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Abstract

Serine/Arginine splicing factor 1 (SRSF1) is an RNA binding protein abundantly expressed in
most tissues. The pleiotropic functions of SRSF1 exert multiple roles in gene expression by
regulating major steps in transcription, processing, export through the nuclear pores and
translation of nascent RNA transcripts. The aim of this review is to highlight recent findings in the
functions of this protein and to describe its role in immune system development, functions and
regulation.
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1. Introduction.

Serine/Arginine splicing factor 1 (SRSF1) is the archetypal member of the serine/arginine
rich (SR) family of RNA binding proteins (RBPs), which in homo sapiens is constituted by
12 proteins that share a modular structure, with at least one RNA-recognition motif (RRM)
and a C-terminal domain (RS) rich in Ser-Arg dipeptide repeats [1]. SRSF1 was first
characterized in the early 90’s as a splicing factor required for constitutive and alternative
pre-mRNA splicing [2]. Work carried out in biochemical, cellular and animal systems in the
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past three decades has characterized SRSF1 functions in mRNA transcription, splicing,
nuclear export, decay and translation. SRSF1 is an essential gene, as knockout in mice is
lethal in embryos and its overexpression leads to oncogenic transformation in both rodent
and human cells [3].

SRSF1 contains two N-terminal RRMs and a short C-terminal RS domain containing 15
Serine/Arginine repeats (Fig. 1). The two RRMs have evolved as part of a double RRM and
synergize with each other to determine SRSF1 RNA binding specificity [4]. Cross-linking
immunoprecipitation and high-throughput sequencing (CLIP-seq) analysis revealed that
SRSF1 preferentially binds to the consensus sequence GGAGA within exonic regions [5, 6].
RRM1 and RRM2 are both required for RNA binding, although RRM2 binding is the main
determinant of substrate specificity [7]. In addition to their RNA binding function, the
RRMs mediate early spliceosome assembly by serving as a bridge between pre-mRNA and
the RRM of the U1-70K component of the U1 small nuclear ribonucleoprotein (SnRNP) [8]
and playing a role in the subcellular localization of SRSF1 [9]. The RS domain is not
required, nor modulates, SRSF1 RNA binding function but has been shown to have a
regulatory function in early spliceosome assembly in addition to its role in the nuclear-
cytoplasmic shuttling of SRSF1 through interaction with other cellular factors [9].

Post-translational modifications of several residues within the RS and RRMs domains
modulate SRSF1 functions. Global proteomics analysis revealed that SR proteins may
represent an important class of non-histone substrates that are regulated by histone acetyl
transferases (HATS) [10]. In addition, three arginine residues in the inter-RRM linker region
are methylated [11] and mutations in these three residues lead to the cytoplasmic
accumulation of SRSF1, resulting in a decrease in the proteins nuclear functions and an
enhancement of its cytoplasmic function in translation. The RS domain is also extensively
phosphorylated and its phosphorylation state alters SRSF1’s functions and sub-cellular
localization. SR protein kinase 1 and 2 (SRPK1 and SRPK?2) phosphorylate SRSF1 in the
cytoplasm generating a hypo-phosphorylated form of SRSF1. Transportin-SR (TNPO3)
directs the transport of the hypo-phosphorylated SRSF1 into the nucleus [12], where it
accumulates in nuclear speckles and is hyper-phosphorylated by the Clk/Sty kinase (CLK1).
The hyper-phosphorylated SRSF1 is recruited to the active sites of transcription, where it
promotes spliceosome assembly [13] and is subsequently partially dephosphorylated by
Protein Phosphatase 1 and 2 Catalytic Subunit Alpha (PPP1CA and PPP2CA); this is a
critical step in the progression of the splicing reaction [14, 15].

Given that multiple molecular mechanisms are regulated by SRSF1, it is not surprising that
its expression is tightly controlled by several feedback loops. SRSF1 can regulate the
expression of its transcript by promoting splicing isoforms that contain premature
termination codons (PTCs), which are targets for nonsense mediated decay (NMD) [16].
Additionally, SRSF1 can reduce translation efficiency of its own transcript by shifting the
SRSF1 coding mRNAs from polysomes to monosomes [16] and modulating the expression
of regulatory miRNAs [17]. Changes in SRSF1 expression levels lead to oncogenesis and
have been associated with immune disease [18-20]. Studies aimed at determining the
mechanisms of SRSF1-mediated oncogenesis have focused on its functions in alternative
splicing [18, 19, 21], although multiple mechanisms are likely to contribute to the
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physiological effects observed. SRSF1 expression modulates the splicing of several genes
that regulate cell proliferation, cell-cycle progression and multiple apoptotic and cellular
signaling pathways, [18, 19, 22, 23].

Immune cells can undergo major changes to their transcriptome and proteome in response to
a rapidly changing environment. RNA binding proteins can regulate quantitative and
qualitative changes in multiple transcripts to rapidly modulate the cell’s response to stimuli
[24]. The transcriptome and proteome of cells from the lymphoid or myeloid lineage exhibit
quantitative and qualitative changes dependent on the cell’s lineage, activation and disease
state [25]. High-throughput genomic approaches have revealed a pervasive role for
alternative splicing in T cell, B cell and monocyte differentiation, activation and response to
infection [26]. Alternative splicing changes in several genes are also among the causes of
autoimmune diseases such as type 1 diabetes [27], multiple sclerosis [28] and systemic lupus
erythematosus (SLE) [29]. It is thus not surprising that SRSF1 plays a role in the splicing of
key immune response regulators. However, its functions in multiple aspects of RNA
biogenesis, decay and translation can also affect immune response, regulation and disease
(summarized in Table 1).

2. Transcription.

2a.

SRSF1 regulates transcription activation.

RNA polymerase 1l (RNAPII) often pauses elongation 20-60 bp downstream of the
transcription start site. Additional signals are then required to re-start the paused polymerase
and promote productive elongation. This acts as a rate-limiting step found in more than two-
thirds of metazoan genes and especially in stimulus-responsive pathways [30]. Pausing is
mediated by two factors associated with the polymerase: the negative elongation factor
(NELF) and the DRB sensitivity-inducing factor (DSIF). The positive elongation factor b (P-
TEFDb) is recruited to the stalled polymerase complex to promote its release through
phosphorylation of NELF and DSIF; this leads to the dissociation of NELF from the stalled
promoter complex and the conversion of DSIF to an elongation-stimulating factor [30, 31].
Over 50% of the P-TEFb within the nucleus exists in a catalytically inactive state
sequestered by the 7SK small nuclear ribonucleoprotein (7SK snRNP) [32]. Some SR
proteins can be recruited to active promoters as part of the 7SK complex. The transfer of SR
proteins onto the nascent transcripts destabilizes the 7SK complex, facilitating the
recruitment of P-TEFb from the 7SK particle to the transcription complex and leading to
transcription pausing release (Fig 2A). Although a growing number of studies suggest a role
for SRSF1 in transcription and its association with the 7SK snRNP at several promoters
[33], the mechanism by which SRSF1 modulates cellular transcription is still not well
characterized [34].

2b. SRSF1-mediated transcription activation in the immune system.

SLE is an autoimmune disease characterized by an abnormal T cell response, the production
of autoantibodies and the deposition of immune complexes [35]. T-cells from patients with
SLE exhibit lower SRSF1 expression than healthy individuals [20, 36]. This results in the
aberrant expression of key immunomodulators, such as interleukin 2 (IL-2) and the T-cell
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receptor (TCR)-associated CD3( [37]. CD3( is a component of the T-cell antigen receptor
(TCR-CD3) complex and plays an essential role in the initial steps of antigen recognition in
TCR signal transduction [38]. The lack of functional CD3( leads to impaired immune
function and its expression is inversely related to the severity of SLE. IL-2 is an important
regulator of T cell activation and its absence correlates with an accumulation of activated T
lymphocytes and autoimmune disease. Ex-vivo and biochemical assays show that SRSF1
associates with the promoter of both genes and can drive transcription of CD3( and IL-2
[36, 39] (Fig. 3A).

SRSF1 can also associate with chromatin in a cell-cycle-specific manner and can be found
enriched at active gene loci thanks to its association with the chromatin-associated protein
Psipl/Ledgf [40, 41]. Ledgf/Psip1 overexpression or silencing leads to increased or
decreased levels of IL-6, respectively [42], suggesting that SRSF1 might also have a
function in transcription regulation through its recruitment to active chromatin sites.

3. Alternative splicing.

3a.

SRSF1 regulates alternative splicing.

SRSF1 was first characterized as an alternative splicing factor in 1990 [2]. In the past three
decades, multiple studies have revealed a pervasive role for SRSF1 in the alternative splicing
regulation of vast gene networks and multiple biological pathways. SRSF1 binds to short
motifs found in both exonic and intronic sequences to either promote or inhibit the usage of
a specific splice site by either i) directly promoting the recognition of the 5’ or 3’ splice site
by spliceosomal components such as the U1 small nuclear ribonucleoprotein or the
U2AF35/65 heterodimer or ii) inhibiting the functions of other RNA binding proteins, such
as heterogenous ribonucleoproteins (hnRNPs), that block spliceosome assembly to the
nearby splice sites (Fig. 2B) [1, 3]. Alternative splicing allows a rapid and diversified
response to multiple stimuli in cells of the immune compartment. Thus, it is not surprising
that SRSF1 plays a prominent role in immune cell activation, functions and autoimmune
disease.

3b. SRSF1 regulates alternative splicing in the immune system.

Transmembrane receptors are often coded by alternatively spliced isoforms, whose relative
ratios are regulated by SRSF1 and other members of the SR protein family. CD6 is a
transmembrane signal-transducing receptor expressed mostly in lymphocytes [43]. CD6
binding to CD166 promotes the formation of a stable immunological synapse between an
antigen presenting cell (APC) and a T cell. CD6 binds to the TCR and the associated co-
receptor CD3 forming a CD6-TCR/CD3 complex, which promotes T cell activation and
proliferation [44]. T cell activation induces the expression of the alternatively spliced
isoform CD6Ad3, which lacks exon 5. This exon codes for the CD166 binding domain and
without it the isoform can no longer stabilize the immunological synapse. SRSF1 regulates
CDe6 splicing by binding to intron 4 and promoting the inclusion of exon 5., SRSF1 is
downregulated following T cell activation. This leads to the exclusion of exon 5 and the
synthesis of CD6Ad3 [45]. Ron, a cell surface receptor for the macrophage-stimulating
protein (MSP), regulates cell migration, differentiation and survival in mononuclear
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phagocytes and other cell types. SRSF1 binds to a short sequence within exon 12 and
promotes the skipping of exon 11 generating a shorter transcript coding for the constitutively
active isoform ARon, which impairs macrophage functions and increases cell motility and
metastasis in gastric cancer cell lines [46].

SRSF1 can also modulate the activity of transcription factors such as the interferon
regulatory factor-3 (IRF3), a transcriptional activator for type I interferons (IFNa/p) as well
as several chemokines [47]. SRSF1 promotes the inclusion of /RF3exons 2 and 3 by
binding to short sequences within intron 1. SRSF1 depletion results in the synthesis of a
truncated IRF3 isoform that antagonizes the full-length protein and reduces the expression
of downstream IRF3 targets such as IFNa/p and CXCL10.

In the past decade, high throughput genome wide studies combined with animal and cellular
models have defined an emerging role for SRSF1-mediated alternative splicing in immune
disease. CD46 is a widely expressed type | membrane-bound protein, which protects the
host cell from damage by the complement system and modulates the adaptive immune
response by controlling CD4+ T cell activation and differentiation from naive into T helper 1
(Th1) and type 1 Treg (Trl) cells [48]. Inclusion or skipping of exon 13 in the CD46 mRNA
generates two isoforms containing two alternative c-terminal domains coded by either exon
13 or exon 14.

The CYT1 domain is coded by a mRNA containing only exon 13 at its 3" end while skipping
of exon 13 leads to the formation of the CYT2 domain which contains exon 14. CYT1
induces interferon-ry (IFNvy) production in Th1 cells and their differentiation to interleukin
10 (IL-10) secreting Trl cells while CYT2 switches off the Tr1 cells [49]. SRSF1 interacts
with a short sequence within exon 13 to repress its inclusion and promote exon 14 inclusion
instead, thus producing the CYT2 isoform [50]. Balanced expression of the CYT1 and
CYT2 isoforms is essential for the modulation of T cell differentiation and homeostasis.
Defects in CD46 splicing are associated with autoimmune pathologies like asthma,
rheumatoid arthritis, and multiple sclerosis [51, 52].

In SLE patients, SRSF1 deficiency leads to a decrease in the transcription of key
immunomodulator genes such as /L-2and CD3( [20, 36]. In addition, SRSF1 modulates
CD3( splicing by binding to the 3" untranslated region (UTR) of CD3( and promoting the
inclusion of a 562 nt sequence in the 3’ UTR, which is required for the transcript’s stability
and translation. In the absence of SRSF1 the stability and translation of the CD3( messenger
is reduced [53], ultimately contributing to SLE pathogenesis (Fig. 3B). Additionally, SRSF1
can regulate the splicing of RasGRP1, a guanine nucleotide exchange factor that activates
the Ras pathway by engaging T-cell receptors [54]. SRSF1 modulates RasGRP1 splicing by
binding to exon 11 and promoting its inclusion. In the absence of SRSF1, exon 11 is skipped
producing messenger coding for a RasGRP1 isoform that is unable to activate the Erk/MAP
kinase pathway, resulting in a decrease in transcriptional activation by the transcription
factor AP-1 and a decline in /L-2expression [55] (Fig. 3C).

SRSF1 splicing activity can also modulate apoptosis in SLE patients. Studies carried out in
both mice and human cell lines showed that SRSF1 modulates the splicing of two members
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of the Bcl-2 family of apoptotic factors: Bcl-x and Bim. The Bc/-x pre-mRNA is
alternatively spliced in two isoforms that encode for the short Bcl-xS, which acts as an
apoptotic activator, and the long Bcl-xL, which inhibits apoptosis [23]. SRSF1 binds to a
sequence located between the two 5’ splice sites and promotes selection of the Bcl-xL
specific splice site [56]. The B/M transcript is alternatively spliced to generate multiple
isoforms with different pro-apoptotic potential. SRSF1 promotes the inclusion of a 3’
alternative exon, which limits BIM’s apoptotic functions. Herein, low SRSF1 levels in SLE
patients contribute to increased T cell apoptosis and lymphopenia [20]. Changes in SRSF1
expression levels also have the potential of causing thymic defects by affecting the splicing
regulation of the inhibitor of caspase-activated DNase (ICAD). ICAD inhibits the caspase-
activated DNAse (CAD), which promotes cell differentiation and breaks up the DNA during
apoptosis. /CAD codes for two isoforms, ICAD-S and ICAD-L [57]. ICAD-L facilitates the
correct folding of CAD and binds to it inhibiting its functions, while ICAD-S cannot
promote proper CAD folding [58]. SRSF1 promotes the inclusion of an extended C-terminus
in the mRNA coding for the isoform ICAD-L. In the absence of SRSF1, ICAD-S becomes
the dominant isoform, leading to a misfolded non-functional CAD, which results in defects
in apoptotic DNA fragmentation and thymic developmental defects [59]. This process has
been linked to a several autoimmune disorders [60].

SRSF1 contributes to the pathogenesis of granulomatous disease (CGD), an inherited
immunodeficiency disease, by modulating the splicing of B-245 Beta Chain (CYBB), a
component of cytochrome B that regulates the expression of the NADPH heme binding
subunit gp91Ph°X . In patients with chronic CGD, neutrophils have decreased NADPH
oxidase activity due to a lack of gp91P°X, resulting in an increased susceptibility to bacterial
and fungal infections and the formulation of granulomas at sites of inflammation and
infection. SRSF1 interacts with a short RNA sequence within exon 5 to promote its inclusion
in the mature mRNA. Mutations in the short SRSF1 binding sequence in CGD patients
result in exon 5 skipping and the synthesis of a non-functional CYBB protein, leading to a
decline in gp91PNoX expression [61].

SRSF1 spicing activity is essential in immune functions and its de-regulation may lead to
several autoimmune diseases by altering the splicing of key immunomodulators and
apoptotic factors. In addition, SRSF1 splicing activity modulates multiple signaling
pathways and alterations in this factor’s expression levels and activity may lead to
oncogenesis as reviewed elsewhere [22].

4. SRSF1 regulates mRNA stability.

Regulation of mRNA stability allows for the fine tuning, rapid mobilization or halting of a
gene’s expression. This is of especially true for the messengers that are required to mount a
prompt and precise immune response. The rate of mMRNA decay is controlled by the polyA
and sequences located mostly within the 5’ and 3" UTR [62]. Regulation of the stability of
RNAs coding for cytokines, transcription and signaling factors is required for rapid
modification of the protein pool in response to specific stimuli.
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Adenine and uridine-rich elements (ARES) within the 3’-UTR are among the most common
stability regulatory sequences found in mammals. AREs function by recruiting different sets
of RBPs to modulate the stability and translation of the transcript. SRSF1 modulates the
activity of the T-cell intracellular antigen-1 (T1A-1) and TIA-1 related protein (TIAR), two
RNA binding proteins broadly expressed in eukaryotic cells, which act as translational
repressors and affect the stability of ARE-containing mRNAs by assembling into
cytoplasmic stress granules [63]. SRSF1 migrates from the nucleus to the cytoplasm and
interacts with TIA-1/TIAR containing stress granules in response to environmental stress.
Overexpressing or tethering SRSF1 to a reporter transcript bearing an ARE in its 3° UTR
strongly reduces mMRNA expression through inhibition of both the transcript’s stability and
translation [64]. Interleukin 17A (IL-17A) is a proinflammatory cytokine, which coordinates
tissue inflammation by increasing the expression of several proinflammatory cytokines by
activating their transcription via the transcription factor NF-xB and stabilizing their mMRNA
[65]. IL-17 has been shown to stabilize the CXCL1 transcript by engaging the 1L-17
receptor (IL-17R) and promoting the formation of a complex between the adaptors TRAF5,
TRAF2, Actl and SRSF1. In the absence of IL-17, SRSF1 binds freely to and destabilizes
the CXCL1 messenger [66].

The phosphoinositide- 3 kinase (P13K)/AKT/mammalian target of rapamycin (nTOR)
pathway is a key pathway involved in the activation of T cells. The mTOR pathway
determines T cell differentiation, activation and proliferation [67]. The phosphatase and
tensin homolog (PTEN) is a negative regulator of the mTOR pathway [68]. SRSF1 regulates
stability of the PTEN messenger by interacting with its 3 UTR [69]. SRSF1 knockout mice
exhibit reduced expression of PTEN, which results in increased activation of the mTOR
pathway, triggering T cell hyperactivity and an increase in proinflammatory cytokines
resulting in autoimmunity [69] (Fig. 3D).

5. mRNA export.

Ha.

SRSF1 regulates mRNA export.

mRNA transcription, processing and translation are coupled with the export of mMRNA from
the nucleus to the cytoplasm. This ensures efficient loading of export factors onto the
processed mRNA and its loading onto polyribosomes upon entry into the cytoplasm [70].
The factor REF/ALY is initially loaded onto the spliced mRNAs in the nucleus, NXF1/TAP
is then recruited into a larger complex named TREX triggering the transfer of the RNA from
REF/ALY to TAP/NXF1 [71]. SR proteins such as SRSF1, that shuttle between the nucleus
and the cytoplasm have been shown to replace REF/ALY and function as mRNA export
adaptors [72]. SRSF1 interacts with NXF1/TAP via a TAP-binding domain in its arginine-
rich inter-RRM linker domain and a series of arginine residues in its RS domain [73].
However, the functional significance of such interaction is still unclear since it destabilizes
SRSF1 binding onto the target MRNA and in some systems the depletion of SRSF1
increases the export of specific mMRNAs [74].
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5b. SRSF1 regulates mMRNA export in the immune system.

The binding of SRSF1 onto MRNAs coding for several pro-inflammatory cytokines (Cxc/Z,
Tnfand Cxc/2) can lead to the sequestration of these messengers within the nucleus,
preventing them from being exported into the cytoplasm and creating a reservoir of
transcripts that can be rapidly mobilized in response to extracellular stimuli and the
activation of specific signal cascades [74]. Toll-like receptor (TLR) signaling regulates the
transcriptional and post-transcriptional expression of chemokines and cytokines. TLRs
transduce signals through the adaptor molecule MyD88 and the interleukin 1 receptor
associated kinase 2 IRAK2 [75]. Following stimulation, TLRs induces the nuclear
localization of IRAK?2 to facilitate the nuclear export of mMRNAs coding for several pro-
inflammatory cytokines. Once in the nucleus IRAK2 promotes the assembly of the nuclear
export factors ALY/REF and NXF1/TAP onto the transcripts. SRSF1 has been shown to
mediate the nuclear sequestration of these mMRNAS, possibly by blocking the binding of
ALY/REF and NXF1/TAP to the mRNAs. It is plausible that IRAK2 might mediate the
removal of SRSF1 by promoting its phosphorylation, thus facilitating the assembly of the
transcription-export (TREX)-NXF1/TAP complex and the export of the bound mMRNAs (Fig.
2C) [74].

6. SRSF1 regulates mRNA translation.

Regulation of protein translation allows the induction of immediate changes in the proteome
without the need for de novo transcription. Translation can be controlled globally, in
response to major physiological changes, or can be selectively applied to single genes or
groups of genes. The selective control in the translation of specific genes is emerging as a
key mechanism of gene expression to determine a variety of functions in both the adaptive
and innate immune response [76]. Transcript-specific translation regulation is often
mediated by the interaction of RBPs with short sequences in the UTR of the target
messenger. The translation-initiation factor elFAE enables ribosome assembly and plays a
key role in the regulation of both innate and adaptive immune response. The eukaryotic
translation initiation factor (elF)4E-BP kinase mTOR controls the activity of the 4E-binding
proteins (4E-BPs), which inhibit the translation-initiation factor elFAE. The mTOR-
dependent regulation of the elF4E/4E-BP system is one of the principal mechanisms
regulating lymphocyte activation, proliferation and migration, and the synthesis of several
cytokines during the inflammation process [77].

SRSF1 associates with mRNAs isolated from polyribosomes to enhance the translation of
genes containing its cognate binding sites [78]. SRSF1 modulates translation of the bound
mRNAs by recruiting both the protein kinase mTOR and the phosphatase PP2A. This
induces the hyperphosphorylation of 4E-BP and its release from the inhibitory complex
elF4E/4E-BP, thus activating the translation-initiation factor elF4E (Fig. 2D) [79]. Over
1500 mRNAs have been identified as translational targets of SRSF1 by high-throughput
deep sequencing analysis of polysomal fractions. Several cell cycle regulators and
transcription factors are coded by the mMRNAs isolated, suggesting that SRSF1-mediated
translation control is a key factor in T cell activation, differentiation and proliferation. [80]
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7. SRSF1regulates miRNA processing.

MicroRNAs (miRNAs) are small non-coding RNAs that regulate the degradation and
translation of target MRNAs. miRNAs are first transcribed by RNAPII into a longer pri-
miRNA, which is cleaved by the RNase Drosha to generate a pre-miRNA. Once exported to
the cytoplasm the pre-miRNA is cleaved by the RNase Dicer and is loaded as a mature
miRNA into the RNA-induced silencing complex (RISC) where it interacts with its mMRNA
target [81]. miRNAs negatively regulate the expression of several key immune development
genes, fine tuning and conferring robustness to the immune cell response and their aberrant
expression can lead to autoimmunity or other pathologies [82].

SRSF1 modulates the expression of miR-10b, which is connected to cancer metastasis and
autoimmune disease. miR-10b overexpression in cancer cells downregulates MICB, a stress-
induced ligand for the natural killer (NK) cell receptor NKG2D, which is upregulated on the
surface of tumor cells. MICB downregulation in breast cancer cells promotes immune
escape and initiates robust invasion and metastasis [83]. miR-10b is also upregulated in T
helper 17 (Th17) cells of patients with ankylosing spondylitis, an inflammatory arthritic
disease that results in fused vertebrae and severe joint pain. miR-10b binds to the 3" UTR of
the MAP3KY kinase inhibiting its expression, thus suggesting a feedback regulatory
mechanism where proinflammatory cytokines upregulate miR-10b expression, which in turn
downregulates IL-17A expression to suppress Th17 cell function [84]. SRSF1 binds to the
pri-miR-10b sequence inhibiting its processing while miR-10b binds to a sequence in the 3’
UTR of the SRSF1 transcript to suppress its expression in a regulatory feedback loop [85]. A
SRSF1-dependent feedback loop also regulates miR-7. The pri-miR-7 transcript is bound by
SRSF1 to promote Drosha cleavage, whereby miR-7 represses SRSF1 translation by binding
its 3 UTR [17]. miR-7 inhibition is associated with the impairment of cytotoxic T-
lymphocyte (CTL) mediated lysis of breast cancer cells [86], while in patients with type 2
diabetes its expression correlates with failure of insulin-producing cells (pancreatic p cells)
[87]. SRSF1 can also promote Drosha cleavage of the miR-29b pri-miRNA, which regulates
helper T cell differentiation by repressing multiple target genes including IFN-y [88].
miR-29b is also downregulated in tumor associated dendritic cells resulting in failure to
control proinflammatory pathways and promoting a tumor-permissive phenotype, thus
indicating a key role for SRSF1 in both immune response and tumorigenesis [89].

8. Conclusions

SRSF1 exerts a pervasive control on immune cell differentiation, proliferation and adaptive
response to various stimuli. Furthermore, the expression of SRSF1 itself is regulated by
specific immunomodulators, such as TNFa, in response to inflammation [90]. Although
work carried out in the past three decades has identified multiple SRSF1 functions, and its
pleiotropic effects on the immune system, the full regulatory potential of this protein is yet
to be defined. For example, SRSF1-3, a splice isoform of SRSF1, is necessary for the
somatic hypermutation (SHM) of /g genes, which is initiated by the activation-induced
cytidine deaminase (AID) [91, 92]. Nevertheless, the exact molecular mechanism of action
of SRSF1 in SHM remains unknown.
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Highlights
. SRSF1 regulates the transcription of CD3( and IL-2
. SRSF1 is downregulation in SLE patients

. SRSF1 affects the splicing of cytokines and transmembrane signal-
transducing receptor

. SRSF1 regulates the stability and nuclear export of mMRNAs coding for
cytokines

. SRSF1 modulates miRNA processing
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Figure 1.
SRSF1 is constituted by two RNA Recognition Motifs (RRM1 and RRM2) and a serine

arginine rich (SR) domain. The SR domain is heavily phosphorylated (*). Methylated
arginine residues in the inter-RRM linker region are indicated with a white dot.
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Figure 2.
A) SRSF1 regulates transcription activation. DSIF and NELF pause transcription shortly

after initiation. The kinase activity of P-TEFb phosphorylates DSIF/NELF and the RNAPII
to promote elongation and processivity. P-TEFb remains inactive when sequestered within
the 7SK snRNP. The binding of SRSF1 to the nascent transcript destabilizes the 7SK snRNP
and promotes P-TEFb mobilization leading to the transcription pausing release. B) SRSF1
regulation of alternative splicing. SRSF1 binds to short exonic splicing enhancer (ESE)
sequences to either directly promote the recruitment of spliceosomal components (U1
snRNP, U2AF65/35, U2 snRNP) to the nearby 5’ and 3’ splice sites or inhibit the activity of
negative regulators of spliceosome assembly (hnRNPs) binding to a nearby sequence. C)
SRSF1 regulation of mMRNA export. Binding of SRSF1 onto a target mRNAS can lead to the
sequestration of these messengers within the nucleus by inhibiting the loading onto the
messenger bound export complex TREX of the export factors ALY/REF and NXF1/TAP.
Phosphorylation of SRSF1 by IRAK 2 releases SRSF1 from the mRNA and facilitates the
loading of ALY/REF and NXF1/TAP onto the TREX complex. D) SRSF1 regulation of
mMRNA translation. SRSF1 recruits the kinase mTOR and the phosphatase PP2A. This
induces the hyperphosphorylation of the translation inhibitor 4E-BP and its release from the
translation-initiation factor elF4E. Binding of the activated elF4E promotes loading of the
mMRNAs onto the polyribosomes.
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Figure 3.

Role of SRSF1 in systemic lupus erythematosus (SLE). A) SRSF1 associates with the
promoters of CD3( and IL-2 to upregulate their expression. CD3(C and SRSF1 are
downregulate in SLE patients (red arrow). B) SRSF1 binds to the 3’UTR of CD3( and
promotes the inclusion of a 562-nt sequence that is required for stability and translation of
the transcript. C) SRSF1 promotes the splicing of a RasGRP1 isoform that is necessary for
activation of the Erk/MAPK pathway resulting in a decrease of transcription activation by
the transcription factor AP-1 and a decline in /L-2expression observed in SLE patients. D)
SRSF1 promotes stability of the PTEN messenger by binding the PTEN 3’UTR. This results
in activation of the mTORC1 pathway, triggering T cell hyperactivity and an increase in

proinflammatory cytokines in SLE patients.
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SRSF1 mediated regulation of the immune system. SRSF1 modulates the expression of several genes involved

Table 1.

in immune system functions through multiple mechanisms.

Mechanism Regulated Genes Reference
Transcription Upregulates CD3( transcription [36, 39]
Upregulates IL-2 transcription [36, 39]
Upregulates IL-6 transcription [40, 41]
Alternative Splicing | Exon 5 inclusion in CD6 [45]
Exons 2 and 3 inclusion in IRF3 [47]
Exon 13 exclusion/exon 14 inclusion in CD46 | [50]
Inclusion of 526 nt in 3* UTR of CD3(¢ [53]
Exon 11 inclusion in RasGRP1 [55]
Bcl-xL specific 5’ splice site in Bcl-x [56]
Inclusion of alternative 3’ exon in BIM [18-20]
Inclusion of extended C-terminus in ICAD [59]
Exon 5 inclusion in CYBB [61]
Stability Decrease stability of CXCL1 [66]
Decrease stability PTEN [69]
Export Block nuclear export of CXCL1 [74]
Block nuclear export of CXCL2 [74]
Block nuclear export of TNF [74]
Translation 1500 mRNA translation upregulated [80]
miRNA Regulates miR-10b, MICB expression [83]
Regulates miR-10b, IL-17A expression [84]
Regulates miR-29b, IFN-y expression [88]
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