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Introduction

Colorectal cancer (CRC) is the world’s second most deadly 
cancer, which accounts for 10% of all annually diagnosed 
cancers and cancer-related deaths worldwide (1,2). 

Proliferation is an important part of cancer development 

and progression. Over the past few years, numerous 

studies committed to decoding the mystery of sustained 

proliferation of cancer cells (3,4), however, the underlying 
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molecular mechanisms are considered more complicated 
than previously imagined and are far from clear.

TFF3 is one of the trefoil factor family of proteins, 
which are highly conserved during evolution and are heat, 
acid, and enzyme resistant (5). TFF3 contains 59 amino 
acid residues and a single three-loop trefoil domain, which 
consists of 42 residues and three disulfide bonds (Cys11-
Cys37, Cys21-Cys36 and Cys31-Cys48) resulting in the 
characteristic trefoil structure (5). TFF3 is expressed in 
the epithelial mucosal layer of the small intestine, colon, 
hypothalamus, pituitary, thyroid gland, lower respiratory 
tract, cervix, salivary gland and uterus (5). TFF3 expression 
is dysregulated in various cancer tissues, including 
colorectal (6,7), cervical (8), prostate (9), gastric (10,11), 
hepatocellular (12), and mammary carcinomas (13,14). 
Previous studies showed that TFF3 regulates cancer cell 
proliferation (15-17), however, the underlying mechanisms 
are far from clear.

Single cells to survive and reproduce to form colonies 
is a key ability for tumor cells, which is interpreted as a 
trait of cancer cells with tumor-initiating capabilities (18). 
Here, we found that TFF3 promotes clonogenic survival 
of CRC cells and explored the underlying mechanisms. We 
present this article in accordance with the MDAR reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2552/rc).

Methods

Reagents

PGE2 was obtained from Tocris Bioscience (Minneapolis, 
MN, USA). L-902688 and ONO-AE3-208 were obtained 

from MedChemExpress (Princeton, NJ, USA). Niclosamide 
was obtained from Selleck Chemicals (Houston, TX, USA). 
Anti-TFF3 antibody (sc-398651) and anti-EP4 antibody 
(sc-55596) were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Anti-tubulin antibody (66031-1-
Ig) was obtained from Proteintech (Wuhan, China). Anti-
STAT3 antibody (12640) and anti-p-STAT3 antibody (9145) 
were obtained from Cell Signaling Technology (Danvers, 
MA, USA). Goat anti-mouse IgG (H+L) antibody (A-11001, 
Alexa Fluor 488 conjugate) and Goat anti-Rabbit IgG (H+L) 
antibody (A32732, Alexa Fluor Plus 555 conjugate) were 
obtained from Thermo Fisher Scientific (Waltham, MA, 
USA).

Cell lines

The HCT-8 (Manassas, VA, USA), SW620 (Manassas, 
VA, USA), and HCT116 (Manassas, VA, USA) CRC 
cell lines were purchased from American Type Culture 
Collection (ATCC) and cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum. HEK293T 
cells were obtained from ATCC and cultured in Dulbecco’s 
modified Eagle’s medium supplemented with 10% fetal 
bovine serum. The TFF3 knockout cell line SW620KO 
was generated using the CRISPR/Cas9 system. All-in-
one plasmid lentiCRISPR v2 was obtained from Addgene 
(Watertown, MA, USA).  On-target sequence was 
5'-ATGTCACCCCCAAGGAGTGC-3'. HEK293T cells 
were used to produce lentivirus and the viral supernatant 
was aliquoted and stored at −80 ℃. SW620 cells were 
seeded at 5×105 cells/2 mL in antibiotic free RPMI 1640 
medium. Twenty-four hours later, 100 μL viral supernatant 
was added to the 2 mL of media on the cells and gently 
rocked plate to mix. At 48 hours after infection, cells were 
screened using puromycin for 6 days at a final concentration 
of 2 μg/mL. Single cell-derived clones were obtained by 
limiting dilution and edited single clones were verified 
by western blotting. HCT-8 cells overexpressing TFF3 
were generated by transfecting HCT-8 cells with TFF3/
pcDNA3.1(+). Positive cells were screened using G418 at 
a final concentration of 100 μg/mL. A stable cell pool was 
used for biological assays. All cells were cultured at 37 ℃ 
and with 5% CO2.

Human tissues

Surgically resected CRC tissues were collected from the 
Department of Gastrointestinal Surgery, Xijing Hospital. 
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All tissue specimens were frozen at −80 ℃ or formalin-
fixed. HE staining was performed and two experienced 
pathologists reviewed the tissue sections. All human 
individuals provided written informed consent. The study 
was approved by the Xijing Hospital Ethics Committee (No. 
KY20213194-1). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Clonogenic assay

Clonogenic assays  were performed as  previously  
described (19). The cells were cultured for about 15 days 
until visible clones emerged. After being washed twice with 
phosphate buffered saline (PBS), the cells were fixed with 
2% paraformaldehyde at 25 ℃ for 10 min and stained with 
0.2% crystal violet at 25 ℃ for 30 min. The plates were 
washed three times with PBS to remove excess dye. The cell 
clones in each well were counted.

RNA interference with small interfering RNA (siRNA)

Specific siRNA and scramble control siRNAs were obtained 
from GenePharma (Shanghai, China). A mixture of two 
individual siRNAs, each aimed at a different region of 
the STAT3 mRNA, was used for silencing STAT3. Cells 
were seeded in 6-well plates and transfected with 20 nM 
siRNAs using Lipofectamine 2000 (Invitrogen, Waltham, 
MA, USA) according to the manufacturer’s instructions. 
The siRNA sequences were as follows: siSTAT3-1: 
5'-CCACUUUGGUGUUUCAUAA-3'; siSTAT3-2: 
5'-GAGCUGCAAACAACUAUAC-3'; scramble siRNA: 
5'-UUCUCCGAACGUGUCACGU-3'.

Western blotting

Tissues or cell pellets were lysed using cold RIPA buffer 
(Beyotime, Shanghai, China) containing protease inhibitors 
(Roche, Basel, Switzerland). Protein concentration was 
measured using a BCA kit (Beyotime). Equal amounts of 
protein were denatured in 5× Laemmli buffer (Beyotime), 
separated by 12% or 15% SDS-PAGE (for TFF3), 
and transferred to polyvinylidene fluoride membranes 
(Millipore, Boston, MA, USA). The membranes were 
blocked with 5% nonfat milk in PBST at 25 ℃ for 40 min. 
Then membranes were incubated with primary antibodies 
at 4 ℃ overnight. After being washed with PBST for four 
times, the membranes were incubated with secondary 
antibodies at 25 ℃  for 50 min. Immunoblots were 

developed using an ECL kit (Beyotime).

Reverse transcription quantitative polymerase chain 
reaction (qPCR)

Tota l  RNA was  ex trac ted  us ing  TRIzol  reagent 
(OMEGA Bio-Tek, Norcross, GA, USA) according to 
the manufacturer’s instructions. Reverse transcription was 
performed using a PrimeScript RT Reagent Kit (Takara 
Bio Inc., Shiga, Japan). All primers were synthesized 
by Tsingke Biotechnology (Bei j ing,  China) .  The 
sequences of primers were as follows: PTGER4 sense, 
5'-CCGGCGGTGATGTTCATCTT-3'; antisense, 
5'-CCCACATACCAGCGTGTAGAA-3'; GAPDH sense, 
5'-GCACCGTCAAGGCTGAGAAC-3'; antisense, 
5'-TGGTGAAGACGCCAGTGGA-3'. Real-time PCR 
was performed using the TB Green Premix Ex Taq™ KIT 
(Takara Bio Inc.) on an Agilent Mx3005P, and the data were 
analyzed using the MxPro-Mx3005P software.

Luciferase reporter assay

The pGL3-Basic reporter vector containing the promoter 
of PTGER4 was constructed by GenScript (Nanjing, China). 
The luciferase construct and pRL-TK (Beyotime) were co-
transfected into the CRC cells. The cells were cultured for 
48 hours and assayed using the Dual-Luciferase® Reporter 
Assay System (Promega, Madison, WI, USA) according 
to the manufacturer’s instructions. The relative luciferase 
activity was calculated by dividing results from the Firefly 
luciferase assay over the Renilla luciferase assay. The 
following equation was used to determine the normalized 
fold change in luciferase activity between test groups:

( )
( )

Average Firefly / Renilla from each construct
Fold activity=

Average Firefly / Renilla from construct pGL3-Basic
∆  [1]

Each construct was compared to the luciferase activity of 
construct pGL3-Basic (an empty vector). The normalized 
fold changes in luciferase activity from each experiment 
were averaged together, and the statistical significance 
determined.

Immunofluorescence staining

Immunofluorescence staining was performed as previously 
described (20). Briefly, cells were inoculated into cell culture 
dishes (NEST, Wuxi, China). After being washed with PBS, 
the cells were fixed with 2% paraformaldehyde at 25 ℃ for 
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10 min, permeabilized with 0.1% Triton X-100 at 25 ℃ 
for 2 min, and blocked with 1% bovine serum albumin at 
25 ℃ for 30 min. The cells were then incubated with the 
indicated primary antibodies at 25 ℃ for 90 min, washed 
three times with PBS, and incubated with the appropriate 
secondary antibodies at 25 ℃ for 30 min. Cell nuclei were 
stained with DAPI (Vector Labs, California, USA). Cells 
were visualized using an A1R-A1 confocal laser microscope 
system (Nikon, Tokyo, Japan).

Immunohistochemistry (IHC)

Tissues were fixed in 10% formalin and embedded 
in paraffin. Antigen demasking was performed using  
10 mmol/L sodium citrate buffer. 3% H2O2 was used to 
block endogenous peroxidase activity. Goat serum was used 
to block nonspecific background staining. The sections were 
incubated at 4 ℃ overnight with primary antibodies, washed 
three times with PBS, and then incubated with biotinylated 
secondary antibodies at 25 ℃ for 40 min. Visualization 
was performed using the DAB horseradish peroxidase 
color development kit (ZSGB-BIO, Beijing, China). The 
IHC scores were determined by two senior pathologists 
according to the proportion and intensity of positive cells: 
0 (no staining), 1 (any percentage with weak intensity), 2 
(30–50% with strong intensity), and 3 (>50% with strong 
intensity).

Statistical analysis

Quantitative results are presented as the mean ± standard 
deviation. Student’s t-test was used to compare the 
differences between two samples. One-way ANOVA was 
used to compare the means of more than two groups. 
Spearman’s R was used to determine the correlation 
between the expression levels of genes or proteins. 
All reported P values were two-tailed, and P<0.05 was 
considered significant.

Results

Enhanced TFF3 promotes clonogenic survival of CRC cells

We first set out to assess the expression of TFF3 in human 
CRC tissues. As shown in Figure 1A, we found that the 
expression of TFF3 in CRC cells is higher than that in 
normal colonic epithelial cells, which is consistent with the 
previous studies (6,7,21). To determine the role of TFF3 in 

the clonogenic survival of CRC cells, we generated TFF3 
knockout SW620 cells (SW620KO, Figure 1B) and found 
that SW620KO cells showed decreased clonogenic survival 
ability compared to the control cells (Figure 1C). We also 
restored TFF3 expression in SW620KO cells and found that 
recovery expression of TFF3 in SW620KO cells (Figure 1D)  
rescued the clonogenic survival ability of SW620KO 
cells (Figure 1E). To further validate this observation, 
we overexpressed TFF3 in HCT-8 cells, which have no 
endogenous TFF3 expression (Figure 1F). As expected, 
HCT-8 cells overexpressing TFF3 (HCT-8-TFF3) showed 
enhanced clonogenic survival ability compared to the 
control cells (Figure 1G). All these results suggest that 
elevated TFF3 contributes to the clonogenic survival of 
CRC cells.

PGE2-EP4 signaling contributes to TFF3-mediated 
clonogenic survival of CRC cells

As previous studies demonstrated that PGE2-EP4 signaling 
facilitates clonogenic survival of cancer cells (22), and TFF3 
promotes PTGS2 expression and PGE2 production in 
CRC cells (6), we examined the involvement of PGE2-EP4 
signaling in TFF3-enhanced clonogenic survival of CRC 
cells. As shown in Figure 2A, we treated TFF3 knockout cell 
line SW620KO with PGE2 or L-902688, a highly potent 
agonist of EP4, and found that PGE2, as well as L-902688, 
reversed the effects of TFF3 knockout on the clonogenic 
survival of SW620 cells. Next, we treated HCT-8 cells 
overexpressing TFF3 with ONO-AE3-208, an inhibitor of 
EP4, and found that EP4 inhibition attenuated the increase 
in clonogenic survival induced by TFF3 overexpression 
(Figure 2B). All these results suggest a potential role of 
PGE2-EP4 signaling in TFF3-spured clonogenic survival 
of CRC cells.

TFF3 promotes EP4 expression

EP4 is the major receptor for PGE2 on CRC cells (6), we 
determined the effects of TFF3 on EP4 expression. As 
shown in Figure 3A,3B, we found that EP4 expression was 
decreased in SW620KO cells compared to control cells, at 
both mRNA and protein levels. As expected, overexpression 
of TFF3 in HCT-8 cells resulted in increased EP4 
expression (Figure 3C,3D). Gene expression analysis 
using Gene Expression Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA) data showed that TFF3 and EP4 
expression levels were highly correlated (Figure 3E-3G).
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Figure 1 TFF3 promotes clonogenic survival of colorectal cancer cells. (A) Western blot analysis of TFF3 expression in colorectal cancer 
tissues and matched paracancerous tissues. Graph shows quantification of relative levels of TFF3 expression. (B) Western blot analysis of 
TFF3 expression in SW620 cells and TFF3 knockout cells (SW620KO). (C) Presentative images of the colony formation assay. Graph 
shows the number of colonies. (D) Western blot analysis of TFF3 in the indicated cells. The cells were transfected with an empty vector 
(Vector) or a TFF3-expressing vector (TFF3OE). (E) Presentative images of the colony formation assay. The cells were transfected with 
a Vector or a TFF3OE. Graph shows the number of colonies. (F) Western blot analysis of TFF3 in the indicated cells. HCT-8 cells were 
transfected with a Vector or a TFF3OE. (G) Presentative images of the colony formation assay. HCT-8 cells were transfected with a Vector 
or a TFF3OE. Graph shows the number of colonies.
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Figure 2 PGE2-EP4 signaling is involved in TFF3-facilitated clonogenic survival of colorectal cancer cells. (A) Presentative image of 
the colony formation assay. SW620KO cells were treated with PGE2 (1 μmol/L) or EP4 agonist L-902688 (1 μmol/L). Graph shows the 
number of colonies. (B) Presentative images of the colony formation assay. HCT-8 cells were transfected with an empty vector (Vector) or a 
TFF3-expressing vector (TFF3OE) alone or in combination with ONO-AE3-208 (10 μmol/L) treatment.

Figure 3 TFF3 promotes EP4 expression in colorectal cancer cells. (A) qPCR analysis of PTGER4 mRNA expression in SW620 and 
SW620KO cells. (B) Western blot analysis of EP4 expression in SW620 and SW620KO cells. (C) qPCR analysis of PTGER4 mRNA expression 
in HCT-8 cells transfected with an empty vector (Vector) or a TFF3-expressing vector (TFF3OE). (D) Western blot analysis of EP4 expression 
in HCT-8 cells transfected with a Vector or a TFF3OE. (E-G) Correlation analyses of gene expression between TFF3 and PTGER4 using the 
GEO data (E) and TCGA data (F-G). Pearson correlation coefficients and P values are shown. TCGA, The Cancer Genome Atlas; TPM, 
transcripts per million.
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TFF3 transcriptionally enhances EP4 expression

To understand more about how TFF3 promotes EP4 
expression, we explored the underlying mechanisms more 
closely. We constructed an EP4 promoter luciferase reporter 
(Figure 4A) and found that TFF3 knockout decreased EP4 
reporter activity (Figure 4B). As expected, overexpression 
of TFF3 in HCT-8 cells increased EP4 reporter activity  
(Figure 4C). Next, we constructed a series of 5'-truncated 
versions of the EP4 promoter and found that the promoter 
region between −437 and +1 was indispensable for TFF3-
induced transcription of PTGER4 in HCT-8 cells (Figure 4D).

STAT3 mediates TFF3-induced EP4 expression

As TFF3 was reported to activate several intracellular 
pathways including STAT3 (6,8), we verified these 
observations and found that overexpression of TFF3 in 
HCT-8 cells resulted in increased STAT3 phosphorylation 
(Figure 5A) and nuclear localization (Figure 5B). As expected, 

SW620 cells showed reduced STAT3 phosphorylation 
(Figure 5C) and nuclear localization (Figure 5D).

To explore how TFF3 transcriptionally enhances EP4 
expression, we analyzed the promoter region between 
-437 and +1 and found a STAT3 binding site (Figure 6A). 
Overexpression of STAT3 resulted in increased reporter 
activity (Figure 6B). Mutation of the STAT3 binding site 
(Figure 6C) decreased reporter activity (Figure 6D,6E). 
We also found that TFF3-stimulated EP4 transcription 
could be blocked by the STAT3 inhibitor niclosamide in a 
dose-dependent manner (Figure 6F). Consistently, TFF3-
induced EP4 protein expression could be reduced by the 
STAT3 inhibitor niclosamide (Figure 6G) or STAT3 siRNA 
(Figure 6H). We also confirmed these results in SW620 cells 
and found that STAT3 inhibition (Figure 6I) and STAT3 
silence (Figure 6J) led to decreased EP4 expression. As we 
previously revealed that TFF3 activates STAT3 signaling 
via interacting with CD147 (6), we detected EP4 expression 
in CD147 knockout cells and found that deficiency of 

Figure 4 TFF3 promotes PTGER4 transcription. (A) Schematic representation of the PTGER4 promoter reporter construct. (B) SW620 
and SW620KO cells were transfected with the indicated constructs. Graph shows the relative luciferase reporter activity. (C) HCT116 cells 
were transfected with the indicated constructs. Graph shows the relative luciferase reporter activity. (D) HCT-8 cells were transfected with 
the indicated constructs. Graph shows the relative luciferase reporter activity.
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CD147 resulted in EP4 downregulation (Figure 6K). These 
results suggest that TFF3 stimulates EP4 expression mainly 
via STAT3 signaling.

TFF3 correlates with EP4 in human CRC tissues

To determine whether TFF3 regulates EP4 expression in 
human CRC, we assessed TFF3 and EP4 expression in 
human CRC tissues by IHC. As shown in Figure 7A, TFF3 
expression was closely correlated with EP4 expression. 
These results suggest that TFF3 promotes EP4 expression 
in CRC.

Discussion

PGE2 can be generated by many cells including cancer cells 
and is involved in several tumor-promoting aspects such 
as cell proliferation (23,24) and invasion (24,25) through 
binding to E-type prostanoids (EP) receptors, namely EP1, 
EP2, EP3 and EP4 receptors. Among the EP receptors, the 
Gs-protein-coupled EP4 receptor is commonly upregulated 
in cancer and can be considered as the most important 
involved in tumorigenic mechanisms (26), which contributes 
to the pathology of many human malignancies, including 
those of the colon, breast, prostate, ovary, and lung (27). 

Figure 5 TFF3 promotes STAT3 activation and nuclear translocation. (A) Western blot analysis of the indicated proteins in HCT-8 cells 
transfected with an empty vector (Vector) or a TFF3-expressing vector (TFF3OE). (B) Representative images of immunofluorescence 
staining of HCT-8 cells transfected with a Vector or a TFF3OE. Scale bar, 10 μm. (C) Western blot analysis of the indicated proteins in 
SW620 and SW620KO cells. (D) Representative images of immunofluorescence staining of SW620 and SW620KO cells. Scale bar, 5 μm.
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Figure 6 STAT3 mediates TFF3-induced EP4 expression. (A) Sequence of the PTGER4 promoter spanning −437 to +1 bp. Red letters 
indicate putative STAT3 binding sites. (B) HCT-8 cells were transfected with an empty vector (Vector) or a STAT3-expressing vector 
(STAT3) in combination with the PTGER4 promoter reporter construct. Graph shows the relative luciferase reporter activity. (C) Schematic 
representation of the PTGER4 promoter reporter constructs. Mutations of the putative STAT3 binding sites are indicated in black. (D) 
HCT-8 cells were transfected with the indicated constructs. Graph shows the luciferase reporter activity. (E) SW620 cells were transfected 
with the indicated constructs. Graph shows the luciferase reporter activity. (F) HCT-8 cells were transfected with a Vector or a TFF3-
expressing vector (TFF3OE) in combination with the PTGER4 promoter reporter construct. Cells were treated with an increasing amount 
of STAT3 inhibitor niclosamide. Graph shows the relative luciferase reporter activity. (G) Western blot analysis of EP4 expression in HCT-
8 cells transfected with a Vector or a TFF3OE. Cells were treated with an increasing amount of STAT3 inhibitor niclosamide. (H) Western 
blot analysis of EP4 expression in HCT-8 cells transfected with a Vector or a TFF3OE in combination with siRNAs targeting STAT3 
(siSTAT3) or scramble siRNA. (I) Western blot analysis of EP4 expression in SW620 cells treated with an increasing amount of STAT3 
inhibitor niclosamide. (J) Western blot analysis of EP4 expression in SW620 cells transfected siSTAT3 or scramble siRNA. (K) Western blot 
analysis of EP4 expression in HCT-8 cells (Wt) and CD147 knockout HCT-8 cells (CD147KO). SiRNA, small interfering RNA; wt, wild 
type; mt, mutant type.

Elevated EP4 expression in CRC leads to increased cyclic 
adenosine monophosphate (cAMP) levels contributing 
to resistance to apoptosis and anchorage-independent  
growth (28), which is blocked by EP4 inhibitor ONO-
AE3-208 (29). Tumor cell colony formation and AKT 
phosphorylation were significantly inhibited when cells 
were treated with EP4 receptor-specific antagonist (22). In 
accordance with these observations, in the present study, 
we found that PGE2-EP4 signaling promotes clonogenic 
survival of CRC cells, supporting EP4 as a potential 
therapeutic target for CRC prevention and treatment.

EP4 receptor protein expression was increased in CRC 
(100%) as well as adenomas (36%) when compared with 
normal colonic epithelium (28). However, the causes 
of EP4 receptor dysregulation in cancer are poorly 
understood. Kambe et al. reported that specificity protein 
1 (Sp-1) binds to the region −197 to −160 of the EP4 
promoter to promote its expression (30). EP4 expression 
is enhanced by c-Myc, which binds to Sp-1 under low 

cellular density conditions, but is downregulated under 
high cellular density conditions via HIF-1α, which may 
prevent c-Myc and Sp-1 from DNA-binding in normal 
colorectal epithelial cells (31). Oh et al. found that human 
papillomavirus E5 protein induces EP4 expression in 
cAMP response element (CRE)-dependent pathway 
in cervical cancer cells, which is inhibited by an EP4 
antagonist, inhibitor of cAMP-dependent protein kinase 
or phosphatidylinositol 3-kinase, and CRE decoy (32). 
Transforming growth factor β2 promotes transcription of 
PTGER4 in transformed macrophage (33). IL10 receptor 
signal leads to STAT3/SHIP1 dependent expression of 
EP4 receptor in macrophages (34). In the present study, we 
revealed that TFF3 is a novel regulator of EP4 expression, 
and STAT3 signaling is responsible for TFF3-induced 
EP4 expression (Figure 7B). We previously reported 
that TFF3 directly interacts with CD147 and induces 
activation of STAT3 signaling, PTGS2 expression, and 
CRC progression (6). Therefore, TFF3 stimulates PGE2 
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Figure 7 Correlation between TFF3 and EP4 in human CRC tissues. (A) Representative image of IHC staining of TFF3 and EP4 in 
human CRC tissues. Scale bar, 200 μm. The heatmap shows the IHC score. P value was determined by the Spearman correlation analysis. 
(B) Model depicting the proposed mechanism mediating TFF3-facilitated clonogenic survival of CRC cells. IHC, immunohistochemistry; 
CRC, colorectal cancer.

signaling at two levels, enhancing PTGS2-mediated PGE2 
production and its receptor EP4 expression.

We acknowledge several limitations in the present study. 
First, we did not investigate the contribution of EP4 to 
TFF3-enhanced clonogenic survival of CRC cells using 
in vivo models. Second, given that TFF3 stimulates PGE2 
production and EP4 expression, the magnitude of the 

respective contribution to TFF3-induced PGE2 signaling 
activation has to be further studied.

Conclusions

This study outlines the regulatory effect of TFF3 on 
EP4 expression, which is mediated by STAT3 signaling.
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