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1 | INTRODUCTION

Bladder cancer (BLCA) is the most common malignancy
of the urinary tract systemm, with high morbidity and
mortality rates and about 3.4 million people worldwide
were affected in 2015, In the United States, 80 470 new
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Abstract

Background: Bladder cancer (BLCA) is the most prevalent malignancy in the
urinary tract system, while ST3GALS5 is a protein-coding gene that catalyzes
the formation of ganglioside monosialodihexosylganglioside 3 (GM3) syn-
thase. GM3 synthase has been reported to significantly influence the malig-
nant process of various cancers. However, the expression profile and func-
tional role of ST3GAL5 specifucally in BLCA remain to be elucidated.
Methods: In order to investigate the relationship between ST3GAL5 ex-
pression and malignant biological behavior and prognosis in BLCA. The
mRNA expression of ST3GAL5 and clinicopathological characteristics
in BLCA were firstly evaluated by public databases. Next, immuno-
histochemical staining was performed to analyze the protein expression of
ST3GAL5 in BLCA and paracancerous tissues, as well as the expression of
various types of malignant biological behavior. Subsequently, the gene set
enrichment analyses (GSEA) were performed for ST3GAL5 and all corre-
lated genes in BLCA by sorting Pearson's Correlation Coefficient. GSEA was
also used to validate the pathways affected by the different expression levels
of ST3GAL5 in BLCA patients.

Results: The mRNA and protein expression of ST3GAL5 in BLCA were sig-
nificantly higher in low-grade and non-muscle-invasive BLCA (p < 0.05). The
results from bioinformatics databases indicated that upregulation of
ST3GAL5 have a lower grade, lower pathological stage, less susceptibility to
lymphatic metastasis, and lower mortality rates. Kaplan-Meier survival
analysis demonstrated that upregulation of ST3GAL5 was associated with
better survival in BLCA (p < 0.05).

Conclusion: Upregulation of ST3GAL5 may be related to tumor suppression in
BLCA, and may be a potential prognostic and therapeutic marker for BLCA.
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cases of BLCA and 17670 cases of BLCA-associated
deaths were expected in 20191, Based on the histolog-
ical grading[g], BLCA can be classified as high-grade and
low-grade. Low-grade BLCA rarely invades the bladder
muscle, recurs or metastasis; however, most BLCA-
associated deaths are attributed to high-grade disease.
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BLCA can also be divided into muscle-invasive BLCA
and non-muscle-invasive BLCA according to its inva-
siveness!®. Compared to non-muscle-invasive BLCA,
muscle-invasive disease has a poorer prognosis and a
higher cancer-specific mortality rate. Although early
diagnosis and treatment of BLCA can significantly
improve patient survival and prognosis status, the
mortality associated with BLCA remains high. Therefore,
there is a current need to explore a novel clinical and
therapeutic biomarker to improve the diagnosis and
treatment of BLCA.

ST3GALS is a protein-coding gene that catalyzes the
formation of ganglioside monosialodihexosylganglioside
3 (GM3) synthasel®. The ganglioside GM3 is known to
be involved in the induction of cell differentiation, reg-
ulation of cell proliferation, maintenance of fibroblast
morphology, signal transduction, and integrin-mediated
cell proliferation[ﬁ]. In addition, GM3 synthase is asso-
ciated with a variety of cancers, including brain cancer,
lung cancer, and melanomas, and has been reported to
significantly influence the malignant process of
cancer'®®. However, the expression profile and func-
tional role of ST3GAL5 in BLCA remain unclear. The
expression of ST3GAL5 in BLCA and its functional role
have been less studied. In a previous study[gl, we have
confirmed from a comprehensive bioinformatics analy-
sis through publicly available databases that the down-
regulation of ST3GAL5 at the mRNA level is associated
with invasiveness, grade, and prognosis in BLCA, but no
validation at the protein level.

In this study, the protein expression of ST3GALS5 in
BLCA was investigated via immunohistochemical
staining. In addition, the relationship between the
clinicopathological features and gene expression of
ST3GAL5 in BLCA were analyzed through publicly
bioinformatical databases. Furthermore, Gene Set En-
richment Analyses (GSEA) were performed on genes
that were co-expressed with ST3GAL5 BLCA, and GSEA
verification on the different expression level of ST3GAL5
in BLCA were investigated again.

2 | MATERIALS AND METHODS

2.1 | Data sources

The mRNA expression of ST3GAL5 in BLCA was
obtained from The Cancer Genome Atlas (TCGA)™® and
Gene Expression Omnibus (GEO)!'. The data from the
GEO accession number GSE13507!'? and GSE120736
were downloaded to analyze the mRNA expression of
ST3GALS5. Data from TCGA and GTEx databases were
downloaded using the UCSC Xena browser tool*®!. The
protein expression of ST3GAL5 in BLCA was obtained
from patients with histologically confirmed bladder
cancer in Sun Yat-sen University Cancer Center from
May 2019 to April 2020.

2.2 | Immunohistochemistry (IHC)
validation

Patients with confirmed bladder cancer were selected to
evaluate THC on their cancer tissues and paracancerous
tissues to verify the protein expression of ST3GAL5
between BLCA and normal bladder tissues or different
malignant biological types of BLCA. IHC was performed
on paraffin sections using an EnVision method, ST3GAL5
Rabbit Polyclonal antibody (Catalog number: 14614-1-AP,
Proteintech Group, Inc, Wuhan, China) was selected at
dilution of 1:50 (under 40x lens). Cancer staging was
assessed using the 8th edition of the American Joint
Committee on Cancer (AJCC) cancer staging system[4].
Histological grade was evaluated according to the 2016
World Health Organization (WHO) classification®. All
patients have obtained approval from the ethics com-
mittee (Approval number: KJ2022-062-01).

2.3 | Histological explanation

The positive staining was defined as cytoplasm staining
of yellow or dark brown. Non-tumor cells (such as
lymphocytes, stromal cells, endothelial cells, and ur-
othelial cells) were served as internal positive controls
for all tissue sections. The semi-quantitative grading
criterial* for THC are as follows: () indicated negative
staining in tumor cells; (+) <20% tumor cells were pos-
itive staining; (+) =20% but <50% tumor cells were
positive staining; (++) =50% but < 75% tumor cells were
positive staining; (+++) = 75% tumor cells were positive
staining. In addition, we defined tumor cells <20%
staining as reduced or loss expression, and otherwise
defined as positive.

2.4 | Clinicopathological characteristics
and survival analysis

The clinicopathological characteristics and survival
analysis were firstly applied with the GEO accession
GSE13507 data set to explore the relationship between
different ST3GAL5 expressions and clinical outcomes of
BLCA patients, respectively, and then further validated
with the TCGA-BLCA data set.

2.5 | Enrichment analyses

First, the Pearson Correlation Coefficient (PCC) of
ST3GAL5 and all genes in bladder cancer from TCGA-
BLCA data set were calculated using the cor.test function
of the R language, sort all the genes according to the PCC
value. Next, the GSEA of the Gene Ontology (GO,
c5.all.v7.1.entrez.gmt) terms and Kyoto Encyclopedia of
Genes and Genomes (KEGG, c2.cp.kegg.v7.0.entrez.gmt)
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signaling pathway were performed using the R package
“clusterProfiler” v3.17.01°. In addition, the ST3GAL5
expression value from the TCGA-BLCA data set was
divided into high- and low-group based on the mean
expression level, then GSEA of the KEGG signaling
pathway was performed again to verify signal pathways
using the GSEA software v4.0.311%!. Gene set permutations
were performed 1000 times for each analysis. The false
discovery rate < 0.25, |normalized enrichment score| > 1,
and p <0.05 were considered significant differences.

2.6 | Statistical analysis

All statistical analyses were performed under R v4.01 and
R-studio v1.3.959"""), The box plots and scatter plots were
constructed using the R package “ggplot2” v3.3.218 42 test
and Fisher's exact were used to compare the categorical
variables. Student's #-test was used to compare the means
of two independent samples. Kaplan-Meier analysis and
log-rank test was performed by using R package “survival”
v3.2.3 and “survminer” v0.4.7. Multivariate Cox propor-
tional hazards regression model was conducted to adjust
for covariate effects and stratified analysis. Hazard ratios
(HR) and 95% confidence intervals (CI) were calculated.
Missing data were excluded from the analysis. p < 0.05 was
considered statistically significant.

3 | RESULTS
3.1 | The mRNA expression of ST3GAL5
in patients with BLCA

Two independent BLCA data sets (GSE120736 and
GSE13507) from the GEO database were analyzed for
the mRNA expression level of ST3GALS5, the results both
revealed that high expression of ST3GAL5 was signifi-
cantly positively associated with low-grade BLCA and
non-muscle invasive bladder cancer (Figure 1A,B).

3.2 | The protein expression of ST3GAL5
in patients with BLCA

A total of nine patients with BLCA were selected in the
present study, of the nine cases of bladder cancer, eight
were male and one was female, with a mean age of
62.3 years. Among them, seven cases of high grade, two
cases of low grade, five patients were muscle-invasive
bladder cancer, four patients were non-muscle invasive
bladder cancer, one case of stage Ta, four cases of stage
T1, three cases of stage T2, and one case of stage T4
(see Table 1 for details). According to the immuno-
histochemical results, the protein expression of ST3GAL5
was strongly positive staining in normal bladder tissue,
moderately positive staining in atypical hyperplasia
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FIGURE 1 mRNA expression of ST3GAL5 in patient with BLCA.

(A) mRNA expression of ST3GALS in high-grade BLCA compared with
low-grade BLCA. The data in the left column comes from the GEO
database GSE120736 data set, and the right column is from the GEO
database GSE13507 data set. (B) mRNA expression of ST3GALS5 in
muscle-invasive bladder cancer (MIBC) compared with non-muscle-
invasive bladder cancer (NMIBC).

bladder tissue, and significantly reduced in bladder ur-
othelial carcinoma tissue (Figure 2A-C). Similarly, for the
different grades of bladder cancer, ST3GAL5 protein ex-
pression was moderate positive staining in low-grade
bladder cancer and weakly positive staining or reduced
expression in high-grade bladder cancer tissue
(Figure 2D-F). Similar results were also seen in the mus-
cle-invasive bladder, where ST3GAL5 protein expression
was moderate positive staining in non-muscle-invasive
bladder cancer and weakly positive staining or reduced
expression in muscle-invasive bladder cancer tissue
(Figure 2G-I).

3.3 | The relationship between different
ST3GALS5 expression and clinicopathological
characteristics of patients with BLCA

This study investigated the relationship between the
different ST3GAL5 mRNA expression and the clinico-
pathological characteristics of patients with BLCA from
GSE13507 data set. Then, the clinical features were re-
validated using the TCGA-BLCA data set. Compared with
high expression of ST3GAL5, the low expression of
ST3GAL5 was significant differences in stage, grade,
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TABLE 1

Sex

Male
Male
Male
Male
Male
Female
Male
Male

Male

Pathological features of nine patients in bladder cancer and paracancerous tissues.

Age (years)
59
71
54
52
67
63
72
59

64

Subtype
Papillary
Papillary
Papillary
Papillary
Papillary
Papillary
Carcinoma in situ
Papillary

Squamous differentiation,
carcinoma in situ

Grade
Low
High
Low
High
High
High
High
High
High

Muscle-invasiveness
Non-invasive
Non-invasive
Non-invasive
Invasive

Invasive
Non-invasive
Invasive

Invasive

Invasive

Pathological stage (AJCC 8th)
TaNOMO

TINOMO

TINOMO

T4aNOMO

T2bNOMO

TINOMO

T2bNOMO

TINOMx

T2aN3MO0

FIGURE 2 Protein expression of ST3GAL5 in patient with BLCA. (A-C) Immunohistochemical staining of ST3GAL5 in normal bladder, atypical
hyperplasia and bladder cancer tissue. (A) Normal bladder urothelium tissue, strong positive staining. (B) Atypical hyperplasia tissue of bladder, moderate
positive staining. (C) Bladder urothelial carcinoma tissue, week positive staining. (D-F) Immunohistochemical staining of ST3GAL5 in normal bladder,
low-grade bladder cancer and high-grade bladder cancer. (D) Normal bladder urothelium tissue, strong positive staining. (E) Low-grade bladder cancer
tissue, moderate positive staining. (F) High-grade bladder cancer tissue, weakly positive staining or reduced expression. (G-I) Immunohistochemical
staining of ST3GAL5 in normal bladder, non-muscle-invasive bladder cancer and muscle-invasive bladder cancer. (G) Normal bladder urothelium tissue,
strong positive staining. (H) Non-muscle-invasive bladder cancer tissue, moderate positive staining. (I) Muscle-invasive bladder cancer tissue, weakly
positive staining or reduced expression. Magnification x40.
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TABLE 2 Association between the different expression group of ST3GALS5 and clinicopathological characteristics of patients with bladder

cancer in GSE13507 data set.

High expression

(n=95) Percentage

Age (years), Mean + SD 64.01 +12.85
Sex

Male 80 84.21%

Female 15 15.79%
Stage

I+1I 84 88.42%

I +1v 11 11.58%
Grade

High 17 17.89%

Low 78 82.11%
Invasiveness

MIBC 14 14.74%

NMIBC 81 85.26%
Node metastasis

Yes 4 4.21%

No 91 95.79%
Distant metastasis

Yes 4 4.21%

No 91 95.79%
Vital status

Alive 86 90.53%

Dead 9 9.47%

Low expression

(n="70) Percentage p value
66.77 £10.54 0.143676

0.35331
55 78.57%
15 21.43%

0.00021
45 64.29%
25 35.71%

0.00001
36 51.43%
34 48.57%

1.71x 1072
48 68.57%
22 31.43%

0.012132
12 17.14%
58 82.86%

0.71356
3 4.29%
67 95.71%

0.00017
47 67.14%
23 32.86%

Abbreviations: MIBC, muscle-invasive bladder cancer; NMIBC, non-muscle-invasive bladder cancer.

lymph node metastasis and vital status (Table 2, p < 0.05).
Similarly, the same results are found in the TCGA-BLCA
data set (Table 3, p<0.05). These results indicated that
lower expression levels of STGAL5 have a higher grade,
higher pathological stage, greater susceptibility to lym-
phatic metastasis and higher mortality rates.

3.4 | The relationship between ST3GAL5
expression and survival prognosis in
patients with BLCA

We first performed a Kaplan-Meier survival analysis on
patients with BLCA using the GES13507 data set, the
result indicted that low expression of ST3GAL5 were
significantly negatively associated with overall survival
(0OS) and disease-specific survival (DSS) (Figure 3A,B).
Then, TCGA-BLCA data set was used to verify the
prognosis results. Similarly, the results showed that low
expression of ST3GAL5 were both negatively associated

with OS and DSS in TCGA-BLCA data set (Figure 3C,D).
These results all indicated the adverse prognostic rele-
vance of ST3GALS5 expression in patients with BLCA.

3.5 | The GSEA with ST3GAL5 expression
in BLCA

Firstly, a batch correlation analysis of 20 530 genes from
411 case of BLCA patients in TCG-BLCA data set were
performed using Pearson's method, and after excluding
the invalid and duplicate genes, finally 17 541 correlated
genes were selected for GSEA analysis after sorting them
by PCC value. Subsequently, GO functional and KEGG
pathway enrichment analyses were performed with
ST3GAL5 and all the correlated genes, in which GO ana-
lyzes functions in biological processes, molecular func-
tions, and cellular components. GO function enrichment
analysis results clustered 884 items, of which 119 were
activated and 765 were suppressed, and predominantly
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TABLE 3 Association between the different expression group of ST3GAL5 and clinicopathological characteristics of patients with bladder
cancer in TCGA-BLCA data set.

High expression Low expression
(n=192) Percentage (n=219) Percentage p value
Age (years), Mean + SD 66.92 + 11.45 69.06 +9.68 0.0400272
BMI (kg/m?), Mean + SD 26.77 +6.57 27.21+9.71 0.4847346
Smoking time (years), Mean + SD 43.62 +13.63 50.22+8.79 0.0241113
Gender 0.9021312
Male 141 73.44% 162 73.97%
Female 51 26.56% 57 26.03%
Race 0.0001900
Asian 34 17.71% 10 4.57%
Black 8 4.17% 15 6.85%
White 141 73.44% 186 84.93%
NA 9 4.69% 8 3.65%
Stage 0.0032108
I+1I 61 31.77% 44 20.09%
I +1v 113 58.85% 161 73.52%
NA 18 9.38% 14 6.39%
Node metastasis 0.0464229
No 121 63.02% 117 53.42%
Yes 52 27.08% 78 35.62%
NA 19 9.90% 24 10.96%
Distant metastasis 0.74445
No 110 57.29% 89 40.64%
Yes 5 2.60% 6 2.74%
NA 77 40.10% 124 56.62%
Vital status 0.0000345
Alive 127 66.15% 101 46.12%
Dead 64 33.33% 118 53.88%
NA 1 0.52%
Grade 0.0000113
High 169 88.02% 218 99.54%
Low 20 10.42% 1 0.46%
NA 3 1.56%
Subtype 0.0000001
Papillary 88 45.83% 45 20.55%
Non-Papillary 104 54.17% 169 77.17%

NA 5 2.28%
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(A) Overall survival (GSE13507) (B) Disease free survival (GSE13507)

(C ) Overall survival (TCGA-BLCA)

(D) Disease free survival (TCGA-BLCA)
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FIGURE 3 Survival analysis according to ST3GALS5 expression in patients with BLCA. Kaplan-Meier survival plot from the GEO database, gene

expression data and (A) overall survival, (B) disease specific survival information were downloaded from the GSE13507 data set. Kaplan-Meier
survival plots from TCGA-BLCA database gene expression data and (C) overall survival, (D) disease specific survival information were downloaded

from the BLCA data set.
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activated in “cofactor binding,” “small molecule catabolic

process,” “cellular glucuronidation,” “phosphatidylglycerol
acyl chain remodeling,” “positive regulation of glycogen
metabolic process,” “phospholipid metabolic process,”
“protein targeting,” “short chain fatty acid metabolic pro-
cess,” “cofactor metabolic process” and “Acyl-CoA ligase
activity,” and suppressed in “cartilage development,”
“peptidyl threonine modification,” “ADP metabolic pro-
cess,” “cell adhesion mediated by integrin,” “cellular
response to ionizing radiation,” “cerebral cortex develop-
ment,” “chromatin assembly or disassembly,” “collagen
binding,” “formation of primary germ layer,” and “kinet-
ochore” (Figure 4A).

Furthermore, the KEGG pathways analysis for
ST3GAL5 and its correlateded genes results clustered 74
items, of which 21 were activated and 50 were suppressed,
which mainly activated in “peroxisome,” “drug metabo-
lism cytochrome P450,” “metabolism of xenobiotics by
cytochrome P450,” “PPAR signaling pathway,” “ribosome,”
“steroid hormone biosynthesis,” “valine leucine and iso-
leucine degradation,” “glycerophospholipid metabolism,”
“retinol metabolism,” and “fatty acid metabolism,”
and suppressed in “mismatch repair,” “homologous
recombination,” “pyrimidine metabolism,” “base excision
repair,” “ECM receptor interaction,” “allograft rejection,”
“prion diseases,” “glioma,” “graft versus host disease,” and
“autoimmune thyroid disease” (Figure 4B).

Finally, in order to verify the KEGG signal pathway,
we next divided the ST3GAL5 expression level into high-
and low-groups according to the mean value of
ST3GAL5 expression from TCGA-BLCA data set, and
then GSEA analysis was performed again.

The results showed that 13 signaling pathways were
significantly clustered, of which 11 items were activated
and 2 items suppressed, and all items were included in
the enrichment analysis for correlation analysis. The
results demonstrated the KEGG activated in “ascorbate
and aldarate metabolism,” “steroid hormone bio-
synthesis,” “arachidonic acid metabolism,” “retinol

metabolism,” “drug metabolism cytochrome P450,”
“metabolism of xenobiotics by cytochrome P450,” “lino-
leic acid metabolism,” “pentose and glucuronate inter-
conversions,” “starch and sucrose metabolism,” “fatty
acid metabolism,” and “glycosylphosphatidylinositol
anchor biosynthesis,” and suppressed in “nucleotide ex-
cision repair,” and “pancreatic cancer” (Table 4).

4 | DISCUSSION

About 75% of primary BLCAs are superficial tumors!*®!
that can be easily treated with transurethral resection of
bladder tumors (TURBT), but in the about 70% of these
treated patients still relapsed after a period of time!2”),
and of these patients, about 30% progressed to high-
grade and higher stage disease!®”!. Patients with BLCA to
higher stages have a poor prognosis outcome for
recurrence and progression[21]. Although lots of new
tumor biomarkers have been proposed, they are limited
in predicting the prognosis and treatment of BLCA.
Therefore, novel biomarkers are urgently needed to
predict the prognosis and evaluation of BLCA.

At present, the expression of ST3GAL5 and its clini-
copathological characteristics in patients with BLCA have
less been comprehensive investigated. In a previous
study[g], we confirmed from a comprehensive bio-
informatics analysis that downregulation of ST3GALS5 from
mRNA levels is associated with muscle-invasiveness, high-
grade, and poor-prognosis in BLCA, but lack of protein
level validation. In this study, we first explored the differ-
ence in the expression of ST3GALS5 from the mRNA level in
different malignant biological behaviors of bladder cancer
through two independent BLCA data sets. The results were
consistent with the previous study. Then immuno-
histochemistry was performed on nine cases of histologi-
cally confirmed BLCA patients with different grades and
stages. Experimental validation of the results revealed that
bladder cancer patients with up-regulation of ST3GAL5 in
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(A) GO GSEA for correlated genes withST3GALS in TCGA-BLCA
Activated Suppressed
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(B) KEGG GSEA for correlated genes with ST3GALS in TCGA-BLCA
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FIGURE 4 Gene set enrichment analysis of ST3GAL5 and all corrected genes in TCGA-BLCA data set. (A) Dot plots of GO gene set enrichment
analysis for all corrected genes with ST3GAL5 in BLCA. The left column represents activation, the right column represents suppression. (B) Dot

plots of KEGG pathways enrichment analysis for all corrected genes with ST3GAL5 in BLCA. The left column represents activation, the right
column represents suppression. Size of the dot represents gene count, the color represents the p value.

patients with BLCA have significantly lower histological
grade and fewer muscle invasion.

Next, a clinicopathological analysis using data from
TCGA-BLCA data set was conducted. The results indi-
cated that up-regulation of ST3GAL5 may be associated
with lower grade, lower stage, less lymph node metas-
tasis and less distant metastasis, Following, we explored
the relationship of survival analysis between the differ-
ent ST3GAL5 expression in BLCA. Firstly, the Kaplan-
Meier analysis result of OS and DSS using data from the
GEO accession GSE13507 data set suggested that high
ST3GAL5 expression had a better prognosis in BLCA.
Meanwhile, Kaplan-Meier analysis using the data from
TCGA-BLCA data set was performed for validation

again. The results also showed similar result. Although
crossover was found in the results of the Kaplan-Meier
analysis, the crossover points were all over 100 months.
Study have shown that patients with BLCA who undergo
cystectomy have a 5%-15% probability of pelvic recur-
rence, which usually occurs during the first 24 months
after surgery[zz], and patients usually have a poor
prognosis after pelvic recurrence, even with treatment,
median survival ranged from 4 months to 8 months after
diagnosis[zs]. The median survival time for patients with
progressive disease receiving platinum-based chemo-
therapy is 9 months to 26 months®!, In addition, for
patients with upper urinary tract recurrence, the median
survival time was 10 months to 55 monthslg?’], and in this
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TABLE 4 KEGG gene set enrichment analysis of different expression of ST3GALS5.
Name Size Count NES p value q value Sign
Arachidoniacid metabolism 58 57 1.630 0.002 0.158 Activated
Ascorbate and aldarate metabolism 25 24 1.784 0.000 0.232 Activated
Drug metabolism cytochrome P450 72 71 1.652 0.006 0.167 Activated
Fatty acid metabolism 42 40 1.632 0.021 0.174 Activated
GPI anchor biosynthesis 25 25 1.592 0.061 0.173 Activated
Linoleic acid metabolism 29 28 1.621 0.006 0.154 Activated
Metabolism of xenobiotics by cytochrome P450 70 69 1.737 0.006 0.168 Activated
Nucleotide excision repair 44 44 -1.831 0.008 0.231 Suppressed
Pancreatic cancer 70 69 -1.752 0.002 0.236 Suppressed
Pentose and glucuronate interconversions 28 26 1.710 0.008 0.142 Activated
Retinol metabolism 64 62 1.744 0.002 0.212 Activated
Starch and sucrose metabolism 52 49 1.658 0.016 0.183 Activated
Steroid hormone biosynthesis 55 54 1.712 0.000 0.168 Activated

Note: The false discovery rate < 0.25, [NES|> 1 and p < 0.05 were considered significant differences.

Abbreviation: NES, normalized enrichment score.

study, the crossover point is greater than eight years
and, therefore, remains significantly different in relation
to clinical outcomes. Taken together, these findings
indicated that ST3GAL5 may be considered as a cancer
suppressor gene in BLCA, and may therefore suppress
the progression to high grade and high stage of BLCA.
However, the mechanism of the role of ST3GALS5 in the
occurrence and prognosis of BLCA needs to be validated
by more basic experimental researches.

ST3GALS5 is an encoding gene that catalyzes the
formation of the ganglioside GM3 synthase. GM3 syn-
thase is a kind of glycosyltransferase, and changes in the
expression of this protein can affect the level of glyco-
sylation of downstream proteins, thereby affecting bio-
logical function®. ST3GAL5 is found up-regulated in
various cancers, such as in brain, lung and melanoma, it
may serve as a cancer-associated carbohydrate antigen
in cancer immunotherapy[7’8]. In addition, ST3GAL5 can
also suppress cancer cell proliferation by angiogenesis
suppression or decreasing cell motilitym. ST3GAL5
has been reported to have anti-proliferative effects on
a variety of cancers, including colon?!, breast!?”?®,
liver®!, and other types of cancer”®, Although some
studies®**!! have shown that ST3GAL5 has an anti-
cancer effect on human bladder cancer, its mechanism
of action is still unclear. In addition, it has been reported
that ST3GAL5 effects may be related to tumor cell
apoptosis and angiogenesis inhibition. However, the
expression profile and functional role of ST3GAL5 in
BLCA are unclear.

In this study, the GO functional and KEGG signaling
pathway of ST3GAL5 in BLCA was investigated by
using data from TCGA-BLCA data set. First, all genes

expressed in BLCA were analyzed by batch correlation
analysis, and the correlation coefficient related to
ST3GALS5 expression was calculated. Then, sorted all the
genes according to PCC value, and finally gene set en-
richment analysis was performed using R package
“clusterProfiler.” In the results from GO functional en-
richment analysis, the most significantly activated en-
richment numbers associated with tumors were protein
targeting, cofactor binding, and cofactor metabolic
processes, the most significantly suppressed enrichment
numbers associated with tumors were collagen binding,
chromatin assembly or disassembly, and ADP metabolic
process.

Subsequently, GSEA between high- and low-
expression of ST3GAL5 in TCGA-BLCA data set was
performed to verify the signal pathway. All KEGG signal
pathway gene set enrichment analysis of co-expressed
genes was verified in the results of GSEA of different
expression levels of ST3GAL5 in TCGA-BLCA data set.

5 | CONCLUSION

In the present study, we validated the expression of
ST3GALS5 in various malignant biological behaviors of
BLCA from mRNA and protein expression levels, and
analyzed the clinical, pathological characteristics and
prognosis of ST3GAL5 expression in BLCA from public
available database. All results suggest that up-regulation
of ST3GAL5 may inhibit the malignant biological
behavior of BLCA progression. This funding provides a
new direction to explore the clinical prognosis bio-
markers for patients with BLCA.
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