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Abstract

Background Ovarian cancer (OC) is the predominant primary tumor in the human reproductive system. Abnormal
sialylation has a significant impact on tumor development, metastasis, immune evasion, angiogenesis, and treatment
resistance. B4GALT5, a gene associated with sialylation, plays a crucial role in ovarian cancer, and may potentially affect
clinicopathological characteristics and prognosis.

Methods We conducted a comprehensive search across TIMER, GEPIA2, GeneMANIA, and Metascape to obtain
transcription profiling data of ovarian cancer from The Cancer Genome Atlas (TCGA). The expression of B4GALT5 was
test by immunohistochemistry. To investigate the impact of BAGALT5 on growth and programmed cell death in OC
cells, we performed transwell assays and western blots.

Results The presence of BAGALTS was strongly associated with an unfavorable outcome in OC. B4GALT5 significantly
promoted the proliferation of OC cells. Upon analyzing gene ontology (GO) and Kyoto Encyclopedia of Genes

and Genomes (KEGG), it was discovered that BAGALTS5 played a crucial role in the extracellular matrix, particularly

in collagen-containing structures, and exhibited correlations with ECM-receptor interactions, transcriptional
dysregulation in cancer, as well as the interleukin-1 receptor signaling pathway. Furthermore, there is a clear link
between B4GALT5 and the tumor immune microenvironment in OC. Moreover, BAGALT5 exhibits favorable expression
levels across various types of cancers, including CHOL, KIRC, STAD and UCES.

Conclusion In conclusion, it is widely believed that B4GALTS plays a pivotal role in the growth and progression of
OC, with its heightened expression serving as an indicator of unfavorable outcomes. Moreover, BAGALT5 actively
participates in shaping the cancer immune microenvironment within OC. This investigation has the potential to
contribute significantly to a deeper understanding of the substantial involvement of B4GALT5 in human malignancies,
particularly OCs.
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Introduction

Ovarian cancer is often diagnosed at an advanced stage,
rendering it the most fatal among all gynecological can-
cers [1]. Despite the advancements made in chemo-
therapeutic drugs over the past few decades, there has
been no discernible improvement in survival rates [2].
The primary therapeutic approaches for epithelial ovar-
ian cancer include both debulking surgery and chemo-
therapy, with the status of debulking playing a crucial
role in predicting patient outcomes [3]. Due to the highly
metastatic nature of ovarian cancer, achieving complete
tumor resection is rarely accomplished. Therefore, there
is an urgent requirement for novel biomarkers or thera-
peutic targets to accurately predict prognosis, treatment
response, and the occurrence of OC.

The regulation of posttranslational modifications is
governed by families of sialyltransferases, transport-
ers, and neuraminidases [4]. The preservation of cellular
interactions through this mechanism plays a crucial bio-
logical role, which is implicated in the pathogenesis of
various diseases, including cancer [5]. The sentence after
revision: Diverse pathological disorders, including fatal
embryonic development [6] and immune system abnor-
malities [7]. Maintaining cell-cell interactions is a criti-
cal biological function that performs an essential role.
An increasing body of evidence suggests that tumors
are characterized by aberrant sialylation [8]. According
to mounting evidence, aberrant sialylation is a frequent
occurrence in human cancers. Numerous studies have
demonstrated the involvement of this particular enzyme
in cancer development, as well as its role in tumor cell
dissemination, invasion, immune evasion and treatment
resistance [5]. Sialyltransferases have recently been pro-
posed as potential targets for cancer treatment, due to
their involvement in tumor progression. In order to aug-
ment the immune response against tumors, researchers
have identified sialic acid-binding immunoglobulin-like
lectins (Siglecs), including Siglec-5, -7, -9 and —10 [9].
Siglecs are widely expressed on various types of tumor-
infiltrating cells, including T cells, neutrophils, and
natural killer cells. For instance, through its interaction
with CD24 expressed by tumors, Siglec-10 can inhibit
tumor growth and improve survival rates [10]. More-
over, Siglec-15 has been identified as a cancer-associ-
ated receptor that suppresses the immune system and
is exclusively expressed in the presence of programmed
cell death ligand 1 (PD-L1), making it a potential alter-
native target for patients who are unresponsive to PD-1
therapy [11]. Additionally, Siglec-15 has been identified
as a cancer-associated receptor that inhibits the immune
system and is exclusively expressed in the presence of
programmed cell death ligand 1 (PD-L1), rendering it
a potential alternative target for patients who are unre-
sponsive to PD-1 therapy [12, 13]. Sialyltransferases have
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predominantly been investigated in carcinoma research
[14]. The study revealed a correlation between ST6
betagalactoside a-2,6-sialyltransferase 1 (ST6GAL1), an
enzyme responsible for modifying N-acetyllactosamine,
and the facilitation of metastasis as well as reduced sur-
vival rates in patients with OC [15]. Studies have demon-
strated that artificial glycan ligands with a-2,6 sialylation
exhibit high specificity towards Siglec-2, an immunother-
apy target associated with B cells [16]. By utilizing bio-
markers associated with sialylation-related molecules, it
is thus possible to predict the survival outcomes in indi-
viduals diagnosed with ovarian cancer.

This study identified the mRNA associated with
sialylation and pathways involving Siglec function in
ovarian cancer patients. We successfully detected a
B4GALT5 mRNA signature linked to sialylation in ovar-
ian cancer and demonstrated its biological significance
in ovarian cancer cells, as well as its expression across
various types of cancers. Initially, we investigated the
sialylation-associated markers in relation to clinical path-
ological characteristics, underlying mechanisms, somatic
genetic alterations, and immune microenvironment fac-
tors among patients with ovarian cancer. Furthermore,
our results demonstrate that B4GALT5, a sialylation-
related signature of ovarian cancer, can serve as a novel
biomarker for predicting mortality risks and elucidating
critical signaling pathways. Furthermore, the involve-
ment of BAGALT5 in personalized treatment for indi-
viduals diagnosed with ovarian cancer and other types of
cancers is worth considering.

Materials and methods

Datasets

We obtained RNA sequencing (RNA-seq) data and cor-
responding clinical characteristics for 353 ovarian cancer
patients from the TCGA repository at https://portal.gdc.
cancer.gov/repository. We obtained RNA-seq data for 88
healthy human ovarian samples from the Genotype-Tis-
sue Expression (GTEx) project (https://xenabrowser.net/
datapages/). Gene expression profiles of an additional
1000 samples were acquired from the Gene Expression
Omnibus database (GSE26712), and a validation cohort
of 185 ovarian cancer patients was also included. The
Molecular Signatures Database (MSigDB) was utilized to
identify genes associated with sialylation (Supplementary
Table S1).

Identification of differentially expressed sialylation-related
genes

Table S1 presents a list of 109 sialylation-related genes
that exhibit differential expression in the MSigDB. Due to
limited availability of typical ovarian tissue information
within the TCGA cohort, we further analyzed GTEx data
from 88 healthy ovarian samples to identify differentially
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expressed genes (DEGs) between normal and tumor tis-
sues. The protein-protein interaction (PPI) network was
constructed for differentially expressed genes (DEGs)
with |log2(fold change)|] > 1.5 and FDR<0.05 using
the Search Tool for the Retrieval of Interacting Genes
(STRING).

Development and validation of the sialylation-related
gene prognostic model

We utilized Cox regression analysis to evaluate the asso-
ciation between each gene and survival status in the
TCGA cohort. Subsequently, a significance threshold
of P-value 0.05 was applied to identify six genes signifi-
cantly associated with survival. In order to construct the
prognostic model and refine the candidate genes, we
employed the LASSO Cox regression model (R pack-
age ‘glmnet’). The seven genetic elements and their coef-
ficients were retained, while the penalty parameter (\)
was determined based on the minimum requirements.
Subsequently, the risk scores of the gene signature were
calculated using the equation Risk score = (C coefficients,
G gene expression level). TCGA OC patients were strati-
fied into low- and high-risk subgroups according to their
risk scores, and the Kaplan-Meier method was utilized
to compare overall survival (OS) time between these two
subgroups. Validation studies were performed using an
ovarian cancer cohort obtained from the GEO database
(GSE26712) and analyzed with R packages including ‘sur-
vival, ‘survminer;, and ‘timeROC. The risk score was cal-
culated based on the TCGA cohort, and to validate the
accuracy of the gene model, subgroups in the GSE26712
cohort were further stratified according to low- and high-
risk categories.

Functional enrichment analysis of the DEGs between the
low- and high-risk groups

DEGs between low- and high-risk groups were selected
based on specific criteria, requiring an absolute logarith-
mic fold change greater than 1.5 and a false discovery rate
less than 0.05. The ‘clusterProfiler’ package was employed
to analyze these DEGs.

Immune infiltrate analysis

CIBERSORT (R package ‘CIBERSORT’) was employed
to calculate the relative ratios of immune cells infiltrating
ovarian cancer. To estimate potential immune cell abun-
dance, a reference set of 22 immune cell subtypes (LM22)
with 1,000 permutations was utilized. Box plots were
generated using the R package ‘ggplot2’ for visualization
purposes to compare levels of immune cell infiltration
between low- and high-risk groups.
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Cell culture

For this study, we utilized two human ovarian cancer cell
lines (SKOV3 and A2780) and one normal ovarian cell
line (IOSE80). To verify their legitimacy, we examined
the short tandem repeats (STR) of these cell lines. The
cells were obtained from the BeNa Culture Collection in
Shanghai, China and incubated at 37 °C with 5% CO, in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS; Gibco, Waltham, MA, USA).

Cell viability assay

CCK-8 Kits (Dojindo Molecular Technologies) were uti-
lized to evaluate the cell viability of A2780 and SKOV3.
After treatment with CCK-8, the cells were seeded in
96-well plates and incubated at 37 °C for a duration of
2 h. Subsequently, transfection with respective plasmids
or siRNA was performed, and monitoring was conducted
at specific time intervals (0 h, 24 h, 48 h, and 96 h). The
OD values at 450 nm were determined using a Multi-
mode Plate Reader from PerkinElmer in Germany.

Transwell assays

Polycarbonate transwells were utilized to seed a com-
bined total of 104 A2780 and SKOV3 cells, which were
subsequently transfected with either B4AGALT5-si or
control-si. During the 24-hour incubation period, cot-
ton swabs were employed to eliminate non-migratory or
invasive cells in the upper chambers. After fixation with
5% glutaraldehyde and staining with 0.5% crystal violet,
we observed and quantified migrated cells on the lower
membrane using a microscope located in Shangrao,

China.

Flow cytometry

A2780 and SKOV3 cell lines were cultured in a 6-well
plate for 48 h. The rate of cell apoptosis was evaluated
using the FITC/PI Annexin V-fluorescein isothiocya-
nate (FITC) apoptosis kit and analyzed by flow cytom-
etry using a FACS-can instrument (Becton Dickinson,
San Jose, CA, USA) with CellQuest software (Becton
Dickinson).

Acridine orange/ethidium bromide (AO/EB) assay

The apoptosis rate of A2780 and SKOV3 cells was evalu-
ated using the AO/EB kit (Solarbio, Beijing, China). Fol-
lowing transfection with BAGALT5-si or control-si for
72 h, the cells were treated with 20 pl AO/EB (ratio=1:1)
in 1 ml PBS for a duration of 2 to 5 min. Subsequently,
PBS was rinsed every 15 min. To visualize apoptotic
cells, a Phoenix fluorescence microscope from Shangrao,
China was employed.
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Western blotting

Protein concentrations were determined using a conven-
tional BCA technique after cell lysis in RIPA buffer sup-
plemented with PMSF and a protease inhibitor cocktail
for 30 min. The BCA kit from Solarbio (Beijing, China)
was utilized for this purpose. Subsequently, the pro-
tein was separated via SDS-PAGE (Epizyme, Shanghai,
China) and transferred onto polyvinylidene difluoride
membranes from PALL (USA). After a 2-hour incuba-
tion at room temperature with 5% BSA, the membranes
were subjected to an overnight incubation with specified
primary antibodies (B4GALT5 and GAPDH, ZENBIO,
Chengdu, China), followed by a 2-hour incubation with
secondary antibodies labeled with HRP. The experiment
employed an internal control, with GAPDH being uti-
lized. Subsequently, the bands were visualized using an
Infrared Imaging System by Bio-Rad, and densitometric
analyses were conducted using Quantity One software
(BioRad, USA).

Immunohistochemical staining

Approved by Ethics Committee of the first affiliated hos-
pital of Harbin Medical University (Number: KY2022-
115). In the same hospital, 57 patients with high-grade
serous ovarian cancer and 12 patients with normal fal-
lopian tubes were immunoassayed. An antigen retrieval
procedure was carried out using citrate solution under
high pressure after embedding tissues in paraffin, sec-
tioning them, dewaxing, and rehydrating them. A 3%
hydrogen peroxide solution was applied for 15 min to the
sections, followed by a PBS wash and delineation using
an immunohistochemical pen. Sections were blocked
with 10% goat serum for 30 min, and overnight incuba-
tions with rabbit anti-B4GALT5 polyclonal antibody
(1:50 dilution; Sangon, Shanghai, China) were performed.
Diaminobenzidine (DAB) was used for color develop-
ment after sections were washed with PBS and then incu-
bated with secondary antibody (1:200 dilution, Sangon,
Shanghai, China). In the next step, we stopped the reac-
tion, stained the sections with hematoxylin, dehydrated
them, and sealed them.

Statistical analysis

The statistical analyses were performed using R software
(version 4.2.0). Kaplan-Meier analysis was employed to
compare the occurrence of overall survival events and
the probability of survival between low-risk and high-risk
groups. The calibration curve analysis was performed
based on R rms package. The decision curve analysis was
performed based on R ggDCA package. Dates were ana-
lyzed using SPSS 21.0 and presented as meanz+standard
error. Student’s t-test was used to compare variances
between two groups, while ANOVA was employed for

Page 4 of 16

multi-group comparisons. Statistical significance was set
at P<0.05.

Results

Identification of DEGs between normal and tumor tissues
By analyzing data from the Genotype-Tissue Expression
(GTEx) and The Cancer Genome Atlas (TCGA) data-
bases, we have identified 34 differentially expressed genes
(DEGs) that are associated with sialylation in 88 healthy
and 353 cancerous tissues. Among the tumor group, 11
genes (GALNT17, GALNT10, ST3GAL5, ST6GAL-
NAC6, HEXA, ST3GAL4, GALNT15, SIGLECIS,
MAG, CD22 and SIGLEC11) were observed to be
downregulated while 23 other genes (B3GNT3, AGRN,
GALNT6, B3GNT2, GALNTI12, GALNT3, ST6GALLI,
ST6GALNAC2, B4AGALTS5, ITGB8, RTN4R, GALNT14,
ST6GALNACI, C1GALT1C1, ST6GALNAC5, GCNT]1,
S LC17A5, CHST6, ST8SIA4, CHST2, CHST1, GM2A,
and NANP) were found to be enriched. Figure 1A depicts
the RNA expression levels of these genes in the form
of heatmaps, with green denoting low expression and
red indicating high expression. In Fig. 1B, a minimum
interaction score of 0.5 was required for PPI analysis of
sialylation-related genes. After evaluation, we have iden-
tified GALNT17, GALNT10, ST3GAL5, ST6GALNACS,
HEXA, ST3GAL4, GALNT15, SIGLEC16, MAG, CD22,
B3GNT3, GALNT6, B3GNT2, GALNTI12, GALNTS3,
ST6GALL, ST6GALNAC2, B4GALT5,  RTN4R,
GALNT14, ST6GALNAC1, C1GALT1Cl1l, ST6GAL-
NAC5, GCNT1, SCL17A5, CHST2, GM2A and NANP
as the hub genes. All differentially expressed sialylation-
related genes exhibit correlations as indicated in Fig. 1C
with red representing positive correlations and blue rep-
resenting negative correlations.

Tumor classification based on the DEGs

The correlation between the expression of 34 differen-
tially expressed genes (DEGs) related to sialylation and
ovarian cancer (OC) subtypes was investigated through
a consensus clustering analysis using the TCGA cohort,
which comprised 353 OC patients. As we increased the
clustering factor from 2 to 9, we observed that intra-
group correlations reached their peak while inter-group
correlations reached their lowest point. By utilizing the
expression levels of 34 differentially expressed genes
(DEGs), it was possible to classify a cohort of 353 ovar-
ian cancer (OC) patients into two distinct clusters
(Fig. 2A). Furthermore, comparison of overall survival
time between these two groups did not reveal any signifi-
cant differences (P=0.65, Fig. 2B). As shown in Fig. 2C,
there were observed DEGs that were significantly altered
between the two clusters.
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Development of a prognostic gene model in the TCGA
cohort

The primary screening of genes associated with survival
was conducted using univariate Cox regression analy-
sis. Among the 7 genes (GALNT10, ST6GALNACS,
ITGB8, GALNT15, BAGALT5, and GALNT®6) that met
the P<0.05 criteria, 5 genes (GALNT10, ST6GAL-
NACS6, ITGBS8, GALNT15, and BAGALT5) exhibited an
increased risk with hazard ratios (HRs)>1; whereas one
gene (GALNT6) showed a protective effect with HRs<1
(Fig. 3A). A 6-gene signature was developed based on the
results of LASSO Cox regression analysis, as illustrated
in Fig. 3B and C. The risk score is computed using the fol-
lowing formula: Risk score = (0.1467235 * expression of
ST6GALNACS) + (0.0943779 * expression of BAGALT5)
+ (0.0804512 * expression of GALNT15) + (0.1041609
* expression of ITGB8) + (0.1208267 * expression of
GALNTI10) + (-0.147897 * expression of GALNT®6).

Based on this formula, a total of 353 patients were evenly
stratified into low and high-risk subgroups, as illustrated
in Fig. 3D. The number of fatalities in the high-risk cat-
egory (Fig. 3E, located to the right of the dashed line) sur-
passed those observed in the low-risk categories. Notably,
Fig. 3E demonstrates a significant contrast in overall sur-
vival duration between individuals classified as low-risk
and high-risk (P=0.00033). The sensitivity and specificity
of the prognostic model were evaluated by conducting a
time-sensitive analysis of the receiver operating charac-
teristic (ROC) curve. The AUC values for 1-year, 2-year,
and 3-year survival were found to be 0.5618, 0.594, and
0.6202 respectively, as depicted in Fig. 3G. To validate the
stability of the risk prediction model, we compared the
predicted survival rates with the observed survival rates.
The correlation between predicted and observed 1-year,
2-year and 3-year survival rates were plotted on calibra-
tion curves (Fig. 3H). Decision curve analysis was also
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Fig. 3 Construction of risk signature in the TCGA cohort. (A) Univariate Cox regression analysis was performed for each gene related to sialylation, result-
ing in the identification of six genes with a significance level of P<0.05. (B-C) LASSO regression was then conducted on these six genes associated with
overall survival (OS), and parameter selection was carried out through cross-validation. (D) The sample distribution is based on the risk score. The survival
status of each sample is displayed on the left for the low-risk population and on the right for the high-risk group. (E) Survival status for each sample (low
risk population: left, high-risk group: right, respectively). (F) Kaplan-Meier plots demonstrate the overall survival of samples categorized into high- and
low-risk groups. (G) ROC curves showcase the predictive capability of the risk score. (H) 1-year, 2-year and 3-year survival rates were plotted on calibration
curves. () Decision curve analysis was also performed to assess the clinical utility of the risk model

performed to assess the clinical utility of the risk model.
The relationship between risk thresholds and clinical util-
ity is shown in Fig. 31.

External validation of the risk signature

The validation group consisted of 185 individuals with
ovarian cancer (OC) from the Gene Expression Omni-
bus (GEO) dataset (GSE26712). Based on the median
risk score in the TCGA group, 34 individuals in the GEO
group were identified as low-risk, while 151 individu-
als were classified as high-risk (Fig. 4A). Patients with a
low-risk profile (positioned to the left of the dotted line
in Fig. 4B) exhibited significantly lower mortality rates
compared to those with a high-risk profile. Furthermore,
Kaplan-Meier analysis revealed a notable distinction
between the two risk categories (P=0.0025, as shown
in Fig. 4C). After analyzing the ROC curve of the GEO
cohort, we have identified that our model demonstrates
robust predictability with an AUC of 0.6385 for one-year
survival and 0.6095 for both two-year and three-year
survival, as illustrated in Fig. 4D. Further, we compared
the predicted survival rates with the observed survival
rates to validate the stability of the risk prediction model.
The correlation between predicted and observed 1-year,
2-year and 3-year survival rates were plotted on calibra-
tion curves (Fig. 4E). Decision curve analysis was also
performed to assess the clinical utility of the risk model.
The relationship between risk thresholds and clinical util-
ity is shown in Fig. 4F.

Functional analyses based on the risk model

By utilizing the criteria of FDR 0.05 and |log2(Fold
change) | > 1, we employed the “limma” R package to
extract DEGs in order to investigate gene functions and
pathways between subgroups. A total of 153 DEGs were
identified between low- and high-risk groups within the
TCGA cohort. In the TCGA cohort, a total of 153 dif-
ferentially expressed genes (DEGs) were identified. Sub-
sequently, a gene ontology (GO) enrichment analysis
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis were conducted. The results revealed
that the DEGs were primarily associated with immune
receptor function, primary immunodeficiency, and che-
mokine binding (as illustrated in Fig. 5A and B).

Comparison of the immune activity between subgroups
Additionally, we performed a CIBERSORT analysis to
compare the relative abundance of 22 distinct immune
cell types between the low-risk and high-risk groups
in both TCGA and GEO cohorts. Based on the TCGA
cohort (Fig. 6A), it was observed that the high-risk sub-
group exhibited a relatively diminished quantity of
immune cells, particularly memory B cells, follicular
helper T cells, resting NK cells, and activated NK cells
when compared to the low-risk subgroup. Furthermore,
an evaluation of the immune condition of the GEO group
was conducted (Fig. 6B).

B4GALTS5 is a potential biomarker and therapeutic target
for OC

Previously, it was discovered that ovarian cancer (OC)
has significant therapeutic value and biomarker poten-
tial associated with five genes (GALNT10, ST6GAL-
NAC6, ITGBS8, GALNT15, and BAGALT5). We utilized
GEPIA tools to analyze the expression levels of these
genes in the OC section of the TCGA dataset. Upon
comparison between the OC patients and the control
group, it was observed that GALNT10, ST6GALNACS,
and GALNT15 exhibited decreased levels. Conversely,
ITGB8 and BAGALTS5 showed elevated levels in patients
with OC (Figure S1A-E). To the best of our knowledge,
ITGB8 plays a significant role in the progression and
treatment of ovarian cancer. For instance, Su C et al’s
study demonstrated that LncRNA TCF7 regulates ITGB8
to enhance viability, mobility, and stemness in epithelial
ovarian cancer [17]. Huang B et al. demonstrated that the
involvement of the miR-137/ITGB8 pathway in ovarian
cancer’s resistance to paclitaxel is modulated by the long
noncoding RNA HULC [18]. High-grade serous ovarian
cancer patients with elevated expression of Integrin Sub-
unit beta 8 (ITGB8), as reported by He | et al., are more
likely to experience unfavorable survival outcomes [19].
Based on the available evidence, ITGBS is likely to have
a significant impact on ovarian cancer. Although there
are only limited reports on the presence of BAGALTS5 in
ovarian cancer patients, our study aims to investigate its
function and potential impact. We test the expression
of BAGALTS5 in ovarian cancer patients by immunohis-
tochemistry, our data shown the H-Score expression of
B4GALT5 was increased in OC patients (#=57) com-
pared normal group (n=12, Fig. 7A).
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B4GALT5 knockdown inhibited proliferation and invasion
of OC cells

Two siRNAs were utilized to silence the expression of
B4GALT5 in A2780 and SKOV3 cells for investigating
its biological role. The Western blot analysis demon-
strated that both siRNAs (Fig. 7B) effectively suppressed
B4GALT5. In CCK-8 assays (Fig. 7C), depletion of
B4GALT5 was found to reduce cell viability in A2780
and SKOV3 cells. Knockdown of BAGALTS5 significantly
reduced the apoptosis rate of OC cells, as demonstrated
by flow cytometry and AO/EB staining (Fig. 7D-E). Con-
versely, we evaluated the invasion rate of OC cells fol-
lowing knockdown of B4GALTS5 using Trans well assays
(Fig. 7F). The data obtained from our study demonstrates
that the silencing of BAGALTS5 significantly suppresses
the invasion rate of OC cells. Based on these findings, it
can be concluded that B4GALT5-si not only inhibits the
viability and invasion of OC cells but also induces apop-
tosis, indicating its potential as a promising target for OC
treatment.

Expression patterns of B4GALT5 in pan-cancer

To investigate the expression of BAGALT5 in diverse
tumors, we evaluated its protein levels across multiple
publicly available databases. Our comprehensive analy-
sis of the TGCA-GTEx database revealed distinct pro-
tein expression patterns of BAGALTS5 in both healthy and
tumor tissues. According to Fig. 8A, the expression of
B4GALTS5 protein varies across 33 human tissues, result-
ing in variations in protein quantification. Furthermore,
differential expression of BAGALT5 was observed in 12

out of 33 tumors within the TCGA repository. How-
ever, with an increased number of normal samples in the
GTEx database, B4GALT5 was found to be expressed in
27 out of 33% of tumors (Fig. 8B). Based on these find-
ings, the varying expression patterns of BAGALT5 across
different tumor types suggest its significant involvement
in both tumor progression and onset.

Prognostic role of B4GALT5 in pan-cancer

To commence, we conducted a comprehensive analysis
on the correlation between B4GALT5 expression and
diverse cancer survival outcomes, encompassing OS,
DSS, and PFJ, across an array of cancer types. Based on
survival analysis, increased expression of BAGALT5 was
found to be associated with worse overall survival (OS),
disease-specific survival (DSS), and progression-free
interval (PFI) in four types of tumors: Cholangiocarci-
noma (CHOL), Kidney renal clear cell carcinoma (KIRC),
Stomach adenocarcinoma (STAD), and Uterine Corpus
Endometrial Carcinoma (UCEC). This is illustrated in
Fig. 9A-D.

Correlation of BAGALT5 and immune cells

In the context of pan-cancer, we examined the correla-
tion between B4AGALT5 expression and immune cells,
given their pivotal role in immunotherapy. In 33 of the
39 tumor types analyzed, our findings revealed a signifi-
cant correlation between BAGALTS5 expression and the
proportion of immune cells present within the tumor
microenvironment, including neutrophils, B lineage and
T cells, CD8+T cells, cytotoxic lymphocytes, myeloid
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dendritic cells, monocytic lineage cells, fibroblasts, NK
cells and endothelial cells. B4GALT5 expression in 23
tumors, such as UVM, DLBC, PRAD, KICH, LIHC, LGG,
GBM, LAML, KIRP, ACC, UCS, SKCM, STAD, BLCAM,
UCEC PCPG, OV, PAAD, KIRC, THCA, CESC, HNSC,
and THYM, showed significant correlations with at least
four ratios of immune cells. A strong association was
observed between the proportion of immune cells and
the expression of BAGALT5 in LIHC, THCA, KIRP, and
KICH, as well as OV, KIRP, KICH, and OV (Fig. 10).

Discussion

The upregulation of sialic acid, referred to as hyper-
sialylation, has been associated with Siglecs, resulting in
tumor progression and compromised immune response
[20]. Both natural killer cells and T cells that infiltrate
tumors express siglecs, which are involved in immune
system regulation as referenced [21]. Ongoing clinical
trials are currently assessing the safety and tolerability of
antibodies targeting Siglec-15, aiming to restore immune
system homeostasis in patients with advanced cancer
[22]. Uncertainty persists regarding the functions of
mRNA in the intricate interplay between sialylation and
Siglec, a specific RNA variant that regulates numerous
pathways and has potential implications for early cancer
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Fig. 8 Pan-cancer expression of BAGALTS. The expression level of BAGALTS in normal tissues and tumor tissue from the TGCA-GTEx database (A) and in

the TIMER database (B). * P<0.05; ** P<0.01; *** P<0.001

detection [23]. The existing evidence suggests that the
utilization of diverse gene-related signatures with dis-
tinct biological functions is more efficacious in prognos-
tication and customization of treatment plans [24]. Our
objective was to investigate the clinical significance of a
sialylation signature based on mRNA. A novel signature
was developed using seven mRNAs that demonstrate
a strong correlation with both the sialic acid and Siglec
pathways.

Although there is limited evidence for cancer-related
sialic acid-related genes, their incorporation into a
7-mRNA signature reveals a novel clinical significance.
These 5 genetic markers can potentially aid in distin-
guishing patient prognosis and developing effective
treatment strategies. Furthermore, the development of
nomograms incorporating age, M stage, and risk score
has demonstrated superior predictive accuracy com-
pared to relying solely on clinical staging. To achieve this,
it is imperative to optimize the current clinical staging

classification [25]. Moreover, the 5-gene signature can
calculate an independent risk score for ovarian cancer
regardless of its major prognostic factors. To demon-
strate the prognostic ability of this signature, we divided
patients into high-risk and low-risk groups based on
median values rather than optimal cutoff values due to
subsequent factors. The median value, along with other
robust methods, is commonly considered as an unsu-
pervised approach. Numerous research studies generate
mRNA signatures using median risk scores as a thresh-
old. However, it should be noted that the optimal thresh-
old values may vary across different groups and cannot
be universally applied. Nonetheless, the use of median
value as a cutoff can provide an unbiased approach for
diverse datasets. Patients with a lower risk profile are
expected to experience more favorable outcomes due to
the enhanced strength of their fibroblasts and immune
systems. The progression and metastasis of cancer are
triggered by various components of the tumor stroma,
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Fig. 10 The correlation of B4GALT5 expression and immune cell infiltration in pan-cancer * P<0.05; ** P<0.01; *** P<0.001; "*P>0.05

including immune cells, activated fibroblasts, extracellu-
lar matrix, and other constituents of the basement mem-
brane. Based on the findings of Epic and MCP-counter, it
is suggested that cancer-associated fibroblasts may have
a higher propensity to infiltrate patients at greater risk
due to their ability to generate signals promoting tumor
growth. Additionally, enrichment analysis revealed path-
ways such as wnt signaling, Th17 cell differentiation, Th1
and Th2 differentiation, and B cell reporter enriched in
fibroblast-associated categories [26]. Using our signa-
ture, we can identify epigenetic alterations and the five
sialylation-related genes identified may promote tumor
growth by impairing the stromal microenvironment. The
low-risk group exhibited enrichment of biological path-
ways and functional analyses associated with immune
responses, including humoral immune responses, leuko-
cyte migration, phagocytosis recognition, regulation of
lymphocyte activation, and antigen binding as identified
through pathway and functional enrichment analyses.
The B4GALT5 gene, also known as -1, 4 galactos-
yltransferase V, belongs to the BAGALT family which
comprises seven members [27]. One of the glycosyl-
transferases that has been extensively studied and gar-
nered recent attention is BAGALT [27]. Studies suggest
that galactosyltransferases exert a significant influence
on embryonic development, neurological maturation,
immune and inflammatory responses, tumorigenesis, as
well as various other biological processes and patholo-
gies [28]. However, The function of individuals within the
galactosyltransferase group is contingent upon their sub-
strate specificity and tissue distribution [29]. Currently,
the functionality of B4GalT1 is the most extensively
researched aspect, with B4GalT5 being the next in line
for investigation [30]. Our findings suggest that TCGA
expression data has the potential to determine clinical
therapy outcomes and guide drug selection for patients

with varying sialylation-related gene signature scores in
the future. To validate the role and impacts of BAGALTS5,
it is necessary to consider the distinction between two
types of ovarian cancer cells, namely A2780 and SKOV3.
To investigate the underlying cause of the comparatively
reduced expression of B4AGALT5 in A2780 and SKOV3
cells, we conducted transfection experiments with
B4AGALT5-si and analyzed cell viability and apoptosis
rates. Our findings demonstrate that B4GALT5 exhibits
a favorable anti-ovarian cancer effect in vitro. Moreover,
inhibition of BAGALTS5 effectively reduces the migration
rate of ovarian cancer cells.

Conclusion

The prognostic significance and functional role of
B4GALTS5, a critical regulator of OC, were investigated
in this study, along with the expression patterns of genes
associated with sialylation in OC. Our study demon-
strated that BAGALTS5 serves as a valuable predictive bio-
marker for identifying instances of ovarian cancer and
holds potential for therapeutic intervention.
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