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CHSY3 promotes proliferation and migration ==
in gastric cancer and is associated with immune
infiltration
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Abstract

Background The glycosyltransferase CHSY3 is a CHSY family member, yet its importance in the context of gastric
cancer development remains incompletely understood. The present study was thus developed to explore the mecha-
nistic importance of CHSY3 as a regulator of gastric cancer.

Methods Expression of CHSY3 was verified by TCGA, GEO and HPA databases. Kaplan—-Meier curve, ROC, univari-
ate cox, multivariate cox, and nomogram models were used to verify the prognostic impact and predictive value

of CHSY3. KEGG and GO methods were used to identify signaling pathways associated with CHSY3. TIDE and IPS
scores were used to assess the immunotherapeutic value of CHSY3. WGCNA, Cytoscape constructs PPl networks
and random forest models to identify key Hub genes. Finally, gRT-PCR and immunohistochemical staining were per-
formed to verify CHSY3 expression in clinical specimens. The ability of CHSY3 to regulate tumor was further assessed
by CCK-8 assay and cloning assay, EDU assay, migration assay, invasion assay, and xenograft tumor model analysis.

Results The expression of CHSY3 was discovered to be abnormally upregulated in GC tissues through TCGA, GEO,
and HPA databases, and the expression of CHSY3 was associated with poor prognosis in GC patients. Correlation
analysis and Cox regression analysis revealed higher CHSY3 expression in higher T staging, an independent prognostic
factor for GC. Moreover, elevated expression of CHSY3 was found to reduce the benefit of immunotherapy as assessed
by the TIDE score and IPS score. Then, utilizing WGCNA, the PPI network constructed by Cytoscape, and random

forest model, the Hub genes of COL5A2, POSTN, COL1A1, and FN1 associated with immunity were screened. Finally,
the expression of CHSY3 in GC tissues was verified by qRT-PCR and immunohistochemical staining. Moreover,

the expression of CHSY3 was further demonstrated by in vivo and in vitro experiments to promote the proliferation,
migration, and invasive ability of GC.

Conclusions The results of this study suggest that CHSY3 is an important regulator of gastric cancer progression,
highlighting its promise as a therapeutic target for gastric cancer.
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Introduction

Gastric cancer (GC) is among the most prevalent forms
of cancer, with over 1,000,000 diagnoses and 769,000
deaths annually throughout the world, making this the
fifth most prevalent and fourth deadliest form of malig-
nancy [1]. Prior studies have revealed many factors to
influence the risk of GC development, including fam-
ily history [2], diet [3, 4], alcohol intake, smoking [5, 6],
and Epstein—Barr virus (EBV) infection [7]. The stand-
ard treatment for GC at present is radical tumor resec-
tion with perioperative chemotherapy when appropriate,
while the standard of care for metastatic or unresectable
GC includes chemotherapeutic regimens consisting of
platinum-based agents, fluoropyrimidines, docetaxel,
paclitaxel, and irinotecan [8-11]. While patients with
early-stage GC who undergo surgery exhibit 90% 5-year
overall survival (OS) rates, many patients are only diag-
nosed when the disease is relatively advanced and the
opportunity for curative surgical intervention is no
longer present [12]. Recent advances in multi-omic pro-
filing efforts have led to the identification of many can-
didate prognostic biomarkers associated with specific
cancer types, highlighting the promise of defining reli-
able molecular biomarkers associated with GC patient
prognosis.

Most GC tumors are adenocarcinomas that can be fur-
ther subdivided as per Lauren’s classification system into
intestinal, diffuse, and intermediate types [13]. The World
Health Organization (WHO) utilizes an alternative sys-
tem in which these tumors are classified into tubular,
papillary, mucinous (colloid), and poorly cohesive carci-
noma subtypes, although the clinical value of these clas-
sification approaches is limited [14]. The Cancer Genome
Atlas Research Network (TCGA) more generally classi-
fies GC tumors based on their molecular characteristics
into EBV-positive, chromosomally unstable, genome
stable, and microsatellite unstable tumor subtypes [15],
while the Asian Cancer Research Group (ACRG) has
proposed a classification scheme based on the results of
mRNA expression profiling, targeted sequencing, and
somatic copy numbers that groups tumors into those
exhibiting microsatellite instability (MSI), microsatel-
lite stability (MSS)and an epithelial-mesenchymal tran-
sition phenotype (MSS/EMT), MSS and TP53+ (MSS/
TP53+), or MSS/TP53— [16]. While these latter two sys-
tems rely on advanced molecular classification strategies,
the underlying molecular pathogenic characteristics of
these tumor types remain poorly characterized, under-
scoring the need for prognostic biomarker identification
in order to guide individualized patient management and
treatment.

Chondroitin sulfate (CS) synthases are enzymes
responsible for CS polymerization that are commonly
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aberrantly expressed in specific cancer types. CHSY1
(CS synthase 1), for example, has been reported to be
upregulated in GC wherein it functions as a promoter of
proliferative, migratory, and invasive activity in addition
to regulating apoptotic induction [17]. CHSY1 has also
been reported to interact with the related glycosyltrans-
ferase CHSY3 (CS synthase 3) in the context of chon-
droitin polymerization [18]. CHSY3, which is encoded
on chromosome 5q23.2, exhibits glucuronosyltransferase
and N-acetylgalactosaminyl transferase activities [19]. IN
recent reports, the expression of CHSY3 has been shown
to be elevated in colorectal cancer and associated with
poor patient outcomes [20]. However, the functional sig-
nificance of CHSY3 in GC has yet to be characterized.

The current investigation clarifies the function and
expression of CHSY3 in GC, revealing this gene to be
upregulated in GC tissues. Such CHSY3 upregulation
was significantly correlated with specific patient clin-
icopathological characteristics and associated with poor
patient prognostic outcomes. Furthermore, abnormally
elevated expression of CHSY3 reduces the benefit of
immunotherapy, while functional experiments showed
that CHSY3 can regulate the proliferation, migration, and
invasive ability of GC cells. Together, these data high-
light a potential role for CHSY3 as a promoter of GC
development and underscore its potential relevance as a
prognostic biomarker and pharmacological target in the
therapy of GC.

Materials and methods

Data acquisition and processing

Gene expression data, associated mutations, and clini-
cal data for GC patients were downloaded from The
Cancer Genome Atlas (TCGA, https://portal.gdc.can-
cer.gov/) database. GSE66229, GSE65801, GSE63089,
GSE54129, GSE51575, GSE26901, and GSE84433 data-
sets were downloaded from the Gene Expression Omni-
bus (GEO, https://www.ncbi.nlm.nih.gov/geo/) database.
The expression of CHSY3 protein in GC was detected by
querying the Human Protein Atlas (HPA, http://www.
proteinatlas.org/) database for detection. Data under-
went standardized preprocessing and log transforma-
tion using appropriate R packages, with differentially
expressed genes being identified using the following
criteria: |log2 fold change (FC)| >1 and False Discovery
Rate (FDR) <0.05.

Time-dependent ROC and logistic regression analyses

After collecting patient outcome and CHSY3 gene
expression data, receiver operating characteristic (ROC)
curve analysis was carried out to determine OS at the
1-, 3-, and 5-year time points with the time ROC func-
tion. The resulting area under the curve (AUC) results
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were used to analyze the sensitivity and specificity of
CHSY3 as a prognostic biomarker in GC. The association
between CHSY3 expression levels and GC patient age,
gender, pathological stage, T, N, and M stages was further
assessed through logistic regression analyses. P <0.05 was
the significance threshold.

Cox risk regression analyses

Univariate and multivariate Cox regression analyses were
used to identify independent predictors of patient OS.
Variables studied included pathological stage, T stage, N
stage, and M stage, as well as CHSY3 expression.

KEGG, GO and GSEA

The clusterProfiler package was utilized to perform
KEGG and GO analysis according to the methods
described in previous studies [21]. The Pi package was
utilized to perform GSEA analysis according to the
method described in previous studies [22].

Immune infiltration analyses

The R ESTIMATE package was used to compute Stromal,
Immune, and ESTIMATE scores for each patient tumor
samples based on the observed gene expression profiles
[23]. Furthermore, the correlation between CHSY3 and
the percentage of different immune cells in GC was ana-
lyzed by the Cibersort [24].

TIDE, IPS scores and MSI status analyses

The TIDE scores and MSI status of GC samples were cal-
culated utilizing the Tumor Immune Dysfunction and
Exclusion (TIDE, http://tide.dfci.harvard.edu/login/)
database [25, 26]. Moreover, immunophenoscore (IPS)
of GC patients were obtained in The Cancer Immunome
Atlas (TCIA, https://tcia.at/home) database [27].

Protein-protein interaction network construction

The relevant module genes selected by WGCNA [24]
were used to obtain interaction information by STRING
(https://string-db.org/) database, and the PPI network
was constructed by Cytoscape software and searched for
Hub genes.

Cell culture

The AGS, MKN45, SGC7901, and HGC27 GC cell lines
and the control GES-1 gastric mucosal cell line were
obtained from GeneChem (Shanghai, China). The MFC
cell were obtained from Pricella (Wuhan, China). All cells
were grown in RPMI-1640 supplemented with FBS (10%)
at 37 °C in a humidified 5% CO, incubator.
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Clinical samples

68 paired tumor tissues and paracancerous samples
were harvested from patients with a pathological diag-
nosis of GC who had not undergone any anti-tumor
treatments prior to surgical resection at Nantong Uni-
versity Hospital from January 2010-December 2010.
Patient follow-up ended in August 2015. Another
cohort of 10 fresh GC tissues and adjacent normal tis-
sues were collected from the same source for qRT-PCR
assays between 2020 and 2021. The present investiga-
tion was approved by the ethical committee of the Affil-
iated Hospital of Nantong University, and all patients
provided written informed permission.

Cellular transfection

Lipofectamine 3000 (Invitrogen, USA) was used to
transfect cells plated in 6-well plates with an shRNA
specific for CHSY3 or a control construct purchased
from GeneChem (Shanghai, China). Cells were uti-
lized for downstream assays at 48 h post-transfection.
Analyses were conducted in triplicate. CHSY3 overex-
pression plasmid was customized from GenePharma
(Shanghai, China).

gRT-PCR
TRIzol (Invitrogen, USA) was used to extract cel-
lular RNA, after which qRT-PCR was conducted as
described previously [28]. The primers used were
listed as follows: CHSY3: F—AGTGGATGAGCGTGG
CATTAGG; R—AGCAGCAGAGCGACCGTAGTAG;
COL5A2: F—GGATCACAGGGACCA AGAGGAGAG;
R—GCACCAGGTTGACCAGGAACAC; POSTN: F—
GCGAGATCATCAAGCCAGCAGAG; R—TCCAGT
CTCCAGGTTGTGTCAGG; COL1Al: F—GCCTCT
GCTCTCCGACCTCTC; R—CTGCTTTGTGCTTTG
GGAAGTTGTC; EN1: F—AGA GGCATAAGGTTC
GGGAAGAGG; R—CGAGTCATCCGTAGGTTGGTT
CAAG. GAPDH: F—TGCACCACAACTGCTTAGC;
R—GGCATGGACTGTGGTCATGAG. Analyses were
conducted in triplicate.

Western blot assay and immunohistochemistry (IHC)
Western blotting and IHC were conducted in triplicate
as per previously published protocols [29]. Anti-CHSY3
for Western blot was obtained from Abcepta (Beijing,
China). Anti-CHSY3, anti-Granzyme B, anti-Perforin
utilized for IHC was from Bioss (Beijing, China). Anti-
PD-L1, anti-CD8, anti-CD4 and anti-Ki67 were pur-
chased from Servicebio (Wuhan, China). Anti-Alpha
Tubulin obtained from Protentech (Wuhan, China).
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Migration and invasion assay
Migration and invasion experiments were performed
three times as described previously [30].

EDU, CCK-8 and colony assay

DNA synthesis rate assessment was conducted utilizing
Click-iT EDU Imaging Kits (Beyotime, Beijing, China),
and experiments were finished with the method pro-
vided by the manufacturer. CCK-8 assay: 10 pl CCK-8
solution (Dojindo, Kumamoto, Japan) was added to
96-well plates at the time specified in the manufactur-
er’s instructions, which were incubated for 2 x 103 cells,
and then the absorbance was measured at 450 nm after
continued incubation for 2 h at 37 °C. For the cloning
experiments, crystal violet was utilized to stain the cell
colonies, which were cultivated in 6-well plates for 14
days. All experiments were repeated three times.

Experiments with animals

Male BALB/C nude mice aged 6 weeks purchased from
the Animal Laboratory Center of Nantong Univer-
sity (Nantong, China). All animal experiments were
approved by the Institutional Animal Care and Use
Committee of Nantong University following the current
guidelines for animal care and welfare. For the tumo-
rigenicity studies, five million treated HGC-27 or AGS
cells were subcutaneously injected 0.5 cm under the
axilla of 6-week-old mice (n=5 mice per group). Tumor
volume was measured every 3 days and calculated as
V=0.5x length x width®. The nude mice were sacrificed
after 24 days, and the tumor tissues were extracted and
collected for subsequent studies.

GeneChem (Shanghai, China) provided the purchase
of Lv-shCHSY3, a modified slow virus, for this experi-
mental study. To establish a subcutaneous tumor model
of MFC, C57BL/6 mice were inoculated with different
strains of MEC cells (1x10°) infected with the afore-
mentioned slow virus. The administration of treatments
began on the 9th day following tumor inoculation. At
this point, the average tumor volume reached approxi-
mately 80 mm? to 100 mm?. It is worth noting that the
mice carrying the tumors were subjected to injections
of PBS or anti-PD-L1 mAb (200 micrograms/mouse),
with a dosage regimen of once every 3 days [31]. The
anti-PD-L1 mAb used in this study was obtained from
Bio X Cell. Tumor measurements were conducted every
3 days to monitor the growth and development of the
tumors. The experimental endpoint was set at the 24th
day after tumor cell injection or upon natural death of
the mice. At the conclusion of the experiment, tumor
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volume and weight were measured, and tumor tissues
were collected for further analysis and experimentation.

Statistical analysis

The data are presented as means +standard deviation
(SD), and all experiments were repeated in triplicate.
All statistical analyses were performed by GraphPad
Prism 7.0 or SPSS (version 22.0) or R software (version
4.1.2). P<0.05 was the threshold of significance. Statisti-
cal significance is described as follows ns, not significant;
*P<0.05; **P<0.01; ***P<0.001.

Results

Expression and prognosis analysis of CHSY3

in the database

CHSY3 gene expression in stomach adenocarcinoma
(GC) and healthy tissues from the TCGA database were
analyzed, demonstrating increased expression of CHSY3
in tumors compared to normal tissues (Fig. 1A, B). The
similar increase of CHSY3 was observed in GC tumor
tissues in comparison to paired paracancerous tissues
(Additional file 1: Fig. S1A). In addition, the expression
results of CHSY3 in the datasets GSE66229, GSE65801,
GSE63089, GSE54129, and GSE51575 were the same as
those in the TCGA dataset (Fig. 1C-G). Kaplan—Meier
curves indicated that patients expressing higher lev-
els of CHSY3 exhibited a shorter OS relative to patients
expressing lower levels of this glycosyltransferase
(Fig. 1H-K), and time-dependent ROC curves assessing
1-, 3-, and 5-year OS as a function of CHSY3 expression
levels yielded respective AUC values of 0.55, 0.63 and
0.70 (Additional file 1: Fig. S1B). IHC staining in the HPA
database further confirmed the upregulation of CHSY3
at the protein level in GC (Fig. 1L, M). Together, these
data indicate that CHSY3 is upregulated in GC and cor-
related with poor prognostic outcomes.

CHSY3 expression correlates with patient clinicopathologic
parameters

Associations between CHSY3 expression levels and
patient clinicopathological characteristics in the TCGA
database were analyzed, revealing higher levels of CHSY3
expression to be evident in GC patients with higher T
stage. In contrast, CHSY3 expression was unrelated to
GC patient gender, age, pathologic stage, N stage, or M
stage (Fig. 2A-F). Subsequently, Kaplan—Meier curve
analysis showed that CHSY3 expression was not associ-
ated with OS in GC patients with T1-2 stage, NO stage,
or Stage I-II. However, in T3-4 stage, N1-3 stage, or
Stage III-1V, higher CHSY3 expression was associated
with poor prognosis (Fig. 2G-L).
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GSE65801 (N=32,T=32), GSE63089 (N=45,T=45), GSE54129 (N=21,T=111), GSE51575 (N=26, T=26) datasets (C-G). Kaplan-Meier survival curve
analysis of CHSY3 in GC from TCGA, GSE26901, GSE88433 and GSE66229 datasets (H-K). Immunohistochemical analysis of CHSY3 in gastric cancer
by HPA database (L, M). *P < 0.05; **P<0.01; ***P < 0.001

CHSY3 is an independent predictor of patient outcome
in GC and the construction of nomogram model

The prognostic value of CHSY3 expression, patho-
logical stage, and T/N/M stage in GC patients was

assessed. Univariate Cox regression analysis and mul-
tivariate Cox regression analysis showed that CHSY3

was an independent prognostic factor for OS in GC
(Fig. 3A, B). Moreover, in the GSE66229 dataset,
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for which complete clinical information is available,
CHSY3 showed the same results (Fig. 3C, D).These
findings indicated that CHSY3 expression offers value
as an independent predictor of GC patient prognosis.
Subsequently, we discovered that CHSY3 was a good
predictor of patient prognosis at 1, 3, and 5 years by
constructing a nomogram model (Fig. 3E, F). And the
calibration curve also verified this (Fig. 3G-L).

Functional analysis and mutational characterization

of CHSY3

We performed differential analysis of samples with high
CHSY3 expression versus those with low CHSY3 expres-
sion and plotted volcanoes (Fig. 4A). The abnormally ele-
vated CHSY3 expression was revealed by KEGG analysis
to be enriched in signaling pathways such as ECM—-recep-
tor interaction, PI3K-Akt signaling pathway, TGF-beta
signaling pathway, Complement and coagulation cas-
cades, Cell adhesion molecules (Fig. 4B). GO analysis
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showed that CHSY3 is closely related to the functions of
external encapsulating structure organization, extracel-
lular matrix organization, extracellular structure organi-
zation, collagen fibril organization, and other functions
are closely related (Fig. 4C). Furthermore, GSEA analysis
revealed that CHSY3 expression was closely associated
with the activation of Epithelial Mesenchymal Transition,
angiogenesis, TGF-beta signaling, TNFa signaling via
nfkb, Complement, and with the inhibition of Oxidative
Phosphorylation (Fig. 4D and Additional file 2: Fig. S2).
Additional file 3: Fig. S3A showed the mutational char-
acteristics of different CHSY3 expression subgroups, and
Additional file 3: Fig. S3B showed the co-occurrence and
mutually exclusive relationships of the top 20 mutated
genes. However, the expression of CHSY3 was not sig-
nificantly associated with TMB in the TCGA database
(Additional file 3: Fig. S3C).

Immune infiltration analysis and analysis of the benefits

of immunotherapy

To investigate the mechanism by which elevated CHSY3
expression leads to poor prognosis in GC patients, we
performed a Cibersort analysis and found that the per-
centage of Tregs cell infiltration was significantly higher
in the low-CHSY3 group than in the high-CHSY3 group,
while the percentage of M2 macrophage infiltration was
significantly higher in the high-CHSY3 group than in the
Low-CHSY3 group (Additional file 3: Fig. S3D). Subse-
quently, correlation analysis revealed that CHSY3 expres-
sion in GC was revealed to be significantly positively
correlated with stromal, immune, and ESTIMATE scores,
and negatively correlated with tumor purity (Additional
file 3: Fig. S3E-H). The higher IPS, the more immuno-
genic the sample. Therefore, we analyzed the IPS scores
of different CHSY3 expression groups by TCIA database,
and the results showed that the IPS scores of low-CHSY3
group were higher than those of high-CHSY3 group,
indicating that patients with low-CHSY3 expression had
better efficacy for immunotherapy (Fig. 5A-D).

Then, we utilized TIDE to assess the potential immu-
notherapeutic efficacy of immunotherapy in different
CHSY3-expressing subgroups. Higher TIDE prediction
scores represent a higher likelihood of immune evasion,
indicating that patients are less likely to benefit from
ICI therapy [25]. In the TCGA dataset, high expres-
sion of CHSY3 had higher TIDE scores, Dysfunction
scores, and Exclusion scores, however, MSI was not sta-
tistically different in the different CHSY3 subgroups
(Fig. 5E-H). Furthermore, in the GSE26901, GSE84433,
and GSE66229 datasets, which have sample numbers
greater than 100, again revealed that the CHSY3 high
expression group had higher TIDE scores. Interestingly,
the MSI scores were higher in the low CHSY3 expression
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subgroup in these datasets (Fig. 5I-T). In addition,
the results of the column association table generated
from TIDE and submap are shown in Fig. 5U-X. Taken
together, these results suggest that CHSY3 expression
lead to reduce benefit to immunotherapy in GC patients.

WGCNA analysis identifies genes associated

with immunotherapy

To explore the genes affecting immunotherapy, we per-
formed WGCNA analysis in differential genes between
different CHSY3 expression groups. The green mod-
ule gene was negatively correlated with IPS scores and
positively correlated with TIDE scores when power esti-
mates were equal to 4 (Fig. 6A and Additional file 4: Fig.
S4A-C). KEGG analysis showed that these genes were
enriched in ECM-receptor interaction, TGF-beta signal-
ing pathway, Toll-like receptor signaling pathway, PI3K—
Akt signaling pathway, Wnt signaling pathway, and other
signaling pathways (Additional file 4: Fig. S4D). And GO
analysis showed that these genes were associated with
extracellular matrix organization, ossification, collagen—
containing extracellular matrix, fibrillar collagen trimer,
extracellular matrix structural constituent, extracellular
matrix binding, and other functions (Additional file 4:
Fig. S4E-Q).

Construction of PPl network to identify hub genes
Subsequently, we constructed a PPI network to iden-
tify 10 Hub genes, namely BGN, COL1A1, COL1A2,
COL3A1, COL5A1, COL5A2, FEN1, MMP2, POSTN,
and THBS2 (Fig. 6B). In the TCGA database, all 10 hub
genes were highly expressed in gastric cancer compared
to paired non-cancerous tissues, and univariate cox anal-
ysis showed that the HR of all these genes was greater
than 1 (Fig. 6C, D). Besides, high expression of five genes,
POSTN, COL5A2, COL1Al, FN1, and MMP2, was
revealed by Kaplan—Meier survival curve analysis to sug-
gest a poor prognosis for gastric cancer patients (Fig. 6E
and Additional file 5: Fig. S5). Then, the effect of POSTN,
COL5A2, COL1A1, EN1, and MMP2 on GC progno-
sis was identified by random forest model analysis. The
genes with variable relative importance greater than 0
were COL5A2, POSTN, COL1A1, and FN1, thus we con-
cluded that these 4 Hub genes had the greatest impact on
the prognosis of GC patients (Fig. 6F, G). Scatter plots
revealed a significant positive correlation between the
expression of COL5A2, POSTN, COL1A1, and FN1 and
the expression of CHSY3 (Fig. 6H-K).

GC tissues exhibit CHSY3 upregulation correlated

with poor prognostic outcomes

To confirm the above findings, qRT-PCR analyses of addi-
tional GC patient tumor samples were conducted, revealing
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CHSY3 to be upregulated in 10 GC tumor samples relative
to levels in paired paracancerous samples (Fig. 7A). This
finding was confirmed by a tissue microarray examination
of 68 pairs of paracancerous and tumor tissues from GC
patients, with 49/68 patients exhibiting increased intra-
tumoral CHSY3 expression whereas 19 exhibited lower
CHSY3 protein levels in tumor samples (Fig. 7B, C). In
addition, correlations between CHSY3 expression and GC
patient clinicopathological characteristics were examined,
revealing higher levels of CHSY3 expression to be cor-
related with depth of invasion, advanced TNM stage, and
lymph node metastasis (Table 1). Univariate and multi-
variate analyses confirmed that CHSY3 expression was an
independent predictor of the OS of GC patients (Table 2).
Additionally, these patients were divided into CHSY3-
high and CHSY3-low groups, with Kaplan—Meier analy-
ses revealing that CHSY3 expression is related to a poorer
patient prognosis (Fig. 7D).

CHSY3 regulates GC cell proliferation, migration

and invasion

Lastly, the functional role of CHSY3 was explored in GC
cells. Initially, CHSY3 mRNA levels were analyzed in
GC cell lines, revealing it to be maximally upregulated in
AGS cells and to a lesser extent in HGC-27 cells (Addi-
tional file 6: Fig. S6A, B). Then, CHSY3 was knocked
down in AGS cells and overexpressed in HGC-27 cells
(Fig. 7E, F and Additional file 6: Fig. S6C, D). Meanwhile,
qRT-PCR assays of COL5A2, POSTN, COL1A1, and FN1
showed that the expression of these four genes decreased
when CHSY3 was knocked down, while their expression
increased when CHSY3 was overexpressed (Additional
file 6: Fig. SGE-L). Next, CCK-8 showed that the knock-
down of the CHSY3 was sufficient to inhibit GC cell viabil-
ity, while overexpression of the CHSY3 promoted GC cell
viability (Fig. 7G, H). In addition, cloning assays and EDU
proliferation assays demonstrated the same results, where
knockdown of CHSY3 inhibited the proliferation of GC
cells, while overexpression of CHSY3 promoted the prolif-
eration of GC cells (Fig. 71, J). Finally, Transwell assay addi-
tionally indicated that CHSY3 knockdown was sufficient
to inhibit GC cell migration and invasion relative to that of
control cells, while upregulation of CHSY3 promoted the
migration and invasion of GC cells (Fig. 7K, L). In sum-
mary, knockdown of CHSY3 impairs the proliferation,
migration, and invasion of gastric cancer cells.

(See figure on next page.)
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CHSY3 promotes tumor growth in nude mice

In subcutaneous tumor experiments in nude mice, tumor
growth was significantly faster in nude mice injected with
CHSY3 overexpressing HGC-27 cells than in controls,
while tumor growth was significantly slower in nude mice
injected with CHSY3 knockdown AGS cells than in con-
trols (Fig. 8A). Immunohistochemical staining showed
that Ki67 expression was significantly upregulated in the
CHSY3-OE group compared to the vector group, while
Ki67 expression was significantly suppressed in the CHSY3
knockdown group compared to the negative control group
(Fig. 8B). The volume and weight of subcutaneous tumors
in the CHSY3-OE group were significantly larger than
those in the carrier group, while the volume and weight
of subcutaneous tumors in the CHSY3 knockdown group
were significantly smaller than those in the negative control
group (Fig. 8C-F).

Expression of CHSY3 and chemotherapeutic drug
sensitivity analysis

Chemotherapy is one of the most critical treatments for
GC. The R package ‘pRRophetic’ is utilizing the expression
matrix and drug handling information inside the Cancer
Genome Project (CGP) program, a database with informa-
tion on 138 anticancer drugs [32]. In TCGA, GSE26901,
GSE84433, and GSE66229 datasets, we discovered that
CHSY3 expression was negatively correlated with drug
sensitivity of cisplatin and docetaxel, which provided us
with favorable assistance in the subsequent combination
therapy of GC patients (Additional file 7: Fig. S7A, B).

In vivo antitumor effects of CHSY3 knockdown combined
with aPD-L1

The antineoplastic efficacy of CHSY3 inhibition in com-
bination with aPD-L1 was evaluated in an MFC tumour
model where mice were subjected to subcutaneous injec-
tion of tumour cells. After 9 days, the mice were divided
into different groups and subjected to different treatments,
as shown in Fig. 9A. The CHSY3 knockdown group, as well
as the aPD-L1 group, showed partial inhibition of tumour
growth in the MFC tumour model. However, when sub-
jected to the combined treatment regimen, a remarkable
antineoplastic effect was observed as shown by the data
in Fig. 9B. Furthermore, the tumour volume curve and
tumour weight were consistent with the tumour suppres-
sive effect of the combined treatment as shown in Fig. 9C,
D respectively. To further explore the differences in the

Fig. 6 WGCNA analysis and construction of PPl network to identify Hub genes. Correlation of module signature genes with IPS and TIDE (A).
Construction of PPl network to identify Hub genes (B). Expression of 10 Hub genes in GC tissues and paracancerous tissues in TCGA database (C).
Univariate cox analysis of 10 Hub genes (D). Radar plot showing p-values of Kaplan—Meier survival curves for 10 Hub genes (E). Random Forests
Identify Key Prognostic Genes (F, G). Scatter plot showing correlation of CHSY3 with FN1 (H), POSTN (I), COLTA1 (J), COL5A2 (K). *P<0.05; **P< 0.01;

***P<0.001
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Table 1 Correlation between CHSY3 expression in GC tissues
and clinicopathological features of GC patients

Clinicopathological N CHSY3 expression p-value
Parameter —
Low 19 High 49

Gender 0.683
Male 42 1 31
Female 26 8 18

Age (years) 0.72
<65 37 1 26
>65 31 8 23

Degree of differentiation 0.27
Well 3 0 3
Moderate/poor 65 19 46

Tumor diameter (cm) 0.938
<5 47 13 34
>5 21 6 15

TNM stage <0.001
[+11 31 16 15
Il 37 3 34

Depth of invasion 0.015
T1+T2 24 1 13
T3+T4 44 8 36

Lymph node metastasis 0.026
Negative 22 10 12
Positive 46 9 37

immune milieu following the synergistic intervention of
CHSY3 inhibition and oPD-L1, immunohistochemistry
focusing on CD8+ T cells within MFC tumours was per-
formed. Notably, the immunohistochemical images shown
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in Fig. 9E clearly demonstrate the strong increase in CD8+
T cell infiltration resulting from the combined treatment
modality. Additionally, the upregulation of Granzyme B
and Perforin, as indicated, suggests an enhanced activation
of CD8+ T cells. These findings indicate that the combined
intervention effectively promotes CD8+ T cell activity.

Discussion

GC is one of the most common and lethal types of can-
cer in the world. While surgical resection is often a
curative option for early-stage GC patients, those with
more advanced disease must undergo chemotherapy
and exhibit poor 5-year survival rates [33, 34]. Efforts
to enhance the efficacy of chemotherapy or to improve
targeted disease treatment and prognostic manage-
ment efforts are thus critical to ensuring GC patients
experience better outcomes. Recent advances in genetic
sequencing and associated technologies have highlighted
new approaches to clarifying the molecular mechanisms
governing GC development and progression, leading to
the detection of novel targets for potential pharmacologi-
cal intervention in this oncological context [35].

In this study, the role of CHSY3 in GC was thoroughly
investigated using RNA expression data from the TCGA
database and GEO Database. CHSY3 upregulation was
observed in GC tumor tissues, and patients expressing
higher levels of this gene exhibited poorer prognostic
outcomes. Consistently, IHC data from the HPA database
confirmed the upregulation of CHSY3 in GC tumors rel-
ative to normal tissues. Higher levels of CHSY3 expres-
sion were also evident in patients with more advanced
GC. These findings are consistent with prior data

Table 2 Univariate and multivariable analysis of OS of patients with GC

oS Univariate analysis Multivariable analysis
P>z P> || HR (95% Cl)
Gender 0.203
Male (n=42) vs. female (n=26)
Age (years) 0.580
<65(nN=37)vs. 265 (n=31)
Differentiation 0.526
Well (n=3) vs. moderate/poor (n=65)
Tumor diameter (cm) 0.061
<5(=47)vs.25(n=21)
Depth of invasion 0.001 0.033 2.225(1.068-4.633)
T14+T2 (n=24) vs. T34+T4 (n=44)
Lymph node metastasis <0.001 0.034 2.392 (1.068-5.360)
Negative (n=22) vs. positive (n=46)
CHSY3 expression 0.003 0.045 2.287 (1.020-5.129)

Low (n=19) vs. high (n=49)
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demonstrating CHSY3 upregulation in rectal cancer to
be associated with worse patient outcomes [20]. CHSY3
was found to be an independent predictor of poor GC
patient prognosis in subsequent univariate and multivari-
ate Cox regression analyses.

The immune surveillance model describes a well-
accepted theory wherein immune cells can recognize
and eliminate tumors and other neoplastic cells [36]. The
ability of tumors to avoid immune-mediated destruc-
tion can thus occur through elimination, equilibrium,
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and escape mechanisms [37, 38], with tumor develop-
ment often proceeding rapidly following immune eva-
sion. Immunotherapeutic treatments for cancers rely on
the use of antibodies or immune tumor vaccines to bet-
ter engage host anti-tumor immune responses so as to
promote tumor clearance [39]. The potential relation-
ship between CHSY3 expression and immune status
was examined using the CIBERSOR approach, reveal-
ing it to be correlated with Tregs, M2macrophages, and
resting Mast cells. Previous studies have shown that
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macrophage M2 polarization plays an important role in
the development of oral squamous cell carcinoma, colo-
rectal cancer, and gastric cancer [40—42]. CHSY3 levels
were also significantly related to the composition of the

tumor microenvironment, as evidenced by their sig-
nificant correlation with immune, stromal, and ESTI-
MATE scores. Recent data support a close link between
GC patient TMB/MSI status and prognostic outcomes
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[43-45]. However, this study found no statistically sig-
nificant association between CHSY3 levels and TMB sta-
tus in GC patients. Interestingly, although there was no
relationship between CHSY3 expression and MSI status
in the TCGA dataset, the CHSY3 low expression group
exhibited higher MSI scores in the GSE26901, GSE84433,
and GSE66229 independent datasets. Subsequently, we
also assessed the association of CHSY3 expression with
immunotherapy by TIDE score and IPS score, and the
results showed that CHSY3 expression was negatively
correlated with the effect of immunotherapy. To bet-
ter determine the mechanism by which CHSY3 affects
immunotherapy, we screened the gene modules associ-
ated with TIDE score and IPS score from within the dif-
ferential genes by WGCNA analysis. In addition, 10 Hub
genes, BGN, COL1A1, COL1A2, COL3A1l, COL5A1,
COL5A2, FN1, MMP2, POSTN, and THBS2, were
screened by the construction of PPI network. Finally,
through KM curve survival analysis combined with ran-
dom forest model, we concluded that POSTN, COL5A2,
COL1Al, and EN1 may be the 4 most critical genes and
these 4 genes have a strong positive correlation with
CHSY3. Together, these data provide a promising foun-
dation for the immunotherapeutic treatment of GC, sug-
gesting differential CHSY3 expression to be of potential
relevance in the context of GC patient immune response
status.

Through additional analyses of 10 pairs of GC patient
paracancerous and tumor tissues collected, the upregula-
tion of CHSY3 in GC was further confirmed in an inde-
pendent dataset. Similar results were obtained for tissue
microarrays composed of tumors from 68 GC tissues and
normal gastric tissue from 68 GC patients, and Kaplan—
Meier analysis showed that higher levels of CHSY3
expression were similarly associated with poor prognosis
in this group of GC tumor tissues. In addition, further
experiments were performed to assess the importance
of CHSY3 for GC cells by knocking down the expres-
sion of CHSY3 in AGS cells and overexpressing CHSY3
in HGC-27 cells. Furthermore, the regulation of POSTN,
EN1, COL1A1, and COL5A2 by CHSY3 was confirmed
by qRT-PCR. POSTN was reported to enhance the resist-
ance of glioma stem cells to anti-angiogenic therapy by
positively regulating VEGFA expression through activa-
tion of STAT3 [46]. FN1 was reported to promote inva-
sive metastasis in papillary thyroid cancer due to its
activation by the nf-xb signaling pathway [47]. In GC,
COL1A1 can promote tumor progression as a promis-
ing prognostic target [48]. Additionally, COL5A2 may
be a potential clinical biomarker for GC metastasis [49].
In subsequent CCK-8 assays, cloning assays, and EDU
assays, it was observed that knockdown of CHSY3 was
sufficient to inhibit GC cell proliferation, while aberrant
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expression of CHSY3 was able to promote GC cell pro-
liferation. Our group also supplemented migration and
invasion experiments to demonstrate that CHSY3
expression regulates GC cell migration and invasion abil-
ity. In nude mice with subcutaneous xenograft tumors,
our group found similar results, where subcutaneous
injection of GC cells overexpressing CHSY3 effectively
promoted the growth of subcutaneous tumors in nude
mice, while subcutaneous injection of GC cells knocking
down CHSY3 effectively inhibited the growth of subcuta-
neous tumors in nude mice. Taken together, our database
analysis and related experimental results are sufficient to
demonstrate that CHSY3 expression promotes GC prolif-
eration, migration, and invasive ability.

In the realm of contemporary medical advancements,
despite the fact that immune checkpoint inhibitor (ICI)
therapy has emerged as an optimal therapeutic approach
for select cases in oncology, endowing previously unprec-
edented extensions to survival periods within certain
patient cohorts, the efficacy and applicability of this
approach are hindered by the lamentable emergence of
resistance phenomena, be it intrinsic or acquired, per-
taining to immune-based treatments [50, 51]. Based on
an abundance of meticulously conducted clinical inves-
tigations, it has been irrefutably established that only
a fraction of afflicted individuals derive the long-term
beneficial responses sought after, with the disheartening
experience of immunotherapy resistance encompassing
the vast majority. In a valiant endeavor to surmount this
perplexing conundrum, the exploration and validation
of multifaceted regimens involving the employment of
combination immunotherapies in the context of combat-
ing various forms of malignancies have gained immense
recognition and garnered substantial interest [52]. It is
within this intricate landscape that we unveil our ground-
breaking revelation, whereby the synergistic alliance of
targeting CHSY3 alongside aPD-L1 interventions evinces
the conspicuous augmentation of immune cell infiltra-
tion within tumor microenvironments, thus instigating
a commensurate elevation in the therapeutic efficacy of
immune-based treatments.

By utilizing a bioinformatics approach, this study offers
valuable insights into biological systems with the aim
of predicting the relationship between CHSY3 and the
regulation of antitumor immune responses. Addition-
ally, laboratory pre-experiments have demonstrated that
suppressing CHSY3 can enhance the therapeutic effects
of anti-PD-L1 treatment. Subsequent in vivo experi-
ments have effectively validated the validity of targeting
CHSY3, thereby demonstrating its potential to improve
the effectiveness of anti-PD-L1 therapeutic interven-
tions. However, it is crucial to recognize the limitations
associated with the relatively small sample size in the
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TCGA database and the use of independent samples in
this study. These factors may introduce inherent bias into
the outcome data. Consequently, it becomes evident that
extensive large-scale prospective studies are necessary
prerequisites for confirming and expanding upon these
observations.

Conclusion

Taking into consideration the aforementioned discourse,
the current analysis substantiates CHSY3 as a highly
promising prognostic biomarker and an effective thera-
peutic target in the context of gastric cancer (GC). The
upregulation of this particular glycosyltransferase exhib-
its a significant correlation with unfavorable overall sur-
vival (OS) in GC patients, as well as higher pathological
staging and T-stage outcomes. Further correlation analy-
sis between the Tumor Immune Dysfunction and Exclu-
sion (TIDE) score and the Immune Prognostic Score
(IPS) suggests a compelling association with CHSY3
expression, thereby impairing the efficacy of immune-
based therapies. Moreover, employing an integrative
approach encompassing Weighted Gene Co-expression
Network Analysis (WGCNA) and Cytoscape, we have
successfully identified ten hub genes intricately linked to
immune therapy and gastric cancer progression. Among
these, COL5A2, POSTN, COL1A1, and FN1 emerge as
potentially pivotal candidates warranting further investi-
gation. Notably, in both in vitro and in vivo experiments,
modulation of CHSY3 expression adequately regulates
the proliferative, migratory, and invasive capabilities of
gastric cancer cells. Furthermore, in vivo experiments
have unequivocally demonstrated that the targeted inhi-
bition of CHSY3, in combination with anti-PD-L1 ther-
apy, significantly suppresses tumor growth. Collectively,
these compelling findings underscore novel therapeutic
avenues for the management of gastric cancer, although
meticulous scrutiny is essential to unravel the intricate
molecular mechanisms underpinning these observations.
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