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Abstract: Splicing factor 3b subunit 4 (SF3b4) is closely associated with cancer development. As a core subunit of
the SF3b complex, SF3b4 participates in regulating alternative splicing, and its abnormal expression is linked to
the onset of malignant tumors. However, the role of SF3b4 in colorectal cancer (CRC) remains undefined. This study
demonstrates that in CRC, E1A binding protein p300 (EP300) and CREB binding protein (CREBBP) regulate SF3b4
expression by activating Histone H3 lysine 27 acetylation (H3K27ac) on the SF3b4 promoter. Additionally, enhanced
autophagy counteracts the proliferation-inhibitory effect of SF3b4 knockdown in CRC cells. Implications Statement:
SF3b4 may promote CRC proliferation by enhancing cellular autophagy. SF3b4 acts as a potential oncogene in CRC
tumorigenesis and progression. SF3b4 serves as a promising prognostic biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors with a high global inci-
dence. According to the 2022 Global Cancer
Statistics Report, CRC was the third most com-
mon malignant tumor worldwide (accounting
for 9.6% of all malignancies) and the second
most lethal cancer (accounting for 9.3% of all
malignancies) in 2022, with an estimated 1.9
million new cases and 904,000 deaths [1].
Current primary treatments for CRC include
surgery, chemotherapy, and targeted therapy,
with immunotherapy also applied clinically.
However, CRC is often diagnosed at advanced
stage and develops resistance to chemothera-
py and targeted therapy [2], leading to poor
prognosis for patients. There is an urgent need
to identify new and effective molecular targets
to improve the prognosis of CRC patients.

Alternative splicing (AS) refers to the process by
which precursor mRNA (pre-mRNA) generates
different splicing variants through splicing dur-

ing gene transcription. This process allows a
single gene to encode multiple protein prod-
ucts, increasing the diversity of gene functions.
Alternative splicing may play a role in cancer
development and progression [3, 4]. Pre-mRNA
splicing occurs in a large RNA-protein complex
called the spliceosome, which is dynamically
composed of small nuclear ribonucleoproteins
(snRNPs) and protein factors. As a ribonucleo-
protein complex, the spliceosome identifies
pre-mRNA and splicing sites and catalyzes
splicing reactions. SNnRNPs involved in splicing
include U1, U2, U4, U5, and U6. The SF3b com-
plex is a multi-protein complex that plays an
important role in the accurate excision of non-
coding sequences from pre-mRNA. As a compo-
nent of U2 snRNP, SF3b participates in pre-
MRNA splicing and 3’-end processing [3]. The
SF3b complex consists of 7 subunits, which
have different names in various species due to
differences in methods used to characterize
the complex. For clarity, researchers have
named these 7 subunits as SF3bl, SF3b2,
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SF3b3, SF3b4, SF3b5, SF3b6, and SF3b7
respectively [4].

Splicing factor 3b subunit 4 (SF3b4), a core
subunit of the SF3b complex, is encoded by a
gene localized to chromosome 1q12-g21 and
participates in regulating alternative splicing.
Its abnormal expression is typically associated
with abnormal cell growth and can lead to the
development of malignant tumors [5]. While
abnormal expression of SF3b4 is a key factor
in Nager syndrome [5-7], growing evidence
shows that SF3b4 is highly expressed in hepa-
tocellular carcinoma, ovarian cancer, cervical
cancer, non-small cell lung cancer, and clear
cell renal cell carcinoma, promoting the devel-
opment of these malignancies. Conversely,
SF3b4 is lowly expressed and acts as a tumor
suppressor in pancreatic cancer and breast
cancer [8-13]. Currently, the role of SF3b4 in
CRC remains undefined.

Autophagy is a process by which cells degrade
and recycle their own components to maintain
cellular homeostasis by eliminating unneces-
sary or dysfunctional organelles and proteins.
Autophagy is induced by stress conditions
such as nutrient or energy deprivation, hypoxia,
and cellular damage [14]. In CRC development,
autophagy exhibits a dual role: on one hand, it
can significantly inhibit CRC cell proliferation
and induce apoptosis; on the other hand, it
provides additional energy for CRC cells, pro-
moting their abnormal proliferation and reduc-
ing CRC responsiveness to various treatments
[15].

Some studies have shown that SF3b3 is
involved in the regulation of autophagy in
Invasive Breast Carcinoma (IBC) [16]. This indi-
cates that alternative splicing and the SF3b
complex may participate in autophagy regula-
tion in tumor cells. As a subunits of the SF3b
complex, SF3b4 exerts oncogenic effects by
regulating malignant tumor proliferation [13],
invasion [9], metastasis [11], alternative splic-
ing of tumor-related genes [17-19], and mRNA
transport efficiency [13]. However, whether
SF3b4 affects the occurrence and develop-
ment of malignant tumors through autophagy
remains to be studied.

This study aims to detect the expression level
of SF3b4 in CRC tissues and cells and deter-
mine its prognostic value in CRC patients.

2827

Additionally, we investigated the effects of
SF3b4 on CRC cell proliferation and autoph-
agy, as well as the regulation of SF3b4 expres-
sion by EP300 and CREBBP through activating
histone H3 lysine 27 acetylation (H3K27ac) on
the SF3b4 promoter.

Materials and methods
Patient samples

The study protocol was approved by the Ethics
Committee of the Affiliated Hospital of North
Sichuan Medical College (Nanchong, China)
[Approval No. 2024ER284-1]. From March
2017 to February 2018, colorectal cancer
(CRC) tissues and adjacent non-tumorous tis-
sue samples were obtained from 92 CRC
patients who underwent surgical resection at
the Affiliated Hospital of North Sichuan Medi-
cal College. Specimens were frozen immediate-
ly in liquid nitrogen and stored at -80°C after
resection.

The inclusion criteria were as follows: 1.
Patients newly diagnosed with CRC by patho-
logical examination for the first time; 2. No dis-
tant tumor metastasis detected. The exclusion
criteria were: 1. Patients with other malignant
tumors, hematological diseases, severe com-
plications, and/or immune system diseases; 2.
Patients who received chemotherapy, radio-
therapy, or other treatments before surgery; 3.
Patients unwilling to participate in this study.
Among the 92 samples, 8 cases were exclud-
ed from the study due to subsequent detection
of liver or lung metastasis, and 84 cases were
finally included. This study was approved by the
Ethics Committee of the Affiliated Hospital of
North Sichuan Medical College in accordance
with its relevant regulations and complied with
the Declaration of Helsinki.

Cell line and culture

CRC cells lines (HCT116, HCT15, SW480,
SW620, and LoVo) were purchased from
JENNIO Biological Technology, and FHC cells
(human normal colonic epithelial cell line) were
obtained from BLUEFBIO. The CRC cell lines
were cultured in PRMI-1640 medium (Invitro-
gen; Thermo Fisher Scientific Co., Ltd.) supple-
mented with 10% fetal bovine serum (FBS) and
100 U/ml streptomycin/penicillin. FHC cells
were cultured in DMEM medium (Invitrogen;
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Thermo Fisher Scientific Co., Ltd.) supplement-
ed with 10% fetal bovine serum and 100 U/ml
streptomycin/penicillin. FHC cells were main-
tained in DMEM medium (Invitrogen; Thermo
Fisher Scientific Inc.) containing 10% FBS and
100 U/ml streptomycin/penicillin. All cells were
cultured in a humidified incubator at 37°C with
5% CO,,.

Cell transfection

The cDNA encoding the CDS of ATG7 was
amplified by PCR using I-5™ 2xHigh-Fidelity
Master Mix (TsingKe, China), and then sub-
cloned into the BamHI and Xhol sites of the
pcDNA3.1 vector (IBSBIO, China). The con-
structed plasmid was aliased as pcDNA3.1-
ATG7. The plasmid was digested with Fast-
Digest Green Buffer (10x%) (Invitrogen; Thermo
Fisher Scientific Co., Ltd.) at 37°C for 1 hour,
followed by ligation of the plasmid and target
fragment using a T4 DNA Ligase kit (TaKaRa,
Japan) in a total volume of 10 pL. After mixing
thoroughly, the reaction was incubated at 16°C
overnight.

siRNAs for silencing EP300 (si-EP300#1,
si-EP300#2), CREBBP (si-CREBBP#1, si-CRE-
BBP#2), SF3b4 (si-SF3b4+#1, si-SF3b4#2), and
corresponding negative controls were pur-
chased from RiboBio (Guangzhou, China).
Transfection was performed using Lipofe-
ctamine® 3000 (Invitrogen; Thermo Fisher
Scientific Inc.) to deliver plasmids or siRNAs
into CRC cells. The sequences of si-EP300#1
and si-EP300#2 were 5-CGACTTACCAGATG-
AATTA-3° and 5-GCACAAATGTCTAGTTCTT-3’,
respectively. The sequences of si-CREBBP#1
and si-CREBBP#2 were 5-CGACAUGACUGU-
CCUGUUUGC-3" and 5-GGAUGAAUAUUAUCAC-
UUAUU-3’, respectively. The sequences of si-
SF3b4#1 and si-SF3b4#2 were 5-GGAUGAG-
AAGGUUAGUGAATT-3' and 5-GCACCAAGGCU-
AUGGCUUUTT-3’, respectively. Before transfec-
tion, 2x10° HCT15 or HCT116 cells were seed-
ed into 6-well plates and cultured at 37°C until
reaching 70%-80% confluence. All cells were
incubated at 37°C with 5% CO, for 72 hours
before subsequent experiments. Western blot-
ting and RT-gPCR were used to confirm trans-
fection success and detect transfection
efficiency.

To construct CRC cells with stable knockdown
of SF3b4, Shanghai Genechem Co., Ltd.
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designed lentiviral short - hairpin RNAs (sh-
RNAs/sh) targeting SF3b4. The sh-RNA sequ-
ences were: sh-SF3b4 forward: 5-CCGG-
GGATGAGAAGGTTAGTGAATTCAAGAGATTCAC-
TAACCTTCTCATCCTTTTTTG-3’, reverse: 5-AA-
TTCAAAAAAGGATGAGAAGGTTAGTGAATCTC-
TTGAATTCACTAACCTTCTCATCC-3. Stable SF-
3b4-knockdown CRC cell lines were estab-
lished using the pPACKH1 HIV Lentivector
Packaging Kit (System Biosciences, LLC)
according to the manufacturer’s instructions.
After 24 hours, PEG-it Virus Precipitation
Solution (System Biosciences) was added to
the collected medium and incubated at 4°C
for 12 hours to concentrate viruses. The virus-
containing medium was centrifuged at 60,000
rpm for 1.5 hours at 4°C. Virus particles were
resuspended in PBS, aliquoted, and stored at
-80°C. HCT15 and HCT116 cells were trans-
fected with Polybrene (8 pg/ml) for 72 hours.
Fluorescence intensity was observed under an
inverted fluorescence microscope after 72
hours. Stably transfected HCT15 and HCT116
cells were selected with medium containing
puromycin (8 yg/ml) and maintained at 4 ug/
ml puromycin. Transfection efficiency and suc-
cess were verified by Western blotting and
RT-gPCR.

Reverse Transcription Quantification (RT-qPCR)

Total RNA was extracted from CRC tissues
and cell lines using Trizol (Invitrogen; Thermo
Fisher Scientific Co., Ltd.). To detect the ex-
pression of SF3b4 mRNA and EP300 mRNA,
reverse transcription was performed using
PrimeScript™ RT Master Mix (TaKaRa, Japan).
Subsequently, SYBR Premix Ex Taq (TaKaRa,
Japan) was used for detection on an ABI 7500
Real-Time PCR System (Applied Biosystems,
Thermo Fisher Scientific Inc.). Expression of
EP300 mRNA, CREBBP mRNA, and SF3b4
mRNA was detected using TB Green Premix Ex
Taq Il (TaKaRa, Japan). The RT-gPCR thermal
cycling conditions were as follows: 95°C for
10 minutes; followed by 30 cycles of 95°C for
30 seconds, 60°C for 30 seconds, and 72°C
for 30 seconds; with a final extension at 72°C
for 2 minutes. The primer sequences used for
RT-gPCR were as follows:

For EP300: Forward 5-CATAGCCCATAGGCGG-
GTTG-3’, Reverse: 5-GCAGTGTGCCAAACCAGA-
TG-3’; For CREBBP: Forward 5-GTGCTGGCTG-
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AGACCCTAAC-3’, Reverse: 5-GGCTGTCCAAAT-
GGACTTGT-3’; For SF3b4: Forward: 5-AGTC-
AACACCCACATGCCAA-3’, Reverse: 5-CACCCG-
TATTGGCTTCCCAT-3’; For ATG7: Forward 5'-
GGAAAAGAACCAGAAAGGAGG-3’, Reverse: 5'-
GCAGCAGACATTTGACAGACAC-3’; For GAPDH:
Forward: 5-TGACTTCAACAGCGACACCCA-3’, Re-
verse: 5-CACCCTGTTGCTGTAGCCAAA-3'.

Relative gene expression levels were calculat-
ed using the 22t method. GAPDH was used
as the internal reference gene for normalizing
MRNA expression levels. Each experiment was
performed with three biological replicates.

Western blotting test

Total proteins were extracted from cells using
high-efficiency RIPA tissue/cell lysis buffer
(Solarbio, China) and protease/phosphatase
inhibitors (Solarbio, China). The proteins were
transferred to PVDF membrane using the One-
Step PAGE Gel Fast Preparation Kit (Omni-
Easy™), and then blocked with Protein Free
Rapid Blocking Buffer (x1) at room tempera-
ture for 40 minutes in the dark. Subsequently,
the blocked PVDF membrane were then incu-
bated with the following primary antibodies at
4°C overnight in the dark: Anti-EP300 (1:500;
AF0674; Affint), Anti-CREBBP (1:1,000; Pro-
teintech), Anti-SF3b4 (1:2,000; 10482-1-
AP; Proteintech), Anti-H3K27ac (1:500; HA-
500046; HUABIO), P62 (1:5,000; 18420-1-AP;
Proteintech), Anti-LC3l/Il (1:1,000; 14600-1-
AP; Proteintech), Anti-ATG7 (1:500; Protein-
tech), Anti-GAPDH (1:20,000; 10494-1-AP;
Proteintech). After the incubation with primary
antibodies, the membrane was incubated with
HRP-conjugated secondary antibody (1:5,000;
Proteintech) at room temperature in the dark
for 1 hour. Protein bands were visualized using
ECL reagents (Omni-ECL™). GAPDH was used
as the internal reference. Each experiment was
performed with three biological replicates.

Cell proliferation test

The proliferation ability of CRC cells was detect-
ed using colony formation assay and Cell
Counting Kit-8 (CCK-8). For the CCK-8 assay,
transfected and untransfected colorectal can-
cer cells (HCT15 and HCT116) in the logarith-
mic growth phase were selected as experi-
mental subjects. A total of 3x10° cells per well
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were seeded into 96-well culture plates and
incubated at 37°C for 0, 24, 48, 72, and 96
hours. Then, 10 ul of CCK-8 reagent (Beyotime,
China) was added to each well containing CRC
cells, followed by further incubation at 37°C
with 5% CO, for 4 hours. After incubation, the
optical density (OD) value of each well was
measured at a wavelength of 450 nm using a
microplate reader and recorded.

For the colony formation assay, 1x10° cells
were seeded into 6-well plates and cultured for
approximately 7 days (until visible cell colonies
were formed). The colonies were first fixed with
4% paraformaldehyde at room temperature in
the dark for 15 minutes, and then stained with
0.1% crystal violet at room temperature in the
dark for 15 minutes. Cell colonies were count-
ed using Image J software (version 1.73;
National Institutes of Health). Each experiment
was performed with three biological replicates.

Xenograft tumor experiment

Stably transfected and untransfected colon
cancer cells HCT15 and HCT116 in the logari-
thmic growth phase were selected as experi-
mental subjects. The cells were digested into
single-cell suspensions with 0.25% trypsin and
collected for later use. Ten female BALB/c
nude mice (aged 1-2 months) were randomly
divided into two groups (5 mice per group). The
stably transfected and untransfected HCT15
or HCT116 cell suspensions in the logarithmic
growth phase were taken, and 2x107 cells were
inoculated into the supra - scapular region of
the right forelimb of each nude mouse. Four
weeks after injection, all mice were sacrificed
by inhalation of CO, (air replacement rate,
10%-30% per minute). Tumors were excised,
weighed, and measured (maximum tumor
diameter < 2 cm).

All mice were housed in a standard specific-
pathogen-free (SPF) environment, with free
access to water and sterile food at 22-25°C
under a 12:12 light/dark cycle, and the bedding
was changed every two days. The animal sup-
plier was Sibefu (Beijing) Biotechnology Co.,
Ltd. The animal experimental protocol was
approved by the Ethics Committee for
Laboratory Animals of North Sichuan Medical
College (Nanchong, China) [Approval No.: NSMC
Ethic Animal Review [2024] No. 067].
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Transmission electron microscope analysis

Transfected and untransfected colorectal can-
cer cells (HCT116 and HCT15) were examined
using standard transmission electron micros-
copy (TEM). The cells were fixed and embedd-
ed for TEM analysis. Samples were observed
using a JEM-1400FLASH transmission electron
microscope under conditions of 90 nm section
thickness, 80 kV voltage, and 12,000x magni-
fication to assess changes in autophagosome
number. Each experiment was performed with
three biological replicates.

Autophagy detection of CRC cell lines

This experiment evaluated changes in auto-
phagic levels in CRC cells by examining the
expression of cytosolic form of LC3 (LC3-I),
phosphatidylethanolamine-conjugated form of
LC3 (LC3-Il), and sequestosome 1 (SQSTM1/
P62). Microtubule-associated protein 1A/1B-
light chain 3 (LC3), a key protein in autophagy,
serves as a reliable autophagic marker. LC3
exists as an inactive cytosolic form (LC3-I) and
is converted into an active autophagosome
membrane-bound form (LC3-1l) through prote-
olysis and lipidation during autophagy. There-
fore, LC3-ll indicates autophagosome forma-
tion. P62, a selective autophagic receptor pro-
tein, binds to ubiquitinated proteins and direc-
ts them to autophagosomes for degradation,
establishing an inverse relationship between
P62 protein expression and autophagic
activity.

In this study, the stubRF-sensGFP-LC3 lentivi-
rus (Shanghai GeneChem Co., Ltd.) was used
to visualize changes in the number of autopha-
gosomes and autolysosomes. Green fluores-
cent protein (GFP) is quenched in autophago-
somes, so green puncta in images reflect
autophagosomes, while red puncta represent
autolysosomes. Thus, the yellow and red punc-
ta in merged images denote autophagosom-
es and autolysosomes. The number of autopha-
gosomes in CRC cells was observed under a
confocal microscope in three random fields of
view, and the average number of autophagic
puncta per cell was calculated to represent
autophagic levels. Each experiment was per-
formed with three biological replicates.
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Chromatin Immunoprecipitation (ChIP)

Transfected and untransfected colorectal can-
cer cell line HCT116 was used as the experi-
mental subject. The ChIP assay was perform-
ed using the SimpleChlP® Plus Sonication
Chromatin IP kit (#56383, Cell Signaling
Technology, MA, USA). The cells were fixed with
3% formaldehyde, lysed, and sonicated to
extract DNA fragments (Absin, Shanghai,
China). Immunoprecipitation was carried out
using Anti-H3K27ac, Anti-EP300, Anti-CREBBP,
and Anti-IgG, along with sonicated superna-
tant. Reverse transcription quantitative PCR
(RT-gPCR) with SF3b4 promoter-specific prim-
ers was used for purification analysis. Each
experiment was performed with three biologi-
cal replicates.

Bioinformatics analysis

The Cancer Genome Atlas (TCGA, https:/
www.cancer.gov/ccg/research/genome-sequ-
encing/tcga) and UALCAN database (http://
ualcan.path.uab.edu/) [20, 21] were used to
validate SF3b4 expression in CRC and nor-
mal colorectal tissues. Immunohistochemical
staining images of SF3b4 expression in CRC
and normal colorectal tissues were obtained
from the Human Protein Atlas (THPA, https://
www.proteinatlas.org). To evaluate the impact
of high vs. low SF3b4 expression on posto-
perative overall survival (0OS) in CRC patients,
Kaplan-Meier survival analysis curves were
generated using the online bioinformatics
tool Kaplan-Meier Plotter (https://kmplot.com/
analysis/index.php?p=service&cancer=colon)
[22, 23].

For investigating the mechanisms underlying
SF3b4 overexpression in CRC, promoter modifi-
cations of SF3b4 were analyzed using the
UCSC Genome Bioinformatics website (http://
genome.ucsc.edu/) [24]. Gene expression
correlations between EP300, CREBBP, and
SF3b4 were assessed via GEPIA2 (http:/
gepia2.cancer-pku.cn/#index). Subsequently,
SF3b4-associated gene data from the TCGA
colorectal cancer (CRC) dataset were down-
loaded from the cBioPortal database (https://
www.cbioportal.org/), followed by functional
enrichment and pathway enrichment analyses
using WebGestalt (https://www.webgestalt.

org/).
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Statistical methods

In this study, each experiment was indepen-
dently repeated at least three times. The data
in each group were indicated to follow normal
distribution by homogeneity of variance test
and are presented as mean * standard devia-
tion (Mean + SD). Statistical analyses were con-
ducted using SPSS 29.0.1.0 and Graphpad
Prism 9.5.0. Statistical differences between
two groups were determined by unpaired t-test,
while differences between paired tumor and
adjacent tissues were assessed by paired
t-test. Categorical data were analyzed using
chi-square test.

The Kaplan-Meier method was used to analyze
the postoperative overall survival (OS) time of
CRC patients, and log-rank test was applied to
statistically compare survival rates between
groups. Univariate and multivariate Cox propor-
tional hazards models were used to evaluate
SF3b4 as an independent prognostic factor for
overall survival (0S). A P value < 0.05 was con-
sidered statistically significant.

Results

Expression level of SF3b4 in CRC tissues and
cell lines

Expression levels of SF3b4 in CRC tissues and
adjacent normal tissues were queried using
the The Cancer Genome Atlas (TCGA) and
UALCAN databases. Results showed that
SF3b4 expression was significantly higher in
CRC tissues than in adjacent normal tissues
(Figure 1A, 1B). Analysis of immunohistoche-
mical image data from the Human Protein Atlas
(THPA) database revealed high SF3b4 expres-
sion in CRC tissues (Figure 1C). Additionally,
upregulated SF3b4 expression was observed
in collected primary CRC tissues compared
with adjacent normal tissues (Figure 1D).
Western blotting and RT-gPCR showed that
SF3b4 expression levels in CRC cell lines were
significantly higher than those in the human
normal colonic epithelial cell line FHC (Figure
1E). Western blotting also demonstrated that
SF3b4 expression in CRC tissues was signifi-
cantly higher than in paired adjacent normal
tissues (n=8) (Figure 1F). Taken together, these
results indicate that SF3b4 expression is sig-
nificantly elevated in colorectal cancer tissues
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and cells compared with normal colorectal tis-
sues and cells.

Relationship between SF3b4 expression and
clinical and pathological features of CRC pa-
tients

To determine the association between SF3b4
expression and clinicopathological features,
relative quantitative qPCR (2-AACt method)
was used to measure SF3b4 mRNA expression.
Based on the median expression value as the
cutoff, 84 CRC patients were divided into
high SF3b4 expression group (n=45) and low
SF3b4 expression group (n=39). As shown in
Table 1, high SF3b4 expression was correlated
with lymph node metastasis, poor differentia-
tion, and larger tumor size in CRC, suggesting
that SF3b4 expression may be associated with
CRC proliferation.

Survival curves were plotted according to
patient survival status and follow-up time,
revealing that CRC patients with high SF3b4
expression had shorter postoperative overall
survival time. This result was further validated
by Kaplan-Meier survival analysis using the
online bioinformatics tool Kaplan-Meier Plott-
er (https://kmplot.com/analysis/index.php?p=
service&cancer=colon) (Figure 1G).

As shown in Table 2, Cox proportional hazards
regression models were used to identify fac-
tors influencing overall survival (OS) in CRC
patients. Univariate Cox analysis showed that
survival time was associated with T stage,
lymph node metastasis, tumor differentiation,
and SF3b4 expression. Additionally, multivari-
ate Cox analysis indicated that T stage, lymph
node metastasis, and SF3b4 expression were
independent prognostic factors for OS in CRC
patients. These findings suggest that SF3b4
may be involved in the development and pro-
gression of CRC and serve as an independent
prognostic factor for CRC patients.

In CRC, EP300-mediated H3K27ac promotes
SF3b4 expression

To investigate the regulatory mechanism of
SF3b4 in CRC development, the UCSC Geno-
me Bioinformatics website (http://genome.
ucsc.edu/) was used to analyze SF3b4 pro-
moter modifications (Figure 2A). Notably, sig-
nificant enrichment of histone H3 lysine 27
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Figure 1. SF3b4 is upregulated in CRC tissues and cell lines compared with normal colorectal tissues and cells.
A. SF3b4 expression in colorectal cancer was obtained from The Cancer Genome Atlas (TCGA) and statistically
analyzed using R software v4.0.3. B. SF3b4 expression in colon and rectal cancer was obtained from the UALCAN
database, with *P < 0.05 considered statistically significant. C. Immunohistochemical staining of SF3b4 expression
downloaded from The Human Protein Atlas database. D. Relative expression of SF3b4 in colorectal cancer and adja-
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cent normal tissues determined by RT-gPCR. E. Protein levels of SF3b4 in normal colonic cell line FHC and colorectal
cancer cell lines (LoVo, SW480, SW620, HCT116, and HCT15) measured by western blotting and RT-gPCR. F. Protein
expression levels of SF3b4 in colorectal cancer tissues and paired adjacent normal tissues determined by western
blotting (n=8). G. Kaplan-Meier survival analysis curves of postoperative overall survival time in CRC patients based
on SF3b4 expression. OS Kaplan-Meier survival curves were plotted using the online bioinformatics tool Kaplan-
Meier Plotter (https://kmplot.com/analysis/index.php?p=service&cancer=colon) ("P < 0.05). Data are presented
as the mean + standard deviation (SD) of three independent experiments. Compared with the control group, P <

0.05, **"P < 0.0001.

Table 1. Correlation between SF3b4 expression and clini-
copathological parameters in 84 colorectal cancer (CRC)

patients (*P < 0.05)

SF3b4, as well as between CREBBP
and SF3b4 (P < 0.05, *R* > 0) (Figure
2C). In HCT116 cells, specific siRNAs

SF3b4 expression

targeting EP300 were used for silenc-

Variable High (1=45) Low (n=39) P-value ing..Western blotting and RT—qECR
confirmed successful transfection,
Gender 0816 showing decreased expression of
Male 21 20 H3K27ac and SF3b4 following EP300
Female 24 19 knockdown (Figure 2D). Similarly, si-
Age 0.331 lencing CREBBP with specific siRNAs
<60 9 15 resulted in reduced H3K27ac and
>60 36 24 SF3b4 expression (Figure 2E). Chro-
T stage 0.912 matin immunoprecipitation (ChIP) as-
T1 and T2 26 23 says further demonstrated that si-
73 and T4 19 16 I:glilgg EP3QO c|>r CRI_EE;]BP dtec_reaiﬁd
) ac signal enrichment in the
Lymph node metastasis 0.009* SF3b4 promoter (Figure 2F, 2G).
Absent 16 14 Co-silencing EP300 and CREBBP with
Present 29 25 siRNAs led to a more pronounced
Differentiation 0.011* reduction in H3K27ac and SF3b4
Well 11 17 expression compared to single knock-
Moderate 12 15 downs, consistent with results from
Poor 22 7 C646-treated CRC cells (Figure 2H).
Tumor size 0.004~* . o
<5cm 18 o8 Collectively, these data_ indicate that
S5 em o7 " EP300 and CREBBP activate H3K27ac
- acetylation on the SF3b4 promoter,
Tumor Location 0.650 upregulating its transcription and
Colon 22 21 expression in CRC cells (Figure 21).
Rectum 23 18

*P < 0.05. SF3b4: splicing factor 3b, subunit 4.

acetylation (H3K27ac) signals was detected in
the SF3b4 promoter region, suggesting that
SF3b4 expression is regulated by histone acet-
ylation. Previous studies have shown that
H3K27ac can be regulated by EP300 and
CREBBP [25]. HCT15 and HCT116 cells were
treated with C646, a histone acetyltransfera-
se inhibitor targeting EP300 and CREBBP.
Western blotting revealed significantly reduced
expression of H3K27ac and SF3b4 (Figure 2B).

Gene correlation analysis using GEPIA2 show-
ed positive correlations between EP300 and
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Effects of SF3b4 on the proliferation of
CRC cells

Next, we investigated the effect of SF3b4
expression on the proliferation of CRC cells.
SF3b4 was silenced in HCT15 and HCT116
cells using si-RNAs. Verification by Western
blotting and RT-PCR (Figure 3A, 3B) showed
that both si-RNA sequences effectively sup-
pressed SF3b4 expression. The Cell Counting
Kit-8 (CCK-8) and colony formation assays
were used to assess the impact of SF3b4
on CRC cell proliferation capacity. Results
showed that proliferation of SF3b4-silenced
CRC cells was significantly reduced (Figure
3C-E).

Am J Cancer Res 2025;15(6):2826-2842



Proliferation and autophagy in colorectal cancer

Table 2. Univariate and multivariate cox proportional hazards regression analysis of postoperative
overall survival in colorectal cancer patients (*P < 0.05)

Univariate analysis

Multivariate analysis

Variable

HR 95% Cl P-value HR 95% ClI P-value
Gender 1.063 0.507-2.231 0.871
Age 0.728 0.336-1.579 0.422
T stage 2.954 1.361-6.415 0.006* 2.359 1.068-5.212 0.034%*
Lymph node metastasis 9.318 2.208-39.319 0.002* 6.779 1.547-29.702 0.011*
Differentiation 1.671 1.041-2.680 0.033* 1.123 0.679-1.589 0.652
Tumor size 1.316 0.735-3.251 0.251
Tumor location 0.880 0.419-1.849 0.736
SF3b4 expression 4.114 1.666-10.160 0.002* 3.367 1.248-9.086 0.017*

*P < 0.05. HR: hazard ratio; Cl: confidence interval; SF3b4: splicing factor 3b, subunit 4.

To further validate the effect of SF3b4 on
CRC cell proliferation in vivo, stable SF3b4-
knockdown HCT15 and HCT116 cell lines were
established via lentiviral transfection and
validated by Western blotting and RT-qPCR
(Figure 3F, 3G). BALB/c nude mice were then
used to construct CRC xenograft models.
Compared with the sh-Ctrl group, the sh-SF3b4
group exhibited significantly reduced weight
and volume of xenograft tumors (Figure 3H,
3l). These results indicate that reduced SF3b4
expression inhibits the proliferation capacity of
CRC cells both in vitro and in vivo.

Effect of SF3b4 on CRC cell autophagy

To investigate whether SF3b4 expression
affects autophagy in CRC cells, Western blot-
ting was used to detect the expression of
autophagic markers P62 and LC3I/Il in xeno-
graft tumors. Results showed that autophagic
levels in xenograft tumors with stable SF3b4
knockdown were lower than those in the con-
trol group, with P62 expression higher and
LC3I/Il expression lower in the knockdown
group (Figure 4A). This indicates that low SF3b4
expression reduces autophagic levels in vivo
CRC cells.

For in vitro analysis of SF3b4’s effect on
autophagy, Western blotting was performed on
control (sh-Ctrl) and SF3b4-knockdown (sh-
SF3b4) CRC cells. Compared with the control
group, SF3b4-knockdown cells exhibited up-
regulated P62 protein expression and sig-
nificantly downregulated LC3I/Il expression
(Figure 4B), suggesting that low SF3b4 expres-
sion decreases autophagic levels in vitro.

2834

Autophagy-related proteins (ATG proteins),
including autophagy-related 7 (ATG7), a key
autophagic effector enzyme [26], regulate criti-
cal stages of autophagy. To further clarify
whether SF3b4 affects autophagosome for-
mation in vitro, pcDNA3.1-ATG7 was trans-
fected into sh-Ctrl and sh-SF3b4 cells to
construct autophagy-enhanced groups (sh-
Ctrl+pcDNA3.1-ATG7 and sh-SF3b4+pcDNA3.1-
ATG7). This experiment aimed to validate
whether autophagy regulates CRC cell prolif-
eration and whether SF3b4 influences prolifer-
ation by modulating autophagy. Western blot-
ting showed that compared with sh-Ctrl, sh-
Ctrl+pcDNA3.1-ATG7 exhibited decreased P62
and increased LC3I/Il expression. Similarly, sh-
SF3b4+pcDNA3.1-ATG7 showed reduced P62
and elevated LC3I/Il compared with sh-SF3b4
(Figure 4C).

Ultrastructural analysis via transmission elec-
tron microscopy (TEM) revealed changes in
autophagosome numbers across groups
(Figure 4D, 4E). Laser confocal microscopy
using stubRFP-sensGFP-LC3 lentiviral labeling
further visualized autophagosome and autol-
ysosome dynamics (Figure 4F, 4G). In vitro,
sh-SF3b4 cells showed significantly fewer
autophagosomes than sh-Ctrl, while autopha-
gy-enhanced sh-Ctrl+pcDNA3.1-ATG7 cells
had increased autophagosomes. Notably, sh-
SF3b4+pcDNA3.1-ATG7 cells also exhibited
more autophagosomes than sh-SF3b4, indicat-
ing that ATG7 overexpression reverses SF3b4-
knockdown-induced autophagic inhibition.

CCK-8 and colony formation assays further
showed that autophagy enhancement via ATG7

Am J Cancer Res 2025;15(6):2826-2842
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Figure 2. EP300 and CREBBP-mediated H3K27ac activation promotes SF3b4 transcription and expression in CRC.
A. The UCSC Genome Bioinformatics website (http://genome.ucsc.edu/) showed high enrichment of H3K27ac in
the SF3b4 promoter. B. Protein expression levels of SF3b4 and H3K27ac in HCT15 and HCT116 cells after treat-
ment with C646 (20 uM) for 24 hours were detected by western blotting. C. Gene expression correlations among
EP300, CREBBP, and SF3b4 were analyzed using GEPIA2 (http://gepia2.cancer-pku.cn/#index). D. Protein expres-
sion levels and efficiency of EP300, SF3b4, and H3K27ac in EP300-silenced HCT116 cells were detected by west-
ern blotting and RT-gPCR. E. Protein expression levels and efficiency of CREBBP, SF3b4, and H3K27ac in CREBBP-
silenced HCT116 cells were detected by western blotting and RT-gPCR. F. In HCT116 cells with EP300 control or
silencing, ChIP was used to detect EP300 binding levels on the SF3b4 promoter and H3K27ac enrichment in the
SF3b4 promoter, respectively. G. In HCT116 cells with CREBBP control or silencing, ChIP was used to detect CREBBP
binding levels on the SF3b4 promoter and H3K27ac enrichment in the SF3b4 promoter, respectively. H. Protein ex-
pression levels and efficiency of EP300, CREBBP, SF3b4, and H3K27ac in EP300- and CREBBP-co-silenced HCT116
cells were detected by western blotting. I. Schematic diagram of the mechanism by which EP300- and CREBBP-
mediated H3K27ac activation induces SF3b4 transcription and translation. Data are presented as the mean *
standard deviation (SD) of three independent experiments. Compared with the control group, **P < 0.01, ***P <
0.001, ***+*pP < 0.0001.
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Figure 3. Effect of SF3b4 on colorectal cancer cell proliferation in vitro and in vivo. A. Protein and mRNA expression
levels of SF3b4 in SF3b4-silenced HCT15 cells detected by western blotting and RT-gPCR. B. Protein and mRNA
expression levels of SF3b4 in SF3b4-silenced HCT116 cells detected by western blotting and RT-qPCR. C, D. In vitro
proliferation capacity of control and SF3b4-silenced HCT15 and HCT116 cells determined using the Cell Counting
Kit-8 (CCK-8) and statistically analyzed. E. In vitro proliferation capacity of control and SF3b4-silenced HCT15 and
HCT116 cells determined by colony formation assay and subjected to statistical analysis. F. Protein and mRNA ex-
pression levels of SF3b4 in stable SF3b4-knockdown HCT15 cells detected by western blotting and RT-gPCR. G. Pro-
tein and mRNA expression levels of SF3b4 in stable SF3b4-knockdown HCT116 cells detected by western blotting
and RT-qPCR. H, I. Representative images of BALB/c nude mouse xenograft tumors in sh-Ctrl and sh-SF3b4 groups,
along with corresponding excised tumors. Tumor weight and volume were measured and statistically analyzed. Data
are presented as the mean + standard deviation (SD) of three independent experiments. Compared with the control
group, **P < 0.01, ***P < 0.001, ****P < 0.0001.

overexpression promoted CRC cell prolifera- increased proliferation and colony-forming
tion. sh-Ctrl+pcDNA3.1-ATG7 cells exhibited ability compared with sh-Ctrl, while sh-
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Figure 4. Effect of SF3b4 on autophagy in colorectal cancer. A. Expression of autophagic markers P62 and LC3I/II
in xenograft tumors detected by western blotting, where C represents sh-Ctrl and S represents sh-SF3b4. B. Protein
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expression levels of P62 and LC3I/Il in SF3b4-knockdown HCT15 and HCT116 cells detected by western blotting.
C. Protein expression levels of ATG7, P62, and LC3I/Il in untransfected control (sh-Ctrl) and SF3b4-knockdown
(sh-SF3b4) CRC cells, as well as control (sh-Ctrl+pcDNA3.1-ATG7) and SF3b4-knockdown (sh-SF3b4+pcDNA3.1-
ATG7) CRC cells transfected with pcDNA3.1-ATG7 vector, detected by western blotting. D, E. Ultrastructural anal-
ysis (12,000x magnification) of autophagosome number changes in sh-Ctrl, sh-SF3b4, sh-Ctrl+pcDNA3.1-ATG7,
and sh-SF3b4+pcDNA3.1-ATG7 CRC cells using transmission electron microscopy (TEM), with scale bar =5 ym
and statistical analysis. F, G. Observation of autophagosome number changes labeled by stubRFP-sensGFP-LC3
lentivirus in sh-Ctrl, sh-SF3b4, sh-Ctrl+pcDNA3.1-ATG7, and sh-SF3b4+pcDNA3.1-ATG7 CRC cells under laser con-
focal microscopy (40x% magnification), with scale bar =100 pm and statistical analysis. Data are presented as the
mean + standard deviation (SD) of three independent experiments. Compared with the control group, *P < 0.05,

**P < 0.01, ***P < 0.001, ****P < 0.0001.

SF3b4+pcDNA3.1-ATG7 cells showed restored
proliferation compared with sh-SF3b4 (Figure
5A, 5B). Functional and pathway enrichment
analyses of SF3b4-related genes from the
TCGA CRC dataset (downloaded via cBioPortal
and analyzed using WebGestalt) did not detect
direct autophagy-related pathways among the
top 20 enriched pathways (Figure 5C). How-
ever, cellular experiments suggest SF3b4 indi-
rectly regulates autophagy via intermediate
factors rather than direct involvement.

Collectively, these results demonstrate that
autophagy enhancement via ATG7 overexpres-
sion promotes CRC cell proliferation and coun-
teracts the proliferation-inhibiting effect of
SF3b4 knockdown. SF3b4 likely indirectly mod-
ulates autophagy through intermediate factors
and promotes tumor proliferation by enhancing
autophagy in CRC cells.

Discussion

Current studies have found that, Elevated
expression of SF3b4 has been implicated in
the oncogenesis and progression of multiple
malignant tumors, including hepatocellular car-
cinoma, ovarian cancer, cervical cancer, and
non-small cell lung cancer. Bioinformatics anal-
ysis of public databases revealed that SF3b4 is
significantly overexpressed in colorectal cancer
(CRC) tissues compared to normal colorectal
tissues. Consistent with database findings,
SF3b4 expression levels were notably higher in
CRC cell lines (SW480, SW620, LoVo, HCT15,
and HCT116) than in the human normal colonic
epithelial cell line FHC, providing a theoretical
foundation for our study. Our results demon-
strate that increased SF3b4 expression in
CRC patients is correlated with lymph node
metastasis, poor tumor differentiation, tumor
size > 5 cm, and shorter postoperative survival
duration. Previous studies have identified
SF3b4 as an oncogene promoting malignant

2838

tumor proliferation and invasion across various
cancer types [8-12, 27]. Collectively, these
findings suggest that SF3b4 may contribute to
CRC tumorigenesis and serve as a potential
prognostic biomarker for the disease.

In this study, we demonstrated that SF3b4 pro-
motes CRC cell proliferation both in vitro and in
vivo. We further revealed that SF3b4 may
enhance tumor cell autophagic activity indirect-
ly through regulating certain intermediate fac-
tors to facilitate CRC progression. Due to the
excessive growth of CRC, a unique tumor micro-
environment characterized by hypoxia, low pH,
and high metabolite levels is formed [28]. This
environment renders tumor cells highly depen-
dent on autophagy for energy supply [29-31].
Studies have shown that enhanced autophagy
further promotes malignant tumor progression
[32, 33], and recent research indicates that
autophagy contributes to CRC cell proliferation
[34], supporting our findings.

Knockdown of SF3b4 significantly reduced
CRC cell proliferation, and these phenotypic
changes induced by low SF3b4 expression
were reversed by autophagy enhancement via
ATG7 overexpression. Functional enrichment
and pathway enrichment analyses showed no
direct association with autophagic pathways
among the top 20 significantly enriched path-
ways. However, our cellular experiments dem-
onstrated that SF3b4 is involved in regulating
autophagic activity in CRC cells. Therefore, we
hypothesize that SF3b4 does not directly par-
ticipate in autophagic regulation but indirectly
influences autophagic mechanisms through
modulating intermediate factors.

Collectively, these results suggest that SF3b4
promotes CRC proliferation and progression by
indirectly enhancing autophagy through regula-
tory intermediate factors. Autophagy occurs in
both normal and stressed tumor cells. This
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Figure 5. SF3b4 may indirectly influence autophagy through regulating certain intermediary factors, thereby affect-
ing CRC cell proliferation. A. The proliferation capacity of CRC cells in sh-Ctrl, sh-SF3b4, sh-Ctrl+pcDNA3.1-ATG7, and
sh-SF3b4+pcDNA3.1-ATG7 groups was validated using the Cell Counting Kit-8 (CCK-8). B. The proliferation capac-
ity of CRC cells in the above groups was verified by colony formation assay and subjected to statistical analysis. C.
Functional enrichment analysis and pathway enrichment analysis were performed using the cBioPortal database
and WebGestalt tool. Data are presented as the mean + standard deviation (SD) of three independent experiments.
Compared with the control group, *P < 0.05, **P < 0.01.
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study is the first to demonstrate that SF3b4
regulates autophagy in normal-state CRC cells
and influences cell proliferation. However, the
specific intermediate factors through which
SF3b4 modulates autophagy in CRC, as well as
its role in autophagy regulation under stress
conditions (e.g., hypoxia, low pH, high metabo-
lite levels), require further investigation.

While previous studies have shown that SF3b4
is negatively regulated by microRNA-133b (miR-
133b) in hepatocellular carcinoma [8], nega-
tively regulated by microRNA-509-3p (miR-509-
3p) and positively regulated by SET domain
bifurcated 1 (SETDB1) in ovarian cancer [9,
35], and upregulated by Methyltransferase-
like 3 (METTL3)-mediated methylation in non-
small cell lung cancer [10], the epigenetic regu-
lation of SF3b4 in CRC remains unclear. To
address this, we analyzed SF3b4 promoter
modifications using the UCSC bioinformatics
website and found significant enrichment of
H3K27ac signals, indicating regulation by his-
tone acetylation.

Given that H3K27ac is regulated by the
EP300/CREBBP complex [36], we investigated
whether EP300/CREBBP participates in SF3b4
regulation. Our results showed that EP300-
and CREBBP-mediated H3K27ac acetylation
activated the SF3b4 promoter and enhanced
its transcriptional activity, leading to increased
SF3b4 expression in CRC. CREBBP and EP300
are key acetyltransferases and transcriptional
cofactors that regulate gene expression by
modifying histone and non-histone acetylation
levels [37]. Studies have confirmed that
EP300 promotes tumorigenesis [38, 39], and
EP300-mediated H3K27ac acetylation has
been shown to activate promoters of several
oncogenes, thereby enhancing their expression
in tumors [25, 40]. Additionally, CREBBP is
highly expressed in CRC and contributes to CRC
development [41, 42], supporting our findings.

In summary, EP300/CREBBP-mediated H3K-
27ac acetylation is a critical regulatory mecha-
nism driving the oncogenic role of SF3b4 in
CRC. However, further research is needed to
clarify whether EP300 or CREBBP plays a domi-
nant role in SF3b4 expression regulation.

Researchers have observed an intriguing phe-
nomenon: SF3b4 is underexpressed and exerts
a tumor suppressor role in pancreatic cancer
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and breast cancer [6, 12]. This discrepancy
may be attributed to the tissue-specific func-
tions of SF3b4 across different malignancies.

Collectively, our findings for the first time dem-
onstrate that SF3b4 is highly expressed in
CRC and possesses prognostic value in CRC
patients. SF3b4 promotes CRC proliferation by
indirectly regulating autophagic activity in CRC
cells through certain intermediate factors.
Mechanistically, we confirmed that EP300 and
CREBBP regulate SF3b4 expression by activat-
ing H3K27ac acetylation on its promoter. These
results indicate that SF3b4 acts as an onco-
gene in CRC and may serve as a potential prog-
nostic biomarker for this disease.

Conclusions

In this study, we discovered that in colorectal
cancer (CRC), H3K27ac acetylation on the
SF3b4 promoter is activated by EP300 and
CREBBP, thereby increasing SF3b4 expression
levels. SF3b4 promotes CRC proliferation by
indirectly enhancing cellular autophagy through
certain intermediate factors. These results
indicate that SF3b4 acts as an oncogene in
CRC and may serve as a potential prognostic
biomarker for CRC. This provides new insights
into the mechanism underlying CRC develop-
ment.
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