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Abstract
While previous studies have suggested that B3GNT3 is associated with tumorigenesis and progression of several tumors, its
expression level and clinical signi�cance in pancreatic adenocarcinoma (PAAD) remains unclear. Our study aimed to investigate the
role of B3GNT3 in PAAD. B3GNT3 RNA sequencing and clinicopathological data were collected from the TCGA, GEO and GTEx
databases. We assessed the expression and prognostic value of B3GNT3 in PAAD using R program and attached packages.
Additionally, we investigate the correlation between B3GNT3 expression and tumor-in�ltrating immune cells using CIBERSORT and
the “correlation” module of GEPIA. Finally, gene set enrichment analysis (GSEA) was used to elucidate B3GNT3 related signaling
pathways in PAAD. Results showed that B3GNT3 expression was signi�cantly higher in tumor tissues compared to normal tissues (P
<0.05). Increased B3GNT3 expression was correlated with advanced histologic grade and stage (  Vs ). Patients with high B3GNT3
expression had a worse OS (HR = 1.713, P = 0.0005). Moreover, a negative correlation between increased B3GNT3 expression and
immune in�ltrating level of naive B cells, CD8 T cells, and CD4 memory activated T cells was revealed by CIBERSORT analysis. Then,
further analysis veri�ed the correlation using the “correlation” module of GEPIA. Finally, GSEA suggested that functional enrichment
of B3GNT3 was mainly involved in pathways in cancer, p53 signaling pathway, TGF beta signaling pathway, catabolic and transport
processes of proteins, etc. Collectively, these results suggested that overexpression of B3GNT3 might affect the in�ltration of
immune cells and could act as a potential prognostic biomarker of PAAD.  

Introduction
Pancreatic adenocarcinoma (PAAD) is one of the most lethal solid malignancies and the fourth leading cause of cancer-related
deaths, accounting for an estimated 57,600 new cases and 47,050 deaths yearly in the United States. Seriously, PAAD is increasing in
both incidence and mortality and tends to become the second leading cause of cancer death in the USA in the next twenty to thirty
years[1, 2]. Due to the absence of speci�c symptoms and its aggressive nature, majority of patients diagnosed with pancreatic
adenocarcinoma present with either unresectable or metastatic disease[3]. Despite advances in diagnostic measures, perioperative
management, surgical techniques and systemic therapies for advanced disease, most patients newly diagnosed with PAAD will die
within 6 months and the 5-year survival rate is less than 10%. Moreover, the pathogenesis of PAAD is still inadequately understood
now. Risk factors previously well illustrated to be associated with development of PAAD included inherited predisposition to
pancreatic cancer, obesity, new-onset diabetes, tobacco use, and chronic pancreatitis[4–8]. All the factors may arouse abnormal
alteration of gene expression and culminate in development of overt pancreatic adenocarcinoma. With the advance of transcriptome-
sequencing and functional genomics analysis, we availably assessed alterations of gene expression and underlying roles in
carcinogenesis and therapeutics of pancreatic adenocarcinoma.

B3GNT3 (Beta-1,3-N-Acetylglucosaminyltransferase 3) is a protein coding gene and belongs to the β3GlcNAcT family. It is located on
chromosome 19q13.1 and comprises of three exons. Commonly, B3GNT3 is predominantly expressed in colon, stomach, gall bladder,
duodenum and small intestine, and lowly expressed in other tissues including pancreas, liver, lung and brain. In recent years,
increasing evidences implicated that the β3GlcNAcT family appeared to be involved in tumorigenesis and progression of several
tumors. A molecular analysis of 120 resected lung cancer con�rmed that B3GNT3 overexpression was correlated with poor prognosis
of lung cancer patient and could be negatively regulated by miR-149-5p[9]. Similarly, signi�cant upregulation of B3GNT3 was also
observed in early-stage cervical cancer. In the 196 cases of cervical cancer patients, higher expression of B3GNT3 indicated more
lymph node metastasis and poorer prognosis[10]. In addition, for patients with neuroblastoma, increased B3GNT3 expression could
suppress malignant cell migration and invasion by modulating mucin-type O-glycosylation and signaling in neuroblastoma cells[11].
However, the relationship between B3GNT3 and PAAD has not been well elucidated.

In the current study, we performed bioinformatics analysis to investigate the expression of B3GNT3 in PAAD using data from the
public domain. We analyzed the relationship between B3GNT3 expression and clinical parameters of PAAD and correlated them with
patients’ overall survival. Then, we also assessed relationship of B3GNT3 with tumor-in�ltrating immune cells in tumor tissues and
B3GNT3-related biological pathways involved in PAAD. Taken together, our �ndings provide new insights for a potential correlation as
well as a possible mechanism of B3GNT3 in PAAD.

Materials And Methods

Data collection from public databases
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Publicly available datasets of PAAD patients, with gene expression RNAseq pro�les and corresponding clinical information, were
downloaded from the Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression project (GTEx) using the UCSC Xena browser (
https://xenabrowser.net/)[12]. The clinical information included age, gender, histologic grade, pathologic stage, tumor location,
radical resection, and survival time. Expression pro�les from the GSE62452 dataset were obtained from the GEO database
(http://www.ncbi.nlm.nih.gov/geo/). Duplicates and datasets without normal adjacent tissues or with small sample sizes in GEO
database were excluded. Then, these raw data were furtherly transformed and merged for analysis using Perl and R program. Due to
the public availability of data on above datasets, additional restriction or limitation was not required for this study.

Expression and survival analysis of B3GNT3
R limma package was performed to investigate the Gene expression of B3GNT3 in different datasets[13]. Firstly, the B3GNT3
expression values of 167 normal pancreas tissues from GTEx, 4 tumor-adjacent normal tissues and 176 PAAD tissues from TCGA,
and 61 tumor-adjacent normal tissues and 69 PAAD tissues from GSE62452 were calculated and presented. Secondly, the
associations between expression of B3GNT3 and clinicopathologic parameters including Age, Gender, Race, Family history of cancer,
History of chronic pancreatitis, History of diabetes, Alcohol consumption, Tumor location, Maximum tumor dimension, Histologic
grade, T status, N status, M status and stage were analyzed using TCGA data for the available clinical information. Finally, the
Kaplan-Meier method was employed for the analysis of overall survival based on B3GNT3 expression level. In addition, B3GNT3
expression and other clinicopathological factors were subjected to Cox proportional hazards regression analysis to evaluate the
prognostic value. All the analyses were proceeded and plotted in R packages and the Log-Rank was utilized to test the signi�cance
among different survival curves.

Enumeration of tumor in�ltrating immune cells
CIBERSORT is a robust method for characterizing cell composition of complex tissues from their gene expression pro�les [14]. Tumor
in�ltrating immune cells (TIIC) abundance can therefore be precisely estimated via this way. The concentration abundance pro�le of
22 leukocyte subtypes in PAAD tissues of TCGA was obtained using the ‘CIBERSORT’ R package, with a cut-off P-value < 0.05.
According to median value of the B3GNT3 expression level, all samples were divided into high-expression and low expression groups.
Then, we also explored the correlation of B3GNT3 expression with gene markers of common tumor-in�ltrating immune cells,
including T cell (general), CD8 + T cell, Th1 cell, Tfh cell, Treg cell, Th17 cell, T cell exhaustion, B-cells, Natural killer cell, Neutrophils
and Mast cells. The “correlation” module of an online database, the Gene Expression Pro�ling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/index.html), was employed to realize the analyses[15]. By this “correlation” module, the results can be
presented as scatter plots of a de�ned gene pair from PAAD tumor alongside the Spearman’s R and statistical signi�cance. P-value < 
0.01 was determined as the threshold. All these cell type markers were well previously reported[15, 16].

Gene set enrichment analysis
Gene set enrichment analysis (GSEA) is a powerful analytical method for interpreting gene expression data by determining
statistically signi�cant differences between biological states in prior de�ned gene-sets[17]. In this study, GSEA software package
v2.1.0 (Broad Institute, MIT, Cambridge, MA, USA) was downloaded and carried out to elucidate the potential mechanisms underlying
the effect of B3GNT3 expression on PAAD patients. Gene set permutations were performed 1000 times for each analysis. A
normalized enrichment score (NES) was calculated to sort the pathways enriched in each phenotype. Gene sets with a P-value < 0.05
and false discovery rate (FDR) q-value < 0.05 were regarded as statistically signi�cant.

Statistical analysis
All statistical analyses were based on R program 4.0.3 version and attached packages. The correlations between expression of
B3GNT3 and clinicopathologic parameters were analyzed using the Wilcoxon rank sum test, Chi-square test, Fisher’s exact tests and
Student’s tests. The median value of B3GNT3 expression level was used to divide PAAD patients into high-expression and low-
expression groups. P value < 0.05 was considered statistically signi�cant in this study.

Results

Elevated expression of B3GNT3 in PAAD
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We �rst investigated the expression pattern of B3GNT3 in normal tissues using RNA-sequencing data from GTEx. We found that
expression of B3GNT3 was low in pancreas both in male and female group (Figure A). Then, data extracted from TCGA database
revealed that B3GNT3 expression was signi�cantly higher in tumor tissues of PAAD patients (N = 178) compared to matched tumor-
adjacent normal tissues of TCGA (N = 4) and GTEx normal tissues (N = 167) (P < 0.05, Figure B1, B2). Finally, we assessed the
expression of B3GNT3 in GSE62452 dataset. The results also showed an obvious increase in the expression of B3GNT3 in tumor
tissues (N = 61) compared with tumor-adjacent normal tissues (N = 69) (P < 0.05, Figure B3, B4).

Correlation of B3GNT3 expression level with clinicopathologic parameters
of PAAD patients
The clinicopathologic data of PAAD patients in TCGA were presented in Table 1. Then, we investigated the correlation between
B3GNT3 expression and routine clinicopathologic characteristics, respectively. The results implied that patients with advanced
histologic grade were observed more frequently in B3GNT3 high-expression group (P < 0.05). And its expression was higher in
advanced stage (stage  Vs stage , P < 0.05). However, because of the small sample size (N = 7), no signi�cant differences were
found in cases of stage  and  patients. There were no signi�cant correlations between B3GNT3 expression and other
clinicopathologic parameters, such as age, gender, race, family history of cancer, alcohol consumption, maximum tumor dimension,
tumor location, N status, or M status in tumor tissues of PAAD patients. The results were summarized in Figure C1-C4.

Role of B3GNT3 differential expression in PAAD Prognosis
Kaplan-Meier survival curves were performed to investigate the correlation between B3GNT3 expression and survival outcomes of
PAAD cohorts with TCGA survival information available. The results revealed worse 1-year, 3-year and 5-year OS in PAAD patients
with B3GNT3 higher expression levels compared to its lower expression levels (Figure D1-D3). Cases with higher B3GNT3 expression
showed shorter median survival time compared with cases with lower B3GNT3 expression (15.87 vs 23.17 months; log-rank P = 
0.001). Then, we performed univariate Cox proportional hazards regression analysis to explore the associations of differentially
expressed B3GNT3 and other clinicopathologic parameters with patient prognosis. The results displayed that B3GNT3, age,
histologic grade, T status, N status, tumor location, Number of positive lymphnodes and residual tumor were associated with overall
survival (P value < 0.05) (Table 2). Using these prognostic factors, we conducted multivariate Cox proportional hazards regression
analysis, of which only B3GNT3 and tumor location were found to be coupled to the overall survival of PAAD patients. The results
were shown in Table 2 and Figure E.

Table 1

The clinicopathologic data of PAAD patients in TCGA.
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Clinical parameters Variable Total 176 Percentage (%)

Age ≤60 58 32.95

  >60 118 67.05

Gender Male 98 55.68%

  Female 78 44.32%

Race Asian 11 6.25%

  White 155 88.07%

  Black or African American 6 3.41%

  NA 4 2.27%

Family history of cancer NO 47 26.70%

  Yes 62 35.23%

  NA 67 38.07%

History of chronic pancreatitis NO 127 72.16%

  Yes 13 7.39%

  NA 36 20.45%

History of diabetes NO 107 60.80%

  Yes 38 21.59%

  NA 31 17.61%

Alcohol consumption NO 64 36.36%

  Yes 100 56.82%

  NA 12 6.82%

Tumor location Head 137 77.84%

  Body/tail 28 15.91%

  Other 11 6.25%

Maximum tumor dimension ≤4cm 109 61.93

  >4cm 54 30.69

  NA 13 7.38

Histologic grade G1 30 17.05%

  G2 94 53.41%

  G3 48 27.27%

  G4 2 1.14%

  NA 2 1.14%

T status T1+T2 31 17.61%

  T3+T4 143 81.25%

  NA 2 1.14%

N status N0 49 27.84%

  N1 122 69.32%
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  NA 5 2.84%

M status M0 79 44.89%

  M1 4 2.27%

  NA 93 52.84%

Stage I 21 11.93%

  II 145 82.39%

  III 3 1.70%

  IV 4 2.27%

  NA 1 0.57%

 

Table 2

Univariate and multivariate Cox regression analysis of overall survival in PAAD patients.

  Univariate Cox regression Multivariate Cox regression

Factors HR HR.95L HR.95H P value HR HR.95L HR.95H P value

Gender 0.914 0.595 1.406 0.683 0.657 0.399 1.083 0.099

Age 1.031 1.008 1.054 0.008* 1.021 0.998 1.044 0.0698

G 1.399 1.036 1.889 0.028* 1.157 0.834 1.606 0.382

T 1.573 1.009 2.452 0.045* 1.011 0.522 1.960 0.973

N 2.107 1.235 3.595 0.006* 1.187 0.609 2.313 0.615

Stage 1.138 0.513 2.527 0.750 0.627 0.184 2.136 0.456

Tumor location 0.652 0.458 0.929 0.018* 0.588 0.389 0.887 0.011*

Maximum tumor dimension 0.986 0.878 1.108 0.818 0.998 0.833 1.196 0.984

Number of positive lymphnodes 1.062 1.006 1.122 0.030* 1.101 1.001 1.211 0.048

Residual tumor 1.799 1.156 2.801 0.009* 1.401 0.874 2.246 0.162

B3GNT3 1.386 1.121 1.713 0.002* 1.713 1.262 2.325 0.0005 *

Correlation between B3GNT3 expression and tumor-in�ltrating immune
cells
As is known, the microenvironment of PAAD is characterized by a dense stromal compartment and the tumor-in�ltrating immune
cells (TIICs) is a vital component of stromal. Prior published studies indicated that tumor-in�ltrating lymphocyte levels might
in�uence the prognosis of pancreatic cancer patients[18, 19]. Hence, we also explored the relationship between B3GNT3 expression
level and immune in�ltration based on TCGA dataset using CIBERSORT algorithm. According to median value of the B3GNT3
expression level, 124 PAAD samples �nally met screening criterion and were divided into high-expression and low-expression groups.
The results showed that a total of �ve kinds of immune cells were associated with the B3GNT3 expression level. Among them, naive
B cells, CD8 T cells, and CD4 memory activated T cells activated negatively correlated with B3GNT3 expression. In contrast, activated
NK cells and Macrophages M0 cells positively correlated with B3GNT3 expression (Figure F).

Finally, to furtherly understand the possible role of B3GNT3 in tumor-in�ltrating immune cells, we analyzed the association between
B3GNT3 expression and multiple immune marker genes of tumor-in�ltrating immune cells using the “correlation” module of GEPIA
(Table 3). The results suggested that the expression of B3GNT3 negatively correlated with almost all marker sets of different immune
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cells in PAAD samples, including CD2, CD3D, CD3E and CD6 of T cell (general), CD8A and CD8B of CD8 + T cell, TBX21 of Th1 cell,
FOXP3 of Treg cell, STAT3 and IL17A of Th17 cell, PD-1, CTLA4, LAG3 and IM-3 of T cell exhaustion, etc. The details of results were
presented in Table 5 along with Spearman correlation coe�cient and p value. Hence, the above results indicated that there existed
potential negative correlation between B3GNT3 expression and immune in�ltration in PAAD.

 
Table 3

Association between B3GNT3 expression and gene markers of tumor-in�ltrating immune cells using “correlation” module of GEPIA.

  Gene markers R P

T cell (general) CD2 −0.38 1.3e-07*

  CD3D −0.29 8e-05*

  CD3E −0.33 6.4e-06*

  CD6 −0.29 6.5e-05*

CD8+ T cell CD8A −0.38 1.5e-07*

  CD8B −0.36 8.7e-07*

Th1 TBX21 −0.38 1.3e-07*

Tfh BCL6 0.16 0.033*

Treg cell FOXP3 −0.28 0.00016*

Th17 STAT3 −0.02 0.8

  IL17A −0.12 0.12

T cell exhaustion PD-1 −0.3 4.4e-05*

  CTLA4 −0.31 2.1e-05*

  LAG3 −0.21 0.0057*

  TIM-3 -0.25 0.00074*

B-cells BLK -0.25 0.00078*

  CD19 −0.23 0.0021*

  FCRL2 −0.22 0.0028*

Natural killer cell XCL1 −0.064 0.39

  XCL2 −0.3 3.7e-05*

  NCR1 −0.16 0.033*

Neutrophils FPR1 −0.28 0.00012*

  SIGLEC5 −0.24 0.0012*

  CSF3R −0.15 0.05

Mast cells TPSB2 −0.16 0.036*

  TPSAB1 −0.1 0.17

  CPA3 −0.2 0.0082*

  MS4A2 −0.24 0.0014*

  HDC −0.23 0.0018*
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Functional enrichment analysis for B3GNT3
To explore the potential molecular mechanisms of B3GNT3, GSEA was conducted to compare the B3GNT3 high-expression group
with the low-expression group in PAAD patients of the whole set. GSEA demonstrated signi�cant differences (FDR < 0.05, NOM P-
value < 0.05) in enrichment of KEGG and GO collection. Due to the limitations of space, only twenty leading pathways of high and low
expression were listed in Table 4. Nine KEGG items including adheres junction, ubiquitin mediated proteolysis, ERBB signaling
pathway, basal transcription factors, pancreatic cancer, pathways in cancer, p53 signaling pathway, TGF beta signaling pathway and
tight junction showed signi�cantly differential enrichment in B3GNT3 high expression phenotype, one KEGG item of oxidative
phosphorylation showed signi�cantly differential enrichment in B3GNT3 low expression phenotype based on NES, NOM P-value, and
FDR value (Figure G1). Ten GO items including nuclear receptor binding, cadherin binding, negative regulation of ubiquitin dependent
protein catabolic process, response to epidermal growth factor, p53 binding, intracellular receptor signaling pathway, positive
regulation of intracellular protein transport, regulation of protein export from nucleus, negative regulation of cellular protein catabolic
process, and cell cycle G1 S phase transition were revealed signi�cantly differential enrichment in B3GNT3 high expression
phenotype and there was no signal pathway in low B3GNT3 expression based on NES, NOM P-value, and FDR value (Figure G2). All
the results suggested the potential role of B3GNT3 in the development of PAAD.

Table 4

Gene sets enriched in the B3GNT3 high- and low-expression phenotype.



Page 9/13

Gen set name ES NES NOM
p-val

FDR
q-val

High B3GNT3 expression phenotype  

KEGG_ADHERENS_JUNCTION 0.626 2.129 0.000 0.006

KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 0.418 1.969 0.002 0.020

KEGG_ERBB_SIGNALING_PATHWAY 0.517 1.963 0.000 0.019

KEGG_BASAL_TRANSCRIPTION_FACTORS 0.568 1.928 0.002 0.019

KEGG_PANCREATIC_CANCER 0.589 1.918 0.002 0.017

KEGG_PATHWAYS_IN_CANCER 0.494 1.886 0.002 0.020

KEGG_P53_SIGNALING_PATHWAY 0.569 1.863 0.000 0.026

KEGG_TGF_BETA_SIGNALING_PATHWAY 0.550 1.765 0.013 0.044

KEGG_TIGHT_JUNCTION 0.486 1.940 0.000 0.018

GO_NUCLEAR_RECEPTOR_BINDING 0.589 2.345 0.000 0.007

GO_CADHERIN_BINDING 0.574 2.312 0.000 0.007

GO_NEGATIVE_REGULATION_OF_UBIQUITIN_DEPENDENT_PROTEIN_CATABOLIC_PROCESS 0.521 2.283 0.000 0.010

GO_RESPONSE_TO_EPIDERMAL_GROWTH_FACTOR 0.652 2.207 0.000 0.018

GO_P53_BINDING 0.548 2.169 0.000 0.020

GO_INTRACELLULAR_RECEPTOR_SIGNALING_PATHWAY 0.507 2.139 0.000 0.016

GO_POSITIVE_REGULATION_OF_INTRACELLULAR_PROTEIN_TRANSPORT 0.461 2.128 0.000 0.013

GO_REGULATION_OF_PROTEIN_EXPORT_FROM_NUCLEUS 0.612 2.181 0.000 0.020

GO_NEGATIVE_REGULATION_OF_CELLULAR_PROTEIN_CATABOLIC_PROCESS 0.456 2.170 0.000 0.023

GO_CELL_CYCLE_G1_S_PHASE_TRANSITION 0.516 2.105 0.000 0.014

Low B3GNT3 expression phenotype  

KEGG_OXIDATIVE_PHOSPHORYLATION -0.547 -2.224 0.000 0.001

ES: enrichment score; NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate. Gene sets with a p-value <0.05
and false discovery rate (FDR) q-value<0.05 were regarded as statistically signi�cant.

 

Discussion
In this study, we performed a retrospective analysis on 312 PAAD patients to illustrate the potential association of B3GNT3 and
PAAD. As a result, we observed that B3GNT3 expression differed in normal and tumor tissues of PAAD. The expression of B3GNT3
was obviously up-regulated in tumor tissues compared with normal tissues both in TCGA and GEO datasets. Meanwhile, increased
B3GNT3 expression signi�cantly correlated with histologic grade and unfavorable prognosis. And the multivariate cox regression
analyses suggested that B3GNT3 expression was an independent prognostic factor for PAAD patients. According to our knowledge,
there was limited reports concerning the impact of B3GNT3 on PAAD.

O-glycosylation is one of the major post-translational modi�cations of proteins. O-glycans was not only presented on the surface of
normal cells, but also the tumors. Prior reports have well studied that O-glycans participated in various biological and cellular
signaling, including immune modulation, signal transduction, protein folding, tumorigenesis, etc.[20–23]. As an O-
glycosyltransferases, B3GNT3 should transfer donor substrate sugars via a β1,3-linkage and get involved in the development and
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progression of tumors. In 2018, a study indicated that elevated B3GNT3 expression played an important role in the maintenance of
stemness in pancreatic cancer stem cells (PCSCs). Based on molecular and functional assays, the results revealed that B3GNT3
could modulate CSC markers including CD44v6, ESA, SOX2 and OCT3/4 and in�uence the self-renewal potential of PCSCs[24]. But, a
later study from their group, regarding glycosyltransferases to PAAD pathogenesis, implicated that B3GNT3 negatively regulated the
proliferation, migration and stem cell markers in vitro[25]. Therefore, B3GNT3 likely acted as a tumor-promoting role but the clear
mechanisms were still unknown. Interestingly, as an O-glycosyltransferases, the single nucleotide polymer-phisms (SNPs) of B3GNT3
also might affect levels of circulating tumor biomarkers including CA19-9, CEA and AFP. By SNP-de�ned ranges for each tumor
marker, diagnostic speci�city and sensitivity of CA19-9 were improved in the identi�cation of patients with PAAD[26, 27]. As is known,
CA19-9 shows many shortcomings of unsatisfactory diagnostic accuracy in the routine management of PAAD. And about 10–15 %
of PAAD patients do not secrete CA19-9 due to their Lewis antigen status. Hence, B3GNT3 may be a potential biomarker and when in
combination with CA19-9 might provide additional information for the screening and diagnosis of PAAD.

The tumor microenvironment (TME) consists of various cell types and extracellular component, which densely surrounds tumor cells.
Tumor in�ltrating immune cells (TIICs) are important components of TME and mainly include T cells, B cells, macrophages, dendritic
cells (DCs), and natural killer (NK) cells, etc. TIICs play an important role in tumor initiation, progression and metastasis by regulating
antitumor immune responses and remodeling an immunosuppressive microenvironment. Surrounded by densely
immunosuppressive micro-environment, tumor cells �nally escaped from immune surveillance and proliferated rapidly. Although the
underlying mechanisms remain inde�nite, evidence has shown that TILs proportion was a positive prognostic factor in various
tumors[28, 29]. Based on RNA expression analyzed by CIBERSORT, one study indicated that higher levels of activated memory CD4 + 
T cells, activated mast cells and activated NK cells were associated with favorable overall survival in cervical cancer[30]. PAAD is
characterized by the dense �brotic tumor stroma and the immunosuppressive microenvironment, which inhibit the in�ltration of
immune cells and make common immune therapy ineffectiveness[31]. Hence, PAAD is thought to be immune-quiescent. Increasing
evidence has suggested that tumor-in�ltrating immune cells were positively correlated with long-term survival. As well as TNM
classi�cation system, quanti�cation of TIICs may be a possible tool for additional immunological subtype classi�cation in PAAD
patients[32, 19]. In our study, we also analyzed the correlation between B3GNT3 expression and TIICs pro�les in PAAD using
CIBERSORT method and the “correlation” module of GEPIA. Our results revealed that there existed a negatively correlation between
B3GNT3 expression level and in�ltrating immune cells level. In addition, the “correlation” module analysis furtherly implicated the
negative correlation between B3GNT3 expression and the multiple immune marker genes. Our results implicated that high B3GNT3
might lead to poor prognosis by hampering immune cells in�ltrating from circulation into tumors. However, the possible molecular
mechanism is unclear and further study are needed to address this issue.

According to functional enrichment analysis, B3GNT3 was mainly involved in various molecular signaling pathways including
pathways in cancer, p53 signaling pathway, TGF beta signaling pathway, etc. Catabolic and transport processes of proteins were also
enriched. Besides, ubiquitination and adheres were related to the B3GNT3 signature. All these biological functions were reported to be
vital in the tumorigenesis and progression of PAAD[33–35]. Hence, biological analysis revealed B3GNT3 promoting the development
of PAAD through multiple pathways.

Although our study found successfully the close relationship between B3GNT3 expression and PAAD, some limitations of this study
should be acknowledged. Firstly, both TCGA and GEO are powerful databases with a comprehensive landscape of genomic
alterations. But some of the shortcomings should not be ignored: (1) The sample sizes of PAAD are relatively small in TCGA and GEO
dataset. For example, there were only seven cases of stage  and  patients in TCGA, which might lead to statistical errors in
analyzing the correlation between B3GNT3 expression and stage. (2) Corresponding clinical information of PAAD patients is
inadequate in GEO, which makes it impossible to analyze effect of B3GNT3 on clinicopathological factors. Secondly, our results were
based on high-throughput RNA‐sequencing pro�les and computational algorithm. Although the practicability and accuracy of this
method has been testi�ed by many studies, further experiments in vivo and vitro are necessary to verify the results in the future.

Conclusions
In conclusion, B3GNT3 was identi�ed to be overexpressed in PAAD tissues based on GTEx, TCGA and GEO databases. Increased
B3GNT3 expression was closely correlated with worse OS in PAAD patients. Meanwhile, B3GNT3 expression level was negatively
correlated with proportions of tumor-in�ltrating immune cells. Hence, B3GNT3 might affect the in�ltration of immune cells, and could
act as a potential prognostic biomarker of PAAD.
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