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A B S T R A C T 

RNA-binding motif protein 3 (RBM3) is a cold stress-induced glycine-rich RNA-binding protein that plays 

a crucial role in regulating global protein synthesis and is involved in cold stress-induced responses, 

neuroprotection, cytoprotection, antiapoptotic processes, and cell proliferation. RBM3 plays an essential 

role in tumor progression and metastasis. In this review, we explored the structure, dynamic distribution, 

neuroprotective functions under mild hypothermia, and cytoprotective functions under adverse stress 

conditions of RBM3, as well as its regulatory role in tumor progression and metastasis based on findings 

from recent related research. 
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1. Introduction 

 

RNA-binding motif protein 3 (RBM3) is an important cold shock protein 

(CSP) that plays a key role in an organism’s rapid adaptation to 

environmental stress. The upregulation and reduced global expression of 

RBM3 are associated with mild hypothermia. RBM3 is a highly 

conserved RNA-binding protein (RBP) associated with capping, pre-

mRNA splicing, 3′ end cleavage and polyadenylation, messenger RNA 

(mRNA) export, mRNA stability, and mRNA translation [1]. RBM3 has 

multiple functions, including increasing global protein synthesis during 

mild hypothermic conditions [2], neuroprotection [3-9], cytoprotection, 

promotion of cell survival [10-17], cell proliferation [7-11, 18-21], and 

modulation of cancer. In addition to promoting cell proliferation and 

survival in response to stress-induced inflammation [22, 23] and acting 

as an RNA chaperone of RNA stability [18, 24-27] during 

carcinogenesis, RBM3 is a proto‐oncogene [18]. Numerous studies have 

reported the upregulation of RBM3 expression in various cancers. The 

role of RBM3 as a promising diagnostic marker and a potential 

treatment-predictive target for different cancers has been recognized. 

Other functions of RBM3 include its role in the circadian rhythm [28] 

and spermatogenesis [1]. This review aimed to consider the protective 

roles of RBM3 and their underlying mechanism in different disease 

conditions, including cancers by appraising recent literature in these 

fields. 

 

2. RBM3 Structure and Function 

 

RBM3 is an important CSP that has been identified through 

complementary DNA (cDNA) selection in plants, yeast, and mammals 

[29]. It is a highly conserved RBP and its transcription is upregulated in 

response to mild hypothermia [30]. Located between OATL1 and 

GATA1/TFE3 in the subband Xp11.23, RBM3 forms alternatively 

spliced transcripts in various human tissues. The longest open reading 

frame encodes 157 amino acid proteins with a predicted molecular 

weight of 17 kDa [29]. RBM3 has two important domains: N-terminal 

RNA recognition motif (RNA recognition motif (RRM) domain; 85 

amino acids) and C-terminal arginine glycine-rich (RGG domain; 72 

amino acids) domains. The RRM domain adopts a βαββαβ topology [31, 

32] containing two ribonucleoprotein domains (RNPs), RNP1 and 

https://ijsopen.org/
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RNP2, which are located at the N-terminal protein end. The consensus 

sequences of RNP1 and RNP2 are (K/R) G(F/Y) (G/A) FVX(FY) and 

(L/I) (F/Y) (V/I) (G/K) (G/N)L, respectively [30].  

 

At the subcellular level, RBM3 is mainly located in the nucleus [30]; 

however, it can shuttle between the nucleus and cytoplasm in response 

to adverse conditions [18]. RBM3 is expressed in multiple brain regions, 

with the cerebellum and olfactory bulb having the highest expression of 

RBM3 [33]. In mammals, RBM3 levels peak during the early postnatal 

period and thereafter decrease to very low levels during youth and 

adulthood in most regions of the brain, except for areas where 

proliferation remains active, such as the subventricular zone and 

hippocampal subgranular zones (SGZ) [30]. In the testes of adult mice, 

RBM3 mRNA and protein were detected in Sertoli cells but not in the 

germ cells of seminiferous tubules at all stages [34]. Mechanistically, 

RBM3 binds to 60S ribosomal subunits, alters microRNA levels, 

dephosphorylates eukaryotic initiation factor 2 alpha (eIF2α), promotes 

the phosphorylation of eukaryotic initiation factor, and enhances global 

protein synthesis [35]. 

 

2.1. Multiple Physiological Functions of RBM3 in Response to 

Cold Stress 

 

Global protein synthesis and cellular metabolism are generally 

suppressed in response to mild hypothermia. However, the expression of 

RBM3, a cold stress-induced protein, was enhanced [2]. Induced mild 

hypothermia, an effective brain protection method, has been used to treat 

patients with severe hypoxic-ischemic encephalopathy and brain injury, 

and those who receive cardiac surgery and cardiopulmonary 

resuscitation. 

 

However, some mild hypothermia-related complications, including 

myokymia, immune dysfunction, respiratory tract infection, bedsores, 

arrhythmia, unstable circulation, increased rebound intracranial 

pressure, coagulation dysfunction, and electrolyte disorders may occur, 

which strongly limit the clinical application of induced mild 

hypothermia. 

 

Numerous studies have reported the neuroprotective effect of increasing 

RBM3 expression through therapeutic hypothermia. Thus, the selective 

upregulation of RBM3 under normothermic conditions holds 

extraordinary therapeutic potential. A recent study confirmed that 

hypothermia increases RBM3 and reticulon 3 expression, improving 

cerebellar-dependent learning following hypoxic ischemia incidence in 

neonatal rats [36]. One study suggested the possibility of manipulating 

RBM3 expression by modulating the alternative splicing of E3a using 

antisense oligonucleotides, identifying E3a as a potential therapeutic 

target for neuroprotection due to increased RBM3 expression during 

normothermic conditions [37].  

 

Moreover, RBM3 can potentially mediate the regulation of body 

temperature during autophagy deficiency [38]. A previous study 

indicated that in a mouse model of traumatic brain injury (TBI), 

hypothermic pretreatment (HT) can reverse deficits in long-term 

potentiation (LTP) and cognition, loss of spines, and abnormal tau 

phosphorylation at several sites [3], and limiting RBM3 expression using 

RBM3 short hairpin RNA eliminated the neuroprotective effect of HT in 

TBI mouse models. In contrast, HT-like neuroprotection against TBI-

induced chronic brain injury can be mimicked by overexpressing RBM3 

using an AAV-RBM3 plasmid [3]. RBM3 increases cell survival in brain 

injury models, mainly by inhibiting cellular apoptosis [4, 5] and 

enhancing the activation of extracellular signal-related kinase signaling 

pathways [6]. A previous study confirmed that RBM3 in the embryo 

regulates the proliferation and differentiation of neural stem cells (NSCs) 

to promote fetal cerebral cortex development during maternal cold 

stress. The mechanism underlying these effects may be the orchestration 

of neurogenesis by the binding of RBM3 to the Yap1-3′UTR, which 

regulate its mRNA stability and promote YAP1 expression [26]. 

Similarly, a study showed that in a mouse model of alzheimer’s and 

prion diseases, RBM3 mediated structural plasticity and the protective 

effects of hypothermia-induced neuroprotection, thus delaying 

neurodegenerative disease development [8]. Moreover, hypothermia 

induces RBM3 through TrkB-PLCγ1-CREB-RBM3 signaling for 

structural plasticity mediation, which is reversed in RBM3-null neurons 

[39]. 

 

Experimental and clinical data indicate that targeted temperature 

management (TTM) can significantly induce RBM3 mRNA expression 

in blood samples of patients with post-cardiac arrest. However, 

upregulated RBM3 expression was not observed in response to TTM. 

One possible hypothesis is that RBM3 is mainly located intracellularly 

and is not actively released into the circulatory system, and any changes 

in its expression can be measured in the serum [2]. Therefore, the 

mechanism underlying the active secretion of RBM3 requires further 

investigation, and RBM3 expression should be measured in full blood 

samples and not in serum samples only. 

 

Numerous studies have shown that hypothermia-induced upregulated 

expression of RBM3 induced by hypothermia plays an active role in cell 

protection [4-6, 8, 9, 32, 33]. In response to cold stress, the liver 

increases the relative expression of RBM3 mRNA, promoting cell 

survival [12]. In mice, O-GlcNAcylation of p65 contributes to RBM3 

upregulation during mild hypothermia and promotes protein kinase B 

(AKT) phosphorylation to enhance glucose metabolism and inhibit 

apoptosis in the skeletal muscles of mice [17]. A recent study 

demonstrated that RBM3 might exert a critical influence on adaptive 

post-transcriptional regulatory processes linked to the maintenance of 

muscle mass and function [40]. 

 

2.2. RBM3 Bioactivities Beyond Hypothermia 

 

Several studies have suggested that RBM3 exerts cytoprotective effects 

in various stress conditions, inhibits apoptosis, and promotes cell 

survival. RBM3 alleviates apoptosis and oxidative stress in acute lung 

injury [41]. Moreover, it protects human SH-SY5Y neuroblastoma cells 

from nitric oxide-induced apoptosis by modulating p38 signaling and 

miR-143 expression [13]. RBM3 protects neuroblastoma cells against 

UV irradiation-induced apoptosis by inhibiting the activation of the 

proapoptotic signaling pathways, p38 and JNK, and downregulating the 

expression of the pro-apoptotic proteins, bax and bad [15]. 

Overexpression of RBM3 inhibits the induction of necrosis, apoptosis, 

and apoptosis-associated caspases, enhancing the survival of skeletal 

muscle myoblasts [14].  
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In HI brain injury, RBM3 promotes neural stem/progenitor cell (NSPC) 

proliferation in the SGZ via the IMP2-IGF2 signaling pathway and is 

involved in neuroprotection and neurogenesis [7]. RBM3 reverses 

apoptosis induced by oxygen-glucose deprivation/reoxygenation 

(OGD/R)-related injury by binding to GTPase-activating protein-

binding protein 1 (G3BP1) and promoting stress granule (SG) generation 

in the PC12 cells and rat primary cortical neurons [16]. Recent findings 

support the protective effects of RBM3 against I/R-induced myocardial 

apoptosis through the Raptor/Beclin1 pathway, which regulates 

autophagy [42]. Additionally, RBM3 inhibits PERK phosphorylation in 

an NF90-dependent manner and modulates the canonical PERK-eIF2a-

CHOP endoplasmic reticulum stress pathway to exert cellular protective 

effects [10]. Overexpression of RBM3 prevents the apoptosis of 

fibroblast and human embryonic kidney (HEK293) cells during serum 

starvation, possibly by restoring translation efficacy through 14C serine 

and 3H phenylalanine incorporation [11]. 

 

Meanwhile, Xie et al. found that the 11S proteasome activator, REGγ, 

promotes aortic dissection (AD) by inhibiting the RBM3-SRF (serum 

response factor) pathway as RBM3 plays a role in increasing SRF 

mRNA stability and expression [43]. There is evidence that RBM3 is 

downregulated in febrile illness and contributes to the increased 

expression of temperature-sensitive microRNAs involved in the fever 

response, such as miR-142-5p and miR-143. In turn, miR-1425p and 

miR-143 suppress the expression of endogenous pyrogens, including IL-

6, IL6ST, TLR2, PGE2, and TNF, to complete a negative feedback 

mechanism that plays an indispensable role in preventing pathological 

hyperthermia [44]. Another study showed that RBM3 suppresses lung 

innate lymphoid cell activation and inflammation, which may be 

partially mediated by the cysteinyl leukotriene 1 receptor [45]. 

 

Moreover, another study suggested that RBM3 promotes NSC 

proliferation in moderately hypoxic conditions by promoting G1 to S 

phase transition [19]. Other studies indicated that RBM3 plays an 

indispensable role in the proliferation of fibroblasts and HEK293 [11], 

breast cancer [20], SW480 colon cancer [18], HCT116 colon 

adenocarcinoma [46], and hepatocellular carcinoma [47]. RBM3 has 

morphoregulatory functions relevant to its role in cell protection via 

RhoA-ROCK-CRMP2 signaling [48]. Considering its parallel influence 

on cell protection [13-17] and migration [21, 48], RBM3 can be a critical 

factor in regenerative responses, such as wound healing. 

 

3. Paradoxical Roles of RBM3 in Cancer 

 

Cancer-related morbidity and mortality are increasing worldwide. 

Cancer is likely to be the leading cause of death and a major barrier to 

increased life expectancy in every country in the 21st century [49]. 

Several immunohistochemical studies have demonstrated that RBM3 

has high oncogenic potential owing to its increased expression in various 

human tumors. Recently, RBM3 has been identified as a prognostic 

biomarker for several types of human cancers. Dysregulated expression 

of oncogenes and tumor suppressors is the main cause of tumorigenesis, 

which is a dynamic process involving multifactorial, multistage, and 

multigene processes. Cancer is a complex polygenic disease, and its 

occurrence and development are closely related to various stress 

conditions, such as chronic inflammation, DNA damage, and hypoxia. 

RBM3 is a stress-induced protein that responds to various stressors and 

plays different roles in various human cancers.  

 

However, the role of RBM3 in cancer can be dichotomous depending on 

the cellular context, as it can either enhance or repress tumorigenesis. 

Increased expression of RBM3 is associated with favorable 

clinicopathological parameters and prognosis in some cancers, including 

epithelial ovarian cancer (EOC), malignant melanoma, non-small cell 

lung cancer (NSCLC), non-seminomatous germ cell tumors (NSGCT), 

upper gastrointestinal cancers, muscle-invasive bladder cancer treated 

with neoadjuvant cisplatin-based chemotherapy (NAC) [50-53], and 

poor prognosis in other cancers, such as nasopharyngeal carcinoma, 

urothelial bladder cancer (T1 stage), and hepatocellular carcinoma 

(HCC) [21, 47, 54, 55]. Paradoxically, the expression level and clinical 

behavior of RBM3 in several cancers, including colorectal (CRC), 

prostate (PCa), breast, and pancreatic cancers, are still conflicting [18, 

20, 24, 56-61]. RBM3 is involved in multiple central processes in cancer 

biology, including apoptosis, proliferation, and angiogenesis. 

 

3.1. CRC 

 

CRC arises from the loss of intestinal epithelial homeostasis and 

hyperproliferation of the crypt epithelium [46]. In the HCT 116 and 

DLD-1 cell lines, doxycycline-induced RBM3 overexpression causes 

stemness in CRC through a mechanism involving the suppression of 

GSK3β activity, thereby enhancing β-catenin signaling [46]. Sureban et 

al. [18] confirmed that RBM3 was significantly upregulated in colorectal 

tumors in a stage-dependent manner and demonstrated RBM3 as a proto-

oncogene when RBM3 overexpression induces non-transformed cells to 

grow in an anchorage-independent manner [18], which is consistent with 

the conclusions of Lleonart et al. [62]. In addition, when RBM3 

expression is downregulated, tumor growth is greatly suppressed by the 

decreased expression of the angiogenesis-inducing factors, VEGF and 

IL-8 [18]. Paradoxically, one study suggested that the downregulated 

expression of RBM3 in CRC is a predictor of poor prognosis, which is 

related to right-sided tumor localization [56].  

 

However, the reason for the discrepancy remains unclear. It can be 

assumed that RBM3 specificity for target genes largely depends on the 

cancer cell type and molecular background [24, 56, 63]. Further studies 

are required to determine the role of RBM3 in CRC. Stress response 

pathways play important roles in cancers caused by the loss of intestinal 

epithelial homeostasis. An adaptive response can protect the host from 

various stressors. As a stress response protein, RBM3 is induced in 

response to various stresses and acts as a chaperone. However, improper 

stress responses, such as excessive and decreased stress responses, can 

induce pathogenic conditions, such as inflammation and carcinogenesis 

[64]. One study found that RBM3 promotes colorectal tumorigenesis in 

the colonic tissue samples of patients with refractory inflammatory 

bowel disease and RBM3-deficient (RBM3-/-) mice by inhibiting 

apoptosis and increasing R-spondin expression in the gut [23]. 

Refractory and long-term inflammation may occur in the human colonic 

mucosa, and several studies support the idea that hypoxia contributes to 

a more malignant tumor phenotype [65-67]. 
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3.2. PCa 

 

PCa is the second most frequently occurring cancer, the fifth leading 

cause of cancer-related deaths among men in 2020 [49], and a major 

health issue for men in China. Recently, RBM3 role in tumor 

development and progression has attracted the attention of researchers. 

Zeng et al. [24] found that RBM3 expression was significantly increased 

in cancer lesions but not in adjacent normal glands and suggested that 

the overexpression of RBM3 in PCa cells due to the inhibition of 

alternative splicing of exon v8-v10 of CD44 greatly attenuated prostatic 

stem cell-like features, including proliferation in soft agar or growth 

under the skin of nude mice [24, 68]. The molecular mechanisms 

underlying the effects of RBM3 on PCa development were determined 

by performing high-throughput RNA sequencing (RNA-seq) on RBM3-

overexpressing and RBM3-knockdown PCa cells. The gene ontology 

biological processes analysis showed that the “lipid catabolic process” 

and the “phospholipid metabolic process” were tightly associated with 

RBM3-regulation, and the expression of PLAZGZA (secretory 

PLA2G2A, the key arachidonic acid metabolizing enzyme, belongs to 

the PLA2 family and it is involved in multiple pathophysiological 

processes [69], including lipid metabolism, phospholipid metabolism 

and inflammation, and insulin regulation [70]) is increased in RBM3-

knockdown PCa cells.  

 

Given that low RBM3 expression is associated with poor prognosis or 

aggressive progression in a number of cancer types, including PCa, 

increased PLA2G2A expression after RBM3 removal may, to an extent, 

promote tumor progression and, therefore, PLA2G2A may be a 

downstream effector of RBM3 in cancer [68]. PLA2 family plays 

important roles in RBM3 regulation during PCa development. Further 

studies on the regulation of RBM3 by several metabolic pathways, 

especially those involving the PLA2 family, should be conducted. 

Moreover, when PCa metastasizes to the bone, overexpressed RBM3 in 

PCa cells promotes N6-methyladenosine (m6A) methylation of catenin 

beta 1 (CTNNB1), reducing its RNA stability, decreasing the expression 

of β-catenin, and suppressing the stemness remodeling of PCa induced 

by the osteogenic microenvironment [25]. 

 

Nonetheless, the molecular mechanism underlying RBM3 regulation in 

PCa cells remains unclear, and the role of RBM3 in PCa remains 

controversial. RBM3 has different prognostic effects in patients with 

PCa. On the one hand, a study on operated PCa showed that high RBM3 

expression in poorly differentiated and more invasive PCa, which is 

tightly linked to ERG activation and phosphatase and tensin homolog 

deletion, could be used as an independent prognostic marker to predict 

the risk of biochemical recurrence and disease progression [57]. On the 

other hand, a clinical study based on immunohistochemistry performed 

on PCa tissue microarrays showed that the upregulation of RBM3 

expression, particularly in the nucleus, was associated with a 

significantly prolonged time to biochemical recurrence and clinical 

progression, supporting that RBM3 is a biomarker of good prognosis 

[58]. In contrast, downregulating RBM3 expression increases the 

chemotherapeutic susceptibility of PCa cell lines [59]. However, the 

mechanisms underlying these functions remain unclear. Understanding 

the effect of RBM3 on PCa cells might be challenging owing to the 

reported inconsistencies; therefore, further studies are required. 

 

3.3. Breast Cancer 

 

Among women, breast cancer accounts for one in four cancer cases and 

one in six cancer-related deaths, ranking first in incidence in most 

countries (159 of 185 countries) [49]. A clinical study’s findings support 

the role of RBM3 as an important prognostic factor for breast cancer and 

showed that increased nuclear expression of RBM3 in breast cancer was 

associated with improved clinical outcomes, such as low-grade, small 

tumors, estrogen receptor (ER) positivity, and Ki-67 negativity [60]. 

Increased nuclear expression of RBM3 is associated with improved 

overall and recurrence-free survival in patients with breast cancer, and 

RBM3 expression seems to be an independent predictor of disease 

outcomes in ER-positive breast cancer [60]. However, a study 

contradicted these findings, showing that even though two studies 

suggested that the expression of RBM3 was increased in breast cancer 

tissues more than in normal tissues [20, 60], the role of RBM3 in female 

breast cancer is paradoxical. Chen et al. [20] found that lymph node 

metastasis and a high tumor grade in patients with breast cancer were 

closely related to increased RBM3 expression.  

 

A high level of RBM3 was associated with worse postoperative relapse-

free survival (RFS) and overall survival (OS) rates, whereas the 

knockdown of RBM3 significantly reversed the proliferation and 

metastasis of breast cancer cell lines. Moreover, the data obtained by 

Chen et al. indicated that RBM3 upregulates actin-related protein 2/3 

complex subunit 2 (ARPC2) by binding to the 3'UTR, contributing to 

breast cancer progression. ARPC2 is an important oncogene in human 

gastric cancer cell lines, which can promote the proliferation and 

invasion of the human gastric cancer cell line MKN-28 [71]. Therefore, 

it is important to consider the role of the RBM3-ARPC2 pathway in 

female breast cancer to aid the discovery of novel potential therapy for 

breast cancer. According to a recent report, the X-chromosome on RBM 

genes, including RBM3, may constitute a novel family of apoptosis 

modulators. RBM3 expression was previously shown to be positively 

correlated with the pro-apoptotic Bax gene in breast cancer, and it 

appears that RBM3 plays an unknown role in the regulation of apoptosis 

in breast cancer. Further studies are required to better understand the 

molecular mechanisms underlying X-chromosome RBM genes in breast 

cancer [72]. 

 

3.4 Ovarian Cancer 

 

Ovarian cancer is the second most common cause of gynecological 

cancer-related deaths (after cervical uterine cancer) in women 

worldwide. Epithelial ovarian cancer (EOC) accounts for > 95% of all 

ovarian malignancies and is generally detected at an advanced stage [73, 

74]. Thus, there is an urgent need to develop effective screening options 

for early detection of epithelial ovarian cancer. A study of two 

independent patient cohorts showed that increased RBM3 expression 

was associated with favorable prognosis in EOC and increased 

sensitivity to cisplatin in ovarian cancer cells [50]. Moreover, their data 

confirmed that high RBM3 mRNA expression is an independent 

predictor of significantly improved RFS and OS [50]. Based on this 

discovery, in-depth studies were performed to further elucidate the 

functional mechanisms underlying the role of RBM3 in cisplatin-

mediated cell death and found that the main effects of RBM3 on cisplatin 

sensitivity might be reflected in cell cycle distribution rather than 
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apoptosis [50]. Upregulation of RBM3 expression restrains the 

checkpoint response by inhibiting the levels of DNA damage checkpoint 

kinases (CHK1 and CHK2) and minichromosome maintenance protein 

3 (MCM3) to promote DNA integrity in EOC, as a deficient DNA repair 

system can inhibit cancer invasion and metastasis [63]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1: The structure of RBM3. A) The hierarchical structure of RNA‐binding motif protein 3 (RBM3) in Homo sapiens. The longest open reading 

frame encodes a 157 amino acid protein with a predicted molecular weight of 17 kDa. RBM3 (157 amino acids) contains highly conserved domains, 

including the N-terminal RNA recognition motif (RRM domain, 85 amino acids) and the C-terminal arginine glycine rich domain (RGG domain, 72 amino 

acids). The RRM domain adopts a βαββαβ topology and contains two ribonucleoprotein domains (RNPs), RNP1 and RNP2, which are located at the N-

terminal protein end. The consensus sequences of RNP1 and RNP2 are (K/R)G(F/Y)(G/A)FVX(FY) and (L/I)(F/Y)(V/I)(G/K)(G/N)L, respectively. B) The 

tertiary structure of RBM3 is displayed in cartoon and surface form with 7EB1 in SWISS-MODLE (Link) accessed on 6 January 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2: The possible pathways through which RNA‐binding motif protein 3 (RBM3) plays a protective role under cold stress. A) As a stress-response 

protein, RBM3 is found which mediated the response of cold stress. B) RBM3 orchestrates neurogenesis via modulating Yap mRNA stability in cold stress. 

C) TrkB signaling regulates the RBM3-mediated neuroprotection. D) RBM3 promotes protein kinase B (AKT) activation to enhance glucose metabolism 

and reduce apoptosis in skeletal muscle of mice under acute cold stress. 

https://swissmodel.expasy.org/templates/7eb1.1
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FIGURE 3: The possible pathways through which RNA‐binding motif protein 3 (RBM3) plays a protective role in various adverse conditions.  A) RBM3 

promotes neurogenesis in a niche-dependent manner via IMP2-IGF2 signaling pathway after hypoxic-ischemic brain injury. B) RBM3 inhibits PERK 

phosphorylation through cooperation with NF90 to protect cells from endoplasmic reticulum stress. C) RBM3 protects UV irradiation-induced apoptosis in 

neuroblastoma cells by affecting p38 and JNK pathways and Bcl2 family proteins. D) RBM3 prevents NO-induced apoptosis in human neuroblastoma cells 

by modulating p38 signaling and miR-143. E) RBM3 inhibits Oxygen-Glucose Deprivation/Reoxygenation-induced apoptosis through promoting stress 

granules formation in PC12 cells. 

 

TABLE 1: Prognosis of RNA‐binding motif protein 3 (RBM3) expression changes in various types of cancer. 

Tumor type RBM3 expression Progosis clinical outcome Mechanisms 

 

References 

Colorectal 

Cancer(CRC) 
Upregulated Poor Not mentioned 

①GSK3β/β-catenin 

②promote VEGF/IL-8 expression 

[46] 

[18] 

Right-sided CRC Downregulated Poor Not mentioned Not mentioned [56] 

Colitis-associated Cancer 

 

Upregulated 

 

 

Poor 

 

Not mentioned 

①Inhibiting apoptosis and 

increasing R-spondin 

②IBD 

refeactory/inflammation/hypoxia 

[23] 

 

[65-67] 

 

Prostate Cancer (PCa) 

 

①Upregulated 

 

 

Good 

 

 Not mentioned 

①Inhibiting alternative splicing of 

exon V8-V10 of CD44 to 

attenuates the prostaftic stem cell-

like features 

②RBM3/PLAZG2A 

③ERG activation and PTEN 

delection 

④promotes N6-

methyladenosine(m6A) 

methylation of catenin beta 1 

(CTNNB1) to reduce its RNA 

[24] 

 

 

 

 

[68] 

[57] 

 

[25] 
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stability and decrease the 

expression of β-catenin 

②Upregulated Good 

prolonged time to 

biochemical recurrence 

and clinical progression 

Not mentioned 

[58] 

③Downregulated Good 

increase 

chemotherapeutic 

susceptibility 

Not mentioned 

[59] 

Breast Cancer(BC) 

①Upregulated(nuclear) Good 
①OS/RFS↑②Small 

tumor/ER(+)/Ki-67(-) 
Not mentioned 

[60] 

②Upregulated Poor 

①OS/RFS↓②Lymph 

node metastasis and high 

tumor grade 

RBM3/ARPC2(Binding the 

3’UTR of ARPC2 contribute to BC 

progression) 

[20] 

③Unclear Unclear Unclear 
RBM3 expression is correlation of 

the pro-apoptosis Bax gene 

[72] 

Epithelial Ovarian 

Cancer(EOC) 

 

Upregulated 

 
Good 

①OS/RFS↑②Increase 

cisplatin sensitivity 

 

①Reflect in cell cycle distribution 

②inhibiting CHK1、CHK2、

MCM3,promote DNA integrity 

[50] 

[63] 

Nasopharyngeal 

carcinoma 
Upregulated Poor 

Significantly drives 

radioresistance 

Inhibiting DNA damage and 

reduces the rate of apoptosis via 

PI3K/AKT/Bcl-2 signaling 

pathway 

[54] 

Urothelial bladder 

cancer(UBC) 

Downregulated (UBC 

T1) 
Poor Not mentioned Not mentioned 

[55] 

Muscle invasive bladder 

cancer(MIBC) 

①Upregulated Poor Not mentioned Not mentioned [53] 

②Upregulated(received 

NAC treatment) 
Good 

①RFS↑②Enhance the 

sensitivity to cisplatin 

and gemcitabine 

Facilitating G1/S-phase translation 

and initiation of DNA replication 

[53] 

Nonseminomatous grem 

cell tumors(NSGCT) 
Upregulated Good 

Enhance the cisplatin 

sensitivity 
Not mentioned 

[52] 

Upper gastrointestinal 

metastases 

 

Upregulated 

 

Unclear 

 

Promote proliferation 

 
Not mentioned  

[77] 

Hepatocellular 

carcinoma(HCC) 

 

Upregulated 

 

Poor 

 

OS/RFS↓ 

 

①Promoting HCC cells 

proliferation in a SCD-

CirRNA2/ERK pathway 

②RBM3/STAT3/EMT axis 

[47] 

 

 

[21] 

Pancreatic cancer Upregulated 

①Poor 
Enhance migration and 

invasion 

Not mentioned 

 

 

 

[61] ②Good 

Increase the sensitivity to 

adjuvant chemotherapy, 

in particular gemcitabine 

Non-small cell lung 

cancer(NSCLC) 
Downregulated Poor 

Aggressive tumor 

features 
Not mentioned 

[51] 

Upper gastrointestinal 

cancer 
Downregulated Poor Promote proliferation Not mentioned 

[77] 

Malignant melanoma Downregulated Poor OS↓ Not mentioned [78] 

 

3.5. Bladder Cancer 

 

Bladder cancer is the 10th most commonly diagnosed cancer worldwide 

and is more common in men than in women [49]. Urothelial bladder 

cancer (UBC) is often diagnosed as a non-muscle invasive tumor at the 

Ta or T1 stages [75]. A validated study found that poor prognosis in 

patients with UBC at stage T1 was associated with low RBM3 

expression, which was considered an independent poor prognostic factor 

[55]. There is evidence that RBM3 could be a useful biomarker for 

stratifying patients with non-muscle invasive disease for more 

aggressive first-line treatments, such as early cystectomy [55]. NAC 

followed by radical cystectomy is the recommended treatment for 

muscle-invasive bladder cancer (MIBC) [76]. A cohort study of patients 

diagnosed with MIBC [53] reported an inferior outcome with an 

increased risk of MIBC recurrence in patients with high tumor-specific 

RBM3 expression in transurethral resection of the bladder specimens.  
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Nevertheless, patients with high RBM3 expression who received NAC 

had significantly prolonged recurrence-free survival compared to 

untreated patients [53]. In addition, patients with low RBM3 expression 

showed a trend toward a higher frequency of pathological downstaging 

after NAC treatment [53]. High RBM3 expression enhances sensitivity 

to cisplatin and gemcitabine, which may be associated with RBM3's role 

in facilitating cell cycle progression, particularly the G1/S-phase 

transition and initiation of DNA replication [53], which is consistent 

with the findings on ovarian cancer [63]. 

 

3.6. Other Cancers of the Digestive System  

 

Digestive system cancer is an important type of cancer worldwide. A 

recent study on upper gastrointestinal cancers [77] found that high 

expression of RBM3 in esophageal and gastric adenocarcinomas was 

related to intestinal metaplasia-associated tumors, such as benign 

squamous epithelium and intestinal metaplasia (barrett’s esophagus or 

gastric intestinal metaplasia), in which RBM3 expression was proven to 

be an independent prognostic and treatment-predictive biomarker. Low 

RBM3 expression is an independent factor for reduced overall and 

recurrence-free survival in patients with upper gastrointestinal tract 

adenocarcinoma. Compared to primary cancer, there was a significant 

positive association between higher RBM3 expression and metastases 

[77]. Conversely, in hepatocellular carcinoma (HCC), RBM3 is 

significantly upregulated and correlated with poor clinical prognosis, 

including short recurrence-free survival and poor OS [21, 47].  

 

Regarding the molecular mechanism underlying hepatocarcinogenesis, 

according to a previous study [47], RBM3 promotes HCC cell 

proliferation in an SCD-circRNA 2 (a circRNA derived from the 3′UTR 

of the stearoyl-CoA desaturase (SCD) gene)-dependent manner. 

Moreover, RBM3 might bind to the SCD mRNA 3′UTR, increasing 

SCD-circRNA 2 expression depending on the flanking sequence of the 

backsplicing site, and promoting HCC cell proliferation through the 

SCD-circRNA 2/ERK pathway. Moreover, Zhang et al. [21] showed that 

RBM3 promotes EMT-induced tumor migration and invasion and that 

RBM3 binds directly to the squamous cell carcinoma antigen recognized 

by T cell 3 (STAT3) mRNA to enhance its stability by activating the 

RBM3/STAT3/EMT axis, which promotes HCC progression. Moreover, 

they found that microRNA-383 inhibits RBM3 expression by binding to 

the 3ʹUTR of RBM3 mRNA. Based on their findings, microRNA-383 

was considered an upstream target of RBM3, which may be a new 

effective therapeutic target for HCC metastasis. Another study [61] 

revealed a two-faceted role of RBM3 in pancreatic cancer; high 

expression of RBM3 was demonstrated to confer a more aggressive 

behavior through enhanced migration and invasion of the primary tumor, 

with increased sensitivity to adjuvant chemotherapy, particularly 

gemcitabine. 

 

3.7. Other Cancers 

 

One study suggested that RBM3 may be a potential biomarker for the 

stratification of patients with metastatic non-seminomatous germ cell 

tumors (NSGCT). Low RBM3 expression correlates with worse 

prognosis and an increased risk of treatment failure and high RBM3 

expression is considered a predictor of enhanced cisplatin sensitivity in 

NSGCT [52]. Similar results have been reported for non-small cell lung 

cancer (NSCLC), in which the loss of RBM3 expression is related to 

aggressive tumor features and poor clinical outcomes in patients with 

LUAC (lung adenocarcinoma) [51]. These findings are consistent with 

those of a prospective population-based cohort study that considered 

RBM3 an independent biomarker of prolonged OS in patients with 

primary malignant melanomas and showed that RBM3 was 

downregulated during the progression of metastatic melanoma [78]. 

Moreover, researchers have found that RBM3 is upregulated in 

radioresistant nasopharyngeal carcinoma (NPC) tissues and cells, and 

RBM3 overexpression in NPC cells (CNE1) significantly drives 

radioresistance, inhibits DNA damage, and reduces the rate of apoptosis 

via the PI3K/AKT/Bcl-2 signaling pathway [54]. 

 

4. Discussion 

 

RBM3 is an RNA-binding protein with multiple physiological functions. 

RBM3 is induced in response to various extracellular environmental 

conditions such as mild hypothermia, UV irradiation, nitric oxide stress, 

ER stress, hypoxic-ischemic stress, oxygen-glucose 

deprivation/reperfusion injury, inflammation, I/R-induced myocardial 

injury, aortic dissection, neurodegenerative disease, and different types 

of cancers. A previous study has shown that the transcription factor NF-

κB p65 is phosphorylated at ser276 and activates RBM3 transcription by 

binding to a particular element within the promoter region [4]. Overall, 

RBM3 expression may be regulated not only by one transcription factor 

but also by multiple transcription factors. This requires further 

investigation. Although RBM3 is an RNA-binding protein, it has 

downstream RNAs, including mRNAs, lncRNAs, and miRNAs. 

Although some studies have been conducted, systematic studies that play 

an important role in revealing the functions of RBM3 are lacking.  

 

One study showed that the blood samples of patients with post-cardiac 

arrest treated with TTM had significantly increased expression of RBM3 

mRNA. However, the upregulation of RBM3 protein expression in 

response to TTM was not observed [2]. RBM3 is confirmed to be mainly 

expressed in the nucleus, and it has been found to shuttle between the 

nucleus and the cytoplasm in response to adverse conditions. However, 

it is unclear whether RBM3 is secreted into the extracellular 

environment, such as the circulatory system, or whether it can be 

measured in full blood samples. The mechanism underlying the active 

secretion of RBM3 and the role of extracellular RBM3 require further 

investigation, which is of great significance for a complete 

understanding of RBM3 functions. 

 

RBM3 is upregulated in various cancers and is associated with clinical 

outcomes, indicating that RBM3 can be used as a diagnostic marker for 

cancer. RBM3 exerts different effects in different tumors, which is 

paradoxical to an extent. High expression of RBM3 promotes 

proliferation [20, 21, 47], promotes VEGF/IL-8 expression [18], inhibits 

apoptosis [23, 78], affects cancer cell stemness remodeling [24, 25, 46], 

and promotes DNA integrity [50, 54, 55]. The different biological 

functions of RBM3 in different cancers may be related to the 

heterogeneity and complexity of the tumors themselves. Detailed 

genotyping of tumors may help explain the different roles of RBM3 in 

different tumors. The expression levels of RBM3 in different cancers are 

inconsistent and are associated with different prognoses. RBM3, an 
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RNA-binding protein, can exert different biological effects by 

interacting with different proteins in different types of tumors [1, 26, 27]. 

 

The tumor cell microenvironment plays a pivotal role in tumor cell 

activity, and temperature is a central component of the 

microenvironment. A study showed that downregulating RBM3 

expression by exposure to heat treatment greatly impairs prostate cancer 

cell survival and enhances chemosensitivity [59]. The study further 

showed that RBM3 was significantly decreased in PCa cells that 

survived stressful environments, such as soft agar and osteogenic 

microenvironments [24, 25], with evidence indicating that restoring 

RBM3 expression can suppress stemness remodeling in prostate cancer 

[24, 25]. These studies suggest that RBM3 may play different roles in 

different microenvironments of cancer cells, such as hormone levels and 

immune cell infiltration. The mechanism by which RBM3 exerts its 

function in the tumor microenvironment requires further study. 

Differences at epigenetic levels may also affect the function of RBM3. 

In addition, RBM3 variants [33] or the type of protein modification may 

have an important influence on the function of RBM3, and the study of 

these aspects will be helpful in further elucidating the role of RBM3 in 

cancer.  

 

We found that different levels of RBM3 expression in several types of 

cancer could enhance chemosensitivity [50, 52, 53, 59, 61]. ADDIN EN. 

CITE chemotherapy is believed to improve the immunogenicity of 

cancers [79]. Recent studies on antitumor therapy have found that 

increasing the immunogenicity of cold tumor cells transforms them into 

hot tumors, thereby improving the effectiveness of tumor 

immunotherapy [79-82]. As a stress-response protein, RBM3 mediates 

the response of PCa cells in the tumor microenvironment, and RBM3 

suppresses stemness remodeling of prostate cancer in the bone 

microenvironment [25]. This epigenetic regulatory approach to RBM3 

may be the key mechanism by which tumor cells adapt to changes in the 

microenvironment. Based on this, we conclude that RBM3 is probably a 

key molecule for turning cold tumors hot. However, this requires further 

research. 

 

Nevertheless, it might be challenging to accurately determine the roles 

of RBM3, as contradictory results relative to specific types of cancer 

have been reported. There is no doubt that further study on the 

underlying regulatory mechanisms of the effect of RBM3 in oncogenesis 

or as a tumor suppressor is still greatly needed. Meanwhile, there is a 

need to evaluate the relationship between levels of RBM3 expression 

during different periods in numerous cancers to stratify patients for 

personalized prevention and therapy. 

 

In this review, we discussed the essential roles and mechanisms of action 

of RBM3. Cold stress is a common physiological phenomenon and 

RBM3 is a cold shock protein that plays essential roles in cytoprotection, 

anti-apoptosis, cell survival, and neuroprotection. RBM3 participates in 

the development and progression of neurodegenerative diseases, such as 

alzheimer's disease. RBM3 mediates cold-induced structural plasticity, 

which is necessary for maintaining the synapse number [8]. Apam the 

functions mentioned above, accumulating evidence suggests that RBM3 

plays essential roles in cancer.  

 

 

5. Conclusion 

 

RBM3 is an RNA-binding protein with multiple physiological functions 

that are closely linked to many biological processes beyond its role in 

cold stress. Additionally, RBM3 is a cold-shock protein whose 

expression is as protective as that of cooling. However, this aspect 

warrants further investigation. 
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