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Background: The development of novel targeted therapies for gastric cancer (GC) has been significantly hindered by our lim-
ited understanding of the molecular mechanisms underlying its progression. As SIN3 transcription regulator family member
A (SIN3A) and synaptopodin-2 (SYNPO2) may influence GC progression, this study aimed to investigate the impact of SIN34-
mediated regulation of SYNPO2 on GC progression.

Methods: The expression levels of SYNPO2 and its binding interaction with SIN34 in GC were analyzed using bioinformatics
tools. The binding sites between SIN34 and SYNPO2 were validated through a dual-luciferase reporter assay. Furthermore,
the biological function of SIN3A in regulating SYNPO2 was investigated in GC cells using gene silencing and overexpression
approaches. Cell proliferation, colony formation, apoptosis, migration, and invasion were assessed using cell counting, colony
formation assay, flow cytometry, wound healing, Transwell, and molecular analyses.

Results: GC cells presented significantly reduced SYNPO?2 expression (p < 0.01). SYNPO2 overexpression inhibited GC cell vi-
ability, colony formation, migration, and invasion, while promoting apoptosis (p < 0.01). SYNPO2 was found to bind to SIN3A4
and mediate its transcriptional repression. SIN3A4 overexpression enhanced GC cell viability, colony formation, migration, and
invasion, inhibited apoptosis, upregulated B-cell lymphoma 2 (Bcl-2), and downregulated Bcl-2-associated X protein (Bax) and
cleaved caspase-3 expression, whereas SIN34 knockdown produced the opposite effects (p < 0.05). The effects of SIN3A4 knock-
down were reversed by SYNPO?2 silencing in GC cells (p < 0.05).

Conclusion: SIN3A4 knockdown-mediated upregulation of SYNPO2 suppresses GC malignancy processes, offering insights into
a novel strategy for developing targeted therapies for gastric cancer.
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Introduction Synaptopodin-2 (SYNPO2, also known as myopodin),
a member of the synaptopodin family, includes actin-
binding and -modulating proteins [8]. SYNPO2 promotes
actin nucleation, polymerization, and bundling [9,10], and
interacts with focal adhesions and associated proteins [11].
Through binding with zyxin and integrin-linked kinase,

Although the incidence of gastric cancer (GC) has de-
clined markedly over the past few decades [1], an annual
rate of more than 1 million new cases remains a concern-

ing figure [2]. GC is currently ranked as the third leading 11 ey intracellular components of focal adhesion con-

cause of cancer-related mortality worldwide [3], posing a tact, SYNPO2 suppresses cancer cell migratory responses
significant public health burden. Gastric carcinogenesis is [12,13]. A previous study has established SYNPO2 as
a multistage and multifactorial process [4]. However, this ’

progression is often asymptomatic, leading to delayed di-
agnosis of GC, as most patients are pathologically diag-
nosed at advanced stages, which adversely affects progno-

a suppressor of malignant tumors [14]. SYNPO2 defi-
ciency has been associated with an unfavorable prognosis
in glioma [15], nasopharyngeal carcinoma (NPC) [16], hep-
atocellular carcinoma (HCC) [17], and colorectal cancer

sis [5]. While early-stage tumors can be surgically resected, (CRC) [14]. Notably, overexpression of SYNPO2 represses
advanced-stage GC often necessitates targeted therapeutic the proliferation and migration of glioma cells [15] and in-

approaches [6]. Given that genetic susceptibility plays a  p;pi hypoxia-induced proliferation, migration, and inva-
crucial role in gastric carcinogenesis [7], recent efforts in sion in CRC cells [14], while its downregulation enhances

therapeutic development have focused on identifying novel HCC cell migration and invasion [17]. Nevertheless, the
gene targets for GC treatment.
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role of SYNPO2 in GC and its expression profile remain
largely unexplored.

Transcription factor binding to specific DNA se-
quences is a key step in gene expression regulation [18].
SIN3 transcription regulator family member A (SIN34) is
a multifunctional transcription factor involved in inducing
stem cell pluripotency, regulating cell proliferation, devel-
opmental processes, and neoplastic growth and progres-
sion [19-23]. SIN3A contains four paired amphipathic helix
(PAH) domains, which interact with sequence-specific tran-
scriptional regulators, and a histone deacetylase (HDAC)
interaction domain (HID), which facilitates transcriptional
repression by recruiting histone deacetylase 1 (HDACI)
and histone deacetylase 2 (HDAC2) [24]. According to the
cancer genome atlas program (TCGA) database, SIN34 is
highly expressed in GC. Data from the GRNdb database
suggest that SIN3A regulates SYNPO?2 transcription in
stomach adenocarcinoma (STAD). Therefore, we hypoth-
esize that high SIN34 expression represses SYNPO2 tran-
scription and contributes to GC progression.

To investigate the role of SIN34-mediated SYNPO?2
regulation in GC progression, we conducted gain- and loss-
of-function assays by manipulating SIN34 and SYNPO? ex-
pressions in GC cells.

Materials and Methods

Bioinformatics Analysis

SYNPQO?2 expression pattern data for STAD tumors
were obtained from the UALCAN website (https://ualc
an.path.uab.edu). On the site, “TCGA” was chosen as
the database, “SYNPO2” was entered as input, “stomach
adenocarcinoma” was selected, the “Explore” button was
clicked, followed by selection of the “Expression” tab to
generate the results.

The GRNdb database (https://www.grndb.com) was
utilized to predict SIN34 binding sites on the SYNPO2
sequence. On the platform, “Target gene” was selected,
“SYNPO2” was entered in the input panel, “Quick Search”
was clicked, and “SIN3A” was entered in the search panel
to retrieve the results.

Cell Culture

The human GC cell lines KATO III (HTB-103) and
SNU-5 (CRL-5973) were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA). The
GC cell lines MKN45 (CL-0292) and HGC27 (CL-0107),
along with the normal human gastric epithelial cell line
GES-1, were obtained from Sunncell (SNL-304, Wuhan,
China). All cells were cultured in RPMI-1640 medium
(30-2001, ATCC; Manassas, VA, USA) supplemented with
10% fetal bovine serum (FBS; 12106C, Sigma-Aldrich,
St.  Louis, MO, USA) and 1% penicillin-streptomycin
(15140148, Thermo Fisher Scientific, Waltham, MA, USA)
and incubated at 95% humidity, 5% CO,, and 37 °C.

All cell lines were authenticated using short tandem re-
peat (STR) profiling, and mycoplasma tests were confirmed
negative.

Cell Transfection

Overexpression plasmids for SYNPO2 (0e-SYNPO2)
and SIN34 (Supplementary File 1), as well as short hair-
pin RNAs targeting SYNPO?2 and SIN34 (shSYNPO2: 5'-
GCCUCCAGAGGAUUGGAAUTT-3' and shSIN34: 5'-
CAACTGCTGAGAAGGTTGATTCTGT-3’), were pro-
cured from OriGene (RC226330, RC213240, TR307463,
and TR301698, respectively; Rockville, MD, USA).
pCMV6-Entry vectors (negative control, NC) and pRS vec-
tors (PS100001 and TR20003; OriGene, Rockville, MD,
USA) were utilized as controls for the overexpression plas-
mids and shRNAs, respectively.

HGC27 and MKN4S5 cells (1 x 10%/well) were seeded
in 96-well plates and allowed to reach approximately
90% confluence before transfection. Cells were trans-
fected with SYNPO?2 overexpression plasmids or NC, or
co-transfected with NC+shNC, shNC+SIN34 overexpres-
sion plasmids, NC+shSIN34, or shSIN34+shSYNPO?2 us-
ing Lipofectamine 3000 transfection reagent (L3000015,
Thermo Fisher Scientific, Waltham, MA, USA). After 48
hours, quantitative reverse transcription polymerase chain
reaction (qQRT-PCR) was performed to assess transfection
efficiency.

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

Total RNA was extracted from non-transfected and
transfected HGC27 and MKN45 cells using Trizol reagent
(15596026, Thermo Fisher Scientific, Waltham, MA,
USA). ¢cDNA synthesis was performed using the His-
cript QRT SuperMix (R122-01, Vazyme, Nanjing, China).
The qRT-PCR reactions were performed on a thermal cy-
cler (ABI 7500, Thermo Fisher Scientific, Waltham, MA,
USA). Thermocycling conditions were as follows: pre-
denaturation at 95 °C, followed by 4045 cycles of 95
°C for 10 s and 60 °C for 30 s. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the in-
ternal reference gene, and relative gene expression lev-
els were calculated using the 2~22C method [25]. The
primers used (5-3') were as follows: SYNPO2, forward
(F): AGAAGCAGCCCTTACAAGTTG, and reverse (R):
AGCCTCACTTATTCCACTGGAT; SIN34, F: ACCAT-
GCAGTCAGCTACGG, and R: CACCGCTGTTGGGT-
GATGA; GAPDH, F: GGAGCGAGATCCCTCCAAAAT,
and R: GGCTGTTGTCATACTTCTCATGG.

Dual-Luciferase Reporter Assay

Site-directed mutagenesis of the wild-type (WT)
SYNPO2 sequence was carried out using the Gene-
Tailor Site-Directed Mutagenesis System (12397-
014, Invitrogen, Carlsbad, CA, USA). The WT (5'-
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CCGGCGGCGCCGGCGGGGGG-3') and mutant (MUT;
5'-CCGGTGGCGCCGGCGCGGGG-3') sequences were
individually cloned into pGL3 luciferase vectors (E1761,
Promega, Madison, WI, USA). These constructs were
co-transfected into HGC27 and MKN45 cells together with
SIN34 overexpression plasmids or NC and the pRL-TK
plasmid (E2241, Promega, Madison, WI, USA), which
served as an internal control. After 48 hours, cells were
lysed and analyzed using the Dual-Luciferase Reporter
Assay System (E1980, Promega, Madison, WI, USA)
and a fluorescence microplate reader (Infinite M1000,
Tecan, Morrisville, NC, USA). Relative luciferase activity
was calculated as the ratio of firefly luciferase to Renilla
luciferase activity, and normalized to the NC group.

Cell Counting Kit-8 (CCK-8) Assay

Transfected and non-transfected HGC27 and MKN45
cells were seeded into 96-well plates (2 x 103/well) and in-
cubated for 24, 48, or 72 hours at 37 °C. Subsequently, 10
pL of CCK-8 reagent (CA1210, Solarbio, Beijing, China)
was added to each well and incubated for 2 hours. The op-
tical density (OD) was measured at 450 nm using a mi-
croplate reader (EMax Plus, Molecular Devices, Sunny-
vale, CA, USA). Cell viability was calculated using the fol-
lowing formula:

Cell viability (OD value) = [(OD_treatment group
— OD blank group) / (OD_control group — OD blank

group)].

Colony Formation Assay

HGC27 and MKN45 cells, with or without transfec-
tion, were seeded into 6-well plates (1 x 103 cells/well) and
cultured for 3 weeks. Once visible colonies had formed,
the cell layers were washed with phosphate-buffered saline
(PBS; #9808, Cell Signaling Technology, Danvers, MA,
USA), fixed with 4% paraformaldehyde (158127, Sigma-
Aldrich, St. Louis, MO, USA) for 15 minutes, and stained
with 0.1% crystal violet (X11099, Xiaoyou Biotechnology,
Hangzhou, China) for 25 minutes. Colony images were
captured using a digital camera (D850, NIKON, Tokyo,
Japan). Relative colony numbers were calculated using the
formula:

Relative colony number = (Colonies in experimental
group) / (Colonies in blank group).

All data were normalized to the blank group.

Flow Cytometry

Cell apoptosis detection was performed using the An-
nexin V-FITC Early Apoptosis Detection Kit (#6592, Cell
Signaling Technology, Danvers, MA, USA). Briefly, trans-
fected and non-transfected HGC27 and MKN45 cells were
centrifuged at 2000 xg for 10 minutes, rinsed with pre-
cooled PBS, and resuspended in Annexin-V binding buffer
to a final density of 1 x 10 cells/mL. A 96 uL aliquot of the
cell suspension was incubated with 1 pLL Annexin V-FITC
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and 12.5 pL propidium iodide for 10 minutes on ice in the
dark. The cell mixture was then diluted with Annexin-V
binding buffer to a total volume of 250 puL and analyzed
using a flow cytometer (Cytoflex, Beckman Coulter, Brea,
CA, USA). The apoptosis rate was determined using the fol-
lowing formula:

Apoptosis rate = early apoptosis + late apoptosis.

Wound Healing Assay

Transfected and non-transfected HGC27 and MKN45
cells were seeded into 24-well plates (1.25 x 105 cells/well)
with serum-free media and starved for 24 hours. Upon
reaching 100% confluence, the culture media were replaced
with medium supplemented with 10% FBS. A streak was
introduced across the monolayer using a sterile pipette tip,
followed by PBS washing to remove detached cells. The
streak width and time of wound formation were recorded as
0 hours. After 48 hours, wound closure was photographed
using an inverted microscope (100 x magnification; DMis§,
Leica, Wetzlar, Germany). The relative migration rate was
determined as follows:

Relative migration rate (%) = [(0 hours scratch width
— 48 hours scratch width) / 0 hours scratch width] x 100%.

All data were normalized to the blank group.

Transwell Assay

The Transwell assay was conducted based on a pre-
viously described method [26], with minor modifica-
tions. Briefly, transfected and non-transfected HGC27
and MKN45 cells were resuspended in 200 pL serum-
free medium to a final density of 1 x 10° cells/mL. The
suspensions were added to the upper chambers and filled
with 8-um pore size Transwell inserts (3428, Corning Inc.,
Corning, NY, USA), pre-coated with 50 pL Matrigel (1
mg/mL; 356234, Corning Inc., Corning, NY, USA). The
lower chambers were filled with culture medium contain-
ing 20% FBS as a chemoattractant. After incubation at
37 °C for 48 hours, non-invading cells on the upper sur-
face were removed. The invaded cells on the lower mem-
brane surface were fixed in 4% paraformaldehyde for 10
minutes and stained with 0.1% crystal violet for 15 min-
utes. Cells were counted using an inverted microscope
(ECLIPSE Ts2R, Nikon, Shanghai, China) at 100x mag-
nification.

Relative invasion rate = (Number of invading cells in
experimental group) / (Number of invading cells in blank
group).

All results were normalized to the blank group.

Western Blotting

Total protein was extracted from transfected and
non-transfected HGC27 and MKN45 cells using Radio-
Immunoprecipitation Assay (RIPA) buffer (89901, Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
protease inhibitor reagents (87785, Thermo Fisher Scien-
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tific, Waltham, MA, USA). Total protein concentration
was quantified using a Bicinchoninic Acid (BCA) Protein
Assay Kit (A53227, Thermo Fisher Scientific, Waltham,
MA, USA). Proteins were then separated by sodium
dodecyl-sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) using commercially available gels (1615100, BIO-
RAD, Hercules, CA, USA), and subsequently transferred
onto PVDF membranes (ISEQ00010, Sigma-Aldrich, St.
Louis, MO, USA). Membrane were blocked in 5%
bovine serum albumin (37520, Thermo Fisher Scien-
tific, Waltham, MA, USA) for 2 hours at room tem-
perature (RT), followed by overnight incubation at 4 °C
with primary antibodies against B-cell lymphoma 2 (Bcl-
2) (#4223, 26 kDa, 1:1000), Bcl-2-associated X protein
(Bax) (#5023, 20 kDa, 1:1000), and GAPDH (#5174, 37
kDa, 1:1000) (all from Cell Signaling Technology, Dan-
vers, MA, USA), and cleaved caspase-3 (ab2302, 17 kDa,
1:500; Abcam, Cambridge, UK). After Phosphate-Buffered
Saline (PBS) Tween-20 (28360, Thermo Fisher Scientific,
Waltham, MA, USA) washing, membranes were incubated
with horseradish peroxidase (HRP)-conjugated anti-rabbit
secondary antibodies (31460, Thermo Fisher Scientific,
Waltham, MA, USA) for 1 hour at RT. Immunoreactive
bands were visualized using Luminol Reagent (sc-2048,
Santa Cruz, Dallas, TX, USA) on an imaging system (EC3,
UVP, Upland, CA, USA). Band intensity was quantified
using ImagelJ software (version 3.0; National Institutes of
Health, Bethesda, MD, USA). Relative protein expression
was calculated as follows:

Relative protein expression level = (Gray value of tar-
get protein) / (Gray value of loading control).

All data were normalized to the blank group.

Statistical Analyses

All statistical analyses were conducted using SPSS
software (version 20.0; SPSS Inc., Chicago, IL, USA). The
association between SYNPO2 expression and clinicopatho-
logical parameters of GC patients was assessed using Chi-
square tests. Quantitative data were presented as mean +
standard deviation (SD). Paired ¢-tests were used to com-
pare GC tissues with adjacent normal tissues, while inde-
pendent ¢-tests were applied for comparisons between dif-
ferent groups. One-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test was conducted for multiple
group comparisons. A p-value < 0.05 was considered sta-
tistically significant.

Results

SYNPOQO? Expression was Decreased in GC Cells,
and GC Cell Viability Declined Following SYNPO2
Overexpression

Analysis using data from the UALCAN database re-
vealed that SYNPO2 expression was significantly lower in
primary STAD tissues than in normal tissues (p < 0.01,

Fig. 1A). Using qRT-PCR, we confirmed that SYNPO2
was downregulated in GC cell lines (MKN45 (p < 0.001),
HGC27 (p < 0.001), and SNU-5 (p < 0.01)), relative to
GES-1 cells (Fig. 1B). Subsequently, MKN45 and HGC27
cells were individually transfected with SYNPO2 over-
expression plasmids, given that SYNPO2 expression was
lower in these two lines relative to the other GC cells
tested. Following plasmid transfection, SYNPO2 expres-
sion was significantly upregulated in the two cell lines (p
< 0.001, Fig. 1C,D). Cell viability was then detected and
found to be significantly reduced at 48 hours (p < 0.01)
and 72 hours (HGC27 cells: p < 0.001; MKN45: p < 0.01)
post-transfection with the SYNPO2 overexpression plasmid
(Fig. 1E,F).

SYNPO?2 Overexpression Impeded GC Cell Colony
Formation, Migration, and Invasion, While
Enhancing Apoptosis

MKN45 and HGC27 cells overexpressing SYNPO?2
showed a markedly reduced capacity to form colonies (p
< 0.01, Fig. 2A,B) and a significantly increased rate of cell
apoptosis (p < 0.001, Fig. 2C,D). Additionally, migration
and invasion capacities of MKN45 and HGC27 cells trans-
fected with the SYNPO?2 overexpression plasmid were sig-
nificantly decreased (p < 0.05, Fig. 3A-D).

SYNPO2 was Downregulated by SIN3A in GC Cells
Through Direct Binding

Binding sites within the SYNPO2 sequence comple-
mentary to SIN34 were determined using the GRNdb
database (Fig. 4A), followed by in silico analysis of the
interaction between SIN3A and SYNPO2. gRT-PCR re-
sults indicated that SIN34 expression was significantly up-
regulated following transfection with SIN3A4 overexpres-
sion plasmid and downregulated after transfection with
shSIN34 plasmid in MKN45 and HGC27 cells (p < 0.001,
Fig. 4B,C). Luciferase activity was significantly reduced in
MKN45 and HGC27 cells co-transfected with SIN34 over-
expression plasmids and SYNPO2-WT, compared to those
co-transfected with NC and SYNPO2-WT (p < 0.01, p <
0.001, Fig. 4D,E). However, luciferase activity in MKN45
and HGC27 cells containing SYNPO2-MUT was not sig-
nificantly attenuated after transfection with SIN34 overex-
pression plasmids (Fig. 4D,E). Furthermore, SYNPO?2 gene
silencing decreased its expression in MKN45 and HGC27
cells (p < 0.001, Fig. 4F,G). Moreover, qRT-PCR analy-
sis validated the regulatory effect of SIN34 on SYNPO2
expression in GC cells, as SIN34 overexpression signifi-
cantly decreased SYNPO?2 expression levels in MKN45 and
HGC27 cells (p < 0.001, Fig. 4F,G).

SIN3A4 Regulated SYNPOZ2 Expression to Modulate
GC Cell Viability

SYNPQO?2 expression was significantly reduced in
MKN45 and HGC27 cells following transfection with the


https://www.discovmed.com/

1225

B : %k % .
Expression of SYNPO2 in STAD based on Sample types 1.5 ! %k 3k Xk !
1250 < I 1
P=4.9767 X107 Z % X ¥
| - g5 |
Ny EfioE
: o] | s ° T
2 | E B o o]
§ o] | " g °
= Al
d ® @
@
: (14
B — 0.0 T T T T
N N
TCGA samples & éﬁ; 0\ 0‘1, Ny
& & N © 3
C HGC27 D MKN4S, .,
15 - 8+ P
2 — 2 T,
ES T £ S 6 °
~ 2 10 = N 2
o c o c
2o &
Z = Z - 4_
> & > 2
Q - —
25 2 X 9
© @ T @
¢ Lem ¢ L
oL T 8 | o5 ﬁ ;
Blank NC oe-SYNPO2 Blank NC o0e-SYNPO2
E HGC27 F MKN45
0.8 Blank 1.0 Blank
-=— NC I -=— NC
0.6 0e-SYNPO2 | 0.8 0e-SYNPO2

OD value
o
i -
1
OD value
o o
KN o
] ]
=

o
N
1
o
N
1

0.0 T T T 0.0 T T T

Fig. 1. Low SYNPO?2 expression in GC cells and reduced cell viability following SYNPO2 overexpression. (A) Expression levels of
SYNPO?2 in STAD tumor tissues (n =415) and normal samples (n = 34) obtained from the UALCAN database. (B) SYNPO2 expression in
GC cells and GES-1 cells assessed by qRT-PCR (GAPDH as the internal control), **p < 0.01, ***p < 0.001 vs. GES-1. (C,D) SYNPO2
expression in HGC27 and MKN45 cells transfected with SYNPO2 overexpression plasmids or NC determined by qRT-PCR (GAPDH as
the internal control), “*p < 0.001 vs. NC. (E,F) Viability of HGC27 and MKN45 cells transfected with SYNPO2 overexpression plasmids
or NC, measured at 24, 48, and 72 hours using the Cell Counting Kit-8 (CCK-8) assay, *p < 0.05, **p < 0.001 vs. NC. n=3. GC, gastric
cancer; STAD, stomach adenocarcinoma; SYNPOZ2, synaptopodin-2; NC, negative control; qRT-PCR, quantitative reverse-transcription

polymerase chain reaction; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.


https://www.discovmed.com/

1226

A _ 150~ HGC27
Blank NC oe-SYNPO2 S
7 - - %k Xk %
. . k]  —
- 3 E 1004 22 5
- 8 L c [o)
R By S >
S oo c
Q : 5 o
I . ; Sy <]
ey © 50
S e o
s -0 il 2 -
5 Y 4 E=3 Lo -
% & p «©
. 4
0 T T
Blank NC oe-SYNPO2
B
MKN45
—~ 150
Blank NC oe-SYNPO2 I
- so— [
; 5 * %
= T : '
= 100 S
c o
>
c
o
o N
o 504 [ 2
Q
2
=
i)
&
0 1 1
Blank NC oe-SYNPO2
C 20— HGC27
Blank . NC . oe-SYNPO2 * %k %k
“1071% 3.18% "10.45% 3.03% "{0.85% < 154 -
] v %] 2 Q =
2 e 2 - o
N o
o o o (7] -
8 T oy Toy (=) -a 10
I L
~ _ - o
2 L B, 23 ; ° o
i o ; e 5-
_9404% " [ 1:47%: . 1.00%: R <
9100 To! 102 103 104 9|o° To! 102 103 104 9 i 102
ANNEXIN-V- FITC ANNEXIN-V- FITC ANNEXIN-V- FITC
0 T T
Blank NC oe-SYNPO2
D 20- MKN45
. Blank . NC . oe-SYNPO2 _ * % K
0.49% 2.09% 0.84% 11.10% X 15- —
2] : RN 2] Py -I-
0 (] o
<+ o o o n -
Z =% =5 2 10
= L
-1 -] ~ _ 8‘
- 1o 1 [ ¥ Q 54
_195.67% " | 1.42% 95 .| 1:46% _ | 86:51% 1.56%" <
9100 To! 102 108 104 Ewo To! 102 108 104 9100 To! 102 108 104
ANNEXIN-V- FITC ANNEXIN-V- FITC ANNEXIN-V- FITC
0 T

T
Blank  NC oe-SYNPO2
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SIN3A overexpression plasmid, but was elevated after
SIN3A knockdown (p < 0.001, Fig. 5A,B). Furthermore,
SYNPO?2 knockdown reversed the upregulation of SYNPO2
induced by SIN34 knockdown in MKN45 and HGC27
cells (p < 0.001, Fig. 5A,B). SIN34 overexpression signifi-
cantly increased the viability of MKN45 and HGC27 cells,
while SIN34 knockdown decreased cell viability (p < 0.05,
Fig. 5C,D). Notably, the inhibitory effect of SIN34 knock-
down on cell viability was reversed by SYNPO2 knockdown
(» < 0.05, Fig. 5C,D).

SIN3A-Mediated SYNPO?2 Expression Modulated
GC Cell Colony Formation and Apoptosis

Colony formation of MKN45 and HGC27 cells was
significantly enhanced by SIN3A4 overexpression and re-
pressed by SIN34 knockdown (p < 0.05, Fig. 6A,B). How-
ever, SYNPOZ2 knockdown reversed the inhibition of cell
colony formation caused by SIN34 knockdown (p < 0.001,
Fig. 6A,B). Additionally, SIN3A overexpression signifi-
cantly suppressed apoptosis in MKN45 and HGC27 cells
(p < 0.05, Fig. 6C,D). Conversely, SIN34 knockdown pro-
moted apoptosis, an effect counteracted by SYNPOZ2 knock-
down (p < 0.001, Fig. 6C,D).

SIN3A-Mediated Regulation of SYNPOZ2 Expression
Modulated GC Cell Migration and Invasion

MKN45 and HGC27 cells overexpressing SIN34 ex-
hibited significantly aggressive migration and invasion
capabilities, whereas SIN34 knockdown reduced these
aggressive behaviors (p < 0.05, Fig. 7A-D). Notably,
SYNPQO? silencing reversed the inhibitory effects of SIN34
silencing on GC cell migration and invasion (p < 0.01, p <
0.05, Fig. 7A-D).

SIN3A-Mediated Regulation of SYNPOZ2 Expression
Influenced Apoptosis-Related Protein Expression in
GC Cells

In the present study, we observed that SIN34 over-
expression increased Bcl-2 expression and suppressed the
expression of Bax and cleaved caspase-3 in MKN45 and
HGC27 cells (p < 0.001, Fig. 8A-D). As expected, SIN34
knockdown exerted an opposite effect on the levels of these
apoptosis-related proteins in MKN45 and HGC27 cells (p
< 0.001, Fig. 8A—D). Notably, the effects of SIN34 knock-
down were reversed by SYNPO2 knockdown (p < 0.001,
Fig. 8A-D).

Discussion

The incidence of GC presents a progressive increase
with age [27], making it a major clinical challenge in the
global population ageing. Given that gastric carcinogene-
sis is a multifactorial and multistage process involving ex-
tensive gene expression alterations, which are key drivers
of GC pathogenesis [27], identifying aberrantly expressed
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genes associated with malignant progression, may provide
invaluable insights for the development of novel targeted
therapies.

During cancer progression, the cytoskeletal compo-
nents, including actin filaments, microtubule networks, and
intermediate filaments, undergo dynamic remodeling, a key
process that promotes the migration of cancer cells [28].
SYNPO?2 is an actin-binding protein capable of inducing
actin polymerization and bundling [9], contributing to the
structural reorganization of the actin network and regula-
tion of cell migration [29]. The upregulation of SYNPO2,
considered an oncogene, has been significantly associated
with poor prognosis in nasopharyngeal carcinoma patients
[16]. Given that actin polymerization is essential for cell
invasion [30], SYNPQO2 is hypothesized to promote cancer
progression by inducing actin network remodeling. This
concept has been corroborated by several studies. For in-
stance, SYNPO2-mediated formation of distinct actin net-
works, morphologically and biochemically, has been as-
sociated with prostate cancer cell migration [31]. More-
over, SYNPO2 has been shown to enhance the formation
of nascent focal adhesions and peripheral actin bundles,
thereby facilitating the migratory capacity of prostate can-
cer cells [11].

However, numerous studies have reported that
SYNPQO?2 functions as a tumor suppressor. Low SYNPO2
expression or mutation has been shown to activate
signaling pathways, including phosphoinositide 3-
kinase/protein kinase B/mammalian target of rapamycin
(PI3K/AKT/mTOR) and large tumor suppressor kinase
2/Yes-associated protein/transcriptional coactivator with
PDZ-binding motif (LATS2/YAP/TAZ), thereby promoting
cancer progression [8]. For instance, SYNPO2 is lost in
breast cancer (BC), HCC, and hypoxia-exposed CRC cells.
Notably, SYNPOZ2 overexpression repressed the migratory
and invasive phenotypes of HCC and hypoxia-exposed
CRC cells [14,17], while its downregulation promoted
the migration and invasion in HCC and BC cells [17,32].
Apoptosis is a primary mechanism underlying targeted
cancer therapy [33]. SYNPO2 overexpression has been
shown to promote apoptosis in CRC cells [14]. Similarly,
our study revealed a tumor-suppressive role of SYNPO2
in GC cells, as supported by its negative correlation with
invasion depth, TNM stage, and lymph node metastasis.
Additionally, SYNPO?2 overexpression suppressed GC cell
proliferation, migration, and invasion while enhancing
apoptosis.

Notably, in HCC cells, SYNPO2 expression is in-
versely correlated with malignant cell features. The
nuclear-to-cytoplasmic translocation of SYNPO?2, observed
in recurrent HCC patients, accelerates peripheral actin bun-
dle assembly, thereby promoting HCC metastasis [17].
Moreover, in normal gastric mucosa, SYNPO?2 is expressed
at almost undetectable levels in stromal cells. Conversely,
it is mainly expressed in tumor cells, fibroblasts, and in-
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flammatory cells (including eosinophils and lymphocytes)
within GC tissue and is associated with elevated peritoneal
metastasis in GC patients [34]. In this study, we observed
that SYNPO?2 expression levels varied across the GC cell
lines examined. This variation suggests that distinct dis-
ease outcomes among patients may be attributed to the dif-
ferent mechanisms mediated by SYNPO?2 within the same
cancer type or among different GC cell lines. Notably,
SYNPO?2 protein expression was not investigated in this
study. Therefore, further research should be conducted
to determine whether SYNPO2 enhances peripheral actin
bundling to facilitate GC metastasis. Interestingly, our
study is the first to demonstrate that SYNPO2 expression is

repressed by SIN34 in GC cells, suggesting that SIN34 may
exert a negative regulatory effect on SYNPO?2 expression.

Predicted using the data available in the GRNdb
database, SIN34, a transcription factor, regulates SYNPO2
transcription in stomach adenocarcinoma (STAD). Activa-
tion of the pro-apoptotic Bax neutralizes the anti-apoptotic
activity of Bcl-2, leading to the release of cytochrome c,
which subsequently activates caspase-3 and ultimately in-
duces apoptosis [35]. Our data indicated an anti-apoptotic
role for SIN34 in GC cells, as evidenced by SIN3A4-
mediated inverse regulation of apoptosis, Bax and cleaved
caspase-3, and the positive regulation of Bcl-2 expres-
sion. The HID domain of SIN34 enables the recruitment
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of HDAC1 and HDAC?2 to SIN3A4, thereby transcriptionally
repressing the expression of SIN34 target genes [24]. A pre-
vious study demonstrated that the SIN34-HDAC repressor
complex reduces the HIF-2« transcription in cancer cells
via direct binding [36]. Thus, the SIN34-HDAC repressor
complex has been considered a potential therapeutic target
in melanoma, with its pharmacological inhibition leading
to suppression of metastatic tumor formation [37]. Further-
more, the SIN3A-HDAC repressor complex has also been
implicated in the suppression of apoptosis in BC [38].
Consistently, our findings revealed that SIN34 func-
tions as an oncogene in GC, positively correlating with cell
proliferation, migration, and invasion, while negatively as-
sociated with GC cell apoptosis. Furthermore, we observed
that SYNPO2 knockdown reversed the inhibitory effects of
SIN34 ablation on GC cell malignancy. Together with the
known transcriptional regulatory role of SIN34, this sug-
gests that SIN34 silencing may relieve its transcriptional re-
pression of SYNPO2 to modulate GC cell malignant behav-
ior. However, the precise mechanisms by which SIN34 reg-

ulates and inhibits SYNPO?2 transcription remain unknown.
Notably, several studies have shown that SYNPO2 promoter
methylation suppresses its expression and is linked to poor
prognosis in melanoma, bladder cancer, and colon cancer
[13,39,40]. It has also been reported that SIN34 can in-
fluence DNA methylation through its interaction with en-
hancer of zeste homolog 2 (EZH2) [41]. SYNPOZ2 intron
sense-overlapping IncRNA (SYISL) has been found to im-
pact myogenesis via an interplay with EZH2. Accord-
ingly, SIN34 may regulate and inhibit SYNPO?2 transcrip-
tion through methylation, a hypothesis that requires further
experimental validation.

Conclusion

In conclusion, we demonstrate that knockdown of
SIN3A, which is highly expressed in GC, suppresses GC
progression in vitro by promoting the overexpression of
SYNPQO2, highlighting SYNPO?2 as a potential gene target
for the development of novel therapies for GC patients. Fur-
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ther investigations are warranted to assess SIN34 as a pre-
dictive biomarker for clinical outcomes. Moreover, future
studies should investigate the relationship between SIN34
and SYNPO2 mRNA and protein expression levels. Ex-
perimental validation using additional primary GC tissues,
patient-derived samples, or in vivo models is also recom-
mended in the future to substantiate our findings.
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