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Abstract. Serine/arginine‑rich splicing factor 3 (SRSF3; also 
known as SRp20), an important member of the family of SRSFs, 
is abnormally expressed in tumors, resulting in aberrant splicing 
of hub genes, such as CD44, HER2, MDM4, Rac family small 
GTPase 1 and tumor protein p53. Under normal conditions, 
the splicing and expression of SRSF3 are strictly regulated. 
However, the splicing, expression and phosphorylation of SRSF3 
are abnormal in tumors. SRSF3 plays important roles in the 
occurrence and development of tumors, including the promo‑
tion of tumorigenesis, cellular proliferation, the cell cycle and 
metastasis, as well as inhibition of cell senescence, apoptosis and 
autophagy. SRSF3‑knockdown significantly inhibits the prolif‑
eration and metastatic characteristics of tumor cells. Therefore, 
SRSF3 may be suggested as a novel anti‑tumor target. The other 
biological functions of SRSF3 and its regulatory mechanisms are 
also summarized in the current review.
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1. Introduction

Eukaryotic gene expression primarily includes the processes 
of transcription, splicing and translation. First, DNA is 
transcribed into an mRNA precursor (pre‑mRNA) by RNA 
polymerases. Then, the pre‑mRNA is spliced into mature 
mRNA by spliceosomes, after which the mature mRNA 
is translated into protein. Since multiple splicing sites are 
usually present in pre‑mRNA, several splicing isoforms may 
be generated in different types of cells or biological processes 
by alternative splicing. These isoforms have a synergistic or 
antagonistic biological function, and >90% of human genes 
are spliced ​​after transcription (1,2). Normal gene splicing is 
critical for the functions of tissues and organs (3). However, 
aberrant splicing of key genes can lead to various diseases, 
particularly the occurrence and development of tumors (4‑7).

Spliceosomes usually consist of small nuclear 
ribonucleoproteins (snRNPs), core proteins and cofactors (8). 
Core proteins include two highly conserved families: i) 
Serine/arginine‑rich splicing factors (SRSFs); and ii) heteroge‑
neous nuclear ribonucleoproteins (hnRNPs). During splicing, 
the serine/arginine‑rich domain (RS) of the SRSF binds to 
the exonic splicing enhancer (ESE) of the splicing regula‑
tory element, facilitating the binding of snRNP to the 5'‑end 
and the 3'‑end splicing sites, which cause phosphorylation or 
dephosphorylation of target proteins (9,10).

At present, 12 members of the SRSF family have been 
identified, among which SRSF3 is the smallest; the N‑terminal 
of SRSF3 contains an RNA recognition motif that specifically 
recognizes the splicing sites, and the C‑terminal of SRSF3 
contains a highly phosphorylated serine/arginine‑rich 
domain (RS) region (11). SRSF3 binds to cytosine‑rich motifs 
and promotes the inclusion of exons, especially genes encoding 
neutral amino acids (such as serine and threonine), which can 
be phosphorylated (12). SRSF3 interacts with RNA cis‑acting 
elements in a concentration‑ or cell differentiation‑dependent 
manner. Moreover, SRSF3 promotes the inclusion of exons 
in target genes by recruiting Yes1 associated transcriptional 
regulator (YTHDC1). YTHDC1 is closely associated with the 
nuclear localization, RNA binding ability and related splicing 
events of SRSF3 (13,14). SRSF3 has been discovered to be 
widely expressed in tumor tissues and involved in the splicing 
of numerous hub genes, such as CD44, HER2, MDM4, Rac 
family small GTPase 1 (RAC1) and tumor protein p53 (TP53) 
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(Table I; Figs. 1 and 2) (15). Kyoto Encyclopedia of Genes 
and Genomes pathway enrichment analysis has demonstrated 
that SRSF3 is highly associated with in the PI3K‑AKT 
signaling pathway. Consequently, SRSF3 functions as an 
oncogene with critical regulatory roles in tumorigenesis, 
proliferation, metastasis, anti‑apoptosis, anti‑senescence 
and anti‑autophagy (Xiong  et  al, unpublished data). In 
addition, SRSF3 plays important roles in various biological 
processes, such as protein translation  (16), termination of 
transcription (17), insulin signaling (18), mRNA transport (19) 
and embryogenesis (20).

The present review outlines the regulation of SRSF3 
expression and its recently identified functions, as well as its 
implications in cancer. Other biological functions of SRSF3, 
and its regulatory mechanisms, are also summarized herein.

2. Regulatory mechanisms of SRSF3 expression

Expression of SRSF3 in cancers. SRSF3 was discovered to 
be aberrantly upregulated in various tumor types, including 
colorectal cancer (CRC) (21), gastric cancer (GC), hepato‑
cellular carcinoma (HCC) (22), non‑small cell lung cancer 
(NSCLC), breast cancer (BC) and oral squamous cell carci‑
noma (OSCC) (23). High expression of SRSF3 has also been 
correlated with the occurrence and development of cancer 
types such as CRC, bladder cancer and BC (21,24‑28). Cells 
with high expression levels of SRSF3 demonstrate typical 
characteristics of tumor cells, such as accelerated cell 
cycle progression  (21,24), enhanced anti‑apoptotic ability, 
pro‑proliferation, increased tumorigenicity  (24), aerobic 
glycolysis  (29) and anti‑senescence  (25). Park  et  al  (30) 
detected the expression of splicing factors in GC and CRC 
tissues, and found that the expression rates of SRSF3 (74%) 
and heterogeneous nuclear ribonucleoprotein A1 (88%) were 
the highest in CRC tissues.

Regulation of SRSF3 expression. Mechanistic studies have 
revealed that hypoxia is an activator of SRSF3 in PC3 
prostate cancer cells (31). Hypoxia leads to retained intron 
(RI)12 status of eukaryotic translation initiation factor 2B 
subunit ε (EIF2B5) by promoting the expression of SRSF3 
and enhancing the specific binding of the RI to SRSF3 
and Ser2 RNA polymerase II  (16). The RI of EIF2B5 is a 
major regulator of translational initiation, which contains a 
premature termination codon. This leads to premature termi‑
nation of protein translation and generates truncated EIF2B5 
(EIF2B5‑TR). EIF2B5‑TR expression results in an increase 
in the survival of head and neck cancer cells during hypoxia, 
facilitating adaptation to the hypoxic state  (16). In CRC, 
SRSF3 is upregulated via signaling pathways involving WNT 
and catenin β1 (CTNNB1)/transcription factor  4  (32‑34). 
Allele T of single nucleotide polymorphism rs1122608 in the 
SMARCA4 gene was found to be associated with increased 
expression of SRSF3, which reduces the expression and 
secretion of interleukin (IL)‑1β, thereby reducing the risk of 
atherosclerosis and stroke (35). In addition, SRSF3 expression 
is significantly inhibited in M. tuberculosis H37Rv‑infected 
THP‑1 macrophages (36). However, the regulatory mechanisms 
of the rs1122608‑T allele and H37Rv in SRSF3 expression are 
remain unknown.

Xenobiotic regulation of SRSF3. Caffeine inhibits SRSF3 
expression in HeLa cells and converts p53α to p53β to 
promote cell cycle arrest and apoptosis  (37). Similarly, 
theophylline downregulates SRSF3 expression in HeLa and 
MCF‑7 cells, and facilitates p53α‑to‑p53β conversion (38). 
Moreover, the study indicated that theophylline induces 
apoptosis and senescence, and reduces cell colony forma‑
tion. Notably, theophylline inhibited cellular proliferation, 
whereas caffeine enhanced proliferation rates; neither 
theophylline nor caffeine had an effect on the proliferation of 
normal breast cells (MCF‑10A). These findings suggest that 
theophylline and caffeine may act as antitumor compounds 
by targeting SRSF3 and its target genes. In addition, digoxin 
inhibits SRSF3 expression in HeLa cells and converts p53α 
to p53β isoforms, thereafter, affecting the cell cycle and 
DNA damage repair  (39). In cells derived from patients 
with familial dysautonomia, digoxin exerts a therapeutic 
effect by inhibiting SRSF3 expression and increasing the 
expression of wild‑type elongator complex protein 1 (ELP1) 
containing exon 20 (40). In addition, digoxin exerts antiviral 
effects by inhibiting SRSF3 expression in HIV‑1, altering 
viral RNA splicing sites, and leading to loss of the essen‑
tial viral factor Rev and the synthesis of viral structural 
protein (41). Trichostatin, a histone deacetylase inhibitor, acts 
on dendritic cells by upregulating SRSF3, hypoxia inducible 
factor 1 subunit α‑dependent glycolytic genes and pyruvate 
kinase M2 (PKM2) (42). These studies offer insights into the 
pharmacodynamic roles of SRSF3 in cancer therapy.

Splicing of SRSF3. In the late 1990s, Jumaa and Nielsen (43‑45) 
first demonstrated that SRSF3 regulated its own expression 
by promoting the inclusion of exon 4, which contains a stop 
codon, and consequently expresses SRSF3‑TR. In OSCC cells, 
polypyrimidine tract binding protein (PTBP) 1 and PTBP2 
bind to exonic splicing suppressors of SRSF3 exon 4 to inhibit 
its inclusion, which results in the upregulation of full‑length 
SRSF3 (SRSF3‑FL) (46). Heterogeneous nuclear ribonucleo‑
protein L has also been observed to promote the transcription 
and skipping of exon 4 in SRSF3 (23). A splicing regulator, 
SLU7, promotes exon 4 skipping in SRSF3 (47) and plays an 
important role in hepatocellular differentiation (48). SLU7 is 
also a key gene in hepatocyte homeostasis, the expression of 
which is inhibited in liver cancer. SLU7‑knockdown in human 
hepatocytes results in impaired glucose and lipid metabo‑
lism, generation of key metabolic hormone tolerance, and 
reversal of fetal‑like gene expression patterns by increasing 
the expression of SRSF3‑TR (47,48). Amiodarone has been 
reported to promote the inclusion of the SRSF3 stop codon 
and consequent SRSF3‑TR expression and apoptosis of tumor 
cells (49). Treatment of human colon cancer cells with sodium 
arsenite also increases the incidence of the SRSF3 termination 
codon and consequently increases SRSF3‑TR expression by 
inhibiting nonsense‑mediated mRNA decay (50). Knockout of 
SRSF3‑TR significantly decreases the arsenite‑induced JUN 
protein and the binding and promotive activity of the transcrip‑
tion factor JUN in the IL‑8 promoter, thereby significantly 
decreasing IL‑8 expression (50). Moreover, the inclusion of 
SRSF3 exon 4 is also induced by the overexpression of circ‑
87MARCA5 in U87MG cells, which consequently inhibits the 
proliferation and migration of U87MG cells (51).
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Phosphorylation of SRSF3. The localization and activity of 
SRSF3 are stimulated by phosphorylation of its C‑terminal RS 
domain. The conserved SR Protein Kinase (SRPK)‑specific 
substrate docking groove in SRPK2 affects the phosphory‑
lation and localization of SRSF3. SRPK‑mediated SRSF3 
phosphorylation sites extend throughout the RS domain. In 
addition, hypothalamic gonadotropin‑releasing hormone 
(GnRH) and AKT have also been identified as inducers of 
SRSF3 phosphorylation (52,53). Thus, inhibition of SRSF3 
can reverse the GnRH‑elevated Homer1a‑to‑Homer1b/c ratio 
and regulate the effect of GnRH on the expression of follicle 
stimulating hormone β and luteinizing hormone subunit β (52). 
In rat primary hepatocytes, insulin also promotes the phos‑
phorylation of SRSF3, which in turn bonds to the ESE in 
exon  12 of glucose‑6‑phosphate dehydrogenase (G6PD), 
resulting in increased splicing and expression of G6PD (54). 
Overexpression of protein phosphatase, Mg2+/Mn2+ dependent 
1G (PPM1G) promotes the dephosphorylation of SRSF3 and 

changes the alternative splicing patterns of genes related to 
the cell cycle and transcriptional regulation in HCC cells (55). 
SRSF3 is phosphorylated at AKT consensus sites downstream 
of PI3K‑mediated platelet‑derived growth factor receptor α 
signaling in mouse palatal mesenchymal cells, resulting in 
its nuclear translocation (56). However, SRSF3 appears to be 
hypo‑phosphorylated and stable in cells (57), which may be a 
way to maintain cell homeostasis.

3. Oncogenic roles of SRSF3

Promotion of tumorigenesis. Studies have reported that 
SRSF3‑mediated aberrant splicing is closely associated with 
hepatocarcinogenesis (47,58). SLU7 is a key factor in genomic 
stability; SLU7‑knockdown results in transcription‑related 
RNA‑DNA hybrids (R‑loops), DNA damage, cell cycle arrest 
and severe mitotic disorders, as well as loss of sister chromatid 
cohesion, through the production of SRSF3‑TR and abnormal 

Table I. Regulators, targets and splicing events of SRSF3.

Regulator	 Target	 Splicing event	 Isoform	 Cell line	 (Refs.)

HNRNPL	 SRSF3	 Skipping of exon 4	 SRSF3‑FL	 CAL 27	 (23)
PTBP1 and PTBP2				    OSCC	 (46)
SLU7				    PLC, H358, and HeLa	 (47)
SRSF3	 SRSF3	 Inclusion of exon 4	 SRSF3‑TR	 K46	 (43‑45)
Amiodarone				    HeLa	 (49)
Sodium arsenite				    HCT116	 (50)
circ87MARCA5				    U87MG	 (51)
SRSF3	 CDCA5	 Retention of intron 1 and2	 NA	 PLC	 (47)
	 EIF2B5	 Retention of intron 12	 EIF2B5‑TR	 SQ20B	 (16)
	 PDCD4	 Retention of intron 2	 Isoform2	 SW480	 (29)
	 CD44	 Splicing of exons 8, 9, and 10	 CD44E	 HEK293	 (32,59)
	 G6PD	 Inclusion of exon 12	 G6PD‑FL	 HepG2	 (54)
	 GR	 Inclusion of exon 9a	 GRα	 MDA‑MB‑231	 (74,75)
	 KLF6	 Inclusion of exon 3	 KLF6‑FL	 Hep3B, Huh7, and HepG2	 (22)
	 MAP4K4	 Inclusion of exon 16	 Isoform2 and 5	 HCT‑8	 (73)
	 MDM4	 Inclusion of exon 6	 MDM4‑FL	 A375	 (67)
	 NUMB	 Inclusion of exon 12	 NUMB‑FL	 MDA‑MB‑231	 (76)
	 PKM	 Inclusion of exon 10	 PKM2	 DLD‑1 and WiDr	 (61)
	 CASP2	 Skipping of exon 9	 Casp‑2L	 HeLa and MDA‑MB‑231	 (107)
	 CLK1	 Skipping of exon 4	 CLK1‑TR	 WI‑38	 (40)
	 FoxM1	 Skipping of exon 9 and/or 6	 Isoform b and c	 U2OS and HeLa	 (24)
	 HER2	 Skipping of exon 16	 Δ16HER2	 SKBR3	 (108)
	 ELP1	 Skipping of exon 20	 ELP1‑TR	 HEK293	 (40)
	 ILF3	 Skipping of exon 18 or 18b	 Isoform1 and2	 WI‑38	 (66)
	 KMT2C	 Skipping of exon 46a	 KMT2C‑S	 A2780	 (68)
	 PDK1	 Skipping of exon 3a	 PDK1‑TR	 HEK293	 (40)
	 RAC1	 Skipping of exon 3b	 RAC1b	 HT29	 (33)
	 SMN2	 Skipping of exon 7	 SMN2‑TR	 HeLa	 (83)
	 MAPT	 Skipping of exon 10	 MAPT‑TR	 SKN‑MC and C33A	 (84)
	 TP53	 Skipping of exon 9i	 p53β	 MRC‑5	 (25)
	 TP53I3	 Skipping of exon 4	 TP53I3‑TR	 HEK293	 (40)

SRSF3, serine/arginine rich splicing factor 3; NA, not applicable.
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Figure 1. Targets of SRSF3. SRSF3 is involved in the splicing of numerous hub genes, including CD44, HER2, MDM4, RAC1 and TP53. Therefore, SRSF3 
plays important roles in the regulation of cell proliferation, cell cycle, apoptosis and proliferation. SRSF3, serine/arginine rich splicing factor 3; MDM, 
mouse double minute; RAC1, Rac family small GTPase 1; TP53, tumor protein p53; RTK, receptor tyrosine kinases; IRS, insulin receptor substrate; PIP3, 
phosphatidylinositol (3,4,5)‑trisphosphate; PIP2, phosphatidylinositol 4,5‑bisphosphate; CCND1, cyclin D1; PDCD4, programmed cell death 4; PDK1, pyruvate 
dehydrogenasekKinase 1; PKM, pyruvate kinase M; HIF1A, hypoxia inducible factor 1 subunit α; P, phosphate.

Figure 2. Regulators, targets and splicing events of SRSF3. Hypoxia, HNRNPL and trichostatin induce SRSF3 expression, while caffeine, theophylline and 
digoxin inhibit SRSF3 expression. The splicing of SRSF3 is regulated by SRSF3 itself, amiodarone, sodium arsenite and cir87MARCA5 by including exon, 
and also regulated by HNRNPL, PTBP1, PTBP2 and SLU7 through exon skipping. SRSF3 regulates splicing of multiple genes in different ways such as 
including exon, skipping exon and including intron. SRSF3, serine/arginine rich splicing factor 3; HNRNPL, heterogeneous nuclear ribonucleoprotein L; 
PTBP, polypyrimidine tract binding protein; SLU7, SLU7 homolog.
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splicing, and expression of SRSF1 and the key sister chromatid 
cohesion protein cell division cycle associated 5 (47). This 
unique function of SLU7 has been observed in cancer cells 
and the livers of normal mice, demonstrating the conserved 
and essential role of SLU7 in preserving genomic integrity. 
Therefore, low expression of SLU7 in the cirrhotic liver may 
be involved in the development of hepatocarcinogenesis (47). 
RNA sequencing revealed that 50% of HCC tissues had aber‑
rant splicing of the coiled‑coil domain of coiled‑coil domain 
containing 50 (CCDC50). Overexpression of truncated 
CCDC50 (CCDC50‑TR) promotes HCC growth and metastasis 
by activating the RAS/FOXO4 signaling pathway; inhibition 
of MAP2K7/MAPK1 phosphorylation or overexpression of 
FOXO4 significantly attenuates the CCDC50‑TR‑mediated 
phenotype. SRSF3 directly binds to CCDC50‑TR mRNA 
to maintain its stability in the cytoplasm  (58). The 
retention of SRSF3 in the cytoplasm is mediated by the inter‑
action between HBV‑encoded X protein (HBx) and tyrosine 
3‑monooxygenase/tryptophan 5‑monooxygenase activation 
protein β (YWHAB). HBx upregulation induces the expres‑
sion of SRSF3 and CCDC50‑TR in the cytoplasm. Therefore, 
the HBx/SRSF3/YWHAB complex upregulates CCDC50‑TR 
and promotes the progression of HCC via the RAS/FOXO4 
signaling pathway (58).

The cell adhesion molecule CD44 is also a target gene of 
SRSF3. SRSF3 alternatively splices exons 8, 9 and 10 of CD44 
to generate isoform CD44E, which promotes tumorigenesis in 
BC and GC (32,59). protein phosphatase 1 regulatory inhibitor 
subunit 1B (PPP1R1B) regulates the stability of SRSF3 protein 
and forms a complex with SRSF3 to regulate the expression 
of CD44E (60). Knockdown of PPP1R1B significantly down‑
regulates CD44E expression in GC cells, and decreases the 
expression of SRSF3 and CD44E in transplanted tumors. In 
addition, SRSF3 is one of the major regulators of induced 
pluripotent stem cell reprogramming and plays an important 
role in dedifferentiation of tumorigenesis (61). SRSF5, a novel 
oncogenic splicing factor, is overexpressed in OSCC tissues 
and cells and is critical for the proliferation and tumorigenesis 
of OSCC cells  (62). Overexpression of SRSF5 transforms 
immortal rodent fibroblasts to form tumors in nude mice, 
while downregulation of SRSF5 in OSCC cells impedes 
proliferation, cell cycle progression, and tumor growth. SRSF3 
is also upregulated in OSCC tissues, especially in patients 
with lymphatic metastasis (62). SRSF3 induces poison cassette 
usage and/or intron 5 retention (63) or inhibits the usage of 
the proximal 3'‑splice site in exon 6 of SRSF5, which disrupts 
SRSF5‑mediated self‑regulation and results in the upregula‑
tion of full‑length SRSF5 in cancer cells (62). Knockdown of 
SRSF3 inhibits snail family transcriptional repressor 1 and 
cadherin 2 (CDH2) expression, while the expression of SRSF3 
is induced in primary cultured oral epithelial cells by the 
carcinogen dimethylol butanoic acid, suggesting that SRSF3 is 
involved in the occurrence of oral cancer (64).

Promotion of cellular proliferation. The oncogene HER2 
(erb‑b2 receptor tyrosine kinase  2) is overexpressed in 
20‑30% of invasive BC and is associated with poor patient 
prognosis. SRSF3 specifically binds to HER2 exon 15 and 
generates the oncoprotein Δ16HER2 (with exclusion of 
exon  16). Downregulation of SRSF3 results in decreased 

expression of Δ16HER2 and increased expression of subtypes 
with inclusion of exon 15a or intron 15, thereby inhibiting 
the proliferation of BC cells (65). SRSF3 also promotes the 
proliferation of cancer cells by splicing interleukin enhancer 
binding factor 3 (ILF3), of which isoform‑1 and ‑2 induce 
proliferation and transformation, whereas isoform‑5 and ‑7 
inhibit proliferation and induce apoptosis in tumor cells. 
SRSF3 directly binds to the RNA motif of ILF3, resulting in 
exclusion/inclusion of, or 3‑terminal alternative splicing of, 
exon 18. Tumor cells with low expression of SRSF3 generate 
ILF3 isoform‑5 and ‑7, thereby inhibiting the proliferation 
of tumor cells (66). In a variety of human cancers, SRSF3 
promotes the inclusion of MDM4 exon  6 and results in 
increased expression of full‑length MDM4, an inhibitor of 
p65 (67). Thus, antisense oligonucleotide‑mediated MDM4 
exon 6 skipping significantly inhibits MDM4 expression and 
exerts good antineoplastic activity in a variety of human 
melanoma cells and patient‑derived melanoma xenografts, as 
well as enhancing the sensitivity of tumors to MAPK‑targeting 
therapeutics (67). Knockdown of SRSF3 in ovarian cancer 
cells affects homologous recombination‑mediated DNA repair 
activity and increases the expression of the DNA double‑strand 
break marker H2A.X variant histone. Moreover, the splicing 
pattern of lysine methyltransferase 2C, an H3K4‑specific 
histone methyltransferase, is altered, resulting in decreased 
expression of mono‑methylated and tri‑methylated H3K4 (68). 
SRSF3 also increases the expression of PKM2 by promoting 
inclusion of exon 10 in PKM2. However, SRSF3‑knockout 
increases PKM1 expression, decreases the generation of 
lactic acid, and consequently inhibits cellular prolifera‑
tion, suggesting that SRSF3 also promotes proliferation by 
regulating cancer cell metabolism (61). Various studies have 
indicated that microRNAs (miRNAs/miRs) are involved in 
the SRSF3‑mediated promotion of cancer cell proliferation. 
For instance, knockdown of SRSF3 results in decreased RE1 
silencing transcription factor and increased miR‑132‑3p and 
miR‑212‑3p expression, which directly inhibit Yes1 associated 
transcriptional regulator and subsequent cyclin D1 (CCND1), 
thereby suppressing the proliferation of cancer cells  (69). 
Knockdown of SRSF3 also decreases miR‑1908‑5p expres‑
sion by inhibiting the transactivation of NF‑κB. miR‑1908‑5p 
directly inhibits NFKB inhibitor interacting Raslike 2 
(NKIRAS2) expression, a negative regulator of the NF‑κB 
pathway. Silencing NKIRAS2 inhibits NFKB inhibitor β 
and promotes NF‑κB translocation into the nucleus, conse‑
quently activating miR‑1908‑5p and promoting tumor cell 
proliferation (70).

Promotion of the cell cycle. SRSF3 is associated with the forma‑
tion of chromatin before and after mitosis, and is involved in 
regulation of the structure and function of chromatin, demon‑
strating the important roles of SRSF3 in the cell cycle (71). It 
has been reported that SRSF3 promotes cell cycle progression 
from the G2 to the M phase by regulating transcription factor 
forkhead box M1 and its downstream target genes, polo like 
kinase 1 and cell division cycle 25B (24). Therefore, inhibi‑
tion of SRSF3 in tumor cells leads to cell cycle arrest (21,24). 
RAC1 is a small GTPase of the Rho family, which is involved 
in tumor cell proliferation and invasiveness by regulating 
actin‑dependent cell motility and gene transcription. In CRC 
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cells, SRSF3 alternatively splices exon 3b of RAC1 to generate 
the isoform RAC1b, so as to maintain tumor cell viability 
and promote tumor progression (33). Knockdown of SRSF3 
in CRC cells decreases the expression of CCND1, CCND3, 
CCNE1, E2F1 and E2F7, and consequently prevents cell 
progression from G1 to S phase. Ajiro et al (59) investigated 
RNA splicing and gene expression regulated by SRSF3 in 
tumor cells at the genome‑wide level, and revealed that SRSF3 
regulated the expression of ≥224 genes, most of which are 
associated with the cell cycle or proliferation. Spliced exons 
are rich in two binding motifs of SRSF3, CCAGC(G)C and 
A(G)CAGCA. In addition, SRSF3 significantly regulates the 
expression of at ≥20 miRNAs, including a subset of oncogenic 
or tumor‑suppressive miRNAs, indicating that SRSF3 
maintains cellular homeostasis by affecting overall changes 
in gene expression.

Promotion of tumor metastasis. Studies have supported that 
SRSF3 facilitates the migration and invasiveness of CRC cells. 
Torres et al (72) detected the protein expression profile of two 
pairs of cell lines, KM12SM/KM12C and SW620/SW480, 
indicating that SRSF3 was highly expressed in metastatic 
KM12SM and SW620 cells. Knockout of SRSF3 significantly 
inhibited the adhesion, survival, proliferation, migration 
and liver homing abilities of KM12 cells. The observation 
that SRSF3 expression in CRC stem cells is significantly 
higher than in non‑cancer stem cells further suggests the 
involvement of SRSF3 in metastasis  (34). Lin  et  al  (73) 
discovered that SRSF3 induces CRC cell metastasis through 
a RBM4‑SRSF3‑MAP4K4 axis and consequent MAPK8 
signaling pathway. SRSF3 promotes the inclusion of MAP4K4 
exon 16 in CRC cells, which activates the phosphorylation of 
MAPK8 and subsequent expression of CDH2 and vimentin. 
Moreover, the authors found that expression deficiency of 
SRSF3 was significantly associated with poor overall and 
disease‑free‑survival in patients. Previous studies have also 
shown that high expression of GR (NR3C1) in triple‑negative 
breast cancer (TNBC) is associated with chemoresistance and 
increased mortality rates. receptor for activated C kinase 1 
(RACK1) is a scaffold protein with a glucocorticoid 
response element site on its promoter, which participates in 
the migration and invasiveness of BC cells. SRSF3 alterna‑
tively splices ​​GR to produce GRα, which regulates RACK1 
expression at the transcriptional level and is involved in cell 
migration (74,75). In addition, SRSF3‑mediated splicing of 
GR is positively regulated by cortisol (74,75). Clinical data 
indicate that TAR DNA binding protein (TARDBP) is highly 
expressed in TNBC and is associated with poor patient prog‑
nosis. Knockout of TARDBP inhibits the proliferation and 
metastasis of tumor cells, while its overexpression promotes 
proliferation and malignancy in mammary epithelial cells. As 
an important splicing regulator, TARDBP is responsible for 
the unique splicing profile in TNBC (76). TARDBP regulates 
gene splicing by interacting with SRSF3. For instance, knock‑
down of TARDBP or SRSF3 prevents the inclusion of NUMB 
endocytic adaptor protein exon 12 and thereby inhibits the 
metastasis and proliferation of TNBC cells (76). The intensity 
and prevalence of SRSF3 expression in invasive epithelial 
ovarian cancer cells are significantly higher than those in 
tumor lesions, suggesting that SRSF3 is associated with tumor 

cell metastasis. This was confirmed by in vitro experiments 
that silence SRSF3, significantly inhibiting the proliferation 
and metastasis abilities of U2OS and HeLa cells (77).

Inhibition of apoptosis via programmed cell death 4 (PDCD4). 
It has been reported that SRSF3 promotes tumor progression 
by inhibiting the expression of the pro‑apoptotic protein 
PDCD4 (60). SRSF3 inhibits alternative splicing and nuclear 
export of the minor isoform of PDCD4 mRNA, as well as the 
translation of the major isoform. Thus, the absence of PDCD4 
isoforms in various cancers may be associated with the high 
expression of SRSF3 (78). Moreover, silencing of SRSF3 leads 
to a significant increase in PDCD4 mRNA in translated poly‑
some fractions, whereas overexpression of SRSF3 induces 
the transformation of PDCD4 mRNA to non‑translational 
ribosomal components (78). Another study demonstrated that 
SRSF3 co‑localizes with PDCD4 mRNA in the cytoplasmic 
processing corpuscle of live cells. SRSF3 directly binds to 
the 5' untranslated region (UTR) of PDCD4 and inhibits its 
expression (29). Moreover, the expression of anti‑apoptotic 
proteins BCL2 and homeodomain interacting protein kinase 2 
are also inhibited by SRSF3 silencing, thereby promoting the 
apoptosis of CRC cells (33).

Inhibition of cell senescence via p53. Senescence is the 
ability of cells to enter an irreversible proliferative stagnation 
state, and is an important mechanism for preventing cancers. 
Through direct binding, SRSF3 alternatively splices TP53 to 
produce p53β, thereby preventing p53‑mediated cellular senes‑
cence (25). Down‑regulation of SRSF3 in human cells promotes 
cellular senescence through its alternative splicing‑dependent 
function, which is an important biological process to prevent 
cancer and promote individual senescence (25). Moreover, 
downregulation of SRSF3 induces cellular senescence 
through alternative polyadenylation (poly(A)) (79). Knockout 
of SRSF3 results in preferential use of the proximal polyad‑
enylation site, leading to an overall shortening of the 3'‑UTR 
of the senescence‑associated mRNA. For instance, silencing 
of SRSF3 induces the expression of PTEN, resulting in 
decreased AKT phosphorylation and senescence‑associated 
phenotypes (79). Astrocytes express both Δ133p53 and p53β 
isoforms, which respectively show toxicity to, and protection 
of, neurons. In vitro aging is caused by successive batches of 
primary human astrocytes. Thus, SRSF3 can be expected to be 
a therapeutic target for neurodegenerative diseases by reducing 
the expression of Δ133p53 and increasing the expression of 
p53β (80).

Inhibition of cell autophagy via p65 and FoxO1. 
Autophagy is an evolutionarily conserved cell catabolic 
process. Dysfunction in the autophagy pathway has been 
shown to be associated with numerous human disorders, 
including cancer  (81). SRSF3 is significantly downregu‑
lated during hypoxia‑induced autophagy in OSCC cells. 
SRSF3‑knockdown induces autophagy whereas SRSF3 over‑
expression inhibits hypoxia‑induced autophagy. Mechanistic 
investigation demonstrates that SRSF3 inhibits cell autophagy 
by suppressing the expression of p65 and FoxO1, as well as 
their downstream target gene beclin 1, a key regulator of 
autophagy (82).
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4. Other functions of SRSF3

SRSF3 in non‑cancerous diseases. Spinal muscular atrophy 
(SMA) is a major genetic factor in pediatric death and is 
caused by dysregulation of survival of motor neuron (SMN) 
proteins, of which SMN2 with exclusion of exon 7 is regu‑
lated by SRSF3 and encodes a function‑deficient protein. 
Knockout of SRSF3 increases the inclusion of SMN2 
exon 7 and the expression level of SMN protein, providing 
a possible therapeutic approach for SMA  (83). The p53 
isoforms Δ133p53 and p53β are expressed in astrocytes 
and regulate the toxicity and protection of neurons. SRSF3 
decreases Δ133p53 and increases p53β, which significantly 
increases the number of senescent astrocytes and senes‑
cence‑like astrocytes in the brain tissues of patients with 
Alzheimer's disease and amyotrophic lateral sclerosis (80). 
Moreover, SRSF3 promotes the development of microtubule 
associated protein τ (MAPT) proteinosis by inducing skip‑
ping of the MAPT exon 10 (84). SRSF3 can also cause the 
muscle‑specific symptoms of hereditary myopathy with 
lactic acidosis via erroneous splicing of mutant iron‑sulfur 
cluster assembly enzyme  (85). Knockout of the Srsf3 
gene in mouse hepatocytes results in destruction of the 
liver structure, growth retardation before and after birth, 
impaired hepatocyte maturation, and changes in glucose 
and lipid homeostasis that are manifested as decreased 
glycogen storage, fasting hypoglycemia, increased insulin 
sensitivity, and decreased cholesterol synthesis. Multiple 
aberrant splicing events occur in the Srsf3‑knockout mouse 
liver, especially the aberrant splicing of key regulators of 
glucose and lipid metabolism, such as Hnf1α, Ern1, Hmgcs1, 
Dhcr7 and Scap genes (86). In addition, Srsf3 is critical to 
maintaining the transcriptome integrity of mouse oocytes. 
Conditional deletion of Srsf3 in mature germinal vesicle 
oocytes significantly impairs germinal vesicle breakdown, 
and thus oocytes are unable to enter into meiosis (87).

Interestingly, SRSF3 also regulates the translational effi‑
ciency of viral RNA by interacting with the RNA binding 
protein poly(rC) binding protein 2 (88). Viral mRNAs gener‑
ated from intronless genes are particularly unstable owing 
to degradation by nuclear RNA exosomes. The viral RNA 
binding protein microtubule associated protein RP/EB family 
member 2 (MAPRE2) stabilizes viral mRNAs in the nucleus, 
and stimulates their export to the cytoplasm and subsequent 
translation into proteins. In the absence of MAPRE2, SRSF3 
destabilizes viral mRNAs by interacting with RNA exosomes 
and their adaptor complex NEXT (89). SRSF3 also partici‑
pates in the splicing of the human papillomavirus (HPV) 18 
pre‑mRNAs (90). If differentiated keratinocytes are infected 
by HPV16, E2 protein stimulates SRSF3, L1 mRNA and capsid 
protein expression, and thus controls late events in the viral life 
cycle (91). Among Kaposi's sarcoma‑associated herpesviruses, 
SRSF3 is a cellular cofactor involved in open reading frame 
(ORF)57‑mediated K8β splicing. In the absence of ORF57, 
SRSF3 binds to the K8β intron and inhibits K8β splicing, 
whereas knockdown of SRSF3 promotes K8β splicing. The 
N‑terminal half of ORF57 binds to the RNA recognition motif 
of SRSF3, preventing the binding of SRSF3 to the K8β intron, 
thereby attenuating the inhibitory effect of SRSF3 on K8β 
splicing (92).

SRSF3 also plays a role in cardiac diseases. SRSF3 is vital for 
heart development and homeostasis. Cardiomyocyte‑specific 
loss of SRSF3 expression results in decapping of critical 
mRNAs involved in cardiac contraction  (93). Moreover, a 
cardiomyocyte‑specific Srsf3 conditional knockout mouse 
model showed changes in expression levels and alternative 
splicing of several transcripts related to mitochondrial integ‑
rity and oxidative phosphorylation. Thus, SRSF3 also regulates 
mitochondrial integrity and function (94).

Involvement in miRNA maturation. The RNA‑induced 
silencing complex (RISC), consisting of drosha ribonuclease 
III (DROSHA) and DGCR8 microprocessor complex subunit 
(DGCR8) dimer, is responsible for the splicing of primary 
miRNA transcripts (pri‑miRNA). DROSHA and DGCR8 
localize RISC by interacting with the basal UG motifs and 
the apical UGU motifs of the pri‑miRNA, respectively. 
SRSF3 binds to CNNC motifs, which are located ~17 nt from 
the RISC binding sites, recruiting DROSHA to the basal 
junction, thereby enhancing RISC activity and facilitating 
pri‑miRNA splicing (95). Fernandez et al (96) found that the 
genetic variation G>A in pri‑mir‑30c‑1 results in secondary 
RNA structure rearrangement, which enhances the binding 
of SRSF3 to pri‑mir‑30c‑1 and consequently, the level of 
miR‑30c. The involvement of SRSF3 in miRNA processes is 
also supported by the finding that knockdown of SRSF3 results 
in increased miR‑132‑3p and miR‑212‑3p (69) and decreased 
miR‑1908‑5p (70). Moreover, Ajiro et al  (59) reported that 
at least 20 miRNAs were dysregulated by SRSF3 in tumor 
cells. However, the mechanisms underlying the involvement of 
SRSF3 in the processing of miRNA are still unclear.

Contribution to RNA transport. Apart from splicing activi‑
ties, SRSF3 is also involved in nuclear RNA export factor 1 
(NXF1)‑dependent RNA transport from the nucleus to the 
cytosol  (97‑99). For instance, SRSF3 directly binds to the 
transcript of the histone H2A gene, promoting its transport 
from nucleus to cytoplasm (100). YTHDC1, a recognition 
protein of N6‑methyladenosine, is also required in the process 
of precursor mRNA transcripts in the oocyte nucleus through 
interaction with SRSF3 (101). In HeLa cells, YTHDC1 inter‑
acts with SRSF3 and promotes the binding of RNA to SRSF3 
and NXF1, thereby driving export of methylated mRNA from 
the nucleus to the cytoplasm (102). In mice, SRSF3 binds to 
the core pluripotent transcription factor nanog homeobox 
(NANOG) mRNA and facilitates its transport from the 
nucleus to the cytoplasm. In the absence of SRSF3, NANOG 
mRNA is sequestered in the nucleus and its protein expression 
level is markedly reduced. In addition, SRSF3 also regulates 
alternative splicing of the translocator Nxf1 and RNA regula‑
tors, as well as the steady‑state level of mRNA that encodes 
chromatin modifications (19). SRSF3 promotes the binding of 
NXF1 to mRNA and confers the sequence specificity of NXF1 
to the last exon of that RNA. Thus, the alternative splicing 
and poly(A) is linked with NXF1‑mediated mRNA transport 
through SRSF3, which ensures the abundance of transcripts 
with different 3'‑UTR lengths in the cytoplasm (103).

Post‑transcriptional regulation of gene expression. SRSF3 
is an important component of RNA granules, such as stress 
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granules and cytoplasmic processing corpuscles, and plays an 
important role in post‑transcriptional regulation in the cyto‑
plasm (104). Brugiolo et al (17) determined the binding sites of 
SRSF3 on target mRNAs and RNAs in chromatin, the nucleo‑
plasm and cytoplasmic subcellular fractions. The authors found 
that SRSF3 bonded to RNA in both the nucleus and cytoplasm. 
SRSF3 also participates in the poly(A) of mRNA, indicating 
its role in recognizing terminal exons in mRNA precursor 
splicing (105). SRSF3 modulates the recognition of poly(A) 
splicing sites in calcitonin‑encoding gene calcitonin related 
polypeptide α by disrupting the binding of cleavage stimula‑
tion factor subunit 2 (105). In addition, Boutej et al (106) found 
that SRSF3 inhibited the translation of overexpressed mRNA 
by binding to its 3'‑UTR. Serum amyloid A3, and other genes 
that are regulated by lipopolysaccharide, contain multiple 
binding sites for SRSF3 in their 3'‑UTRs. By inhibiting the 
translation of lipopolysaccharide‑stimulated genes, SRSF3 
acts as a major regulator of the innate immune responses in 
resident microglia.

5. Conclusions

SRSF3 is involved in the splicing of a variety of key genes, 
and has versatile biological functions. SRSF3 promotes the 
inclusion of exons of target mRNAs by binding to their ESE. 
The activity of SRSF3 depends on the phosphorylation of its 
C‑terminal RS domain, which is regulated by SRPK, GnRH, 
PPM1G and insulin. Abnormal expression of SRSF3 leads 
to aberrant gene splicing and the subsequent occurrence 
and development of various diseases, such as cancers, SMA, 
Alzheimer's disease, amyotrophic lateral sclerosis, MAPT 
proteinosis and hereditary myopathy with lactic acidosis. 
Studies have identified abnormally highly expressed SRSF3 
in various tumor tissues, including CRC, GC, HCC, NSCLC, 
OSCC and BC. SRSF3 expression is regulated by the WNT 
pathway, SLU7, and hypoxia. The expression of SRSF3 is 
inhibited by xenobiotics, such as caffeine, theophylline, 
digoxin and amiodarone. SRSF3 participates in the occur‑
rence of tumors and promotes the proliferation and metastasis 
capacity of tumor cells by inhibiting apoptosis, senescence 
and autophagy, as well as promoting cellular proliferation and 
cell cycle. Progression. Furthermore, SRSF3 promotes the 
invasiveness and metastasis of tumor cells. In addition, SRSF3 
is involved in biological processes such as RNA transport, 
miRNA maturation, protein translation, heart development 
and embryogenesis. Notably, several controversial functions 
of SRSF3 complicate its pathological roles. For instance, 
contrary to the anti‑apoptosis role of SRSF3, it binds to exon 8 
of caspase 2 (CASP2) pre‑mRNA, promoting the skipping 
of exon 9 and upregulating pro‑apoptotic protein Casp‑2L. 
Knockdown of SRSF3 induces the inclusion of exon 9 and 
increases anti‑apoptotic protein Casp‑2S (107). SRSF3 has 
also been reported to inhibit fibrosis by regulating gene 
splicing, mitotic splicing, and epithelial‑mesenchymal transi‑
tion (EMT) to prevent the development of HCC (18). Inhibition 
of SRSF3 increases the expression of insulin like growth 
factor and INSR and aberrantly activates the mitotic signal and 
promotes aberrant splicing and the expression of EMT genes. 
Moreover, the WNT/CTNNB1 signal pathway is activated 
and MYC expression is enhanced upon SRSF3 inhibition (18). 

Past studies suggest that the regulatory roles of SRSF3 are 
cell‑dependent and/or disease‑dependent. The function of 
SRSF3 in different tissue types and diseases requires further 
elucidation. Antisense oligonucleotide‑mediated downregu‑
lation of SRSF3 makes OSCC and breast cancer cells more 
sensitive to the chemotherapy drug paclitaxel. Modulation of 
RNA splicing profiles in disease by antisense oligonucleotides 
is another exciting therapeutic approach that requires further 
investigation.

In conclusion, the present review provides an overview 
of the expression, regulation and function of SRSF3, as well 
as its mechanisms, especially the oncogenic roles. Since 
numerous studies have confirmed the inhibitory role of 
SRSF3‑knockdown in tumor growth and metastasis, there is 
great interest in developing SRSF3 inhibitors for cancer therapy. 
Studying the molecular mechanisms of SRSF3‑dependent 
signal transduction is expected to reveal additional candidates 
and therapeutic targets for cancer therapy.
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