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Abstract

AIM

To detect the expression of trefoil factors (TFFs) and
TWIST1 in colorectal cancer (CRC) and analyze their
correlation with metastasis and survival.

METHODS

This study examined the expression of TFF1, TFF3 and
TWIST1 in a total of 75 tumor samples, 47 matched
normal samples (15 cm from the lesion margin), 30
metastatic lymph nodes, and 10 liver metastatic cancer
samples from patients with CRC. The relationship
was then analyzed between the protein expression
and different clinical records. TFF1, TFF3, TWIST1,E-
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cadherin, vimentin and B-catenin mRNA and protein
expression levels were measured in colon cancer cell
lines with different metastatic potentials (HIEC, HT29,
SW620, and LoVo cells), and the correlation of the
expression levels with epithelial-mesenchymal transition
(EMT) was discussed.

RESULTS

It was found that 66.7% (50/75), 78.7% (59/75) and
54.7% (41/75) of tumor tissue samples exhibited
positive staining for TFF1, TFF3 and TWIST1 and so
did 27.3% (13/47), 100% (47/47) and 17% (8/47)
of adjacent normal colorectal tissues. Compared with
adjacent normal tissues, significant differences were
found in the expression of all three proteins in different
cancerous tissues (P < 0.05). Higher expression of
TFF3 and TWIST1 was significantly correlated with
lymph node metastasis (P = 0.034, 7 = 0.000),
advanced stage (P = 0.031, P = 0.003), and poorer
survival (P = 0.042 for the TFF3 group, Z = 0.003
for the TWIST1 group). The expression of TFF3 and
TWIST1 in cancer cell lines was higher than that in
HIEC (a normal human intestinal epithelial cell line)(P
< 0.05), and the expression intensity demonstrated
a tendency to rise with increased metastatic potential
both at the protein and mRNA levels. However, TFF1
expression demonstrated the opposite tendency. It was
also observed that the expression of E-cadherin and
B-catenin tended to decrease while that of vimentin,
TWIST1 and Snail tended to rise with the increase in
metastatic potential.

CONCLUSION

The expression of TFF3 and TWIST1 might be asso-
ciated with the survival of patients with CRC after
curative resection and might be pivotal predictors of
disease progression. TFF3 may be correlated to the
invasiveness of CRC.

Key words: Colorectal cancer; Trefoil factors; TWIST1;
Survival; Metastasis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of trefoil factors (TFFs) and
TWIST1 in colorectal cancer (CRC) and their roles in
metastasis and survival are unclear. This study involved
the preliminary examination of the expression of
TFF1, TFF3 and TWIST1 in CRC tissues and different
metastasis samples from patients and cell lines. This
study also analyzed the relationship between the
expression of these proteins and metastatic potential
and survival. It can be concluded that the expression
of TFF3 and TWIST1 in CRC might be associated with
patient survival after curative resection and may play
an active role in disease progression. Finally, TFF3 may
be correlated to the invasiveness of the CRC.

Yusup A, Huji B, Fang C, Wang F, Dadihan T, Wang HJ, Upur
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INTRODUCTION

Colorectal cancer is one of the most common
cancers and a principal cause of death worldwide.
The morbidity and mortality rates of CRC continue to
increase, but the etiology is still not clear. In 2012,
1361000 new cases of CRC were reported globally,
of which 253000 (accounting for 18.6%) were in
China; notably, CRC has become the third most
common malignancy in China™. Approximately one
quarter of patients have metastases when CRC is
initially diagnosed and nearly half ultimately develop
metastases; thus, the 5-year survival rate is less than
10%%3, In order to improve the prognosis of CRC,
the most important considerations are the selection of
high-risk patients with the help of the biomarkers and
the intervention in the metastases.

The trefoil factors (TFFs) are three-loop structures
that function as secretory peptides. They contain a
highly conserved motif of cysteine disulfide bonds,
which endows them with significant functional
stability™®). TFF1 is predominantly expressed in the
stomach and colon, TFF2 expression is primarily
localized in the stomach, and TFF3 expression is
commonly observed in the intestine”®.. Although TFFs
have been shown to protect the gastrointestinal tract
against mucosal damage®'”, recent evidence from
experimental and clinical studies indicates a pivotal
role of TFFs in oncogenic transformation, growth, and
metastasis of human solid tumors™ ™, TFF1, also
called “estrogen-inducible pS2 protein”, can be isolated
from human breast cancer and has been determined
to have prognostic significance in breast cancer
patients®®®. TFF3 has indicated both pro-invasive and
pro-angiogenic activities in cells derived from several
common human solid tumorst>'**), TFF1 and TFF3
have been found to be co-expressed particularly in
tumors of the human mammary gland™**®!, where
they each regulate the expression of the other in a
positive feedback loop'”’. Moreover, serum levels
of TFFs in patients with several cancers have been
reported as useful biomarkers for the prediction of
the presence of cancer™?", The exact role of TFFs
in the progression of CRC and their prognostic value
have not yet been extensively expounded. Despite
that TFFs are primarily secreted by the epithelium of
the gastrointestinal tract, there are no any consensus
about if TFFs are oncogenic or anti-oncogenic™4,

TWISTL1 is a highly conserved basic helix-loop-helix
(bHLH) protein and transcription factor’®. It is involved
in embryonic development in vertebrates through its
regulation of epithelial-mesenchymal transition (EMT)
during neural crest migration®**, The EMT program is
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Table 1 TFF1, TFF3, and TWIST1 expression in different colorectal cancer tissues 7 (%)

Histology # TFF1 TFF3 TWIST1

= + + + + + + = + + ++ + = + + + ++ +
CRC 75 25(41) 19(358) 23(67.6) 8(71) 16(727) 34 (55 7) 21(389) 4(16) 34(347) 18(563) 16(64) 7 (100)
MNT 47 34(557) 12(226) 1(29) 0 0 8(131) 22(407) 17(68) 39(419) 7219 1(43) 0
MLN 30 2(33) 17(321) 8(235 3(214) 6(73) 14(23) 8(148) 2(8) 20(2L7) 5(156) 5@217) 0
Livee M 10 0 5094) 259  3(214) 0 582 3(6) 280 5(54) 2(63)  3(13) 0
Overall P =0.000 P=0.000 P =0.000

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis; TFF: Trefoil factor.

also activated in a wide variety of cancer cells as they
leave the primary tumor and colonize distant organs
and form metastases™*®. TWIST1 overexpression
induces EMT and E-cadherin repression, suggesting
that TWIST1 promotes metastasis by inducing
EMT®?8, Zhu et a* reported that TFF3 continuously
up-regulates the expression of TWIST1 in HT29 cell
line, which indicates the possible involvement of TFF3
in the process of EMT.

In this study, we detected the expression of TFF1,
TFF3 and TWIST1 in different CRC tissues and cell
lines with different metastatic potential to identify
the relationship between the protein expression and
metastatic potential and survival of CRC.

MATERIALS AND METHODS

This study included a total of 75 tumor samples,
47 matched normal controls (tissue located 15 cm
away from the lesion margin), 30 metastatic lymph
nodes, and 10 liver metastatic cancer samples from
patients with CRC. Among the 75 patients studied,
48 (64%) were men and 27 (36%) were women with
a median age of 56 years (range, 24 to 86 years).
Fifteen (20%) cases had stage I disease, 27 (36%)
had stage 1I disease, 27 (36%) had stage Il disease,
and 6 (8%) had stage IV disease (Table 1). CRC
tissues were obtained from treatment-naive patients
who underwent surgery at the Fourth Military Medical
University Hospital of Xi Jing, between 2007 and 2008.
The clinicopathologic variables and survival data were
obtained from the medical records, and the disease
stages of the patients were classified according to the
2010 UICC colorectal cancer TNM staging system.
The data were analyzed anonymously and reported.
No patients received any interventions, and personal
information was not revealed.

Immunohistochemistry

Immunohistochemical staining was performed using
the streptavidin-biotin peroxidase complex with a
commercially available SP-kit (Beijing Zhongshanlingiao
Biotechnology Limited Company, China, SP-9000). A
rabbit anti-human TFF1 monoclonal antibody (Abcam-
Epitomics, United States, 2801-1 dilution: 1:100), a
rabbit anti-human TFF3 monoclonal antibody (Abcam-
Epitomics, United States, 2816-1 dilution: 1:200), and
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a mouse anti-human TWIST1 monoclonal antibody
(Abcam, United States, ab135180 dilution: 1:100) were
used. As a negative control, PBS was used in place
of the primary antibody. After deparaffinization and
rehydration, the sections were heated in a microwave
oven for 10 min at 100 C in 10 mmol/L citrate buffer (pH
6.0). The sections were then incubated sequentially
with fresh 3% hydrogen peroxide in PBS, 10% normal
goat serum, primary antibody, biotinylated goat anti-
rabbit IgG, and streptavidin-peroxidase; the slides
were washed with PBS three times before each step.
The visualization of the sites of peroxidase binding
was achieved with diaminobenzidine. The sections
were counterstained with hematoxylin. All slides were
interpreted by two independent observers in a blinded
fashion.

Evaluation of immunostaining

The immunohistochemistry results were evaluated
according to a histoscore that combines the intensity
of the immunoreaction with the scope of the positive
staining area. The intensity (I) of staining was scored
as 0 (no staining), 1 (weak), 2 (moderate), or 3
(strong). The density (D) of staining was scored as 1
(less than 10%), 2 (10%-50%), 3 (50%-80%), or 4
(80%-100%) according to the percentage of positively
stained regions in relation to the total cancer area. The
final immunohistochemical staining scores (0-12) for
each tumor were the product of I x D. Samples with I
x D < 4 were considered weakly positive; those with I
x D = 4 were considered strongly positive.

Cell culture

All cell culture media were purchased from HyClone,
Thermo. Three human colon carcinoma cell lines with
different invasive potentials (HT29, SW620, and LoVo)
and an immortalized human epithelial cell line (HIEC)
were gifts from the laboratory of Xi Jing, Digestive
Disease Hospital (Fourth Military Medical University).
All cell lines were maintained in RPMI 1640 growth
medium supplemented with 10% heat-inactivated fetal
bovine serum, 1% penicillin, and 1% streptomycin.
HIEC cells were also supplemented with human insulin
(0.1 U/mL).

Western blot assay
The four colorectal cancer cell lines were harvested
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separately in ice-cold PBS. Total protein was extracted,
separated by SDS-PAGE, and transferred onto PVDF
membranes. The membranes were blocked with 5%
(w/v) dried skimmed milk powder in Tris-buffered
saline (blocking solution) for 1 h at room temperature.
Then, the membranes were probed with primary
antibodies against TFF1 (1/500 dilution), TFF3 (1/300
dilution), and TWIST1 (1/500) in blocking solution
overnight at 4 °C. After a TBST wash, the membranes
were incubated with the corresponding secondary
antibody (1/2000 dilution) in blocking solution for 1 h
at room temperature. Immunoreactive proteins were
detected using enhanced chemiluminescence.

Quantitative real-time RT-PCR assays

The mRNA levels of target genes in colon cancer cell
lines were compared with those in the immortalized
human normal intestinal epithelial cell line (HIEC).
Quantitative real-time RT-PCR (qRT-PCR) was per-
formed as previously described™; Brilliant SYBR
Green QRT-PCR Master Mix as part of a 2-Step
kit (Stratagene, La Jolla, CA, United States) was
used. The PCR amplification was performed using
a Bio-Red Real Time PCR system. The primers
used for gRT-PCR were as follows: GAPDH forward
(F): 5'-AGCCTTCTCCATGGTGGTGAA-3’, GAPDH
reverse (R): 5'-ATCACCATCTTCCAGGAGCGA-3’;
TFF1 (F): 5'-AATAAGGGCTGCTGTTTCG-3’, TFF1
(R): 5'-ACTCCTCTTCTGGAGGGAC-3’; TFF3 (F):
5'-CTGCTGCTTTGACTCCAGGAT-3’, TFF3 (R):
5’-CAGCTGGAGGTGCCTCAGAA-3’; TWIST1 (F):
5’-CATGTCCGCGTCCCACTAG-3’, TWIST1-(R):
5’-TGTCCATTTTCTCCTTCTCTGG-3’; E-cadherin (F):
5’-GAGTGCCAACTGGACCATTCAGTA-3’, E-cadherin
(R): 5’-AGTCACCCACCTCTAAGGCCATC-3’; vimentin
(F): 5'-CAGGCAAAGCAGGAGTCCAC-3’; vimentin
(R): 5'-GCAGCTTCAACGGCAAAGTTC-3’; B-catenin
(F): 5'"-TGAGTGTCATGAAGTGCACAGGAG-3/,
p-catenin (R): 5'-AACAGGCTGATGGTGCCAGAG-3’;
snail (F): 5'-CGCGCTCTTTCCTCGTCA-3’, snail (R):
5’-TCCCAGATGAGCATTGGCAG-3'. The Ct (threshold
cycle) values of the target gene amplifications were
normalized to those of the GAPDH control. All reactions
were performed in triplicate in a 25-uL reaction
volume. The PCR amplification program consisted of
30 s of an initial denaturation at 95 C followed by 40
cycles of PCR at 95 °C for 5 s, and then 60 °C for 30 s.
Standard curves were drawn and the relative amount
of target gene mRNA was normalized to that of
GAPDH. Specificity was verified by melt curve analysis.
The comparative CT method was used to calculate the
relative quantification of gene expression.

RESULTS

Expression of TFFs and TWIST1 in normal, primary

tumor, and metastatic tissues
The positive expression of TFF1 and TFF3 was found
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in the cytoplasm and cytomembrane (Figure 1A),
while TWIST1 staining was observed in both the
cytoplasm and nuclei of the cells (Figure 1A). TFF1
was mainly expressed in CRC cells with varying
intensity and was only occasionally expressed or was
negative in matched normal tissues (Figure 1B). TFF3
was distributed diffusely and was expressed as fine
granules in most goblet cells in normal tissues, but its
expression was decreased in the cytoplasm of CRC
cells (Figure 1A and B). We found selective expression
of TWIST1 in cancerous tissues but scarcely in their
normal counterparts (Figure 1A and B).

Among the 50 tissues that were positive for
TFF1, 19 demonstrated weak staining (38%), 23
demonstrated moderate staining (46%), and 8
demonstrated strong staining (16%) (Table 1). Among
the 59 patients with TFF3-positive cancer, 34 showed
weak staining (57.6%), 21 showed moderate staining
(35.6%), and 4 showed strong staining (6.8%) (data
not shown). Of the 41 patients with TWIST1-positive
cancer, 18 showed weak staining (43.9%), 16 showed
moderate staining (39%), and 7 showed strong
staining (17.1%) (Table 1).

Results from the assessment of TFF1, TFF3
and TWIST1 expression in primary tumor tissues,
metastatic lymph nodes, and liver metastatic tissues
are presented in Table 1. It was shown that 66.7%
(50/75), 78.7% (59/75), and 54.7% (41/75) of
samples exhibited positive staining for TFF1, TFF3 and
TWIST1, respectively. In addition, 27.3% (13/47),
100% (47/47), and 17% (8/47) of normal tissues
adjacent to colorectal CRC tissues showed positive
staining for TFF1, TFF3 and TWIST1, respectively.
Compared with normal mucosal tissues, primary
CRC tissues expressed significantly higher levels of
TFF1 and TWIST1 but a lower level of TFF3 (Table
1). No significant difference was observed in TFF3 or
TWIST1 expression between primary CRC tissues and
metastatic lymph nodes or liver metastatic tissues (P
= 0.879, P = 0.105 for TFF3 and P = 0.08, P = 0.780
for TWIST1). However, the disparity in the expression
of TFF1 between metastatic lymph nodes and primary
colorectal cancer was statistically significant (P = 0.01,
P = 0.03) (Table 2). The correlation analysis between
the expression of TFF1 and TFF3 proteins also showed
a negative correlation in CRC (P = 0.007, r = -0.312;
Table 3). We also found that the expression levels
of TFF3 were stronger in mucinous and signet-ring
cell cancers than in other cancer types, which might
illustrate that the more mucus that is secreted, the
stronger the TFF3 expression.

Expression of TFF1, TFF3 and TWIST1 in relation to
clinicopathological features

The results illustrating a correlation between TFF1,
TFF3, and TWIST1 expression and clinicopathological
variables are presented in Table 4. Higher expression
of TFF3 and TWIST1 was significantly correlated with
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TFF3

TFF1

Lymph node meatastasis Adjacent normal tissue Cancer tissue

Liver metastasis

TWIST1

Figure 1 TFF1, TFF3 and TWIST1 expression trends in colorectal cancer (A), adjacent normal tissue (B), metastatic lymph node (C), and liver metastasis
(D). Compared with normal mucosal tissue, colorectal cancer tissues expressed significantly higher TFF1 and TWIST1 and lower TFF3. Compared to primary
colorectal cancer tissue, there were no statistical differences in TFF3 and TWIST1 expression in metastatic lymph node or liver metastatic tissue. But disparity in TFF1
expression between metastatic lymph node and primary colorectal cancer had statistical significance.

lymph node metastasis (P = 0.034, P = 0.000) and
advanced stage (P = 0.031, P = 0.003). In contrast,
TFF1 expression was correlated with differentiation (P
= 0.029).

Relationship between TFF1, TFF3 and TWIST1
expression and patient's survival

The survival analysis indicated that the 3- and 5-year
survival rates of the 75 patients were 71% (55 patients)
and 54% (43 patients), respectively. The overall
survival of the patients with higher TFF3 or TWIST1
expression levels was significantly less than that of
the patients with lower TFF3 or TWIST1 expression
levels (P = 0.042 for the TFF3 group; P = 0.003 for
the TWIST1 group; Figure 2A and B). TFF1 expression
demonstrated no correlation with patient survival (P
= 0.952; Figure 2D). In contrast, higher expression
of TFF3 and TWIST1 was correlated with an even
worse overall survival (Figure 2C). Furthermore, a
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univariate analysis showed that the survival rate had
a close relationship with age, infiltration depth, lymph
node metastasis, distant metastasis, TFF3 expression,
TWIST1 expression, and TNM stage (P < 0.05). A
multivariate analysis demonstrated that only age,
tumor stage, and TFF3 expression were correlated
with survival (Table 5).

Expression of TFF1 and TFF3 proteins and mRNAs
demonstrates the opposite tendency and is associated
with EMT in vitro

Based on the immunohistochemistry results, we
determined gene expression in colon cancer cell lines
with different metastatic potentials. Our results showed
that the expression levels of TFF3 and TWIST1 in cancer
cell lines were higher than those in the normal human
intestinal epithelial cell line (P < 0.05). Moreover, the
expression intensities were inclined to rise both at the
protein and mRNA levels with the increase in metastatic
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Table 2 Comparison between low and high expression of TFF1, TFF3, and TWIST1 in different colorectal cancer tissues 7 (%)

Histology n TFF1 TFF3 TWIST1

Low High P value Low High P value Low High P value
CRC 75 44 (38.6) 31 (64.6) 0.000 50 (60.2) 25 (31.6) 0.000 52 (40) 23 (71.9) 0.001
MNT 47 46 (40.4) 1(2.1) 0.000 8 (9.6) 39 (49.4) 0.000 46 (35.4) 1(3.1) 0.0001
MLN 30 19 (16.7) 11 (22.9) 0.659 20 (24.1) 10 (12.7) 0.818 25(19.2) 5 (15.6) 0.142
Liver M 10 5 (4.4) 5 (10.4) 0.602 5 (6) 5 (6.3) 0.494 7 (5.4) 3(9.4) 0.966

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis.

Table 3 Correlation among TFF1, TFF3 and TWIST1expression 7 (%)

Protein expression TFF1 TFF3
Low High P value Low High P value

TWIST1 0.297 0.623

Low 32 (72.7) 19 (61.3) 31 (66) 20 (71.4)

High 12 (27.3) 12 (38.7) 16 (34) 8 (28.6)
TFE3

Low 22 (46.8) 25 (53.2) 0.007

High 22 (78.6) 6 (21.4)

Characteristic TFF1 TFF3 TWIST1
n=75 Low High P value Low High P value Low High P value
Age (yr) 0.299 0.368 0.840
<60 28 (63.6) 17 (54.8) 27 (57.4) 18 (64.3) 31 (60.8) 14 (58.3)
> 60 16 (36.4) 14 (45.2) 20 (42.6) 10 (35.7) 20 (39.2) 10 (41.7)
Gender 0.369 0.146 0.134
Male 30 (68.2) 18 (58.1) 33 (70.2) 15 (53.6) 30 (58.8) 18 (75.0)
Female 14 (31.8) 13 (41.9) 14 (29.8) 13 (46.4) 21 (41.2) 6 (25.0)
Histology 0.089 0.475 0.397
Adenocarcinoma 42 (95.5) 26 (83.9) 42 (89.4) 26 (92.9) 47 (92.2) 21 (87.5)
Mucinous 2 (45) 5 (16.1) 5 (10.6) 2(7.1) 4(78) 3 (12.5)
Differentiation 0.029 0.136 0.234
Well 10 (22.7) 12 (38.7) 15 (31.9) 7 (25.0) 18 (35.3) 4(16.7)
Moderate 16 (36.4) 15 (48.4) 22 (46.8) 9 (32.1) 20 (39.2) 11 (45.8)
Poor 18 (40.9) 4(12.9) 10 (21.3) 12 (42.9) 13 (25.5) 9 (37.5)
Location 0.802 0.411 0.847
Colon 31 (70.5) 21 (67.7) 31 (66.0) 21 (75) 35 (68.6) 17 (70.8)
Rectum 13 (29.5) 10 (32.3) 16 (34.0) 7 (25) 16 (31.4) 7(30.7)
T 0.545 0.651 0.246
1 2 (45) 0 121 1(3.6) 12.0) 1(42)
2 10 (22.7) 9 (29.0) 14 (29.8) 5 (17.9) 16 (31.4) 3 (12.5)
3 13 (29.5) 7 (22.6) 11 (23.4) 9 (32.1) 11 (21.6) 9 (37.5)
4 19 (43.2) 15 (48.4) 21 (44.7) 13 (46.4) 23 (45.1) 11 (45.8)
N 0.143 0.034 0.000
No 26 (59.1) 13 (41.9) 20 (42.6) 19 (67.9) 34 (66.7) 5 (20.8)
Yes 18 (40.9) 18 (58.1) 27 (57.4) 9 (32.1) 17 (33.3) 19 (79.2)
M 0.484 0.267 0.288
No 41(932) 28 (90.3) 42 (89.4) 27 (96.4) 48 (94.1) 21 (87.5)
Yes 3(6.8) 3(97) 5 (10.6) 1(3.6) 3(5.9) 3 (12.5)
Staging 0.917 0.031 0.003
I 9 (20.5) 6 (19.4) 11 (23.4) 4(14.3) 13 (25.5) 2(8.3)
il 17 (38.6) 10 (32.3) 11 (23.4) 16 (57.1) 23 (45.1) 4(16.7)
I 15 (34.1) 12 (38.7) 20 (42.6) 7 (25.0) 12 (23.5) 15 (62.5)
Y 3(6.8) 3(97) 5 (10.6) 1(3.6) 3(5.9) 3 (12.5)

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis.
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Table 5 Significant predictive factors for cancer-specific survival in COX proportional-hazard analysis

Prognostic factor Univariate HR (95%CI) P value Multivariate HR (95%CI) P value
Age 0.404 (0.189-0.864) 0.019 0.262 (0.106-0.647) 0.004
Gender 1.137 (0.565-2.287) 0.719 1.065 (0.450-2.519) 0.887
Histopathological type 0.526 (0.126-2.193) 0.378 0.380 (0.080-1.809) 0.224
Tumor differentiation 0.939 (0.611-1.445) 0.775 0.701 (0.395-1.246) 0.226
T 1.556 (1.030-2.350) 0.036 0.979 (0.578-1.657) 0.937
N 2.961 (1.954-4.485) 0.000 1.668 (0.716-3.889) 0.236
M 12.519 (4.593-34.120) 0.000 2.728 (0.672-11.064) 0.160
Stage 4.507 (2.706-7.507) 0.000 2.718 (1.003-7.368) 0.039
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Figure 2 Correlation between protein expression in colorectal cancer and overall survival. The survival analysis indicated that the overall survival of the
patients with higher TFF3 or TWIST1 expression was significantly less than that of the patients with lower TFF3 or TWIST1 expression (A and B); Higher expression
of the TFF3 and TWIST1 correlated with even worse overall survival (C); TFF1 expression had no correlation with the survival (D).

potential. However, TFF1 expression demonstrated the
opposite tendency (Figure 3).

Based on the above-mentioned outcome, we
determined whether TFF1 and TFF3 expression was
related to EMT. We investigated E-cadherin, vimentin,
p-catenin and Snail, which are classic markers and
critical transcription factors of EMT in different cell
lines. It was observed that the expression levels of
TFF1 protein and mRNA were decreased and that
the expression levels of TWIST1 and TFF3 increased
gradually with the increase in the metastatic potential
of the cell lines. It was also observed that E-cadherin
and B-catenin expression tended to decrease, while
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that of vimentin, TWIST1 and Snail tended to increase
with the increase in metastatic potential (Figure 3).

DISCUSSION

Although TFFs display a number of beneficial effects in
terms of cytoprotection and restitution, these proteins
may lead to adverse outcomes when they are over-
expressed in different tumor tissues. TFF1 protein
was expressed in 89% of CRCs but not in normal
mucosa®®, and in another study, the expression
of TFF1 was found to be focally present in 60% of
primary CRCs"). Our data demonstrated that the
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Figure 3 The mRNA and protein expression of TFF1, TFF3, TWIST1, E-cadherin, vimentin, and (-catenin in colon cancer cell lines with different invasion
potentials. The expression of TFF3 and TWIST1 in cancer cell lines was higher than that in normal human intestinal epithelial cell line, and the expression intensity
was inclined to rise with the increase in metastatic potential both at protein and mRNA levels. But TFF1 expression had the opposite tendency. The TFF1 protein and
mRNA expression decreased and TWIST1 and TFF3 expression increased gradually with the increase in metastatic potential of cell lines. E-cadherin and f3-catenin
expression tended to decrease, while vimentin and TWIST1 expression was inclined to rise with the increase in metastatic potential. °P < 0.05, °P < 0.01.
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TFF1 expression rate was 66.7%. The adjacent
normal tissue also exhibited a positive expression
rate of 27.3%, which is different to that mentioned
above. TFF1 also tended to be increased in adjacent
normal tissues, primary cancer tissues, and lymph
node metastases successively, which may explain the
oncogenic or pro-invasive features of TFF1. Reports
on TFF3 and TWIST1 expression in CRC are rare, and
the present data showed that their rates of positive
expression were 78.7% and 54.7%, respectively,
in cancer tissues, while adjacent normal tissues
showed positive expression rates of 100% and 17%,
respectively. TFF1 and TFF3 protein expression also
showed a negative correlation in CRC, which suggests
the possibility of mutual regulation among TFF family
members. TFF1 protein expression is increased in
gastric carcinoma with nodal metastases compared
with carcinomas that lack such metastases”*", Our
study revealed no statistically significant association
between TFF1 expression and clinicopathological
features except for differentiation. Im et al***! reported
a much higher frequency of TFF1 expression in
undifferentiated and diffuse types of gastric cancer
compared with differentiated and intestinal types of
gastric cancer. Contrary to this, TFF1 expression in
CRC showed a higher frequency in well or moderately
differentiated cases than in poorly differentiated cases.
No correlation was observed between TFF1 expression
and survival.

With regard to the clinical significance of TFF3
and TWIST1 expression, we found that higher TFF3
or TWIST1 expression was significantly correlated
with lymph node metastasis and advanced stage.
Additionally, we demonstrated that patients with
higher expression of TFF3 or TWIST1 had a lower
survival rate than those with lower expression of TFF3
or TWIST1. Therefore, it could be concluded that TFF3
and TWIST1 can be considered prognostic factors that
may be linked to poor survival of patients with CRC.

TFF1 and TFF3 have been observed to be potent
mitogens in both normal and cancer cells. The
overexpression of TFF1 and TFF3 mRNAs has been
found in all cases of ductal cancer in situ, lobular
cancer in situ, invasive lobular cancer and in 21 of
24 invasive ductal cancers tested™?. The migration
and invasiveness of human gastric cancer cells are
stimulated by TFF1 in a P13K-dependent manner™®,
TFF3 also induces a migratory and invasive phenotype
in human colon cancer cells®?!., TWIST1 has been
confirmed to contribute to metastasis through EMT
regulation™, The inhibition of TWIST1 expression
in highly metastatic mammary carcinoma cells
specifically suppresses their ability to migrate from
the mammary gland to the lung in a mouse model of
breast cancer’®®. As for TFF3 and TWIST1 expression,
although no significant differences were observed
among primary cancers, metastatic lymph nodes
and liver metastatic tissues, statistically significant
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differences were observed among colon cancer cell
lines with different invasion potentials by gRT-PCR and
Western blot assays.

TFF3, along with TFF1, has been used as a marker
for the detection of disseminated breast cancer
cells™®, The decrease in TFF1 mRNA expression and
the increase in TFF3 mRNA expression with increasing
malignancy in cell lines may suggest opposite functions
of these proteins in different types of colon cancer. The
decrease in expression of epithelial markers (E-cadherin
and B-catenin) and the increase in expression of
mesenchymal markers (vimentin, TWIST1, and Snail)
indicate that TFF3 may have some correlation with
EMT. Further experiments including overexpression or
RNA interference assays by transfection are needed to
probe this potential correlation.

The expression levels of TFF3 and TWIST1 in
CRC might be associated with patient survival after
curative resection and are independent predictors of
disease progression. In addition, simultaneous positive
expression of TFF3 and TWIST1 induces a much
worse survival rate. Therefore, it is assumed that
TFF3 and TWIST1 expression plays a vital role in the
development of CRC. Finally, TFF3 may be correlated
to the invasiveness of CRC.

COMMENTS

Background

Despite that TFFs are primarily secreted by the epithelium of the gas-
trointestinal tract, their role in the progression of colorectal cancer (CRC) and
their prognostic value have not been extensively expounded. TWIST1 is a key
transcription factor that regulates epithelial-mesenchymal transition (EMT).

Research frontiers

Recent evidence indicates a pivotal role of TFFs in the oncogenic trans-
formation, growth and metastasis of human solid tumors.TFF1 and TFF3 are
found to co-express notably in the tumors of the human mammary gland and
co-regulate each other in a positive feedback loop. The studies also show that
TFF3 continuously up-regulates the expression of TWIST1 in HT29 cell line,
which hints the involvement of TFFs in the process of EMT.

Innovations and breakthroughs

Reports on TFFs and TWIST1 expressions in CRC and correlations with
metastasis and survival are quite rare. This research findings suggest that The
expressions of TFF3 and TWIST1 are associated with CRC patients’ survival
after a curative resection and pivotal predictors of disease progression. TFF3
may be associated with the invasiveness of the CRC.

Applications

This research outcomes indicate that TFF3 and TWIST1 expression plays a
vital role in the development of CRC and these two proteins might be important
markers for disease progression and prognosis of CRC. The correlation of
TFF3 with the EMT process may hint a potential target of CRC treatment.

Terminology

EMT is a process by which epithelial cells lose their cell polarity and cell-cell
adhesion, and gain migratory and invasive properties to become mesenchymal
stem cells; these are multipotent stromal cells that can differentiate into a
variety of cell types. EMT is essential for numerous developmental processes
including mesoderm formation and neural tube formation. EMT has also been
shown to occur in wound healing, in organ fibrosis, and in the initiation of
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metastasis for cancer progression.
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and are well organized. Each discussion presented is intriguing and has some
guiding significance for clinical practice and future research.
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