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Abstract: Pancreatic cancer is an aggressive cancer with silent symptoms and high mortality with less than 11% of 
the 5-year survival rate. Until now, the significance of genes as clinical biomarkers in the early stages of pancreatic 
cancer has not been fully understood. Hence, this study aims to reveal the significant genes in the early stages of 
pancreatic cancer using bioinformatic analysis and in vitro experiments, and to serve as clinical biomarkers for 
early detection. We used Cancer RNA-Seq Nexus database and identified one tumor suppressor gene (NAGK), and 
five oncogenes (FXYD3, ACTR1A, B3GNT3, SIGIRR, and EXOC1) that are significant in the early stages of pancreatic 
cancer. The expression of NAGK, FXYD3, ACTR1A, B3GNT3, SIGIRR, and EXOC1 were determined from the GEPIA, 
UALCAN, and HPA database. It has been shown that pancreatic cancer tumor dissemination is an event that can 
occur in early lesions, rather than being solely restricted in the developed primary tumor. Thus, the six hub genes 
that were differentially expressed between stage I and stage II of primary pancreatic cancer tumors were compared 
to metastasis-related genes (1938 genes) in the human cancer metastasis database (HCMDB), yielding two over-
lapped genes (B3GNT3 and FXYD3). To establish the expression correlation between these two specific genes with 
metastatic characteristics of the early stage of pancreatic cancer and migratory ability in pancreatic cancer cell 
lines, the expression patterns of B3GNT3 and FXYD3 were examined in four different migratory abilities of pancre-
atic cancer cell lines, including HPAC, BxPC-3, AsPC-1, and PANC-1, as well as the normal pancreatic duct epithelial 
cell line HPDE6-C7. The results displayed that the expression of the FXYD3 gene was dramatically increased with 
the migratory ability enhanced of four pancreatic cancer cell lines. Thus, in the follow-up study, we will demonstrate 
the functional role of FXYD3 in pancreatic cancer tumorigenesis. This study revealed that the FXYD3 may act as a 
significant oncogene in the early stage of pancreatic cancer.
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Introduction

Pancreatic cancer (PC) is still a high malignancy 
cancer with less than 11% of 5-year survival 
rate [1]. In Taiwan, the mortality rate of PC has 
elevated to 67.1% since 2012 and the ranking 
has increased from ninth to seventh in the top 
ten cancer list [1]. According to the 2022 can-

cer data from NIH, 12% of PC patients were 
diagnosed in the localized stage, 30% in the 
regional stage, and 51% in the distant stage. PC 
is commonly found in patients at the age above 
55 years old associated with family history, 
smoking, or other pancreatic diseases [2, 3]. PC 
is commonly diagnosed in the advanced stage 
due to the limited early diagnostic tools, and 
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also the patients will experience silent symp-
toms including abdominal pain, digestive diffi-
culties, loss of appetite, and sudden weight 
loss. This causes the patients to have less  
suspicion of developing PC, hence, late diag- 
nosis.

Epithelial-to-mesenchymal transition (EMT) is a 
transition program of the cells from epithelial 
phenotype to mesenchymal phenotype [4]. It 
plays an important role in the progression and 
metastasis of pancreatic cancer [5]. This phe-
nomenon was discovered in the In vivo study 
that the mouse model that developed pancre-
atic cancer from pancreatic inflammation with-
in two months [6]. The authors suggested the 
primary tumor has entered the blood circula-
tion and contributed to metastasis in other 
body parts, especially the liver [6, 7]. However, 
a study discovered that the inhibition of the 
EMT-inducing transcription factor (Snail and 
Twist) did not affect tumor progression and 
migration [8]. Therefore, this highlights the 
need to identify the genes contributing to 
metastasis in the early stages of pancreatic 
cancer. 

The increased discovery of diagnostic biomark-
ers improves the detection in the advanced 
and metastatic stages. In Taiwan, the approved 
tumor markers to measure PC are Carbohydrate 
Antigen 19-9 (CA19-9) and Carcinoembryonic 
antigen (CEA) [9, 10]. These biomarkers are 
commonly used for PDAC patients at an 
advanced stage but are not sensitive to early 
detection. However, the markers’ level can also 
be affected by other factors, including other 
disease. Furthermore, not all patients will dem-
onstrate an elevated level of these biomar- 
kers. 

It is urgent to determine the diagnostic bio-
markers for the early stage of PC. This study 
used bioinformatic analysis and performed  
validation experiments to identify the signifi-
cant gene in the early stage of pancreatic 
cancer. 

Material and methods

Cancer RNA-Seq Nexus (CRN) database 

Cancer RNA-Seq Nexus, a database of pheno-
type-specific transcriptome profiling in cancer 
cells [11]. This database was used to determine 
the significant tumor suppressor genes and 
oncogenes in the early stages (stage I and II) of 
pancreatic cancer. 

Bioinformatic analysis

Gene Expression Profiling Interactive Analysis 2 
(GEPIA2) was used to predict the gene expres-
sion across TCGA cancers with normal and 
tumor samples. The University of ALabama at 
Birmingham CANcer (UALCAN) data analysis 
Portal was used to demonstrate the correlation 
between gene expression and clinicopathologi-
cal characteristics, including age, gender, can-
cer stage, tumor grade, nodal metastasis sta-
tus, alcohol status, diabetes status, chronic 
status among the pancreatic cancer patients. 

Immunohistochemistry (IHC) assay

Pancreas tissue microarray (PA2082a) was pur-
chased from US Biomax (Rockville, MD, USA) 
which contained 96 cases with duplicate cores 
and was used for IHC assay. In brief, the slides 
were baked in pepsin for 15 minutes to retrieve 
antigens. Next, the slides were incubated with 
primary antibody against FXYD3 (Abcam, 
ab205534, 1:500) or B3GNT3 (Proteintech, 
18098-1-AP, 1:100) for 16 hours at room tem-
perature. This was followed by the incubation  
of secondary antibodies for 30 minutes. The 
slides were stained with DAB solution for 10 
minutes followed by hematoxylin. The intensity 
of the slides was visualized using the Motic 
DSAssistant (4K) and quantified using the 
ImageJ quantification software. The staining 
intensity was calculated with the formula: (255 
- mean grey value) × %Area.

Cell culture 

Human pancreatic duct epithelial cell line 
(HPDE6-C7) and pancreatic cancer cell lines 
(AsPC-1, BXPC-3, PANC-1, HPAC) were used. 
HPDE6-C7 was cultured in Keratinocyte-SFM 
supplemented with 1% antimycotic. PANC-1 
and HPAC were cultured in DMEM with an  
additional 10% fetal bovine serum (FBS), 1% 
Penicillin-Streptomycin, 1% L-glutamine, 1% 
sodium pyruvate, 1% MEM NEAA. AsPC-1 and 
BXPC-3 were cultured in RPMI 1640 with an 
additional 10% fetal bovine serum (FBS), 1% 
Penicillin-Streptomycin, 1% L-glutamine, 1% 
sodium pyruvate, 1% MEM NEAA, and 2.5 g/L 
glucose. All cell lines were kept in a constant 
temperature incubator at 37°C and 5% CO2. 

RNA extraction and reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR)

Total RNA isolation from cells was completed by 
GenezolTM TriRNA Pure Kit. NANODrop 2000 
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system was used to determine the RNA con-
centration. According to the kit instructions of 
miScript II RT kit and PrimeScript RT Master 
Mix, mRNA was transcribed into cDNA. cDNAs 
were used as the templates for the qPCR. 
EnTURBO SYBRGreen PCR SuperMix (ELK 
Biotechnology) was used for qPCR based on 
the provided protocol. The three-step amplifica-
tion procedure was performed as follows: 1 
cycle of pre-denaturation at 95°C for 30 sec; 
40 cycles of denaturation at 95°C for 5 sec, 
annealing at 55°C for 30 sec, extension at 
72°C for 30 sec; 1 cycle of melting at 95°C for 
10 sec, 65°C for 60 sec, and 95°C for 1 sec. 
The primers are listed in Table 1.

Human Cancer Metastasis database and EM-
Tome analysis

Human Cancer Metastasis database (HCMDB) 
[12], metastasis-related gene database, and 
EMTome [13], EMT-related gene database. 
HCMDB (1938 genes) and EMTome (936 
genes) were used to predict the metastasis 
gene in pancreatic cancer.

Pathway enrichment analysis from the GEO 
database

Two Gene Expression Omnibus (GEO) datasets 
of pancreatic cancer, GSE15471 (36 pairs  
of normal and tumor tissue samples) and 
GSE16515 (36 tumor samples and 16 normal 

New York, NY, USA) by following the manufac-
turer’s protocol.

Western blot

After transfection, protein extraction from cells 
was completed by using RIPA lysis at 30 min-
utes and absorbance was determined at 595 
nM. The extracted protein samples were load-
ed into 10% and 15% SDS-PAGE and trans-
ferred onto PVDF membranes for 1 hour. After 
1 hour of blocking with 5% BSA solution, the 
membranes were incubated with primary anti-
bodies overnight at 4°C. The primary antibod-
ies against FXYD3 (Abcam, ab205534, 1: 
1000), Vimentin (Cell Signaling, 3932, 1:1000), 
E-cadherin (BD Transduction, 610182, 1:5000), 
and β-actin (Proteintech, 66009-1-Ig, 1:10000) 
were used. On the next day, the membranes 
were washed with TBST at 10 minutes three 
times and incubated with secondary antibodies 
for 1 hour. The protein bands were visualized 
using the ECL detection reagent. ImageJ quan-
tification software was used to analyze and 
quantify the band intensity.

Cell viability assay

After 48 hours of cell transfection, the PC cell 
lines were collected and resuspended in the 
complete culture medium. The cells were seed-
ed at the density of 2 × 104 cells per well in 
96-well plates and incubated for 48 hours and 

Table 1. List of primer sequences

Gene
Primer sequences (5’→3’)

Forward Reverse
NAGK GTTTTCTTCTGGCGCTGACC GCGCTATAGTCCATGGGGAG
ACTR1A CTTTCCAAACTATGTGGGCCG AGAAAACTTCGGCAGCTCGT
FXYD3 TTGTGTTCCTGGCAGGCTTT CTGGATGGTGACCGGACTT
B3GNT3 TGCTCAACGGGGATGATGAC GATCAGTTGCCCCACGAAGA
EXOC1 ACCAAATGATGAACGCCTGC ACAGCAAGATCTCGAAGGGC
SIGIRR CACTGAAGTCTATGGGGCCTT ACGTTGAGACGGCACTTGAC
Vimentin GGACCAGCTAACCAACGACA AAGGTCAAGACGTGCCAGAG
E-Cadherin GCTGGACCGAGAGAGTTTCC CAAAATCCAAGCCCGTGGTG
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

Table 2. Sequences of small interfering RNAs (siRNAs) of FXYD3
siRNAs Sense (5’-3’) Anti-sense (5’-3’)
siFXYD3_1 UUCUAGGUCAUUGGCGUCC GGACGCCAAUGACCUAGAA
siFXYD3_3 UAUCUUCUAGGUCAUUGGC GCCAAUGACCUAGAAGAUA

samples) were selected to per-
form the pathway enrichment 
pathway. Log2FC>1 and P<0.05 
were set as the cutoff point. 
Enrichr was used to screen  
the biological pathway via the 
Molecular Signatures Database 
(MSigDb) [14]. The enrichment 
pathway was plotted using 
ImageGP.

Cell transfection

siRNAs of FXYD3 were obtained 
from Purigo (Taiwan) (Table 2). 
AsPC-1 or PANC-1 cells were 
separately transfected with siR-
NAs at concentrations of 50 nM 
and 100 nM for 48 hours using 
the INTERFERin transfection 
reagent (Polypus Transfection, 
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72 hours at 37°C. After the incubation, the cul-
ture medium was removed. The cells were 
stained with crystal violet for 1 hour at room 
temperature. The purple formazan products 
were solubilized by using the citrate buffer. The 
absorbance was examined at 595 nm.

Colony formation assay

After 48 hours of cell transfection, the PC cell 
lines were collected and resuspended in the 
complete culture medium. The cells were seed-
ed at the density of 4 × 103 cells per well in 
six-well plates and incubated for 8 days at 
37°C. Every two days, the culture medium was 
replaced. After the incubation, the culture 
medium was removed. The cells were stained 
with crystal violet for 1 hour at room tempera-
ture. The cell colonies were recorded using 
ImageJ quantification software.

Wound healing assay

After 48 hours of cell transfection, the PC cell 
lines were collected and resuspended in the 
complete culture medium. The cells were seed-
ed in 12-well plates with Ibidi culture insert 2 
wells (Ibidi) and incubated for 24 hours at 37°C. 
Once the cell was attached, the culture inserts 
were removed. The 12-well plates were filled 
with 1 mL complete culture medium. The cells 
were observed using a light microscope at dif-
ferent times. The area of cell gaps was record-
ed using ImageJ quantification software. The 
percentage of wound closure was calculated 
with the formula: (length at initial - length at 
end)/(length at initial) × 100%.

Pathway enrichment analysis from the RNA-
sequencing of FXYD3 knockdown

RNA-sequencing (RNA-seq) libraries were con-
structed using samples of FXYD3 knockdown 
against control. The reads were mapped to  
reference genome (hg38) by Hisat2 (version 
2.2.1) and htseq-count by HTSeq (version 
0.6.0). The candidate genes were assessed by 
DESeq2 (version 1.42.1). Genes with Log2FC>2 
or Log2FC<-2 were known as the differential 
expressed genes (DEGs). Enrichr was used to 
screen the biological pathway via Molecular 
Signatures Database (MSigDb) [14]. The enrich-
ment pathway was plotted using ImageGP.

Statistical analysis

All data were reported as mean ± standard 
deviation. GraphPad Prism 8.0 software was 

used to perform statistical analysis with a two-
tailed Student’s t-test. P<0.05 was determined 
as a significant value. 

Results

NAGK, ACTR1A, B3GNT3, EXOC1, FXYD3, 
SIGIRR are significant genes in early stages of 
pancreatic cancer

The significant genes in the early stages of  
pancreatic cancer were analyzed using TCGA 
data from the CRN database (Figure 1A). In the 
group of tumor suppressor genes, the top 15 
genes in stages IB and IIB were determined.  
We found out that the N-acetylglucosamine 
kinase (NAGK) was intersected as a significant 
tumor suppressor gene (Figure 1B). In the 
group of oncogenes, the top 15 genes in sta- 
ges IIA and IIB were also determined. We found 
the Beta-1,3-N-acetylglucosaminyltransferase 
3 (B3GNT3), Single Ig IL-1-related receptor 
(SIGIRR), Exocyst Complex Component 1 
(EXOC1), FXYD domain-containing ion transport 
regulator 3 (FXYD3), Actin Related Protein 1A 
(ACTR1A) were intersected as the significant 
oncogenes (Figure 1C). These findings pre- 
dicted that NAGK, ACTR1A, B3GNT3, EXOC1, 
FXYD3, and SIGIRR are significant genes in the 
early stages of pancreatic cancer.

Upregulated NAGK, ACTR1A, B3GNT3, EXOC1, 
FXYD3, SIGIRR with poor survival outcome in 
pancreatic cancer

The six significant genes were observed in the 
GEPIA2 database. As the oncogenes, ACTR1A, 
B3GNT3, EXOC1, FXYD3, and SIGIRR were sig-
nificantly upregulated in tumor tissue (P<0.05) 
compared to normal tissue (Figure 2B-F). In 
addition, the database suggested that the 
ACTR1A (stage IIB), B3GNT3 (stage IIB), EXOC1 
(stage IIB), FXYD3 (stage IIB), and SIGIRR  
(stage IB, IIA, IIB) were significantly expressed 
in early stages pancreatic cancer (Figure 2H-L). 
Based on the overall survival, the patients with 
high B3GNT3 (P=0.00013) and high FXYD3 
(P=0.0035) had significantly low survival rates 
while patients with high SIGIRR (P=0.17), high 
EXOC1 (P=0.48), and high ACTR1A (P=0.28) 
had no significant survival rates (Figure 2N-R). 
Surprisingly, as a predicted tumor suppressor 
gene in the CRN database, NAGK was upregu-
lated in tumor tissue (P<0.05) and significantly 
expressed in stage IIB (Figure 2A, 2G). However, 
NAGK expression has no significant survival 
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rate (Figure 2M). Taken together, these results 
suggested the high expression of ACTR1A, 
B3GNT3, EXOC1, FXYD3, and SIGIRR in the 
early stages of pancreatic cancer.

Clinicopathological characteristics of NAGK, 
ACTR1A, B3GNT3, EXOC1, FXYD3, SIGIRR in 
pancreatic cancer

The expression of NAGK, ACTR1A, B3GNT3, 
EXOC1, FXYD3, SIGIRR, and the correlation 
with clinicopathological characteristics in pan-
creatic cancer patients was determined using 
the UALCAN data analysis Portal (Table 3). 
NAGK expression was significantly correlated 
with age (41-80 years old), gender (Female 
P=2.14E-05, Male P=2.31E-06), cancer stage 
(Stage 1 P=1.18E-04, Stage 2 P=3.98E-06), 
nodal metastasis (N0 P=1.48E-06, N1 P= 
1.88E-05), alcohol history (Yes P=1.42E-04,  
No P=2.01E-04), diabetes history (Yes P= 
8.40E-04, No P=3.09E-07), pancreatitis status 
(Yes P=1.40E-04, No P=1.59E-05). B3GNT3 
expression was significantly correlated with 
age (above 41 years old), gender (Female 
P=5.01E-11, Male P=1.09E-13), cancer stage 
(Stage 2 P=7.64E-11), nodal metastasis (N0 
P=6.30E-12, N1 P=1.27E-11), alcohol history 
(Yes P=4.32E-09, No P=1.11E-06), diabetes 
history (Yes P=2.65E-09, No P=1.20E-11),  
pancreatitis status (Yes P=3.99E-05, No P= 
4.42E-11). FXYD3 expression was significantly 

correlated with age (above 41 years old),  
gender (Female P=1E-12, Male P=1.62E-12), 
cancer stage (Stage 2 P=1E-12), nodal metas-
tasis (N0 P=2.78E-11, N1 P=1.62E-12), alcohol 
history (Yes P=2.32E-06, No P=5.85E-07), dia-
betes history (Yes P=1.09E-07, No P=1E-12), 
pancreatitis status (Yes P=1.01E-04, No P= 
1.62E-12). Referring to the nodal metastasis 
status, two oncogenes, B3GNT3 and FXYD3, 
were highly significant (P<0.05). These results 
suggested the overexpression of B3GNT3 and 
FXYD3 may be associated with tumor metasta-
sis in the early stage of pancreatic cancer.

FXYD3 and B3GNT3 are highly expressed in 
the early stages of pancreatic cancer

To determine the immunohistochemistry-based 
protein expression of the genes in pancreatic 
cancer, an IHC assay was performed. The assay 
demonstrated the high protein expression of 
FXYD3 (Figure 3A, 3B) and B3GNT3 (Figure 3C, 
3D) in early stages (stage IB, stage IIA, stage 
IIB) compared to the normal pancreas tissue. 
To further confirm the protein expression in 
patients, the human protein atlas (HPA) data-
base was used (Figure S1). The protein expres-
sion level was manually calculated with the 
intensity of the antibody stain (negative, weak, 
moderate, strong). The results demonstrated 
the protein expression level of FXYD3 (25% 
weak intensity, 58% moderate intensity, 17% 

Figure 1. The RNA-seq data of 165 PC samples and 3 normal pancreas samples from TCGA were obtained from the 
CRN database. (A) The dataset consisted 7 subsets and 168 samples. The top 15 intersected genes from early stag-
es samples and normal samples were analyzed and classified into (B) tumor suppressor genes and (C) oncogenes.
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Figure 2. The expression of NAGK, ACTR1A, B3GNT3, EXOC1, FXYD3, SIGIRR compared with normal and tumor pancreas tissue based on the TCGA and GTEx data 
by GEPIA. A-F. Boxplot expression. G-L. Substage expression. M-R. Overall survival.
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strong intensity) was highly detected in pan- 
creatic tissue tissues while the protein expres-
sion level of B3GNT3 (42% negative intensity, 
42% moderate intensity, 17% strong intensity) 
was not significantly expressed. The predicted 
tumor suppressor gene, NAGK, showed 75% 
negative intensity of protein expression level  
in pancreatic cancer tissue (Figure S1). These 
results suggested that the FXYD3 and B3GNT3 
may play an important role in the early detec-
tion of pancreatic cancer. 

Gene expressions of NAGK, ACTR1A, B3GNT3, 
EXOC1, FXYD3, SIGIRR in pancreatic cancer 
cell lines

To understand the gene expression of NAGK, 
B3GNT3, SIGIRR, EXOC1, FXYD3, and ACTR1A 
in the pancreatic cancer cell lines, RT-qPCR 
analysis was used (Figure 4). The low NAGK 
expression in pancreatic cancer cell lines did 
not match with the bioinformatic analysis 
(Figure 2A, 2G, 2M). The high expression of 
B3GNT3, SIGIRR, and FXYD3 in pancreatic can-

cer cell lines indicated that they are oncogenes 
in pancreatic cancer. Considering that AsPC-1 
and PANC-1 cell lines have a migratory ability 
[15], it is suggested that B3GNT3, SIGIRR, and 
FXYD3 may play a metastatic role in pancreatic 
cancer.

B3GNT3 and FXYD3 contribute to metastasis 
role in pancreatic cancer

To determine the metastasis role of oncogenes 
in pancreatic cancer, we used the HCMDB 
(1938 genes) and EMTome (936 genes) to pre-
dict the metastasis gene in pancreatic cancer. 
B3GNT3 and FXYD3 were found in the two 
databases as the metastatic genes in different 
cancers including colorectal cancer and breast 
cancer (Figure 5A). Besides that, two GEO data-
sets (GSE15471 and GSE16515) containing 
B3GNT3 and FXYD3 revealed the significant 
enrichment of biological role in epithelial-mes-
enchymal transition (EMT) (Figure S2). This find-
ing suggested that the B3GNT3 and FXYD3 
may act as the metastatic genes in pancreatic 
cancer.

Table 3. Clinicopathological characteristics of NAGK, ACTR1A, B3GNT3, EXOC1, FXYD3, SIGIRR in 
pancreatic cancer patients by UALCAN

Parameters
p value

NAGK ACTR1A B3GNT3 EXOC1 FXYD3 SIGIRR
Age 21-40 0.007 0.950 0.321 0.384 0.356 0.803

41-60 1.54E-05 0.864 1.87E-12 0.737 2.38E-13 0.655
61-80 2.71E-06 0.602 8.78E-12 0.844 <1E-12 0.722
81-100 0.003 0.387 3.94E-05 0.697 7.51E-05 0.426

Gender Female 2.14E-05 0.824 5.01E-11 0.958 <1E-12 0.552
Male 2.31E-06 0.665 1.09E-13 0.941 1.62E-12 0.783

Cancer stage 1 1.18E-04 0.520 0.073 0.650 0.033 0.675
2 3.98E-06 0.634 7.64E-11 0.995 <1E-12 0.723
3 0.079 0.776 0.113 0.316 0.061 0.428
4 0.006 0.942 0.063 0.499 0.038 0.320

Tumor grade 1 0.862 0.323 0.101 0.979 0.204 0.209
2 0.937 0.640 0.027 0.815 0.889 0.107
3 0.939 0.674 0.019 0.317 0.034 0.108
4 1 1 1 1 1 1

Nodal Metastasis status N0 1.48E-06 0.914 6.30E-12 0.805 2.78E-11 0.998
N1 1.88E-05 0.656 1.27E-11 0.970 1.62E-12 0.564

Alcohol history Yes 1.42E-04 0.634 4.32E-09 0.459 2.32E-06 0.915
No 2.01E-04 0.361 1.11E-06 0.962 5.85E-07 0.924

Diabetes history Yes 8.40E-04 0.717 2.65E-09 0.607 1.09E-07 0.827
No 3.09E-07 0.749 1.20E-11 0.920 <1E-12 0.789

Chronic pancreatitis status Yes 1.40E-04 0.496 3.99E-05 0.677 1.01E-04 0.425
No 1.59E-05 0.682 4.42E-11 0.781 1.62E-12 0.673
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FXYD3 knockdown inhibits the proliferation 
and migration of pancreatic cancer cells

With the high expression in both migratory cell 
lines (AsPC-1 and PANC-1 cells), the role of 
FXYD3 was further determined using the exper-
imental method. The AsPC-1 and PANC-1 cell 
lines were transfected with a control group and 
FXYD3 knockdown groups (siFXYD3_1 50 nM 
and siFXYD3_1 100 nM, siFXYD3_3 50 nM and 
siFXYD3_3 100 nM). The cell viability assay 
demonstrated a decrease in cell proliferation in 
the FXYD3 knockdown groups of AsPC-1 and 
PANC-1 cells after 72 hours (Figure 5B, 5C). 
However, no decrease or slight decrease was 
observed after 48 hours. Furthermore, the col-
ony formation assay demonstrated that the 
number of colony cells was low in the FXYD3 
knockdown groups compared to the control 
group in AsPC1 (Figure 5D, 5E) and PANC-1 

cells (Figure 5F, 5G). The wound healing assay 
indicated that the migration of AsPC-1 (Figure 
6A, 6B) and PANC-1 cells (Figure 6C, 6D) was 
inhibited by the FXYD3 knockdown as com-
pared to the control groups. Next, the expres-
sion of FXYD3 in the PC cells was measured 
using RT-qPCR and western blot analysis. The 
results confirmed the FXYD3 knockdown in 
AsPC-1 and PANC-1 cells (Figure 7A, 7B). To 
understand the EMT role of FXYD3, the expres-
sion of epithelial marker (E-cadherin) and mes-
enchymal marker (Vimentin) were analyzed in 
the FXYD3 knockdown groups. The results con-
firmed the low expression of Vimentin and high 
expression of E-cadherin in FXYD3 knockdown 
groups compared to the control group in AsPC-
1 (Figure 7C, 7D) and PANC-1 cells (Figure 7E, 
7F). Taken together, FXYD3 plays an important 
role in pancreatic cancer by promoting cell pro-
liferation and migration.

Figure 3. Immunohistochemistry stain of FXYD3 and B3GNT3 expression. A. TMA slides of FXYD3 expression. B. 
IHC intensity of FXYD3 expression. C. TMA slides of B3GNT3 expression. D. IHC intensity of B3GNT3 expression. Bar 
=100 µm.
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RNA-sequencing analysis of FXYD3

The mechanism of FXYD3 in cancers including 
pancreatic cancer remains unclear. To further 
look into the mechanisms, RNA-sequencing 
(RNA-seq) of FXYD3 knockdown samples was 
performed. There was a total of 292 differential 
expressed genes with 93 downregulated and 
199 upregulated (Figure S3A). The pathways 
are mainly involved in the epithelial-mesenchy-
mal transition, p53 pathway, spermatogenesis, 
and peroxisome (Figure S3B). Further EMT 
pathway analysis showed the related genes 
including LAMA1, DPYSL3, LOXL1, FBLN5, 
DCN, and LOXL2 (Figure S3C). The finding of  
the EMT pathway is consistent with the enrich-
ment pathway obtained from the GEO datasets 
(Figure S2). This result suggested that FXYD3 
may play a role in cell migration to promote 
EMT.

Discussion

Pancreatic cancer is still a high mortality death 
cancer with limited biomarker detection for  
early-stage diagnosis. In this study, six genes 
(NAGK, ACTR1A, B3GNT3, EXOC1, FXYD3, 

SIGIRR) were determined as significant genes 
in the early stages of pancreatic cancer. The 
bioinformatic analysis using the TCGA data-
base revealed a strong correlation between 
poor overall survival rates in pancreatic cancer 
patients and the high expression of B3GNT3 
and FXYD3. In addition, the mRNA analysis 
reported low expression of NAGK while high 
expression of ACTR1A, B3GNT3, FXYD3, and 
SIGIRR in pancreatic cancer cell lines. These 
data revealed the importance of B3GNT3 and 
FXYD3 as the EMT genes in the early stages of 
pancreatic cancer.

The bioinformatics and mRNA analysis of NAGK 
expression contradicts the results. The CRN 
database described NAGK as a tumor suppres-
sor gene, however, the GEPIA database demon-
strated that NAGK is highly expressed in tumor 
samples. To further understand the role of 
NAGK, the mRNA expression of NAGK was ana-
lyzed using the RT-qPCR. Surprisingly, NAGK 
expression is low in pancreatic cancer cells 
compared to normal pancreas cells. The low 
NAGK expression in the current study conflicts 
with prior studies [16, 17]. The presence of 

Figure 4. The gene expression of NAGK, ACTR1A, B3GNT3, EXOC1, FXYD3, SIGIRR in pancreatic cancer cell line. 
Expression of (A) NAGK, (B) ACTR1A, (C) B3GNT3, (D) EXOC1, (E) FXYD3, (F) SIGIRR in HPDE6-C7 and pancre-
atic cancer cell lines (HPAC, BxPC-3, AsPC-1, PANC-1). Statistical significance is indicated by *P<0.05, **P<0.02, 
***P<0.001.
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NAGK in the hexosamine biosynthesis pathway 
(HBP) contributed to the development of pan-
creatic tumors. We suggested the low expres-
sion of NAGK in this study may be caused by 
the presence of GFAT1 for glucose supply [17]. 

B3GNT3 has been well studied as an oncogene 
in different types of cancer including non-small 
cell lung cancer, pancreatic cancer, cervical 
cancer, and gynecologic cancer [18-22]. 
According to several studies, the high expres-
sion of B3GNT3 in pancreatic cancer was linked 
to tumor growth and a poor prognosis [19, 22]. 
B3GNT3 was also found to be involved in epi-
thelial-to-mesenchymal transition (EMT) [22]. 
The findings were consistent with the present 
study. 

Unlike the B3GNT3, the expression of ACTR1A, 
EXOC1, and SIGIRR showed inconsistent 
results. These genes showed high expression 
in none or one pancreatic cancer cell. Due to 
the experimental validations being inconsistent 
with the predicted findings from the bioinfor-
matic analysis, these genes are not further dis-
cussed in this study.

FXYD3 has been investigated in various can-
cers including breast cancer, pancreatic can-
cer, cervical cancer, and colon cancer [23-28]. 
FXYD3 is highly expressed in these cancers 
and can promote proliferation, migration, and 
invasion. However, the mechanism is still 
unclear. To the best of our knowledge, this is 
the first study using bioinformatic analysis and 

Figure 5. FXYD3 knockdown inhibited the cell proliferation. (A) The prediction of EMT genes from EMTome and HC-
MDB. The cell viability of (B) AsPC-1 and (C) PANC-1 collected after 48 h and 72 h. The cell colonies of (D, E) AsPC-1 
and (F, G) PANC-1. Statistical significance is indicated by *P<0.05, **P<0.02, ***P<0.001.
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experiments to reveal FXYD3 as an early-stage 
oncogene in pancreatic cancer. 

A previous study performed by Peng et al. suc-
cessfully demonstrated the proliferation, migra-
tion, and invasion of FXYD3 in BxPC-3 and 
CAPAN2 cells [25]. However, we determined the 
expression of FXYD3 was highly expressed in 
PANC-1 and AsPC-1 cells while low expression 
in BxPC-3 cells. By confirming the high expres-
sion of FXYD3 in metastatic cell lines, this 
clearly stated the role of FXYD3 as a metastatic 
gene [29, 30]. The FXYD3 knockdown inhibits 
the EMT activity by causing the cancer cells to 
have tight adhesion in pancreatic cancer [31]. 
Besides that, the pathway enrichment analysis 
illustrated that FXYD3-related genes were sig-
nificantly related to the epithelial-mesenchymal 
transition pathway. We suggested that FXYD3 
is a highly metastatic gene in the early stage of 
pancreatic cancer. 

Conclusion

The tumor suppressor gene, NAGK, and the 
oncogenes, ACTR1A, B3GNT3, EXOC1, FXYD3, 

SIGIRR were found to be significant in the early 
stages of pancreatic cancer. FXYD3 is associ-
ated with poor outcomes in pancreatic cancer 
patients at early stages. In addition, it is 
involved in cell proliferation and migration. This 
study demonstrated that the FXYD3 is predict-
ed as a biomarker of early-stage pancreatic 
cancer.
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Figure S1. The protein expression of pancreatic cancer patients (n=12) by HPA database. The intensity of antibody 
of (A) NAGK, (B) B3GNT3, (C) FXYD3. X axis represents the intensity of the antibody and Y axis represents the case 
number.

Figure S2. Pathway enrichment analysis of GEO datasets. The dot plot shows the top 20 pathways from the MSigDb.
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Figure S3. The identification of FXYD3-related DEGs in pancreatic cancer. A. The MA plot of DEGs (Log2FC<0.05). B. 
The top 10 molecular pathways related to FXYD3. C. The EMT-related genes.


