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Abstract 

 

Serine/Arginine Splicing Factor 10 (SRSF10) is a member of the family of mammalian splicing 

regulators known as SR proteins. Like several of its SR siblings, the SRSF10 protein is 

composed of an RNA binding domain (RRM) and of arginine and serine-rich auxiliary domains 

(RS) that guide interactions with other proteins. The phosphorylation status of SRSF10 is of 

paramount importance for its activity and is subjected to changes during mitosis, heat-shock 

and DNA damage. SRSF10 overexpression has functional consequences in a growing list of 

cancers. By controlling the alternative splicing of specific transcripts, SRSF10 has also been 

implicated in glucose, fat and cholesterol metabolism, in the development of the embryonic 

heart and in neurological processes. SRSF10 is also important for the proper expression and 

processing of HIV-1 and other viral transcripts. We discuss how SRSF10 could become a 

potentially appealing therapeutic target to combat cancer and viral infections. 

 

Introduction 

 

The vast majority of human genes use alternative pre-mRNA splicing (AS) to generate multiple 

protein variants often with distinct functions. Modulation of AS can also lead to RNA 

degradation by multiple mechanisms. In some cases, AS will produce mRNA variants carrying 

premature stop codons (PTCs) that will elicit degradation by nonsense-mediated RNA decay 

(NMD), thereby preventing protein production (Lykke-Andersen and Jensen 2015). Splicing of 

cryptic introns or repression of splicing, leading to intron retention, may also result in RNA 
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decay by the nuclear RNA exosome (Kilchert et al. 2016). The contributions of AS extend to all 

cellular processes, and important biological roles of AS have been documented from cell fate 

determination to brain development (Gabut et al. 2011; Han et al. 2013; Venables et al. 2013; 

Su et al. 2018; Yamazaki et al. 2018). In addition, alterations in AS can contribute to a variety of 

diseases including cancer (Shkreta et al. 2013; Chabot and Shkreta 2016). Recent work also 

suggests that the intestinal microbiome of individuals with autism spectrum disorders may 

produce molecules that alter AS in the brain (Sharon et al. 2019).  

Continued progress on our understanding of AS has been achieved by identifying the 

RNA binding proteins (RBPs) that modulate splice site selection by recruiting components of the 

generic splicing machinery (the spliceosome) or by preventing spliceosome assembly (Fu and 

Ares 2014; Van Nostrand et al. 2020). Among such RBPs, SR proteins often interact with 

enhancer elements found in alternative exons to antagonize the activity of nearby silencer 

elements whose activities are often mediated by hnRNP proteins such as A1, K and PTBP1 

(Martinez-Contreras et al. 2007; Michelle et al. 2011). These respective positive and negative 

functions for SR and hnRNP proteins are often reversed when they bind to introns. While RBPs 

appear to co-exist in complexes (Damianov et al. 2016; Gueroussov et al. 2017), the rules of 

assembly and how their interactions coordinate splicing control are poorly understood. 

Likewise, how these interactions are modulated by stress and environmental cues is only 

beginning to be investigated. 

Another layer of splicing control is provided by coupling splicing decisions with 

transcription. Histone marks and chromatin remodeling factors impact splice site selection by 

altering the speed of transcription and the recruitment of splicing regulators (Naftelberg et al. 
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2015). This link between transcription and splicing is complex because RBPs can function in 

transcription (Moumen et al. 2005; Ji et al. 2013), transcription factors can directly control 

splicing decisions (Han et al. 2017), and the availability of splicing factors can influence the 

dynamic release of a nascent transcript from its gene (Hochberg-Laufer et al. 2019).  

Although SR proteins and SR-like proteins were the first group of splicing regulators 

identified in Drosophila and then mammals (Baker 1989; Ge and Manley 1990; Krainer et al. 

1990), they have also been implicated in nuclear-export of mature mRNAs, mRNA decay, 

transcription, translation and genome stability (Howard and Sanford 2015; Jeong 2017). In 

contrast to other SR proteins, SRSF10 was first identified as a factor with inhibitory splicing 

activity, and later shown to also be capable of positive contributions. Our recent appreciation of 

what SRSF10 can achieve is now revealing an even greater level of regulatory complexity (in 

addition to the fact that SRSF10 probably holds the title for the splicing regulator with the 

largest number of aliases - i.e., SRrp40, SRp38, FUSIP, NSSR1, TASR2 and SFRS13A).  

While the more archetypical SR proteins SRSF1 and SRSF2 make several critical 

contributions to a variety of biological processes including respectively oncogenesis and 

organogenesis (Xiao et al. 2007b; Das and Krainer 2014), the atypical SRSF10 is emerging as a 

similarly talented SR protein whose various contributions will be reviewed here. First, we review 

structural features of SRSF10 and describe the growing list of its splicing variants. We then 

summarize some of the studies that have led to our current understanding of how SRSF10 

modulates splice site selection. Finally, we describe the many contributions of SRSF10 to cellular 

pathways, organ function and viral replication. We conclude our review by pointing out areas 
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that need further research and highlighting features that position SRSF10 as a potential target 

for clinical applications. 

A. Structure of SRSF10 

1. Transcript variants and protein isoforms. The human SRSF10 pre-messenger RNA transcript 

produces two main mRNAs resulting from splicing to the 3' splice site (ss) of exon 7a or 7d to 

yield respectively SRSF10-2 FL (262 aa) and the smaller SRSF10-1 (183 aa) protein (Fig. 1a). Most 

functional work published on SRSF10 concerns SRSF10-2 FL, as confirmed by immunoblot 

analysis. However, mRNA expression studies are often an aggregate of multiple variants. The 

other splice variants include SRSF10-9, which is produced by joining exon 7a to the 3'ss of 7d, 

skipping the 7b and 7c portions, to yield a shortened RS2 domain (Fig. 1a). The relative mRNA 

expression of SRSF10-2 and SRSF10-1 differ in human tissues, with SRSF10-2 being abundant in 

brain tissues, and SRSF10-1 being more predominant in tissues like the adrenal gland and liver	

(Frederiksen et al. 2021). The production of proteins from mRNA variants SRSF10-4 and SRSF10-

8 (exons 6 to 7c splicing) remains to be confirmed. The alternative splicing of a NAGNAG type 

3'ss in E6 leads to the absence of a serine in the RS1 domain in the SRSF10-3, SRSF10-5 and 

SRSF10-8 proteins (Fig. 1a). The SRSF10 pre-mRNA also contains two competing 5'ss in exon 2 

(E2) (Meinke et al. 2020); the upstream one is recognized by the minor spliceosome which 

splices it to E4 to produce the full-length protein coding mRNA, whereas the downstream 5’ss 

used for E2a is spliced to exon E3 by the major spliceosome. Full-length SRSF10 autoregulates its 

own production by promoting E2a/E3 splicing (Meinke et al. 2020). The E2a|E3-containing 

variant SRSF10-7 carries a premature termination codon (PTC) located less than 50 nucleotides 
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upstream of the E2a/E3 junction that may generate a shorter protein with only the RRM domain 

(Fig. 1a-b). While this PTC may trigger NMD on transcripts that have also undergone exons 3/4 

splicing, transcripts made by use of the alternative polyadenylation site in exon 3 (Fig. 1b) 

appear less affected (Neumann et al. 2020). Notably, relative to 34˚C, E2a/E3 splicing decreases 

at 38˚C in both mouse hepatocytes and human HEK293 cells, possibly indicating decreased 

phosphorylation of SRSF10 by the temperature-dependent CLK kinases (Haltenhof et al. 2020). 

This striking temperature-driven alternative splicing control of mRNA decay has been observed 

for many RBPs and constitutes an important layer of rhythmic gene expression (Neumann et al. 

2020).   

2. Protein domains and post-translational modifications. The main longer SRSF10-2 protein is 

perfectly conserved in mammals and is made up of three modules (Fig. 1c). The first module is a 

N-terminal RNA recognition motif (RRM) that is responsible for binding directly to sequence 

motifs such as AGAGAV (V= A or G or C) (Ray et al. 2009; Ray et al. 2013) or AAAGACAAA (Shin 

and Manley 2002). Two adjacent RS domains (RS1 and RS2) form the central and C-terminal 

modules. The RS1 domain is relatively small (~60 residues) and bears the greatest similarity to 

typical RS domains. The RS2 domain (~90 residues) only contains four RS tetrapeptides (Fig. 1c). 

While sequence binding elements are usually found at or near regulated exons, other non-GA-

rich motifs, such as AC-rich motifs are overrepresented around SRSF10-regulated exons (Wu et 

al. 2018). This may indicate that SRSF10 cooperates with other RNA-binding proteins to regulate 

alternative exon splicing. A cooperative mode would be consistent with the emerging 

mechanism of action for other splicing regulators that function as part of multi-RBP assemblies 

(Damianov et al. 2016; Gueroussov et al. 2017). 
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SRSF10 is phosphorylated at serines, threonines and tyrosines (Fig. 1c), but it is unclear 

how many phosphorylation events can occur on a single protein. Phosphorylation can however 

be extensive enough to noticeably change the gel migration of SRSF10 when compared to a 

dephosphorylated version (Shi and Manley 2007). The kinases that use SRSF10 as a substrate 

include the SRPK and CLK kinases as well as DYRK1A (Shi and Manley 2007; Ninomiya et al. 2011; 

Sohail et al. 2021). SRPK1 and CLK1 display a symbiotic relationship in phosphorylating SR 

proteins. Following phosphorylation of SRSF1 by CLK1, the release of SRSF1 requires SRPK1 

(Aubol et al. 2016). Whether this coordination applies to SRSF10 remains unknown. The protein 

phosphatase PP1 is the only enzyme known to dephosphorylate SRSF10 (Shi and Manley 2007). 

Mass spectrometry analysis has also identified acetylated and methylated residues in SRSF10 

(Fig. 1c) whose contributions to function remain unclear. 

 

B. Mechanism of action of SRSF10: from negative to positive  

 

1. SRSF10 as a splicing repressor. The first report of a role for SRSF10 in splicing came from in 

vitro splicing assays. The in vitro splicing of a single-intron containing pre-mRNA was repressed 

by baculovirus-produced SRSF10 (Cowper et al. 2001). SRSF10 also promoted distal 5'ss 

selection on a substrate that contained two competing 5’ss (Cowper et al. 2001). This result 

contrasts with the impact of typical SR proteins, such as SRSF1, which by stimulating U1 snRNP 

binding at both competing 5’ss would lead to a net increase in the use of the proximal 5’ss 

(Chabot 1996). The splicing inhibition caused by SRSF10 was likely due to an interaction 

between dephosphorylated SRSF10 (dSRSF10) and U1 snRNP, and possibly other snRNPs. This 
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interaction would interfere with the stable binding of U1 snRNP to a 5'ss (Shin et al. 2004). A 

general reduction in the stability of U1 snRNP binding by dSRSF10 can therefore explain why 

SRSF10 can inhibit splicing of a single-intron pre-mRNA, and improves net distal 5'ss usage on a 

substrate carrying competing 5’ss (Fig. 2a). Because a typical SR protein like SRSF1 normally 

improves U1 snRNP binding (Eperon et al. 1993), and because SRSF10 has a dominant negative 

impact on the activity of SR proteins in in vitro splicing assays (Cowper et al. 2001), SRSF10 first 

became known as a protein that antagonizes the function of typical SR proteins.  

During mitosis and in response to heat-shock (43˚C - 45˚C), SRSF10 becomes 

dephosphorylated. In vitro studies using extracts and artificial pre-mRNAs indicated that 

dephosphorylation converts SRSF10 into a general splicing repressor (Shin and Manley 2002; 

Shin et al. 2004). In reverse, phosphorylation switches SRSF10 from a repressor to a splicing 

activator (Feng et al. 2008). Baculovirus-produced SRSF10 lacking the RS2 domain (and thus 

similar in structure to SRSF10-1) remains inhibitory, and inhibition is stimulated by 

dephosphorylation, indicating that the RS1 domain carries the signal for dephosphorylation-

dependent inhibition (Shin et al. 2005). In contrast, a derivative lacking the RS1 domain displays 

weak repressor activity mostly on the second step of splicing, and this repression is not affected 

by dephosphorylation (Shin et al. 2005). Removing both RS domains is required to eliminate full 

repressor activity (Shin et al. 2005). The fact that the hybrid protein SRSF2-RRM/SRSF10-RS can 

function as a general splicing activator indicates that inhibition by the RS domain of SRSF10 is 

dictated by the identity of the RRM (Shin et al. 2005). Consistent with this view, the RRM of 

SRSF10 is unable to provide general splicing activation when it is covalently linked to a RS 

domain that is acting positively in a different context (Shin et al. 2005).   
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 SRSF10 recruitment to an exon can also promote its skipping. In general, the genetic 

depletion of SRSF10 promotes a higher number of exon inclusion events than exon skipping 

events, especially in human cells (i.e., inclusion events occur two to four times more frequently 

than skipping events) (Xiao et al. 2016; Wu et al. 2018). It is unclear if modulating snRNP 

binding, as suggested by in vitro work, is responsible for these effects. A specific rescue of this 

negative impact occurs when target pre-mRNAs contain an alternative exon subjected to N6-

methyladenosine (m6A) modification. Here, m6A recruits the reader protein YTHDC1 along with 

SRSF3 to prevent SRSF10 binding and exon skipping (Xiao et al. 2016) (Fig. 2b).  

 

2. SRSF10 as a splicing activator. Upon phosphorylation, SRSF10 can function as a positive 

splicing regulator (Feng et al. 2008). This activity does not need other SR proteins but a cofactor 

that remains to be identified is required to help transition spliceosome assembly from complex 

A to complexes B and C. Mechanistically, phosphorylated SRSF10 strengthens the ability of the 

U1 and U2 snRNPs to stably recognize splicing signals on the pre-mRNA. Thus, both the negative 

and positive activities of SRSF10 converge on snRNP binding; dephosphorylated SRSF10 

promoting poor U1 binding, while the reverse occurs with phosphorylated SRSF10.  

 In contrast to the above characterizations, the dephosphorylation of SRSF10 has also 

been associated with a positive splicing function in Bcl-x pre-mRNA splicing (Shkreta et al. 2016). 

Through alternative 5’ss usage, Bcl-x produces two splicing variants: pro-apoptotic Bcl-xS and 

anti-apoptotic Bcl-xL (Shkreta et al. 2015). In normal growth conditions, SRSF10 only weakly 

activates the 5'ss of Bcl-xS. Overexpression of a HA-tagged SRSF10 or of a variant lacking the RS2 

domain in 293 cells provides strong stimulation of the Bcl-xS 5’ss, while a variant lacking the RS1 
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domain is inactive (Shkreta et al. 2016). DNA damage induced by oxaliplatin promotes the 

dephosphorylation of serines in the RS1 domain of SRSF10, and strongly activates the 5'ss of Bcl-

xS. This splicing change is associated with a stronger interaction of SRSF10 with hnRNP K (a 

repressor of the Bcl-xS 5'ss (Revil et al. 2009) and a dissociation of both SRSF10 and hnRNP K 

from the Bcl-x pre-mRNA, allowing the positive regulatory hnRNP F and H proteins to bind and 

increase access of U1 snRNP to the Bcl-xS 5'ss (Garneau et al. 2005; Revil et al. 2009; Dominguez 

et al. 2010; Shkreta et al. 2016) (Fig. 3a). DNA damage by oxaliplatin also increases the splicing 

modulatory activity of SRSF10 on RBBP8 and PCBP4 transcripts (Shkreta et al. 2016). The impact 

of oxaliplatin on the activity of SRSF10 can differ on other transcripts. For example, treating cells 

with oxaliplatin co-opts SRSF10 into controlling the alternative splicing of TNFRSF10B, SPTAN1, 

MLH3, CASP8, CHK2, DOM3Z and BRCA1 (Shkreta et al. 2016; Cloutier et al. 2018). In other 

cases, such as CASP9, oxaliplatin converts SRSF10 from acting as a repressor into an activator 

(Cloutier et al. 2018). 

 A study performed in chicken cells indicates that the impact of SRSF10 on alternative 

splicing depends on the position of putative SRSF10 binding motifs on the target pre-mRNAs 

(Zhou et al. 2014b). In a manner reminiscent to authentic SR proteins, when SRSF10 binds to 

cassette exons, it tends to promote their inclusion, while its binding to the downstream 

constitutive exon is associated with exclusion of the upstream alternative exon. The insertion of 

SRSF10 consensus binding sequences within an SRSF10-repressed exon was sufficient to induce 

inclusion (Zhou et al. 2014b). These different outcomes can be explained by the positive effect 

that SRSF10 exerts on the splice site that is nearest to where SRSF10 putatively binds (Zhou et 

al. 2014b) (Fig. 3b). In the SMN2 transcript, SRSF10 binds in the intron downstream of exon 7B 
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to repress its inclusion (see below) (Frederiksen et al. 2021). Overall, while the phosphorylation 

status of SRSF10 appears to determine its function as a repressor or a stimulator of constitutive 

splicing, this distinction becomes more complex when dealing with alternatively spliced pre-

mRNAs in which the binding position of SRSF10 relative to splice sites and other regulatory 

elements also makes a strong contribution.   

3.  SRSF10 as a master regulator of splicing factors. The importance of producing adequate 

amounts of splicing regulatory proteins such as SR proteins and hnRNP proteins is underscored 

by the presence of exonic ultraconserved elements in several of their cognate genes (Ni et al. 

2007). This is also true for SRSF10. These ultraconserved elements are part of a program that 

controls alternative splicing to produce mRNAs that are subjected to degradation through NMD. 

In this regulatory pathway, high level of a splicing activator protein will promote inclusion of an 

alternative poison exon carrying a stop codon in the cognate transcript, triggering NMD. 

Alternatively, high level of a splicing repressor protein will repress the inclusion of a coding 

exon, creating a frameshift and the inclusion of PTC that will trigger NMD. Several cases of 

splicing factor autoregulation of splicing have been documented (Muller-McNicoll et al. 2019), 

as well as cases of splicing factors regulating the alternative splicing of other regulators (Sun et 

al. 2017; Desai et al. 2020). Notably, the expression of 14 SR proteins is coordinated through 

splicing of their poison exons during cell differentiation and tumorigenesis (Leclair et al. 2020). 

Two studies have uncovered a predominant role for SRSF10 in autoregulation and in cross-

splicing regulation of other SR proteins (Leclair et al. 2020; Meinke et al. 2020). Specifically, in 

mice, blocking feedback regulation by preventing production of the inactive PTC-containing 

variant Srsf10-7 leads to an overexpression of Srsf10, and of all other SR proteins (Meinke et al. 
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2020). Correspondingly, overexpression of Srsf10 elicits the production of the PTC-containing 

Srsf10 variant (Meinke et al., 2020), while human SRSF10 provokes the skipping of poison exons 

in several SR protein transcripts (Leclair et al. 2020). On the other hand, SRSF4 and SRSF11 elicit 

poison exon skipping in SRSF10, while SRSF9 and hTRA2b promote its inclusion (Leclair et al. 

2020).  

C.  Roles of SRSF10 in cells and organs 

 

SRSF10 is an atypical SR protein because it is not required for generic splicing in vitro. Moreover, 

the genetic ablation of SRSF10 leads to late embryonic lethality, indicating that mouse 

embryonic development is nearly normal and that most cells can survive the loss of SRSF10 

(Feng et al. 2009). Nevertheless, SRSF10 may have specialized cellular functions. One way of 

identifying important processes requiring SRSF10 is by discovering genes or groups of genes that 

use SRSF10 as a splicing regulator. SRSF10 was initially uncovered as a splicing repressor during 

mitosis and during heat shock. A later study in chicken DT40 cells indicated that SRSF10 affected 

the alternative splicing of transcripts involved in multiple processes (Zhou et al. 2014c). Mice 

embryonic fibroblasts and human RKO cells show more comparable SRSF10-regulated AS events 

than chicken DT40 cells (Wu et al. 2018). Common orthologous SRSF10-regulated events 

occurring in human, mouse and chicken cells include SRSF2, ABI2, KIF23, ATXN2, NASP, BCLAF1 

and ACTB. A larger set of SRSF10-regulated genes indicates that SRSF10 controls the splicing of 

vertebrate transcripts encoding component involved in chromosome organization, RNA 

processing and cytoskeleton network (Wu et al. 2018). The functional contribution of these 
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SRSF10-regulated splicing events is unclear given that they are unlikely to be required for 

survival in most cells, at least in mouse. 

 While several pathways are affected by the depletion of SRSF10, many of SRSF10-

confirmed alternative exons have been linked to stress response and apoptosis. Consistent with 

this observation, cells depleted of SRSF10 are more susceptible than control cells to 

endoplasmic reticulum (ER) stress-induced apoptosis (Zhou et al. 2014b). Importantly, restoring 

SRSF10 expression in knockout cells recovers wild-type splicing patterns and rescues many of 

the stress-related defects. Notably, and in contrast to heat-shock, the ER-stress-induced 

response was not associated with the dephosphorylation of SRSF10.  

 Thus, while SRSF10 may not make a big impact in the daily life of a cell in most organs, it 

may be critical for the function of some organs or cell types, or it may accomplish specific roles 

when cells are subjected to stress. Cellular localization can also point to specific functions: 

SRSF10 shuttles between the nucleus and the cytoplasm. SRSF10 accumulates in the cytoplasm 

when cells are treated with the transcription inhibitor actinomycin D (Cowper et al. 2001). 

SRSF10 has also been identified as an important component of paraspeckles (Hennig et al. 

2015), which are responsive to a variety of stresses including viral infection. After heat shock, a 

fraction of SRSF10 is found in cytoplasmic granules that also contain snRNPs (Shin et al. 2005). 

These SRSF10-containing cytoplasmic stress granules communicate with the nuclear 

paraspeckles (An et al. 2019). Other SR proteins like SRSF1 and SRSF3 can function as regulators 

of protein synthesis in the cytoplasm (Kim et al. 2014; Maslon et al. 2014). No such specific 

function has yet been discovered for SRSF10, although a role for SRSF10 in ribosome biogenesis 
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or in translation has been proposed based on the observation that SRSF10 can interact with the 

peptidyltransferase center of 28S rRNA (Liu and Harland 2005).  

Another way through which SRSF10 may affect cell function is if the SRSF10 gene 

sustains mutations or if its expression becomes altered. Many SRSF10 mutations have been 

reported but with unclear impact on function. Changes in the expression of SRSF10 have also 

been noted between tissues and in specific diseases (see below). While the causes for such 

differences in expression remain to be ascertained, the changes could be driven by 

transcription, or they could be mediated by alternative splicing coupled to NMD. As indicated 

above, SRSF4, SRSF9, SRSF11 and hTRA2b affect poison exon skipping in SRSF10 (Leclair et al. 

2020). Thus, cell or disease-specific differences in their abundance or activity would be expected 

to impact the steady-state level of SRSF10. In addition, a change in the ratio of phosphorylated 

and dephosphorylated SRSF10 may also affect alternative splicing with functional 

consequences. To illustrate the growing functional relevance of SRSF10 in many biological 

systems, we will now review some of the most telling observations.  

1. Repression of splicing during mitosis. The dephosphorylation of SRSF10 occurs in mitotic 

cells grown in culture and may participate in the overall splicing repression that is observed in 

extracts made from such cells (Shin and Manley 2002). It is unclear if the phosphorylation status 

of SRSF10 can be used as a marker to distinguish differentiated versus proliferative tissues. At 

least in differentiated human hepatocytes, SRSF10 is phosphorylated and sensitive to 

compounds inhibiting this post-translational modification (Chabrolles et al. 2020). Whether 

mitotic splicing repression by SRSF10 is essential also remains an open question since embryos 

lacking SRSF10 develop almost normally (Feng et al. 2009). Notably, the SRPK1 kinase is highly 
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active during mitosis (Gui et al. 1994), raising the possibility that during mitosis CLK kinases 

might be suppressed or that the phosphatase PP1 might be activated. While CLK1 expression 

(protein not mRNA) increases at the G2/M stage of the cell cycle, it is unclear if this change 

correlates with activity (Dominguez et al. 2016). As for PP1, its activity is coordinately controlled 

during mitosis (Nasa et al. 2018). Moreover, activation of PP1 is required for mitotic exit and 

occurs by dissociation of the inhibitor-1 protein from PP1 (Wu et al. 2009). This dissociation and 

possibly that of the NIPP1 inhibitor may trigger SRSF10 dephosphorylation.  

2. Heat-shock response. Heat stress causes a rapid inhibition of splicing. Following heat-shock, 

SRSF10 redistributes in the cell nuclei to colocalize with snRNPs (Shin et al. 2005). SRSF10 plays 

a key role in the impairment of splicing during heat-shock (Shin et al. 2004); as mentioned 

above, its rapid dephosphorylation allows it to interfere with U1 snRNP binding to the 5'ss. 

SRSF10 may act as a heat sensor throughout vertebrates, and an SR protein with related 

properties, RSF1, may have a similar role in flies (Labourier et al. 1999).  

 Following heat-shock, a splicing recovery program is initiated. Protective proteins that 

are induced by heat-shock include small heat-shock proteins (sHsps). One study reported that 

Hsp27 did not prevent splicing inhibition or SRSF10 dephosphorylation by heat-shock at 45˚C 

but enhanced the recovery of splicing, and accelerated rephosphorylation of SRSF10 after heat-

shock (Marin-Vinader et al. 2006). Another study indicated that overexpression of Hsp27 

interacted with SRSF10 and inhibited its dephosphorylation in response to heat-shock at 44˚C  

(Shi et al. 2011). A one-degree difference may be important here since 45˚C leads to a more 

complete dephosphorylation of SRSF10, which may overwhelm Hsp27. Thus, splicing 
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thermotolerance may be acquired through maintenance of phosphorylated SRSF10, helped in 

part by Hsp27. Hsp90 also appears to be required but not Hsp70 (Marin-Vinader et al. 2006).  

 Upon heat-shock, dephosphorylated SR proteins are sequestered in nuclear stress bodies 

(nSBs) formed on highly repetitive satellite III lncRNAs (Ninomiya et al. 2020). In the recovery 

phase, the rephosphorylation of SR proteins is mediated by the CLK kinases since exposure to 

stresses, such as heat-shock and osmotic stress, switches the production of splice variants of 

CLK1 and CLK4 to active forms that will phosphorylate SRSF10 (Fig. 4)(Ninomiya et al. 2011; 

Ninomiya et al. 2020).  

 SRSF10 is dephosphorylated by the phosphatase PP1 (Shi and Manley 2007). Heat-shock 

promotes the dissociation of PP1 from its inhibitors, including NIPP1. The 14-3-3 proteins that 

associate with SRSF10 and protect it from dephosphorylation under nonstress conditions, 

dissociate upon heat-shock (Shi and Manley 2007) (Fig. 4). The RS domain of SRSF10 directs the 

interaction with activated PP1. The level of phosphorylated SRSF10 is expected to drop 

preferentially following heat-shock because of the low activities of SR protein kinases (e.g., CLKs 

and SRPKs) for SRSF10 compared to other SR proteins. Moreover, because the CLK kinases are 

much less active at 37˚-38˚C than at 32˚-34˚C (Haltenhof et al. 2020), heat-shock at 45˚C should 

reversibly inactivate the CLK kinases, thereby further contributing to the accumulation of 

dephosphorylated SRSF10 upon heat-shock. 

The CLK-SRSF10 relationship revealed by heat-shock allows to underscore the multi-level 

connections that link SRSF10 and the CLK1 kinase. First, CLK1 phosphorylates SRSF10 in a 

temperature-dependent manner. Second, because the loss of SRSF10 increases the production 

of the exon 4-containing active form of CLK1 (Sohail et al. 2021), phosphorylated SRSF10 likely 
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downregulates the inclusion of exon 4 of CLK1. Third, CLK1 phosphorylation of SRSF10 likely 

activates exon 2a/3 splicing of Srsf10 to prevent production of full-length SRSF10 protein. CLK1 

therefore controls SRSF10 activity and SRSF10 splicing, while SRSF10 phosphorylation by CLK1 

controls Srsf10 and CLK1 alternative splicing (Fig. 4). 

  

3. Apoptosis. In chicken DT40 cells, SRSF10 controls the splicing of transcripts that function in 

apoptosis, DNA repair, and cell-cycle control: alternative splicing of Bap1 (BRCA1-associated 

protein), Cdk13 and Casp1 were in the top 12 events controlled by SRSF10 (Zhou et al. 2014b). 

Likewise, transcripts encoding proteins linked to apoptosis (e.g., BCLAF1 and RAC1) form a top 

functional category controlled by SRSF10 in human RKO cells (Zhou et al. 2014a). The functional 

relationship between SRSF10 and apoptosis/cell-cycle is not unique to this SR protein as 

transcripts whose alternative splicing is disrupted by the depletion or mutation of SRSF1, SRSF2, 

SRSF3, SRSF6 or SRSF9 also reveal a similar connection (Das and Krainer 2014; Kim et al. 2015; 

Ajiro et al. 2016; Juan-Mateu et al. 2018; Pellagatti et al. 2018; Song et al. 2019; Ha et al. 2021). 

 Recent work on Bcl-x splicing suggests a contribution of SRSF10 in favoring apoptosis 

(Fig. 3a). The 5’ss of pro-apoptotic Bcl-xS is weakened by flanked G-quadruplexes forming 

elements that interfere with U1 snRNP binding (Dominguez et al. 2010; Weldon et al. 2018). 

hnRNP F can sequester G-tracts to keep them in a single-stranded conformation (Dominguez et 

al. 2010), thereby explaining why hnRNP F/H can favor the use of the 5’ss of Bcl-xS  (Garneau et 

al. 2005). On the other hand, hnRNP K represses Bcl-xS 5'ss usage by preventing hnRNP F/H 

binding (Revil et al. 2009; Shkreta et al. 2016). Treating cells with oxaliplatin leads to the 

dephosphorylation of SRSF10 which interacts with hnRNP K to dissociate from the pre-mRNA, 
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thereby allowing hnRNP F/H binding and production of pro-apoptotic Bcl-xS (Fig. 3a). This pro-

apoptotic function of SRSF10 contrasts with a study indicating that the loss of SRSF10 promotes 

cell death when combined with G4-stabilizing molecules (Zyner et al. 2019).  

 

4. Cancer. Cancer-associated splicing changes are caused by mutations in splice sites or splicing 

regulatory sequences or by mutations that affect the expression or activity of core and 

regulatory splicing factors (Sveen et al. 2011; Dvinge et al. 2016). 

Mutations in the SRSF10 gene. The National Cancer Institute (https://portal.gdc.cancer.gov/), 

the cBioPortal for Cancer Genomics (https://www.cbioportal.org) and the Sanger Institute 

(https://cancer.sanger.ac.uk/) all report many types of SRSF10 mutations in patients’ cancer 

tissues from missense and splice site mutations to gene fusion. Approximately 1% of sampled 

cancer tissues harbor mutations in SRSF10. A systematic evaluation of the functional impact of 

these mutations is required to help ascertain their specific contribution to cancer.  

Mutations in SRSF10 binding sites. Sequence elements that are potential binding sites for 

SRSF10 are often found to be mutated in cancer with an enrichment for A to G mutations in 

motifs located in coding sequences and introns including their 3'ss (Singh et al. 2018). Genes 

with significantly mutated regions harboring SRSF10 binding motifs showed association to 

apoptosis and immune response. Mutations in intronic SRSF10 binding motifs have been 

associated with increased expression of a dystrophin gene transcript in breast cancer, and a 

splice variant switch in MAPK10 (JNK3) in colorectal cancer (Singh et al. 2018). 
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Changes in SRSF10 expression. Increased SRSF10 expression is frequently observed in cancer. 

Among human organs, the thymus and the bone marrow have one of the highest levels of 

SRSF10 expression, while adult liver has one of the lowest levels (Uhlen et al. 2017). SRSF10 

regulates the proliferation of chicken bursal lymphoma DT40 cells (Wu et al. 2018). Scanning 

cancer expression resources available on the web reveal that SRSF10 expression is generally 

stronger in cancer relative to normal human tissues. For example, SRSF10 RNA expression is 2-

fold higher in ovarian cancer relative to normal stromal tissues 

(https://www.ebi.ac.uk/gxa/home). SRSF10 is also overexpressed in Hepatitis B virus-associated 

hepatocarcinoma (Tremblay et al. 2016). A high level of SRSF10 gene expression was linked with 

poor survival in patients suffering from prostate, liver or renal cancer 

(http://www.proteinatlas.org). SRSF10 expression is upregulated in metastatic colorectal cancer 

(Zhou et al., 2014), likely due to a dysregulated Wnt/β-catenin pathway (Zhao et al. 2019). 

SRSF10 promotes the production of the pro-tumorigenic splice variant BCLAF1-L, and both 

SRSF10 and BCLAF1-L expression correlate with high tumor grades (Zhou et al. 2014a). Knocking 

down SRSF10 or BCLAF1-L decreased in vivo tumor growth. In a xenograft model, knockdown of 

SRSF10 in RKO cells nearly completely eliminated tumor formation in mice (Zhou et al. 2014a). 

In addition to BCLAF1-L, other SRSF10-regulated splicing targets are also likely contributing to 

the cancer phenotypes (Zhou et al. 2014a). For example, SRSF10 regulates the alternative 

splicing of the cancer-associated transcripts MDM4 and SLK in HCT116 cells (Sohail et al. 2021). 

SRSF10 upregulates the production of a circular RNA (Circ-ATXN1) that plays a role in 

glioma angiogenesis by sequestering miR-526b-3p which normally represses expression of pro-

angiogenic MMP2 and VEGFA (Liu et al. 2018). 
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The human papillomavirus oncoproteins E6 and E7 regulate the expression of SRSF10 in 

cervical cancer through the E2F1 axis (Liu et al. 2018). Knockdown of SRSF10 in a xenograft 

mouse model of cervical cancer decreased the tumor growth rate and tumor weight. Thus, 

SRSF10 promotes tumorigenesis in human papilloma virus 16/18-positive cervical cancer. 

Change in SRSF10 phosphorylation. Changes in the phosphorylation of SRSF10 has not been 

examined in the context of cancer per se. Nevertheless, DNA damage elicited by the anticancer 

drug oxaliplatin leads to a partial dephosphorylation of SRSF10 at residues that contribute to its 

splicing regulatory function on Bcl-x, and co-opts SRSF10 into promoting splicing changes in 

transcripts involved in apoptosis, cell-cycle control and DNA repair (Shkreta et al. 2016). hnRNP 

A1/A2 and Sam68 cooperate with SRSF10 to control this broader program of splicing response 

to DNA damage (Cloutier et al. 2018). SRSF10 becomes similarly dephosphorylated when the 

CLK kinase inhibitor GPS167 is applied to HCT116 colon cancer cells. In this case, cytotoxicity is 

associated at least in part with changes in the splicing of the SRSF10 targets MDM4 and SYK to 

elicit p53-dependent apoptosis (Sohail et al. 2021). 

5. Metabolism. Srsf10-knockout mice have defective liver development (Feng et al. 2009). 

These mice also display significantly decreased glucose production that is also observed in 

mouse primary hepatocytes, especially during fasting conditions (Wei et al. 2015). PGC1a is a 

master regulator during gluconeogenesis, and its pre-mRNA is a target of SRSF10 (Fig. 5a). 

SRSF10 specifically binds to constitutive exon 7 and represses inclusion of downstream 

alternative exon 7a to produce a functional protein. SRSF10 knockdown increases exon 7a 

inclusion, concomitantly decreasing glucose production after fasting.  



Shkreta et al.  21 

 The transcription factor DEAF1 controls the expression of peripheral tissue antigens in 

lymph node stromal cells. During progression of type 1 diabetes, DEAF1 function is decreased 

and may contribute to the pathogenesis of disease. In the pancreatic lymph nodes of patients 

with type 1 diabetes, DEAF1 splicing shifts to produce more of the dominant-negative DEAF1-

VAR1 isoform. SRSF10 has been implicated in this splicing regulation along with PTBP2, and 

overexpression of SRSF10 alone or in combination with PTBP2 increases human DEAF1-VAR1 

(Yip et al. 2015).  

 Mice lacking SRSF10 exhibit severely impaired development of subcutaneous white 

adipose tissue indicative of a defect in adipogenic differentiation (Li et al. 2014). Many of the 

severe adipogenic defects can be reproduced in the cell line C3H10T1/2 by knocking down 

SRSF10, or in mouse embryonic fibroblasts lacking SRSF10 and induced into adipocyte 

differentiation. The lack of SRSF10 is associated with splicing defects in transcripts that are 

relevant to adipogenesis including Lipin1, AclY, Axin1 and Upf1 (Fig. 5b) (Li et al. 2014). 

SRSF10 also controls the alternative splicing of low-density lipoprotein receptor, which is 

a major apolipoprotein E receptor critical to cholesterol homeostasis and, possibly, Alzheimer’s 

disease (Ling and Estus 2010). SRSF10 similarly emerged as a top candidate regulator of 

advanced atherosclerosis, and the silencing of SRSF10 reduced the production of cholesterol in 

a cell culture model (Bjorkegren et al. 2014). 

 

6.  Neuronal tissue differentiation. SRSF10 promotes neuronal differentiation of mouse 

embryonic carcinoma P19 cells (Liu et al. 2004). SRSF10 has also been implicated in the 

regulation of neural differentiation in Xenopus laevis (Liu and Harland 2005). Overexpression of 
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SRSF10 inhibits primary neuronal differentiation in a Notch pathway-dependent manner. 

Conversely, depletion of SRSF10 results in dysregulation of neurogenesis. SRSF10 becomes more 

expressed in the neural plate during embryogenesis and is transcriptionally induced by the 

neurogenic bHLH protein neuroD, possibly providing a negative feedback to limit neurogenesis 

(Liu and Harland 2005). 

 SRSF10 expression plays a protective role in the brain by reducing neuronal injury after 

mouse transient global cerebral ischemia (Qi et al. 2015). Expression of SRSF10, SRSF7, SRSF3, 

TRA2a, as well as the kinase CLK1 are downregulated during mouse aging in the hippocampal 

CA1 region. The histone deacetylase inhibitor SAHA partially rescues spatial memory function in 

aging mice. The almost complete recovery of normal splicing after SAHA treatment has been 

proposed to be linked to the restored expression of these splicing factors (Benito et al. 2015).  

PINK1 gene deficiencies have been associated with Parkinson’s disease, and the brain of 

aging Pink1-deleted mice displays a reduction in Srsf10 expression (Torres-Odio et al. 2017). 

 SRSF10 regulates in vivo splicing of the GluR-B subunit of the AMPA receptor (Fig. 5c) 

(Komatsu et al. 1999). Using a minigene model in human PFSK-1 cells subjected to heat-shock, 

dSRSF10 was associated with a change in the alternative splicing of mutually exclusive flip/flop 

exons in the Glutamate receptor subunit B (GluR-B) (Zhang et al. 2014). Overexpression of 

SRSF10 promotes flip exon inclusion but depleting SRSF10 in non-heat shock cells has no effect. 

Increased flip exon inclusion occurs in kainate-induced epilepsy in rats (Pollard et al. 1993). 

Transfecting a SRSF10∆RRM derivative did not affect GluR-B splicing, but deleting portions of 

the RS domains promoted skipping of both exons (Zhang et al. 2014).  
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In spinal muscular atrophy (SMA), production of a functional survival of motor neuron 

(SMN) protein is provided by inclusion of exon 7 in the SMN2 transcript. Abolishing the binding 

of hnRNP A1/A2 with an antisense oligonucleotide that hybridizes to a downstream intron 

silencer element (ISS-N1) increases exon 7 inclusion and has led to a treatment for SMA (Hua et 

al. 2008; Chiriboga et al. 2016). A recent study has shown that SRSF10 also binds to ISS-N1 and 

to other intronic elements to promote exon 7 skipping (Fig. 5d) (Frederiksen et al. 2021). 

 

7. Heart development. Given the disproportionate role of alternative splicing in brain but also in 

heart development (Mazin et al. 2021), SRSF10 is expected to play an important role in these 

organs. Srsf10-knockout mice display defective heart and liver development (Feng et al. 2009). 

The majority of homozygous Srsf10 null mice survive only until day 15.5 of embryonic 

development and display multiple cardiac defects. SRSF10 is required for myoblast 

differentiation and cardiac development. Embryonic cardiomyocytes from Srsf10 null mice 

display defects in calcium handling. SRSF10 controls the alternative splicing of the pre-mRNA 

encoding cardiac triadin, a protein that regulates calcium release from the sarcoplasmic 

reticulum during excitation-contraction coupling. This defect results in significantly reduced 

levels of triadin, and of its interacting protein CASQ2 (Feng et al. 2009). SRSF10 binds specifically 

to the regulated exon and modulates triadin splicing in vitro. SRSF10 also modulates the muscle-

specific splicing of the Lrrfip1 pre-mRNA by promoting inclusion of exons 16 and 17, an essential 

event in mouse heart development and myoblast differentiation (Fig. 5e) (Wei et al. 2015). In 

addition to Lrrfip1, the alternative splicing of Fxr1, Mef2a, and Nasp expressed in heart 

ventricles is controlled by SRSF10 (Fig. 5e). Cardiomyocytes also produce titin which is the 
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largest protein in humans. A back-splicing event occurring on the titin pre-mRNA creates a 

circular RNA (cTTN1) harboring a SRSF10 binding site. The loss of cTTN1 causes abnormal 

splicing of the SRSF10 targets MEF2A and CASQ2 (Tijsen et al. 2021).  

 

8. Germ cells. SRSF10 expression is regulated during mouse testes development where SRSF10 

is found to be mostly phosphorylated and cytosolic in germ cells (Xiao et al. 2007a). This 

cytosolic localization persists in testicular cancer, and is also seen in liver, endometrial and 

urothelial cancers (Uhlen et al. 2015). Dephosphorylation of SRSF10 is induced by androgen in 

mouse epididymis and phosphorylated SRSF10 expression is increased during sperm maturation 

(Xiao et al. 2011).  

 

9. Immunity. Out of over one thousand SRSF10-controlled alternative splicing events, several 

occur in transcripts involved in cell-cycle and immunity. For example, SRSF10 knockdown 

promoted the exclusion of exon E13 in the alternate terminator of interleukin-1 receptor 

accessory protein (IL1RAP) producing mIL1RAP, which forms a complex with interleukin IL-1/IL-

1RI to initiate IL-1β signal transduction. Overexpression of SRSF10 or mIL1RAP upregulates the 

expression of CD47, which in turn promotes IL1-β-induced NF-κB activation to inhibit 

macrophage phagocytosis (Liu et al. 2018).  

SRSF10 also contributes to the IL-17 signaling pathway involved in autoimmune diseases, 

such as psoriasis and multiple sclerosis (He et al. 2021). Specifically, a psoriasis-susceptible 

variant of the lncRNA TRAF3IP2-AS1 displays an enhanced ability to interact with SRSF10 and to 

inhibit downstream IL-17 signaling. While SRSF10 impacts IL-17 signaling by downregulating the 
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expression of IRF1, a transcriptional factor for Act1, it is unclear if this regulation involves 

splicing modulation. Notably, lentivirus-mediated overexpression of SRSF10 had a positive 

therapeutic impact in mouse models of psoriasis and experimental autoimmune 

encephalomyelitis.  

10. Viral replication. The assumption that appropriate level of SRSF10 may be critical for the 

maturation of a group of transcripts under certain conditions is borne out in the case of viral 

infection. Knocking down SRSF10 affects human immunodeficiency virus type 1 (HIV-1) pre-

mRNA splicing (Shkreta et al. 2017). hTRA2b regulates HIV-1 splicing specifically by binding to an 

exonic splicing enhancer that stimulates the 5'ss D3 (Erkelenz et al. 2013). Consistent with the 

view that a SRSF10/hTRA2b complex may stimulate D3/A3 splicing, the siRNA-mediated 

depletion of SRSF10 represses D3/A3 splicing (Shkreta et al. 2017). SRSF10 also collaborates 

with TRA2 proteins to activate the downstream 5'ss D2b via the exonic splicing enhancer ESE2b 

(Brillen et al. 2017). The small molecule 1C8 that promotes the dephosphorylation of SRSF10 

and inhibits HIV-1 replication (Cheung et al. 2016) stimulates the interaction between SRSF10 

and hTRA2b (Shkreta et al. 2017). 1C8 increased the production of the D3/A3 spliced product, 

and the depletion of SRSF10 compromised this 1C8-mediated effect (Shkreta et al. 2017).  

SRSF10 is also involved in the regulation of Kaposi Sarcoma virus lytic replication by 

binding to the m6A-modified pre-mRNA encoding the replication transcription activator RTA 

together with YTHDC1 and SRSF3 (Ye et al. 2017).  

More recently, SRSF10 was recovered as a strong interactor of the hepatitis B virus (HBV) 

Core protein (HBc) in the nucleus of human hepatocytes where this viral protein is believed to 

play important regulatory functions. In this case, the depletion of SRSF10 increased the level of 
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HBV nascent RNA production without affecting their splicing (Chabrolles et al. 2020). A 

compound (1C8) inhibiting SRSF10 phosphorylation decreased the production of viral HBV 

nascent RNA, and the depletion of SRSF10 abrogated this effect (Chabrolles et al. 2020). Thus, if 

dSRSF10 inhibits HBV RNA replication, then depleting SRSF10 would abrogate its contribution.  

By controlling the alternative splicing of ANP32A, SRSF10 also impacts the replication of 

the avian influenza virus (Fang et al. 2020). 

Of relevance to the recent pandemic of COVID-19, it was noted that a spliceosome 

inhibitor targeting the splicing factor SF3B1 prevented viral replication at non-toxic 

concentrations (Bojkova et al. 2020), revealing splicing as an essential pathway for SARS-CoV-2 

replication. The same study identified SRSF10 as part of a small list of proteins whose expression 

was changed by the virus and that also interacted with viral proteins.  

 

D. Concluding remarks 

 

Dubbing SRSF10 as “atypical” is based on the ability of a dephosphorylated SRSF10 to 

antagonize the positive action of other SR proteins in generic splicing. While a phosphorylated 

SRSF10 is now associated with a positive role in splicing, the precise contribution of SRSF10 in 

alternative splicing may depend as much on its phosphorylation status as to where it binds 

relative to other sequence elements that dictate splice site selection. Moreover, not all 

phosphorylation events may have a similar impact. There are over 20 potential phosphorylation 

sites in the RS domains of SRSF10, but the contribution to splicing control of only two of these 

has been investigated (Shkreta et al. 2016; Shkreta et al. 2017). There is therefore a great need 
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to assess the individual function of each of these sites, identify the modifying kinases and 

appreciate the dynamic patterns of phosphorylation that likely occurs during normal growth but 

that also could be disrupted in human diseases.   

 In addition to its documented role in RNA splicing, SRSF10 may possibly have additional 

functions in transcription and RNA stability. These functions may explain the impact that 

dephosphorylating SRSF10 had on the production of HBV nascent transcripts (Chabrolles et al. 

2020). A potential effect on transcription could be via an interaction with PTEF-b to compete or 

collaborate with other SR proteins such as SRSF2 to enhance transcription elongation (Ji et al. 

2013). It is also possible that SRSF10, like other regulatory factors involved in splicing, regulates 

the decay of viral RNAs. 

The absence of immunoprecipitating antibodies against SRSF10 has created a lag in our 

ability to validate SRSF10 binding sites in specific transcripts and at the transcriptome level. As 

the ability of SRSF10 to enforce or abrogate a given splicing event often depends on its 

phosphorylation status, the development of antibodies that can distinguish phosphorylated 

from non-phosphorylated epitopes in SRSF10 would boost our understanding of how 

phosphorylation affects not only binding to RNA targets but also its intracellular localization in 

normal, stress- and disease-associated conditions.  

The overexpression of SRSF10 in many diseases and its contribution to the splicing of 

transcripts implicated in clinically relevant pathways suggest that SRSF10 could become a target 

of therapeutic potential. One potentially important role for SRSF10 is in the alternative splicing 

of Pgc-1α in mouse liver, although it is unclear if this occurs in humans given that SRSF10 

expression is low in the adult human liver. PGC-1a is expressed and alternatively spliced in 
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human muscle. If SRSF10 performs the same function in human, strategies that would aim to 

inhibit SRSF10 in diabetic patients may provide therapeutic benefits given that blocking PGC-1α 

gluconeogenic activity improves type 2 diabetes (Sharabi et al. 2017).  

Another health relevant application would be to inhibit SRSF10 in SMA patients to 

improve SMN2 exon 7 inclusion (Frederiksen et al. 2021). In addition, the fact that SRSF10 

controls the splicing of MDM4 offers an opportunity to inhibit ferroptosis and potentially reduce 

the impact of degenerative brain disorders, including Parkinson’s, Huntington’s, and Alzheimer’s 

diseases, as well as other forms of neurodegeneration and traumatic and hemorrhagic brain 

injury (Stockwell et al. 2017; Klein et al. 2021).  

The documented contribution of SRSF10 in colorectal cancer and potentially other types 

of cancers (e.g., glioma, prostate, liver) also warrant testing interventions directed at reducing 

the expression or compromising the activity of SRSF10. As was tested recently, the CLK inhibitor 

GPS167 alters SRSF10 activity and is preferentially cytotoxic to colorectal cancer cells and 

organoids relative to normal colonocytes and organoids (Sohail et al. 2021). 

Targeting SRSF10 activity can be achieved in different ways. Abrogating SRSF10 

regulatory function could be achieved with antisense oligonucleotides that cover SRSF10 

binding sites to prevent binding. In reverse, imposing SRSF10 regulatory function could be 

achieved by delivering SRSF10 at specific locations. Given that recruiting a MS2-tagged SRSF10 

protein to an SMN2 exon or an intron with a MS2 RNA affinity element yields modulatory 

activity (Frederiksen et al. 2021), tethering SRSF10 at specific locations using a bifunctional 

oligonucleotide (Brosseau et al. 2014) containing a non-hybridizing tail with SRSF10 binding sites 

is an option that may be worth exploring. Blocking SRSF10 expression using RNA interference or 
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CRISPR-Cas technologies can also be envisioned for some applications. In cancer cells however, 

a recent study has shown that while the loss of SRSF10 has little consequence on the growth of 

HCT116 cancer cells, the CLK inhibitor GPS167 can be cytotoxic for the colorectal cancer cell line 

HCT116 in a SRSF10-dependent manner (Sohail et al. 2021). These results suggest that 

dephosphorylation may be an important way to co-opt SRSF10 into promoting cell death in 

cancer cells. Although specifically targeting SRSF10 phosphorylation may be challenging because 

SR kinases phosphorylate several other SR proteins, the fact that SRSF10 is an intrinsically poor 

substrate for SR kinases compared to other SR proteins (Shi and Manley 2007) suggests that 

SRSF10 may be the first SR protein affected at low concentrations of SR kinase inhibitors.  

The fact that a requirement for SRSF10 during mouse embryonic development appears 

restricted to the developing heart, adipose tissues, striated muscle and liver (Feng et al. 2009; 

Wei et al. 2015) is also a possible indicator that interfering with SRSF10 in normal adult tissues 

may have limited cytotoxicity, and thus that SRSF10-based approaches to combat diseases may 

lead to potentially useful therapeutic outcomes with limited cytotoxicity for normal tissues. 

Finally, targeting SRSF10 activity using inhibitory compounds or other strategies may be 

interesting to counteract viral replication. Indeed, SRSF10, like other SR and proteins, may 

regulate the replication of several viruses either directly by interfering with the production of 

viral RNAs or indirectly by modulating the synthesis of cellular factors able to restrict or 

promote viral replication. This could be particularly interesting in the case of oncogenic viruses 

for which compounds inhibiting SRSF10 activity may result in both antiviral and anti-tumoral 

effects. 
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Figure legends 

 

Figure 1. Structure of the human SRSF10 gene, transcripts and SRSF10 proteins. A. The 

structure of SRSF10 mRNA variants produced by alternative splicing and corresponding protein 

isoform structures are shown. The length in nucleotides (nt) of the mRNA and the coding 

portion in amino acids (aa) are indicated, as well as their RefSeq accession numbers. Stop 

codons are indicated by asterisks (*). Exon 6 can be alternatively spliced to produce two forms; 

the shorter one lacking a serine in the RS1 domain (o). B. Structure of the poison-exon region of 

SRSF10. The premature termination codon (PTC shown as *) is in the exon 2a region. C. Known 

post-translational modifications on SRSF10 based on data compiled in 

https://www.phosphosite.org/proteinAction?id=6181&showAllSites=true.  

 

Figure 2.  SRSF10 as a splicing repressor. A. In a competitive environment, blocking splicing can 

shift splice site selection. When two 5' splice sites are bound by U1 snRNP, the one that is most 

proximal to the 3' splice site is used preferentially. SRSF10 binding can destabilize the 



Shkreta et al.  31 

interaction of U1 snRNP with 5' splice sites to prevent splicing and therefore shift overall splicing 

to the distal 5’ splice site. B. The exonic m6A (Am) is bound by the reader protein YTHDC1, that in 

turn recruits and stabilizes SRSF3 binding to promote exon inclusion by blocking SRSF10 binding 

which normally promotes exon skipping. 

 

Figure 3. SRSF10 as a splicing activator. A. Control of Bcl-x splicing by SRSF10. Phosphorylated 

SRSF10 has minimal impact on Bcl-x splicing in normal growth condition in 293 cells. Following 

DNA damage by oxaliplatin, the dephosphorylation of SRSF10 increases the interaction with the 

repressor hnRNP K and their dissociation from the Bcl-x pre-mRNA, allowing hnRNP F/H to 

disrupt G-quadruplexes and favor use of the 5' splice site of Bcl-xS. B. Global positive and 

negative effects on exon inclusion can be explained by SRSF10 binding and stimulating splice 

site usage either on the alternative (on the right) or a constitutive (on the left) exon. 

 

Figure 4. Impact of temperature on SRSF10 activity and feedback regulation of SRSF10 

through CLK1 splicing. SRSF10 phosphorylated residues are protected from dephosphorylation 

by 14-3-3 proteins while the activity of protein phosphatase 1 (PP1) is kept repressed by a 

complex that contains NIPP1. Upon heat-shock, PP1 dissociates from NIPP1 and SRSF10 

dissociates from 14-3-3 proteins allowing dephosphorylation of SRSF10. CLK kinases and SRPK1 

will rephosphorylate SRSF10 as part of the recovery from heat-shock. Homeostatic levels of 

phosphorylated SRSF10 are controlled through both CLK1 and SRSF10 pre-mRNA splicing.  
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Figure 5. SRSF10 and the control of alternative splicing of key transcripts. SRSF10 controls 

splice site selection of mammalian transcripts implicated in glucose metabolism (A), in the 

development of adipose tissue (B), in neuronal (C) and neuromuscular (D) function as well as 

muscle development (E). 
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