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Abstract

Clonal hematopoiesis (CH) is characterized by the expansion of hematopoietic stem and progenitor cells harboring somatic mutations,
which confers an increased risk of hematologic malignancies and cardiovascular disease. Among CH-associated mutations, mutations
affecting splicing factors (SFs), including splicing factor 3b subunit 1 (SF3B1), serine/arginine-rich splicing factor 2 (SRSF2), U2 small
nuclear RNA auxiliary factor 1 (U2AF1), and zinc finger CCCH-type, RNA binding motif and serine/arginine rich 2 (ZRSR2), play a
unique role in promoting clonal expansion and leukemogenesis. In this review, we summarize recent findings on the role of SF muta-
tions in CH progression, their interplay with other mutations (e.g., DNA methyltransferase 3 alpha (DNMT3A4), ten-eleven translocation
methylcytosine dioxygenase 2 (TE72) and isocitrate dehydrogenase 2 (/DH?2)), and their impact on hematopoietic homeostasis. Epi-
demiological studies have demonstrated that SF-mutant CH exhibits an accelerated clonal expansion compared to other CH clones.
Furthermore, murine models suggest that SF mutations alone do not inherently confer a growth advantage for clonal expansion but
rather enhance disease phenotypes when co-existing with epigenetic mutations, such as /[DH2 and TET2. These findings suggest that SF
mutations contribute to CH expansion and malignant transformation through a synergistic interplay with other mutations and external
factors such as inflammation. Given the clinical significance of SF mutations, ongoing research is focused on developing targeted ther-
apies that modulate aberrant RNA splicing and prevent CH-driven leukemogenesis. Understanding the mechanisms underlying mutant
spliceosome-mediated CH expansion may provide novel insights into early detection, risk stratification, and therapeutic interventions in
hematologic malignancies.
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1. Introduction depends on both sequencing depth as well as the coverage
and design of the sequencing platform.

Mutations in SF3B1, SRSF2, and U2AF [ typically oc-
cur at characteristic hotspot residues and are considered
change-of-function mutations that confer abnormal or novel
splicing activity. In contrast, mutations in ZRSR2 lack re-
current hotspots and mostly result in loss of function. This
observation is consistent with the fact that ZRSR?2 is located
on the X chromosome, and MDS or chronic myelomono-
cytic leukemia cases harboring ZRSR2 mutations are more
frequently observed in males [3].

CH is defined by the detection of somatic mutations
in hematopoietic stem and progenitor cells (HSPCs), which
have the capacity to expand over time under selective
clonal pressures. A landmark study in 2014, which ana-
lyzed whole-exome sequencing data from 17,182 individ-
uals, confirmed the high prevalence of CH in individuals
over 40 years old [1]. Specifically, CH was detected in
9.5% of individuals aged 70-79, 11.7% in those aged 80—
89, and 18.4% in individuals over 90 years old. Further-
more, CH was associated with an increased risk of hema-
tologic malignancies, with a hazard ratio (HR) of approxi-
mately 10, indicating a substantially elevated risk of devel-
oping conditions such as acute myeloid leukemia (AML)

and myelodysplastic syndromes (MDS). Interestingly, mu- i ~Po |
tations associated with CH predominantly occur in epi- termined significance (ICUS), and clonal cytopenia of un-

genetic regulatory genes such as DNA methyltransferase ~ determined significance (CCUS) (Table I (Ref. [1,4,5])).
3 alpha (DNMT34), ten-eleven translocation methylcyto- Ea(':h entity exhibits distinct clinical and prognostic impli-
sine dioxygenase 2 (TET2) and additional sex combs-like cations.

1 (ASXL1), which are also frequently observed in myeloid
neoplasms, suggesting a potentially pre-malignant state. In
addition, mutations in splicing factor (SF) genes, including ARCH refers to the age-related acquisition of somatic
SF3B1,SRSF2, U2AF 1, and ZRSR?2, are detected at moder- mutations in hematopoietic cells that results in clonal ex-
ate frequencies [2]. The detection of a clonal cell population pansion without evident clinical consequences. Unlike

Based on both clinical and molecular features, CH
can be categorized into four major subtypes: aging-related
clonal hematopoiesis (ARCH), clonal hematopoiesis of in-
determinate potential (CHIP), idiopathic cytopenia of unde-

1.1 ARCH
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Table 1. Summary of diagnostic criteria and progression risks in clonal hematopoiesis and cytopenias.

Clonality (VAF %) Dysplasia  Cytopenias BM blast %  Progression to MN  Median Age (Range)  Ref
ARCH generally <2% - - <5% Not well established
CHIP >2% <10% - <5% 0.5% per year 57 (44-73) [1]
S years C.1.
ICUS <2% <10% + <5% 53 (18-88) [4]
9.0%
2 years C.I.
70 (19-94) [5]
12.6%
CCUS >2% <10% + <5%
S years C.I.
68 (18-86) [4]
82.0%

VAF, variant allele frequency; ARCH, aging-related clonal hematopoiesis; CHIP, clonal hematopoiesis of indeterminate potential;

ICUS, idiopathic cytopenia of undetermined significance; CCUS, clonal cytopenia of undetermined significance.

CHIP, ARCH-associated mutations typically occur at lower
variant allele frequencies (VAF) and do not necessarily con-
fer a significantly increased risk of hematologic malignan-
cies. ARCH is considered a natural byproduct of aging and
genomic instability.

1.2 CHIP

CHIP is defined by the presence of somatic muta-
tions in genes commonly associated with hematologic ma-
lignancies in individuals without cytopenias or dysplastic
hematopoiesis. The VAF is typically >2%, and CHIP has
been associated with an increased risk of hematologic ma-
lignancies and cardiovascular disease. However, the major-
ity of CHIP carriers do not progress to overt malignancy.

1.3 ICUS

ICUS is a condition characterized by persistent, un-
explained cytopenias that do not meet the diagnostic cri-
teria for MDS or other hematologic malignancies. Unlike
CCUS, ICUS is not necessarily associated with detectable
clonal mutations, and its etiology remains uncertain. Some
cases of ICUS may evolve into clonal disorders over time.

1.4 CCUS

CCUS is defined as the coexistence of cytopenia and
clonal hematopoiesis without fulfilling the criteria for MDS
or other hematologic neoplasms. It is distinguished from
CHIP by the presence of cytopenias and from ICUS by
the presence of identifiable somatic mutations. Individuals
with CCUS exhibit a significantly higher risk of progres-
sion to MDS or AML compared to CHIP.

These classifications help delineate the varying de-
grees of risk associated with CH and provide a framework
for monitoring individuals with clonal hematopoiesis. Fur-
ther research is needed to refine the prognostic implications
and determine optimal management strategies for each sub-
type.

RNA splicing is a crucial process in eukaryotic gene
expression, whereby introns are removed from the primary
transcript, and the remaining exons are precisely ligated to

generate a mature mRNA. SFs play essential roles in facil-
itating and regulating this process, ensuring the proper re-
moval of introns and exon-exon junction formation. Muta-
tions in genes encoding splicing-related factors can disrupt
splicing fidelity, leading to aberrant splicing events such as
exon skipping, intron retention, and the utilization of cryp-
tic splice sites. These dysregulated splicing events result in
widespread alterations in transcript isoforms, significantly
impacting protein expression and function. Consequently,
they contribute to tumorigenesis and chronic inflammatory
conditions.

Among the various reported mutations in SF genes,
the majority are concentrated in four key genes: SF3B1,
SRSF2, U2AF1,and ZRSR2. Notably, SF3B1 mutations are
detected in 60-70% of MDS with ring sideroblasts, mak-
ing it one of the most frequently mutated genes in this sub-
type [6]. When considering all subtypes of MDS, SF mu-
tations are identified in approximately 50% of cases. Addi-
tionally, SRSF2 mutations are found in 40-50% of chronic
myelomonocytic leukemia (CMML) cases, further under-
scoring the strong association between SF mutations and
hematologic malignancies [7].

Although specific patterns of SF mutations are linked
to distinct disease subtypes, these mutations are widely ob-
served across various hematologic neoplasms. In this re-
view, we provide an overview of the pathophysiological
mechanisms by which SF mutations contribute to the de-
velopment of CH and their clinical significance.

2. The Role of SF Mutations in the
Development and Progression of Clonal
Hematopoiesis

The development of CH is driven by specific driver
gene mutations that play a crucial role in facilitating clonal
expansion. Among these, DNMT3A4, TET2, and ASXLI
(DTA) are the most frequently mutated genes in CH. These
mutations accumulate in an age-dependent manner and pro-
mote clonal expansion once a critical threshold frequency is
reached. In addition to DTA mutations, spliceosome muta-
tions, including SRSF2, SF3B1, U2AF1, and ZRSR2, exert
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distinct effects on CH progression. Notably, hotspot mu-
tations such as SRSF2PPH SF3BIK700E  and U2AF1534F
induce specific mRNA splicing abnormalities, disrupting
hematopoietic homeostasis. These alterations confer a se-
lective advantage to CH clones and are implicated in an el-
evated risk of progression to myeloid malignancies. A re-
cent study has further demonstrated that in CHIP, SF gene
mutations (e.g., SF3B1, SRSF2, ZRSR?2) represent the sec-
ond most frequently observed class of mutations, following
DTA [8].

In some cases of CHIP, decelerated growth of certain
clones has been observed, suggesting that CH clones with
lower fitness may undergo natural extinction with aging
[9,10]. A 21-year longitudinal study conducted on a general
population cohort from the Atherosclerosis Risk in Com-
munities study, with a median enrollment age of 55 years,
demonstrated that SF mutations (SF3B1, SRSF2, U2AF1,
ZRSR2) and TET2 mutations exhibited significantly faster
clonal expansion compared to other CHIP-associated mu-
tations [10]. Clones harboring DNMT3A4 or TP53 muta-
tions exhibit an annual growth rate of approximately 5%,
whereas clones carrying SF3BI, U2AF1, and non-P95H
SRSF2 mutations show a more rapid expansion rate of 10—
20%. Remarkably, clones carrying the SRSF2 P95H mu-
tation demonstrated an exceptionally high growth rate of
over 50% [9]. Furthermore, CH clones with a high growth
rate are associated with an increased risk of progression to
AML. Clones harboring SRSF2 or U2AFI mutations are
strongly linked to a higher AML risk, highlighting the clin-
ical significance of these mutations in leukemogenesis.

A real-world data study involving 357 patients with
CCUS demonstrated that SRSF2 mutations (n =61, 10.3%)
were the third most frequently observed, following TET2
and DNMT3A4 mutations. Additionally, U2AF'1, SF3BI,
and ZRSR2 mutations were identified with lower preva-
lence, following ASXL1 mutations [5].

A previous study has reported that when CH screen-
ing is performed on individuals with unexplained cytope-
nia, CH-related mutations are detected in approximately
45-60% of patients, a condition referred to as CCUS. Fur-
thermore, it has been demonstrated that the presence of SF
mutations is associated with a significantly increased risk of
developing myeloid neoplasms, with a positive predictive
value of 0.8-1.0 [4]. Additionally, a study reported that
older adults (>60 years) with anemia had a significantly
higher prevalence of CH with SF3BI mutations (2.2%),
highlighting a notable difference in prevalence compared
to the control group (0.9%) [11].

Emerging evidence suggests that inflammatory and
immune-mediated stress exerts selective pressure on
hematopoietic clones, particularly those bearing mutations
that confer resistance to cytokine-driven apoptosis or dif-
ferentiation. Clones with loss-of-function mutations in 7et2
have been shown to expand under chronic exposure to pro-
inflammatory signals such as TNF-« and lipopolysaccha-
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ride, through the activation of the tumor necrosis factor-a
(TNF-a) and lipopolysaccharide, through the activation of
the Toll-like receptor 4 (7LR4)/nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB)/interleukin-
6 (IL-6)/signal transducer and activator of transcription
3 (STAT3) signaling axis, and are further promoted by
systemic microbial signals [12,13]. Similarly, Dnmt3a-
deficient HSCs demonstrate resistance to IFN-vy-induced
apoptosis and differentiation, which is mediated by hyper-
methylation of pro-differentiation genes [14,15]. In the
case of ASXL] mutations, which are frequently observed
in smokers, mutant clones exhibit heightened AKT/mTOR
signaling and cell-cycle progression in response to geno-
toxic stress, suggesting an inflammation-linked mechanism
of positive selection [16].

Despite the frequent detection of SF mutations such
as SRSF2, SF3B1, and U2AF I in clonal hematopoiesis and
secondary AML, their interaction with inflammatory sig-
naling remains poorly characterized. However, the precise
mechanisms by which individual cytokines influence the
behavior of SF-mutant clones have yet to be elucidated. It
is conceivable that, as with DTA, SF-mutant clones may ex-
ploit chronic inflammation to persist and expand. Further
experimental studies are needed to delineate the causal re-
lationship between cytokine-mediated stress and SF-mutant
clonal fitness, which may offer new insights into the patho-
genesis of clonal hematopoiesis.

3. Mutant Spliceosome and the Risk of
Clonal Hematopoiesis Progressing to
Myeloid Neoplasms

Not all individuals with CH develop myeloid neo-
plasms, and the precise incidence remains uncertain due to
the lack of rigorous prospective data. However, for exam-
ple, the risk of CHIP progressing to AML is estimated to be
0.5-1.0% per year [17]. Considering that the prevalence of
CHIP in 70-year-old individuals is over 100 times higher
than that of MDS or AML, it is believed that the major-
ity of individuals with CHIP do not develop hematologic
malignancies [18]. In contrast, CCUS is known to have a
significantly higher progression rate to myeloid neoplasms.
The 5-year and 10-year cumulative progression probabili-
ties were 82% and 95% for CCUS, compared to 9% and 9%
for ICUS, respectively, demonstrating a much higher risk
in CCUS. A real-world study involving 357 CCUS patients
showed that SF mutations significantly increased the risk
of progression from CCUS to myeloid neoplasms. Specif-
ically, the leukemia-free survival (LFS) was significantly
shortened in patients with SRSF2 (HR, 3.81; 95% CI, 2.13—
6.83; p=10.001) and ZRSR2 mutations (HR, 3.19; 95% CI,
1.43-7.12; p = 0.002) [5]. Additionally, a single-center
study of 24 CH patients with U2AF1 mutations reported
that 23 patients (96%) met the criteria for U24F[-mutant
CCUS, and 6 patients (25%) progressed to MDS or AML
within the median time to transformation of 17.5 months,
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although it remains unclear how many of these progression
cases met the formal criteria for CCUS [19].

The risk of developing myeloid neoplasms is associ-
ated with the type of somatic mutations present in CH. A
study analyzing pre-diagnostic samples from 95 individu-
als who subsequently developed AML (pre-AML group)
with an average follow-up of 6.3 years, found that driver
mutation-positive ARCH was significantly more prevalent
in the pre-AML group compared to controls (73.4% vs.
36.7%, p < 2.2 x 10716) [20]. Interestingly, SF muta-
tions (SF3B1, SRSF2, U2AFI) were significantly enriched
in the pre-AML group, with an odds ratio of 17.5 (p =5.2
x 10716), further highlighting their strong association with
AML progression.

4. Discrepancy Between Human CH and
Animal Models

Recent efforts to model CH in animal models have
aimed to explore the relationship between CH and genetic
mutations. Mutations associated with CH initially arise in
a small subset of HSPCs and gradually expand over time
[21]. This implies that CH clones must possess a prolifer-
ative advantage over normal hematopoietic clones in vivo.
To model this process, competitive bone marrow transplan-
tation has been employed.

For example, when 7et2-deficient bone marrow cells
(10%) were transplanted along with 90% wild-type bone
marrow cells, the Ter2-deficient cells gradually expanded in
the bone marrow, spleen, and blood, demonstrating a mild
myeloid bias with preferential expansion in Ly6C"#" mono-
cyte subsets [22]. Similarly, Dnmt3a-deficient hematopoi-
etic stem cells exhibited clonal expansion when trans-
planted competitively, particularly under conditions of
chronic mycobacterial infection or IFN-y exposure, sug-
gesting that environmental stressors can accelerate CH
clone expansion [14].

Mouse models have also been developed to investigate
the impact of SF mutations. Mupo ef al. [23] introduced
the Sf3b1%7°%F mutation into mouse HSCs and performed
competitive transplantation with wild-type cells. While
Sf3b 1X79%F mutant cells initially showed good engraftment
at one-month post-transplantation, by four months, leuko-
cyte production from Sf351%7F/+ cells was significantly
reduced compared to wild-type cells, suggesting that the
Sf3b1X790E mutation negatively affects the long-term self-
renewal capacity of HSCs. This phenomenon was observed
in both young and aged recipient mice [23]. Similarly,
HSCs derived from Srsf2°*H mutant mice exhibited im-
paired long-term reconstitution capacity compared to con-
trols [24,25]. These findings indicate that, to date, no an-
imal model has successfully demonstrated a proliferative
advantage of CH clones driven by SF mutations alone.

However, animal models have provided evidence
that co-mutations with epigenetic regulators may influ-
ence CH phenotypic acquisition. Yoshimi et al. [26]

generated mouse models that express both Srsf2°%°H and
1dh2R149Q mutations specifically within hematopoietic lin-
eages. Competitive transplantation of mutant bone mar-
row (1:1 ratio) with wild-type bone marrow into lethally
irradiated mice revealed that co-mutant cells exhibited a
stronger proliferative advantage compared to IDH-mutant-
only cells. Notably, these co-mutations led to a MDS-like
phenotype with proliferative features and significantly re-
duced survival [26]. Similarly, in Srsf2P5H/+ Ter2—/—
mice, no proliferative advantage over wild-type HSCs was
observed in competitive transplantation assays. However,
these mice exhibited a CMML-like phenotype, underscor-
ing the impact of co-mutations in driving disease progres-
sion [27].

5. Mechanisms of SF3B1 Mutations in the
Development of Myeloid Neoplasms

SF3B1 mutations contribute to aberrant splicing
through a distinct mechanism. These mutations are en-
riched in the HEAT (Huntingtin, Elongation factor 3, pro-
tein phosphatase 2A, TOR1) repeat domain, which is not
directly involved in RNA binding but is rather implicated in
protein-protein interactions within the U2 snRNP complex
[3,28,29]. In canonical splicing, SF1 binds to the branch-
point (BP) sequence with the assistance of U2AF, facilitat-
ing accurate BP recognition (Fig. 1A). Subsequently, the
U2 snRNP is recruited, and SF3B1, via its HEAT repeat do-
main, recruits SUGP1 [30]. SUGP1 directly interacts with
both SF1 and U2AF2, helping to position U2 snRNP cor-
rectly near the canonical BP and 3’ splice site (3’ss). The
G-patch domain of SUGP1 interacts with and activates a
DEAH-box RNA helicase, which in turn displaces SF1 via
the action of p14, enabling base pairing between U2 snRNA
and the canonical BP sequence. However, when SF3B1
carries cancer-associated mutations in its HEAT domain,
the recruitment of SUGP1 is impaired, and consequently, its
ability to recruit and activate the RNA helicase is reduced
[31]. In this context, other G-patch domain-containing pro-
teins, such as GPATCHS, can outcompete SUGP1 for he-
licase binding [32]. As a result, the helicase activation is
compromised, SF1 remains bound, and access to the canon-
ical BP is blocked. This failure forces U2 snRNP to utilize
upstream BPs and cryptic 3’ss, a splicing phenotype char-
acteristic of tumors with mutant SF3B1 [30,31].

SF3B1 mutations have been reported to contribute to
disease phenotypes and tumorigenesis through multiple cel-
lular pathways (Fig. 2A). Specifically, SF3B/ mutations
have been shown to induce mis-splicing of MAP3K7 and
PPP2R5A genes [33,34]. In both cases, SF3BI mutations
promote the usage of cryptic 3’ splice sites, leading to
nonsense-mediated decay (NMD). Reduced expression of
MAP3K?7 results in the activation of the NF-xB signaling
pathway [33], while aberrant splicing of PPP2R5A, a reg-
ulatory subunit of the PP2A complex, facilitates MYC ac-
tivation and promotes resistance to BCL2-mediated apop-
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Fig. 1. Mechanisms by which major splicing factor mutations alter pre-mRNA splicing. (A) SE3B1X7%E impairs recruitment

of SUGPI, preventing displacement of SF1 and allowing p14 to recognize an upstream branch point. (B) SRSF2P*" skews the equal
recognition of CCNG and GGNG motifs, shifting the preference toward CCNG sequences (ESE, exonic splicing enhancer). (C) U2AF1WVT
preferentially recognizes the sequences containing U at the —3 position relative to the 3 splice site, whereas U2AF15**F shifts this

preference toward sequences containing C at the same position. SF, splicing factor.

tosis [34]. Furthermore, abnormal usage of 3’ splice
sites driven by mutant SF3B1 leads to defective splicing
of key erythropoiesis-related mRNAs, including ABCB7,
TMEM14C, and PPOX, thereby contributing to the forma-
tion of ring sideroblasts [35].

6. Mechanisms of SRSF2 Mutations in the
Development of Myeloid Neoplasms

SRSF2 regulates splicing by binding to exon splicing
enhancer (ESE) sequences within pre-mRNA and physi-
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cally interacting with Ul and U2 snRNPs [36-38]. The
hotspot mutation in SRSF2 occurs at proline 95. Wild-
type SRSF2 binds C-rich and G-rich RNA motifs (such
as GGNG and CCNG) with similar affinity. In contrast,
mutant SRSF?2 preferentially recognizes C-rich sequences,
thereby promoting the inclusion of exons harboring C-rich
ESE and altering splicing patterns (Fig. 1B) [24,39]. Be-
cause the SRSF2P*3" mutation occurs within a GC-rich se-
quence context, it is prone to underdetection due to re-
duced sequencing coverage. Yoshimi ef al. [26] reana-
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Fig. 2. Oncogenic pathways induced by mutant SF3B1 and
SRSF2 in clonal hematopoiesis and myeloid malignancies. (A)
Mutant SF3B1 induces aberrant splicing of critical regulatory
genes, including ABCB7, MAP3K7, PPP2R5A, DVL2, and RNH1.
These alterations lead to enhanced proliferation and inflammation,
dysregulation of WNT signaling, and ring sideroblast (RS) forma-
tion. (B) Mutant SRSF2 causes mis-splicing and downregulation
of CASP8 and EZH2, resulting in enhanced NF-xB signaling and
upregulation of HOXA genes. Aberrant splicing of INTS3 leads
to its reduced expression, contributing to differentiation failure.

lyzed the entire RNA-seq dataset from the TCGA AML
cohort (n = 179), which had initially identified only one
SRSF2 mutation-positive case, and were able to identify
19 cases (11%) with SRSF2 mutations by detecting a char-
acteristic mis-splicing pattern involving 70 genes associ-
ated with SRSF2 mutations. In particular, the abnormal
inclusion of a “poison exon” containing a premature stop
codon within the EZH2 transcript results in the mis-splicing
of EZH2, leading to NMD and subsequent degradation
of EZH2 transcripts, thereby reducing EZH2 protein ex-
pression (Fig. 2B). Similarly, aberrant splicing of INTS3
induced by mutant SRSF2 leads to intron retention and
exon skipping, resulting in NMD-mediated degradation of
INTS3 transcripts. This downregulation of INTS3 impairs
the integrator complex and contributes to defective myeloid
differentiation and enhanced leukemogenic potential.

Mutations in SRSF2 promote aberrant splicing of the
CASP8, leading to exclusion of a cassette exon (Fig. 2B)
[25]. This results in the expression of a C-terminally trun-
cated Caspase-8 isoform that lacks the catalytic domain but
retains the N-terminal prodomain. This truncated form is
incapable of inducing apoptosis, but it hyperactivates NF-
xB signaling upon stimulation.

SRSF2 mutations are also known to induce aberrant
splicing of transcription factors such as BCOR, as well

as RNA-binding proteins belonging to the hnRNP and SR
protein families [24,40]. Liang et al. [40] demonstrated
that the SRSF2P?*! induces exon skipping in HNRNPA2B1
transcripts, leading to impaired differentiation of human
CD34* HSPCs. Additionally, the SRSF2P*" mutation is
known to stabilize PINK1 mRNA, leading to an increase
in PINK1 protein expression [41]. As a result, cells har-
boring SRSF2 mutations exhibit enhanced dependence on
mitophagy, conferring a survival advantage.

Despite their distinct splicing alterations, mutations
in SF3BI and SRSF2 both converge on aberrant activa-
tion of the NF-«B signaling pathway, representing a shared
downstream consequence that promotes inflammation and
myeloid transformation. These findings illustrate both con-
vergent biological effects and a synthetic lethal interaction
between the two mutations. Indeed, co-mutation of SF3B/
and SRSF?2 is extremely rare in patients, likely due to the
cumulative disruption of RNA splicing and hematopoietic
stem cell function, which renders their co-expression in-
compatible with cell survival.

7. Mechanisms of U2AF1 Mutations in the
Development of Myeloid Neoplasms

The U2AF1/U2AF2 heterodimer recognizes the AG
dinucleotide at the 3’ss of precursor mRNA within introns.
In this complex, U2AF2 binds to the polypyrimidine tract
within the intron as well as to SF3B1, while U2AF 1 directly
interacts with the AG dinucleotide at the exon—intron junc-
tion. Mutations in U24F] occur within one of its two zinc
finger domains, and RNA-seq analyses in U24F[-mutant
cells consistently show that these mutations alter splicing
patterns depending on the nucleotide context flanking the
3’ss (Fig. 1C) [42]. Specifically, S34 mutations affect the
—3 position upstream of the AG, such that exons with a
U at the —3 position are more likely to be skipped, while
those with a C at -3 are preferentially included. In con-
trast, Q157 mutations influence the +1 position, immedi-
ately downstream of the AG dinucleotide. Exons with a G
at the +1 position tend to be included, whereas those with
an A at that site are more frequently skipped.

Cells harboring the U2AF1 S34F mutation exhibit a
significant increase in reactive oxygen species prodution
[42]. Both mitochondrial and peroxisomal functions are im-
paired, leading to the accumulation of hydrogen peroxide.
Concurrently, the expression of key DNA damage response
proteins, such as ATM, ATR, and CHEK1/2, is downreg-
ulated, resulting in defective DNA repair processes. This
is evidenced by persistent phosphorylation of YH2AX, in-
dicating unrepaired DNA double-strand breaks. Thus, the
U2AF1 S34F mutation not only causes splicing abnormali-
ties but also contributes to oxidative stress and DNA repair
dysfunction, potentially promoting the onset and progres-
sion of hematologic malignancies, particularly MDS and
AML, as well as therapeutic resistance.

&% IMR Press


https://www.imrpress.com

8. Conclusion

CH is driven by somatic mutations in HSPCs, with
an increased risk of hematologic malignancies and cardio-
vascular disease. Among CH-related mutations, SF muta-
tions, particularly in SF3B1, SRSF2, U2AF1, and ZRSR2,
play a crucial role in clonal expansion and leukemogen-
esis. SF mutations drive aberrant RNA splicing, altering
gene expression and hematopoietic homeostasis. A key
challenge in understanding SF-mutant CH lies in the dis-
crepancy between human CH and murine models, as mouse
models of Sf3b1, Srsf2, and U2af1 mutations fail to demon-
strate a clear clonal advantage. This suggests that SF-
mutant CH clones require additional intrinsic or extrinsic
factors to sustain expansion. Single-cell co-mutational pro-
filing of CH clones with SF mutations may provide deeper
insights into these dependencies. Furthermore, external
stressors, such as chronic infections and IFN-v stimula-
tion, have been shown to enhance the competitive advan-
tage of Dnmt3a-deficient CH models, implying that inflam-
matory or immune-driven stress may similarly contribute to
the clonal expansion of SF-mutant CH. Although targeted
therapies for cancers harboring SF mutations are still under
development, the presence of clonal hematopoiesis with SF
mutations is considered a high-risk factor for the develop-
ment of hematologic malignancies. Therefore, early inter-
vention using such targeted therapies should be considered
in the future. Some splicing inhibitors have shown promis-
ing results in clinical trials, and further progress in research
and development is eagerly anticipated. Understanding the
pathogenesis of SF mutations in CH and hematologic ma-
lignancies is essential for early detection, risk stratification,
and the development of targeted therapies aimed at prevent-
ing CH-driven malignancies associated with SF mutations.
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