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Introduction: Pancreatic cancer (PC) is a malignant tumor with poor prognosis. This study 
aimed to determine the role of trefoil factor 2 (TFF2) in the proliferation and apoptosis of 
LPS-induced normal pancreatic duct cells and pancreatic cancer cells through β-catenin 
pathway.
Methods: TFF2 expression in normal pancreatic duct cells, pancreatic cancer cells and LPS- 
induced normal pancreatic duct cells was detected by RT-qPCR analysis and Western blot 
analysis. The transfection effects in pancreatic cancer cells and LPS-induced normal pan-
creatic duct cells were analyzed by RT-qPCR analysis. After indicated transfection, prolif-
eration, apoptosis and inflammation of these cells were respectively detected by CCK-8 
assay, TUNEL assay and certain ELISA kits. Expression of β-catenin pathway-related 
proteins was analyzed by Western blot analysis. Co-immunoprecipitation assay determined 
the combination of TFF2 and β-catenin.
Results: TFF2 expression was increased in pancreatic cancer cells and LPS-induced HPDE 
cells compared with HPDE cells. According to TFF2 expression in these cells, PanC-1 cells 
and 5 μg/mL LPS were selected. In addition, TFF2 interference decreased the proliferation 
and promoted the apoptosis of PanC-1 cells and LPS-induced HPDE cells. However, TFF2 
interference did not obviously change the levels of TNF-α, IL-1β and IL-6 in PanC-1 cells 
and LPS-induced HPDE cells. Furthermore, TFF2 interference suppressed the expression of 
β-catenin, c-Myc, Cyclin D1 and BIRC5 in PanC-1 cells and LPS-induced HPDE cells. TFF2 
was demonstrated to combine with β-catenin.
Discussion: TFF2 interference inhibits proliferation and promotes apoptosis of PanC-1 cells 
and LPS-induced HPDE cells by suppressing β-catenin pathway.
Keywords: trefoil factor 2, pancreatic duct cancer cells, LPS, normal pancreatic duct cells, 
β-catenin pathway

Introduction
Pancreatic cancer (PC) is a malignant tumor of the digestive system which gathers high 
degree of malignancy, and the difficulty in early diagnosis of PC leads to its rapid 
development with poor prognosis. Pancreatic ductal adenocarcinoma (PDAC) is the 
most common type of PC, accounting for more than 90% of all PC patients.1,2 In China, 
chronic pancreatitis (CP) is the most clear and important PDAC risk factor. Study has 
shown that the relative risk of CP patients developing into PDAC is as high as 13.3%.3 
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About 5% of CP patients will develop pancreatic cancer after 
20 years, and the use of non-steroidal drugs (NSAID) such as 
aspirin can reduce the risk of CP from developing into 
pancreatic cancer.4 Therefore, it is important to further clarify 
the mechanism of pancreatitis-cancer transformation.

Trefoil factor (TFF) family includes three members, 
which are TFF1, 2 and 3 in mammals. They can maintain 
biological activity in the complex physiological environment 
of gastrointestinal tract and play the role of mucosal protec-
tion and injury repair.5 Through GEPIA (Gene Expression 
Profiling Interactive Analysis), TFF2, unlike TFF1 and 
TFF3, is found not to be significantly elevated in other 
tumors except for pancreatic cancer. Therefore, TFF2 is 
more likely to be a marker with high specificity for pancreatic 
cancer. Study on the mechanism of TFF2 in pancreatic cancer 
has reported that TFF2 may promote the immune escape and 
drug resistance of tumor by adsorbing immature dendritic 
cells (DC) and affecting the maturation of DC.6 Study has 
also found that CXCR4 may be the true acting receptor of 
TFF2 which regulates inflammatory immunity and causes 
tumorigenesis in vivo through CXCR4.7 Wnt/β-catenin path-
way is demonstrated to be important in the development of 
pancreatic cancer. The growth of pancreatic cancer was 
inhibited by Huaier extract through suppressing Wnt/β- 
catenin pathway.8 FAM84B overexpression promoted cell 
proliferation, apoptosis, mitochondrial function, and glyco-
lysis, which was alleviated by inhibiting Wnt/β-catenin 
pathway.9 ARHGAP30 overexpression suppressed pancrea-
tic cancer progression by blocking the β-catenin pathway.10 

Through KEGG, tumor-promoting mechanism of CXCR4 is 
closely related to Wnt/β-catenin pathway. STRING also 
shows a possible interaction between TFF2 and β-catenin. 
Unlike TFF3, TFF1 and TFF2 seem to be associated with 
gastritis, especially Helicobacter pylori (HP) infection.11–13 

Studies have reported that pancreatic cancer is also related to 
HP infection.14,15 Therefore, TFF2 has greater potential as 
a marker for early detection of pancreatic cancer risk factors 
and prevention of pancreatitis-cancer transformation.

Above all, this study aimed to determine the role of 
TFF2 in the proliferation and apoptosis of LPS-induced 
pancreatic duct cells and pancreatic cancer cells through β- 
catenin pathway.

Materials and Methods
Cell Culture
HPDE cells were achieved from Shanghai Yagi 
Biological Technology Co., Ltd (Shanghai, China). 

SW1990, PanC-1 and CFPAC were obtained from 
American Type Culture Collection (Rockville, MD, 
USA) and T3M4 cells were brought from CoBioer 
Biosciences Co., Ltd (Nanjing, China). All cells were 
cultured in DMEM medium containing 10% fetal bovine 
serum (FBS) and 100 U/mL penicillins in an incubator of 
5% CO2 and 37°C.

LPS Induction
HPDE cells in logarithmic phase were seeded into 6-well 
plate (5×105 cells/well). Then, HPDE cells were respec-
tively treated with LPS at different concentrations (0.1 μg/ 
mL, 1 μg/mL and 5 μg/mL) for 24 h.

Cell Transfection
Pancreatic cancer cells and LPS-induced HPDE cells were 
inoculated in a 6-well plate until the cell density was 70%. 
Then, pancreatic cancer cells and LPS-induced HPDE 
cells were transfected with ShRNA NC, ShRNA-TFF2 
-#1 (CCGGACTTCATCTTTGAAGTGCCCTCTCGAGA 
GGGCACTTCAAAGATGAAGTTTTTTG) and ShRNA- 
TFF2-#2 (CCGGTTTGACAATGGATGCTGTTTCCTC 
GAGGAAACAGCATCCATTGTCAAATTTTTG) with 
LipofectamineTM2000 transfection reagent for 48 h.

RT-qPCR Analysis
Pancreatic cancer cells and LPS-induced HPDE cells were 
taken and TRIzol lysate was added to the cells. The 
extracted RNA was dissolved in diethyl pyrocarbonate 
(DEPC) water. cDNA was synthesized using the 
Transcriptor First Strand cDNA Synthesis Kit, following 
the standard procedure of the kit. Then, TFF2 was deter-
mined with SYBR Green Realtime PCR kit, and the inter-
nal reference was GAPDH. At the end of the experiment, 
Ct values of each reaction were recorded and TFF2 level 
was calculated with 2−ΔΔCt method with GAPDH as 
reference.

Western Blot Analysis
Cells were washed with PBS for 3 times, and lysates 
containing RIPA were added to the cells for 20 min on 
ice, which was centrifuged at 4°C. After the protein was 
quantified by BCA method, the proteins were mixed with 
the sample buffer and boiled for 5 min. Each lane was 
loaded with 50 μg proteins which were separated by 10% 
SDS-PAGE. The proteins were transferred to PVDF mem-
brane at a fixed voltage of 100 V for 2 h. Then, membrane 
was sealed in 5% skim milk powder for 1 h and incubated 
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with β-catenin, c-Myc, Cyclin D1 and BIRC5 at 4°C over-
night. After washing with buffer, membrane was then 
incubated with horseradish peroxidase-conjugated 

antibody at 25°C for 1 h. In the end, protein bands were 
observed by the enhanced chemiluminescence system 
(Bio-Rad Clarity Western ECL, USA).

Figure 1 TFF2 expression in pancreatic cancer cells and LPS-induced normal pancreatic duct cells. (A) TFF2 expression in pancreatic cancer cells was detected by Western 
blot analysis and RT-qPCR analysis. *P<0.05, **P<0.01 and ***P<0.001 vs HPDE group. (B) TFF2 expression in LPS-induced HPDE cells was detected by Western blot analysis 
and RT-qPCR analysis. *P<0.05, **P<0.01 and ***P<0.001 vs HPDE group. #P<0.05 and ##P<0.01 vs HPDE+LPS 0.1μg/mL group. ∆P<0.05 vs HPDE+LPS 1μg/mL group. (n=3).

Figure 2 Transfection effects are verified. (A) The transfection effects of PanC-1 cells transfected with shRNA NC, shRNA-TFF2-#1 and shRNA-TFF2-#2 were verified by 
RT-qPCR analysis. ***P<0.001 vs PanC-1 group. ###P<0.001 vs shRNA NC group. ∆P<0.05 vs shRNA-TFF2-#1 group. (B) The transfection effects of LPS-induced HPDE cells 
transfected with ShRNA NC, ShRNA-TFF2-#1 and ShRNA-TFF2-#2 were verified by RT-qPCR analysis. *P<0.05 and ***P<0.001 vs PanC-1 group. #P<0.05 and ###P<0.001 
vs shRNA NC group. ∆P<0.05 vs shRNA-TFF2-#1 group. (n=3).
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CCK-8 Assay
The cell density was adjusted to 5×105 cells/mL, 24 h after 
cell transfection. 100 μL cells were inoculated into 96-well 
plates and cultured for 24 h. 10 μL CCK-8 solution was 
added to the cells at 0 h, 24 h, 48 h and 72 h for another 
incubation for 4 h. The absorbance value of each well was 
measured at the wavelength of 450 nm with the enzyme 
marker.

TUNEL Assay
The cells growing in the cultured pores of the glass tablet 
were fixed with 2% methylal for 30 min. TUNEL staining 
was performed according to the instructions of the TUNEL 
kit. Finally, FITC-labeled apoptotic cells in green fluores-
cence were observed under an inverted fluorescence 
microscope with an excitation wavelength of 450 nm and 
emission wavelength of 550 nm.

ELISA Assay
Cells were cultured after indicated treatment for 24 h and 
cell supernatant was collected. The levels of TNF-α, IL-6 
and IL-1β in cell supernatant were respectively detected by 
TNF-α ELISA kit, IL-6 ELISA kit and IL-1β ELISA kit 
(Beyotime, Shanghai, China).

Co-Immunoprecipitation Assay
Pancreatic cancer cells were lysed with 1mL RIPA buffer 
containing 50 μL PMSF on ice, which was centrifuged at 
12,000 r/min for 10 min at 4°C to obtain the supernatant. 1 
μg β-catenin antibody and 1 μg TFF2 antibody were 
respectively added to the supernatant, which were incu-
bated and shaken slowly at 4°C overnight. Agarose beads 
were added to above solution to be incubated and shaken 
slowly at 4°C for 4 h. After immunoprecipitation reaction, 
agarose beads were centrifuged to the tube bottom at 
12,000 r/min for 10 min at 4°C. Supernatant was carefully 
removed and agarose beads were rinsed with 1 mL lysis 
buffer for three times, followed by adding with 15~20 μL 
1×SDS loading buffer to be boiled for 5 min. The above 
samples were subjected to 10% SDS-PAGE and Western 
blot analysis.

Statistical Analysis
SPSS 23.0 statistical software was used for statistical 
analysis and the form of mean ± SD was used to represent 
the experimental data. One-way analysis of variance was 

used for the comparison of mean values between groups. 
P<0.05 was considered statistically significant.

Results
TFF2 Expression in Pancreatic Cancer 
Cells and LPS-Induced Normal Pancreatic 
Duct Cells
The protein expression and mRNA expression of TFF2 in 
SW1990, PanC-1, T3M4 and CFPAC cells were elevated 
compared with HPDE cells, and TFF2 expression in PanC- 
1 cells was the highest, which was why PanC-1 cells were 

Figure 3 TFF2 interference inhibits proliferation of pancreatic cancer cells and LPS- 
induced normal pancreatic duct cells. (A) The cell proliferation of PanC-1 cells 
transfected with shRNA NC and shRNA-TFF2 was analyzed by CCK-8 assay. 
***P<0.001 vs PanC-1 group. (B) The cell proliferation of LPS-induced HPDE cells 
transfected with shRNA NC and shRNA-TFF2 was analyzed by CCK-8 assay. 
*P<0.05 and ***P<0.001 vs HPDE group. #P<0.05 and ##P<0.01 vs HPDE+LPS 
5μg/mL group. ∆P<0.05 and ∆∆∆P<0.001 vs HPDE+LPS 5μg/mL+shRNA NC 
group. (n=3).
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selected for the subsequent experiments (Figure 1A). The 
protein expression and mRNA expression of TFF2 in LPS- 
induced HPDE cells were increased compared with HPDE 
cells. With the increasing concentration of LPS, the 
mRNA expression of TFF2 in LPS-induced HPDE cells 
was gradually increased. The protein expression of TFF2 
in LPS-induced HPDE cells was gradually increased when 
LPS concentration was changed from 0.1 μg/mL to 1 μg/ 
mL, and it did not further increase when LPS concentra-
tion was changed from 1 μg/mL to 5 μg/mL (Figure 1B). 
The concentration of LPS at 5 μg/mL was chosen for the 
next experiments.

Transfection Effects are Verified
After PanC-1 cells were transfected with ShRNA NC, 
ShRNA-TFF2-#1 and ShRNA-TFF2-#2, TFF2 expression 

was declined in PanC-1 cells transfected with ShRNA- 
TFF2-#1 and ShRNA-TFF2-#2 (Figure 2A). The LPS- 
induced HPDE cells were transfected with ShRNA NC, 
ShRNA-TFF2-#1 and ShRNA-TFF2-#2, and TFF2 expres-
sion was also declined in LPS-induced HPDE cells trans-
fected with ShRNA-TFF2-#1 and ShRNA-TFF2-#2 
(Figure 2B). TFF2 expression was the lowest in PanC-1 
cells and LPS-induced HPDE cells, which were trans-
fected with ShRNA-TFF2-#1.

TFF2 Interference Inhibits Proliferation of 
Pancreatic Cancer Cells and LPS-Induced 
Normal Pancreatic Duct Cells
The proliferation of PanC-1 cells transfected with ShRNA- 
TFF2 was decreased at 12 h, 24 h and 48 h compared with 

Figure 4 TFF2 interference promotes apoptosis of pancreatic cancer cells and LPS-induced normal pancreatic duct cells. (A) The apoptosis of PanC-1 cells transfected with 
shRNA NC and shRNA-TFF2 was detected by TUNEL assay. ***P<0.001 vs PanC-1 group. ###P<0.001 vs shRNA NC group. (B) The apoptosis of LPS-induced HPDE cells 
transfected with shRNA NC and shRNA-TFF2 was detected by TUNEL assay. ***P<0.001 vs HPDE group. ###P<0.001 vs HPDE+LPS 5μg/mL group. ∆∆∆P<0.001 vs HPDE 
+LPS 5μg/mL+shRNA NC group. (n=3).
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PanC-1 group and ShRNA NC group (Figure 3A). As 
shown in Figure 3B, TFF2 interference inhibited prolifera-
tion of LPS-induced HPDE cells compared with that of 
LPS-induced HPDE cells and LPS-induced HPDE cells 
transfected with ShRNA NC at 24 h and 48 h. The pro-
liferation of LPS-induced HPDE cells transfected with 
ShRNA-TFF2 was suppressed compared with that of 
HPDE cells.

TFF2 Interference Promotes Apoptosis of 
Pancreatic Cancer Cells and LPS-Induced 
Normal Pancreatic Duct Cells
As shown in Figure 4A, the apoptosis of PanC-1 cells 
transfected with ShRNA-TFF2 was increased compared 
with that of PanC-1 cells and PanC-1 cells transfected 
with ShRNA NC. After LPS induction, the apoptosis of 
LPS-induced HPDE cells was increased compared with 
that of HPDE cells. After LPS-induced HPDE cells were 
transfected with ShRNA-TFF2, the apoptosis of LPS- 

induced HPDE cells was further increased compared 
with that of LPS-induced HPDE cells and LPS-induced 
HPDE cells transfected with ShRNA NC (Figure 4B).

Effect of TFF2 Interference on 
Inflammation in Pancreatic Cancer Cells 
and LPS-Induced Normal Pancreatic Duct 
Cells
PanC-1 cells were transfected with ShRNA NC and 
ShRNA-TFF2. The levels of TNF-α, IL-1β and IL-6 in 
PanC-1 cells transfected with ShRNA-TFF2 were not sta-
tistically changed compared with that in PanC-1 cells and 
PanC-1 cells transfected with ShRNA NC (Figure 5A). 
After LPS induction, the levels of TNF-α, IL-1β and IL- 
6 in LPS-induced HPDE cells and LPS-induced HPDE 
cells transfected with ShRNA NC were obviously 
increased. And TFF2 interference did not obviously 
change the levels of TNF-α, IL-1β and IL-6 in LPS- 
induced HPDE cells (Figure 5B).

Figure 5 Effect of TFF2 interference on inflammation in pancreatic cancer cells and LPS-induced normal pancreatic duct cells. (A) The levels of TNF-α, IL-1β and IL-6 in the 
supernatant of PanC-1 cells transfected with shRNA NC and shRNA-TFF2 were determined by ELISA assay. (B) The levels of TNF-α, IL-1β and IL-6 in the supernatant of 
LPS-induced HPDE cells transfected with shRNA NC and shRNA-TFF2 were determined by ELISA assay. ***P<0.001 vs HPDE group. (n=3).
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Figure 6 TFF2 interference suppresses β-catenin pathway. (A) The expression of β-catenin, c-Myc, Cyclin D1 and BIRC5 in PanC-1 cells transfected with shRNA NC and 
shRNA-TFF2 was determined by Western blot analysis. **P<0.01 and ***P<0.001 vs PanC-1 group. ##P<0.01 and ###P<0.001 vs shRNA NC group. (B) The expression of β- 
catenin, c-Myc, Cyclin D1 and BIRC5 in LPS-induced HPDE cells transfected with shRNA NC and shRNA-TFF2 was determined by Western blot analysis. *P<0.05 and 
***P<0.001 vs HPDE group. #P<0.05 and ##P<0.01 vs HPDE+LPS 5μg/mL group. ∆P<0.05 and ∆∆P<0.01 vs HPDE+LPS 5μg/mL+shRNA-NC group. (n=3).
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TFF2 Interference Suppresses β-Catenin 
Pathway
The expression of β-catenin, c-Myc, Cyclin D1 and 
BIRC5 in PanC-1 cells transfected with ShRNA-TFF2 
was declined compared with that in PanC-1 cells and 
PanC-1 cells transfected with ShRNA NC (Figure 6A). 
The expression of β-catenin, c-Myc, Cyclin D1 and 
BIRC5 in LPS-induced HPDE cells and LPS-induced 
HPDE cells transfected with ShRNA NC was elevated 
compared with HPDE cells and TFF2 interference 
obviously down-regulated the expression of β-catenin, 
c-Myc, Cyclin D1 and BIRC5 in LPS-induced HPDE 
cells (Figure 6B).

TFF2 Can Combine with β-Catenin
When β-catenin antibody was added to lysates of PanC-1 
cells, protein expression of β-catenin and TFF2 was 
detected in lysates of PanC-1 cells. The protein expression 
of β-catenin and TFF2 was also detected in lysates of 
PanC-1 cells added with TFF2 antibody (Figure 7).

Discussion
Inflammation can cause DNA damage and chromosome 
instability and mutation of cancer-promoting genes, and 
tumor suppressor gene is the initial reaction to induce 
tumor. Persistent CP is highly correlated with KRAS 
mutations, which may induce uncontrolled proliferation 
of pancreatic cells that gradually advanced from chronic 
inflammatory cells to invasive cancer cells.3 Studies have 
shown that chronic inflammation increases the incidence 
of tumors, especially in pancreatic and gastrointestinal 
tumors. Chronic inflammation of the pancreas can release 
cytokines that affect the pancreas, exposing the pancreas 
to inflammatory microenvironment for a long time, 

ultimately increasing the risk of pancreatic cancer about 
20 times higher than that of the normal population.16 

Therefore, it is important to find early markers of PC to 
prevent the pancreatitis-cancer transformation.

Recent studies have shown that chronic active gastritis 
caused by HP can develop into cancer through chronic 
atrophic gastritis and intestinal metaplasia.17–19 Wang 
et al found that in gastric fundic mucosa infected with 
H. felis, the TFF2 was expressed in mucous neck cells.20 

In addition, TFF2 expression was enhanced with the sever-
ity of atrophy of mucous membrane.21 A large number of 
research findings have showed that the occurrence of pan-
creatitis has a certain relationship with HP infection. HP 
infection can produce some urease that is hydrolyzed to 
produce ammonia, CO2 and water, causing certain damage 
to gastric mucous membrane and affecting the normal 
physiological function of the pancreas. The mechanism 
of TFF2 leading to pancreatic cancer has been partially 
identified.6,7 The role of TFF2 in LPS-induced pancreatic 
ductal epithelium and pancreatic cancer cells was explored 
in this study. In this study, we found that TFF2 expression 
was also increased in LPS-induced HPDE cells and PanC- 
1 cells. Furthermore, TFF2 interference could suppress the 
proliferation and promote the apoptosis of LPS-induced 
HPDE cells and PanC-1 cells.

Activation of Wnt/β-catenin pathway is closely related 
to the occurrence and development of pancreatic cancer 
and other malignant tumors.22,23 Previous study has con-
firmed that the abnormal activation of Wnt/β-catenin sig-
naling pathway will lead to the degradation of extracellular 
matrix and the uncontrolled proliferation and differentia-
tion of cells, leading to the development of pancreatic 
cancer.24 Lu et al demonstrated that inhibition of Wnt/β- 
catenin signaling pathway significantly inhibited the 
metastasis and proliferation of pancreatic cancer cells.25 

In this study, we found that TFF2 interference inhibited the 
β-catenin expression, thereby inhibiting the expression of 
downstream effector proteins of β-catenin.

In conclusion, TFF2 expression was increased in LPS- 
induced HPDE cells and PanC-1 cells. TFF2 interference 
suppressed the proliferation and promoted the apoptosis of 
LPS-induced HPDE cells and PanC-1 cells by inhibiting β- 
catenin pathway. However, this study has some limita-
tions, and several cancer cell lines and even animal models 
will be used to further study this topic.

Disclosure
The authors declare they have no competing interests.Figure 7 TFF2 can combine with β-catenin. (n=3).
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