The downregulation of RBM4 was significantly associated with poor differentiation, lymph node metastasis, distant metastasis, and advanced Tumor Node Metastasis (TNM) stage in gastric cancer (62). They found that compared with the RBM4 high-expression group, the RBM4 low expression group had worse overall survival (OS) and disease-free survival (DFS) (62). Gao et al. showed that the overexpression of RBM3 in patients with colorectal cancer, gastric cancer, or melanoma predicted a good prognosis (63). Besides, RBM15 was identified as high-confidence interactors with Wilms tumor-associated protein (WTAP) in proteomic analysis. WTAP binds METTL3, the methyltransferase that mediates methylation of m6A in mRNA16, and is recruited to RNAs via an unknown adaptor protein to trigger m6A formation. Patil et al. found RBM15 is part of the WTAP-METTL3 N6-methyladenosine (m6A) methyltransferase complex and participates in M6A modification (64). Studies on RNA methylation regulators in papillary thyroid carcinoma (PTC) and gastric cancer have shown that RBM15 was significantly positively correlated with a better prognosis (65, 66). But in LUAD, the high expression level of RBM15 is related to a poor prognosis (67, 68).

And we further explored the relationship between the expression level of RBM proteins family members and prognosis in different cancers by TCGA. The results showed that members of the RBM proteins family were significantly correlated with tumor prognosis, and the expression levels of many RBM members could predict the prognosis of tumor patients (Figure 2). For example, a high expression of the RBM proteins was associated with shorter survival in ACC. Conversely, low expression of the RBM proteins in kidney renal clear cell carcinoma (KIRC) was associated with a worse prognosis.




Figure 2 | The correlation analysis between RBM proteins family expression and the patient’s prognosis in the TCGA. p < 0.05 was considered statistically significant.





RBM Can Be Used as a Potential Therapeutic Target in Cancers

As mentioned above, there are significant differences in the expression levels of RBM proteins in lung cancer, breast cancer, liver cancer, colon cancer, and other human cancers, and their expression levels are significantly correlated with prognosis. Therefore, targeting RBM protein may be a new therapeutic strategy for the treatment of human cancer. In fact, previous studies have shown that RBMX is highly expressed in HCC tissues and cell lines, resulting in increased drug resistance of HCC cells (69, 70). And targeting RBMX can be used as a new strategy for HCC treatment. RBM39 can bind to c-Jun and stimulate its transcriptional activity, promoting its involvement in many aspects of cancer development. Studies have found that RBM39 is highly expressed in breast cancer tissues and can promote tumor cell proliferation. Considering the role of RBM39 in breast cancer, Shannon D Chilewski et al. developed an RBM39 peptide to treat triple-negative breast cancer (71). A bioinformatics analysis also showed that RBM39, a target gene of miR-494, can be used as a biomarker to predict trastuzumab resistance in breast cancer (72). Additionally, Wu et al. found that loss of RBMS3 might increase the chemical resistance of epithelial ovarian cancer (73). Downregulation of mir-383 induced RBM24 mediated NF-κB signal activation. Therefore, RBM24 can become a potential therapeutic target to reverse the chemoresistance of lung adenocarcinoma cells (74). In patients treated with oxaliplatin, a first-line chemotherapy drug, high expression of RBM3 is an independent predictor of prolonged survival in patients with metastatic colorectal cancer (75). In epithelial ovarian cancer cell lines, RBM3 expression silencing resulted in decreased sensitivity to cisplatin. It was suggested that RBM3 might be a useful therapeutic predictor in epithelial ovarian cancer (76).

Although the role of other members of the RBM proteins family in tumor treatment and prognosis is not clear, existing studies have shown that some members of RBM proteins family, such as RBM3, RBM4, and RBM39, play an essential role in tumor treatment and prognostic markers. Therefore, RBM proteins may be a potential target for tumor treatment and prognosis.



Conclusion

In recent years, increasing attention has been paid to the RBM proteins family, and their various roles in multiple cancers have been continuously revealed. It was shown that some members of the RBM proteins family play a tumor-suppressive role in cancers, inhibiting tumorigenesis and cell proliferation, promoting tumor cell apoptosis, and limiting cell migration and invasion, such as RBM6 and RBM38. While some members play the opposite role, promoting cell proliferation and the invasion of cancer, including RBM7, RBM11, and RBM15. Besides, another part of RBM proteins plays a dual function of cancers (Table 3). For instance, RBM3 plays a cancer-promoting role in breast and colorectal cancer, while it inhibits tumorigenesis in prostate cancer. And RBM5 and RBM5-AS1 play opposite effects in tumor cells. RBM5 can inhibit tumor cell growth in gastric cancer and lung cancer. RBM5-AS1 promotes the migration and invasion of osteosarcoma tumor cells. It was not clarified that why RBM proteins family members play a dual role in tumors. Kido et al. found that the dual role of RBM proteins family genes may be related to time and space (77). They discovered that RBMY acts as a suppressor in the early stages of the tumor and shows a cancer-promoting effect in the long-term progression of tumors. However, the specific mechanism still needs more in-depth exploration. The dual function of RBMs may provide a novel idea for the treatment and research of tumors, as some tumor-promoting factors may also be turned into tumor suppressor factors under some conditions. Besides, it can also amplify the tumor suppressor role of RBM protein that may be used as a new target for clinical treatment of tumors. In future studies, further exploration of the dual role of RBM proteins family in tumors and elucidating the related molecular mechanisms may contribute to the development of new therapeutic targets.


Table 3 | RBM family proteins serves dual functions in cancers.





In summary, based on the current research, the influence of the RBM proteins family on cancer is diverse, and these proteins are involved in various aspects of tumorigenesis and development. And RBM protein can be used as novel tumor markers for clinical application in early diagnosis and prognosis evaluation of multiple cancers.
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RBMS can roguatad e gones invoed i the functions o et adhesion,
migaton and iy, known {0 be important n the metastati process.

RBMS may play a deoct 0 i regulting 1ho col ¢yl and apoptosis
SoLC cats.

RBMS may induod the apoptosis of prostats cancor PO-3 st by
modhiatng the mtochondvial poplots patnvay

Upreguiation of RBM reduced the expression of EGFR, ERK and p-ERK in
viro and i o,

Transtomming growth fctor-Bnduced a remarkable dowrvegultion of
"RBM38 in broastcancer that was ooty reguiated by tanscrplion
eprossor Snal targatng the E-box semants i promolar 6gion of RBM3S
gono. Adonaly, RBNIGS posite reguited Z0-1 ansorpt va dvecty
bining to AUrich doments n s MANA 3"UTR.

"RBM8 destabized the c-Myc transcrpt by drecty targeting AU-rich
ements (ARES) i the 3-untanslated regon (3-UTR) of ¢:yo mANA 1o
Suppress c-Myc expresson. Moreover, Speciic DHOrS of C-Myc
transcriptonalactiy rbted REM3S induoed suppression of growh,
implying 1hat RBMS acts a5 a tumor suppressor viaa mechanism that
depends, at least partaly, 0 the reduction o ¢-Myc expxession  breast
'RBM38 promotes competing endogenous RNA (csRNA) network crossiak
among STARDI3, COHS, HOXD10, nd HOXD!1 (STARDIG-corelated
RRNA networ), which we previousy confrmed i breast cancer s
though stabizng tho transcrpts and thus facitaing tho oXpression of theso.
fou genes in breast cancer ces.

"RBM38a up-oguato E-cadhern and dowsroguate vmentn proton
exprossion n boast cancer cols

‘Associate coll
lines or animal
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Lanyngocarcinoma
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Hep:2)and nomal
nasophenyngeal
epihotal celine
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Breast cancor ol
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MB.231. BT474

PMD

1318608

28347247

28061901

2810014

20176507

20721005

27957556

20156808

sor72516

28883167

28300011

2073856

20884756





OEBPS/Images/table3b.jpg
Hepatooshiar

Lung cancer

Lung cancer

Lung cancer

weo

Ostaosarcoma

Badder cancer

Overexpression of RBM10
inniis cancer el prolfecaton,
‘migraton and miochondrial
faspiation and promotes
apoptosi.

RBM1O attenuates profectice
and invasio abis, bul dives.
apoptosis in HOG cels, thus
alevating the progression of
Hoo.

REM1O s tumor col
‘gouth of mouse tumar
senograts

REM10 overexpression
‘suppresses kg cancer call
protforaton.

RBMIO overexpresson inhted
vabity and oclony formaton of
ung adenocarcinoma cancer
cae

RBM1O can suppress LUAD.
‘deveopment and progression.

REM10 decreased the tumor cat
proiferaton, coony fomaton,
migraton and ivasion.

REMIO it cel prose aton,
invasion.colon formaton, and
enograt growth.

REM2 promotes he
proifraton of iaddor cancer
cols v,

REM24 s ver cancer ol
gonth and progresson and
uoes sorafont sensthy.
RBM2: oxpresson supprossed
NPC cols poffraton, migeation
and ivason.

RBMT piays an oncogen 10
n nasophanygea carcnoma
cols

RBNAT as a suppressor of
breast cancer progression and
metastass.

REM47 iibited CAC cet
migraton, inasion, and
metastask,

RBMI0 induoes apoptosis party by inducing pS:3 and acihating
s acty. Anct RBMIO can ixrease pS3 stabiy by hiing
NOM2-mectatod 53 ubquitnaton and dagradation.

Overexpression of RBM10 donveguiated proten ke of
EGFR and p-ERK it HOG-LVE and HoplG2 o9,

RBM1O represses Notch sigraing and ce proferaton hrough
he roguaton of NUMB atemative spicig.

RBM10 docreasos tho actvaton of RAP1 and reckces the
Phosphonyaton of GREB v the AKT signaling patay,
‘suggestig that RBA1O exibits s ofect on g
‘adenocarcinoma cel proferaton va the RAPY/AKT/CRES
‘spaling pathuay.

RBMIO regubtes many gens pattways g 1 the umor
‘development orprogression, such as focal adhesion,
perodsome prolferator-actated receptorrogusted gen
pathiay,cyckine ko receptor ntaacton, miogen-
activatod protein kinase sgnaing, complament and coaguation
cascades.

RBM10 mataton-assocated AS ovets entfed in LUADS are
largely induced by RBMO fos. RBMI0-medated roguaton of
EF4H ox0n 5 spicing lod 0 consistent changes at prote
Javels and RNA leves. RBM10,medited spicng swich of
EF4H plays acitical ol n reguiating LUAD progression.
RBM1O overexpresson induced osteosarcorma cel apoptos’s
Vi the nibtion of B0-2, the aciaton of caspase-3, and the.
ranscription and producton of TNF-a.

RBMIO promotes he exclusion of exons7 and 8 which resuts
inthe prodiuction of TERT-s transoris.

RBM24 reguiated BC cel proferation was modereted vi e
Rt /TCE4/mR 6255 feedback lop.

RBM2A inibis rucar anslocaton of GTNNB i ver cancer
ool

RBM24 inhbis the expression of MALATI through uproguation
of the xpression of mR.25, which diecty targes MALAT! for
‘degradaton

M7 binds o the promoter and reguaies th transcrpion of
BOATI, and s Overexpression partaly rescuss the PRIOY.
ofects of RBMAT-knockdow on NPC cals RBNAT promaios.
he progression of NPC through mulipe pathuays, acting as a
ansoriptionsl factor and a moduatorof aemative spicingin
‘cooperation with RNPM.

BT altere spicng and abundanco of a subsat of s target
mANAS. Somo of the mANAS stabized by FBMAT, as
‘exempifiod by Gickkopf WNT signaling patiiay ahidtor 1,
o temor progression downstream of ABVAT

Actvaton of condiioral SNAL and SLUG aeles suppressed
expression of RBMA7 at the mANA and prote kves n DLD1
(CRC cals. RBMAT is aiso repressed by EMT-TFs, which are
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‘signaing and the colapsin response meditor poten 2 il ines
(cRMP2).
Coorectal  RBMG1s tho conral regullor o RBMS3 knockdown increases caspase-medited apoploss  CRO call ines (HOT116, 18427544
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carcnoma  rationof HOG cals Hep! and BEL-7404,
Hep3®)
Hepatoosiar  RBMG promotes HOC cst RBMG promoted he HOC cell proferaion 1 a SCDGRORNA 2 HCC oallines (U7, 31285426
cacnoma proieraton. ependont manner. HepG2, HCT-15 and
NCINED
Pancreatc  RBMG enancod ool migraton  Slencing of ABVE ot nfuence vl of nothor COX-2 nor PrCa colines (BXPC-3, 20464046
cancor and invasion of pancreatc L8, and there wias 0 Conoton botweon basolno ovols of - PANG-1 and MIAPaCa-2)
cancer. RBNG and COX-2 o L8, Further studos are requeed fo fad and human fotal forosin
other candidatotargets and downsiream ofocts of RBMS,  forobiasts (HFFF2)
Prostate cancer RBMS attenuated prostale  RBMS3 contributed 0 sfem ce-fke chasacter n prostate canoer  Prostats cancer ol ines 20667174
ancerstem colke properties by ishbiing CO4\BVIO spicing (PG3and DUM4S)
and tumorigeni potent.
RBMA  Breastcancer  SRPK1-RBMA natwork Breast cance cals ae deprived of poploi restanca through Breast cancer celine 25140042
moduated the sensiiiy of  the RBM-mediated up-roguiaion ofthe IR-B and MOL1S  (HBL100 cols and MOF-
reast cancer cels toward pro-  transcrpt. n
apoptotc agents.
Esophogeal  The capacty for col mration  Anatural antisenso TPMI-AS reguiates the aematve spichg  Esophageal sauamous. 28754317
cancor was bt after RBMA of TPMI hrough an neraction wih RBMA and imovesin call 0o SHEEC,
koockdoun. TPM1-medated flopodum formation and migraton of cancer  KYSE40, KYSE1S0,
oot KYSEIB0, KYSEAS0 and
KYSEs0)
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The role of RBMs in the
cancer

RBMS5-AS1 knockdown
dramatically restrains cell
proliferation, invasion and
migration of HCC cells.
RBM5-AS1 promoted Os cell
proliferation, migration, and
invasion.

RBM5-AS1 promotes the
proliferation, migration, and
invasion of OSCC cells.

RBM7 promotes breast cancer
cell proliferation.

RBM11 promotes ovarian
cancer cell growth and
invasion.

Knockdown of RBM15 slows
cell growth and induces
apoptosis in chronic
myelogenous leukemia cells.
RBM15 promotes LSCC cells
migration and invasion.

RBM17 functions in promoting
cell proliferation, affecting the
cell cycle, and inducing
apoptosis in human glioma
cells.

RBM17 silencing can inhibit cell
proliferation.

Knockdown of RBM17 inhibits
growth of hypopharyngeal
carcinoma cells.

Knockdown RBM23 expression
of HCC cells significantly
inhibited the tube formation by
the human vascular endothelial
cells in vitro.

circRBM33 promotes tumor
cell proliferation, migration, and
invasion.

circRBM33 exerted a
promoting influence on the
malignant behaviors and
glycolysis of cervical cancer
cells.

RBMB39 depletion reduces
tumorigenesis and cancer
hallmarks of breast cancer
cells.

Relative molecular mechanism

RBM5-AS1 acts as an epigenetic regulator to
promote the HCC progression by repressing
miR-132/212 expressions.

RBM5-AS1 targeted RBM5, but the underlying
mechanism is still unclear, and needs further
research.

RBMS5-AS1 regulates the level of miR-1285-3p
as a competitive endogenous RNA (ceRNA),
therefore regulate the expression level of an
oncogene-YAP1, a target of miR-1285-3p.
RBM?7 promoted breast cancer cell proliferation
by stabilizing CDK1 mRNA via binding to AREs
inits 3'-UTR.

RBM11 promotes ovarian cancer progression
through stimulating Akt/mTOR signaling
pathways.

Knockdown of RBM15 could induce G1 — S
phase arrest in chronic myelogenous leukemia
cells.

TMBIMG acted as a downstream target of
RBM15-mediated m6A modification. Furthermore,
RBM15-mediated m6A modification of TMBIM6
mRNA enhanced TMBIMB stability through
IGF2BP3-dependent.

RBM17 decreased the expression of Caspase-3,
Caspase-9, and PARP and active cleaved
caspase-3 and cleaved PARP in the U251 cell
line. RBM17 was capable of regulating these
apoptosis-related factors

RBM17 knockdown arrested the progression of
the cell cycle, causing cells to halt at the G2/M
phase.

The knockdown of RBM17 increased the
proportion of cells undergoing apoptosis and
arrested the cell cycle at the G2/M phase.
RBM23 activated the NF-kB signaling pathway
and promoted expression of the proangiogenic
cytokines selectively.

circRBM33 facilitates the progression of GC
through binding with miR-149 and modulating
IL-6 levels.

CircRBM33 fostered CC advancement via
absorbing miR-758-3p and upregulating PUM2.

RBMB39 functions as a master transcriptional
regulator that interacts with the MLL1 complex
to facilitate chromatin binding and H3K4
trimethylation in breast cancer cells.

Associate cell lines or animal models

Normal human hepatocytes (LO2) and
HCC cell lines(Huh7, HepG2, Hep3B,
Bel-7405 and SMMC-7721)

Os cell lines (MGB3, U20S, SAOS2,
HOS, 143B)and the normal osteoblast
cell line ("FOB1.19)

OSCC cancer cell lines (Tca8113, SCC9,
SCC25, CAL27, HN12, HSU3, FADU)
and normal human oral kerati nocytes
cell (NHOK ).

Breast cancer cell lines (SUM-1315,
MCF-7, BT474, ZR-75-1, and MDA-MB-
231)

Ovarian cancer cells (A2780 and
OVCAR-3)

Erythroleukemia cell line (K562)

LSCC cells (AMC-HN-8 cells, TU-212
cells, and TU-177 cells) and normal
human bronchial epithelial cell (NHBEC)

Glioma cell lines (U251 and U87)

HCC cell lines (Hep3B, SKHEP-1, Huh7,
HepG2, HCC-LM3, SMCC-7721, BEL-
7402, and MHCC-97L. SKHEP-1)
Hypopharyngeal carcinoma cell lines
(FaDu)

HCC cell lines (Huh-7, SK-HEP-1,
SMMC-7721, and HepG2)

GC cell lines (AGS, SGC-7901, BGC-
823, MGC-803) and healthy gastric
epithelial cells (GES-1)

CC cell lines (HeLa and SiHa) and normal
cervical epithelial cells (ECt1/E6E7)

Breast cancer cell lines (T47D,
HCC1428, ZR7530, HCC1954,
HCC2157, DU4475, HCC1395, HCC38,
MDA-MB361, MDA-MB453, MDA-
MB468, MDA-MB231 and Jurkat)

PMID

34019714

33816613

31869662

33145401

34434291

22497198

33637103

30227940

32497093

29562202

33791378

32044717

33398465

34077726
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aenuated the tumorgeniciy and progression of ECa.

RBMY may regusted genes tha invoked i vaious cel
proiferaivo patfays, such as tho RASRAFMAP and PG/
AT signaing patays.Y-irked RBMY coud serve dual tumor-
Suppressing and tumor-promoting unctons, depanding on the
spatitemporal and magritude of s exprossion during
‘oncogenic processos, thereby contrbutng 0 sexal
dmorphisms i ver cancer.

The Wnt-RBMY-GSK3D reguiaory ccut represents a criscal
mechanism for oncogenc actvaion of b-cateni and masgnant
pepatic siemness.

The oncogonic mocharism of RBMY may bo inked 1o s
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