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Abstract: Mucinous ovarian cancer accounts for almost 10% of epithelial ovarian cancer, though patients in the
early stage have an excellent prognosis, patients with advanced disease have a poor outcome and the molecular
mechanism remains unclear. In this study, we retrieved database and found a secretory protein TFF1, which plays
a tumor suppressor role in gastric cancer, is highly expressed in mucinous ovarian cancer, not serous or any other
kind of ovarian cancer. Furthermore, the highly expressed TFF1 indicates a poor clinical outcome. Further biological
function analysis revealed that TFF1 not only promotes cell proliferation but also invasion and chemoresistance,
and these oncogenic effects might through regulating the activity of Wnt/B-catenin signaling and the level of Twist.
Taken together, we found TFF1 plays an oncogenic role in mucinous ovarian cancer, unlike its suppressive role in
gastric cancer.
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Introduction

Ovarian cancer is responsible for 4% of deaths
from cancer in women [1]. Pathologically, ovar-
ian cancer can be divided into three subgroups:
epithelial, stromal and germ cell tumor [2] and
epithelial ovarian cancer accounting for more
than 90% of diagnosed ovarian cancer, and
10% of patients suffering from epithelial ovari-
an cancer are mucinous ovarian carcinoma [3].
They appear to have a different natural history
from the other histological types in terms of
presentation, response to therapy and out-
come [4]. Mucinous ovarian cancer usually
diagnosed at stage |, though infiltrative growth
pattern is less frequent, it appears to follow a
more aggressive course [5]. For mucinous ovar-
ian cancer diagnosis, CK 7 and CK 20 were
usually applied to immunohistochemistry, while
it was not enough for diagnosis [6]. Molecular
studies have identified that the overexpression
of k-ras and mutation of p53 in mucinous ovar-

ian cancer [7], while the detailed molecular
mechanisms of ovarian cancer is still unclear.

In current study, we found that TFF1 is specified
highly expressed in mucinous ovarian cancer.
TFF1 is a 9 KD extracellular matrix protein,
which belongs to the trefoil family [8]. Previously
study has revealed that loss of TFF1 promotes
gastric tumorigenesis through Wnt/B-catenin
signaling [9], and both miRNA and DNA methyl-
ation resulted in the loss of TFF1 in gastric can-
cer [10, 11]. Except gastric cancer, TFF1 also
plays a role in breast cancer. In breast cancer,
the level of TFF1 is induced by estrogen and
TFF1 stimulates breast cancer cell migration by
acting as a chemoattractant [12]. While the
MRNA level of TFF1 exhibited an inverse asso-
ciation with tumor size, histological grade [13].
These findings suggested that TFF1 might exert
its effects in a context dependent manner.
However, the role of TFF1 in ovarian cancer has
not been reported to date. In this study, we
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Figure 1. TFF1 is highly expressed in Mucinous ovarian cancer. Data analyzed from GEO dataset GSE6008 (A) and
GSEB8600 (B) suggests that the level of TFF1 is significantly higher in mucinous ovarian cancer than in normal
ovary and other kind of ovarian cancer. (C) Data analyzed from GSE13878 suggests that highly expressed TFF1 in-
dicates a poor prognosis in patients. (D) Both mRNA and protein level of TFF1 is higher in mucinous ovarian cancer
cell line OMC-3 and MCAS than in other kind of ovarian cancer cell line Caov-3 and OVCARS3.

reported the expressed pattern and the biologi-
cal functions of TFF1 in ovarian cancer.

Materials and methods

Cell culture

In this study, OMC-3 and MCAS were derived
from mucinous adenocarcinomas. Caov-3 was
derived from high-grade serous ovarian cancer.
OMC-3 was purchased from RIKEN Cell Bank of
Japan, MCAS were obtained from the Japanese
Collection of Research Bioresources Cell Bank
and Caov-3 cell lines were purchased from
ATCC. OMC-3 cells were grown in Ham's F12
medium; MCAS cells were grown in minimum
essential medium and Caov-3 were grown in
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Dulbecco’s modified Eagle medium. All those
cells were maintained under standard culture
conditions (37°C, 5% CO,).

RNA isolation and quantitative real-time PCR

Total RNA was purified from ovarian cancer
cells using TRIzol (Invitrogen) following the man-
ufacturer’s protocol. RNA (1 ug) was reverse
transcribed using SuperScript Reverse Tr-
anscriptase Il (Invitrogen). Quantitative real
time PCR was performed using SYBR green
Supermix (ABI) in ABlI 7500 PCR system.
Housekeeping gene GAPDH was used as an
internal standard. Primers’ sequences were as
following, TFF1, forward: 5-GGAGAACAAGGT-
GATCTGCG-3’; reverse: 5-AATTCTGTCTTTCAC-
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GGGGG-3. GAPDH, forward: 5-CTGGGCTAC-
ACTGAGCACC-3’; reverse: 5-AAGTGGTCGTTG-
AGGGCAATG-3'.

Western blot

Cells were lysed in WB/IP lysis buffer (PO013,
Beyotime), all the procedures were following
the manufacturer’s protocol. Subsequently the
cell lysates were boiled in 5x SDS-PAGE loading
buffer for 10 min and then resolved by 12%
SDS-PAGE and transferred to nitrocellulose
membrane. The following antibodies were us-
ed in this study: TFF1 (Proteintech), GAPDH
(Proteintech), B-catenin (CST). Bound antibod-
ies were visualized with the ECL kit (Thermo
Scientific).
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Small interfering RNA treatment

Cells were tranfected with small interfering
RNA (siRNA, GenePharma) targeting TFF1 or
with a scrambled siRNA as a negative control.
The sequences of si RNAs were as following.
Si-#1, 5-AGACACTTCTGCAGGGATCT-3’, si-#2,
5-GCTGTTTCGACGACACCGT-3". Transfections
were performed using Lipofectamine RNAi MAX
reagent (Invitrogen), all the procedures were
following the manufacturer’s procotol.

Overexpression of TFF1

To overexpress TFF1, vectors containing the
ORF of TFF1 were obtained from Genecopoeia.
We then transfected 293T cells using lipo-
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fectamine 2000 (Invitrogen) with those vectors
and all the procedures were according to the
manufactures protocols. The supernatant
media containing virus was collected by cen-
trifugation to remove cellular contaminant. The
resulting viruses were used to infect indicated
cells, and then integrated cells were selected
by 2 pug/ml puromycin for 2 weeks. The altera-
tions of TFF1 in those cells were confirmed by
western blot before further analysis.

CCK-8 cell viability assays

Cells were seeded into a 96-well plate at 3x103
cells per well with 100ul cultured medium or
medium which containing indicated concentra-
tion of cisplatin (Sigma-Alorich) and cultured at
37°C, 5% CO,. The cell viability was quantified
by addition 10 ul of cell counting kit (CCK-8,
Dojindo). After 1.5 hours incubation, the plates
were monitored by Power Wave XS microplate
reader (BIO-TEK) at an absorbance 450 nm.
Cisplatin was resolved by DMSO.

Transwell cell invasion assays

We performed transwell cell invasion assays
using transwell chamber (BD Biosciences,
USA). In brief, 200 ul matrigel was injected into
the upper chamber and then incubated in 37°C
for 2 hours. Then cells were seeded into the
upper chamber at a density of 4x104 cells per
100 pl per chamber and maintained in serum-
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free medium, and lower chambers were filled
with 700 pl complete medium. Cells were incu-
bated for 48 hours at 37°C, 5% COQ. Non-
invaded cells retaining on the upper surface
were scrubbed with a cotton swab. The invaded
cells were fixed and then stained with 0.1%
crystal violet.

Statistical analysis

Data present here were expressed as the mean
+ standard deviation. The Student’s t-test was
used for comparisons between groups and
P<0.05 was considered statistically significant
difference.

Results

The level of TFF1 is up-regulated in mucinous
ovarian cancer

We retrieved Oncomine database and found
that the mRNA level of TFF1 is significantly up-
regulated in mucinous ovarian cancer in two
independent GSE data profiles (Figure 1A and
1B). We further fond that TFF1 is not only ele-
vated in mucinous ovarian cancer, the highly
expressed TFF1 also predicts a poor clinical
outcome (Figure 1C). TFF1 is a poorly studied
gene in ovarian cancer to data, so the specified
expression pattern of TFF1 in mucinous ovarian
cancer, not serous or clear cell adenocarcino-
ma, inspired us to explore its biological func-
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tions in ovarian cancer, especially in mucinous
ovarian cancer. We then examined the mRNA
and protein level of TFF1 in four ovarian cancer
cell lines, and OMC-3 and MCAS were isolated
from mucinous ovarian tissues. Caov-3 and
OVCAR3 were derived from serous ovarian car-
cinoma. We found that both the mRNA and pro-
tein level of TFF1 were highly expressed in
OMC-3 and MCAS cells (Figure 1D). We then
silenced TFF1 in these two cells and overex-
pressed TFF1 in Caov-3 cell lines. As presented
in Figure 2A, both knockdown and overexpres-
sion of TFF1 were remarkably altered the level
of TFF1 in these cell lines.

TFF1 elevates the abilities of cell viability and
invasion in ovarian cancer

Firstly, we performed CCK-8 cell viability as-
says. Surprisingly, both loss and gain function
assays revealed that TFF1 significantly elevates
the cell viability (Figure 2B-D). We then used
these transfected cell lines performed tran-
swell cell invasion assays, and we found that
TFF1 also remarkably promotes ovarian cancer
cell invasion (Figure 3). These findings remind
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us that TFF1 plays an aggressive role in muci-
nous ovarian cancer progression.

TFF1 promotes ovarian cancer cell chemore-
sistance to cisplatin

Considering that chemoresistance is a malig-
nant characteristic in ovarian cancer, we then
used these transfected cell lines performed
chemosensitivity assays. As showed in Figure
4, we treated these cells with different concen-
tration of cisplatin for 72 hours and then exam-
ined the cell viability and we found that TFF1
enhances ovarian cancer cells the ability of
chemoresistance to cisplatin.

TFF1 is related to the Wnt/B-catenin signaling

Our findings remind us that TFF1 plays an
aggressive role in mucinous ovarian cancer. We
then detected the level of CCND1, c-myc and
Twist, which were reported plays an essential
role in the development of ovarian cancer and
chemoresistance respectively. Surprisingly, as
shown in Figure 5A and 5B, the mRNA level of
CCND1 and c-myc were positively correlated
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with the level of TFF1. Furthermore, we found
that the level of Twist is related to TFF1 too. As
CCND1 and c-myc are the down-stream effect-
er of Wnt/B-catenin signaling, these findings
remind us that TFF1 might in some way regu-
late the activity of Wnt/B-catenin signaling.
Twist has been reported that plays a role in
EMT and chemoresistance, our results given a
clue that there was some association between
TFF1 and Twist.

Discussion

The key finding from this study is that highly
expressed TFF1 plays an oncogenic role in
mucinous ovarian cancer. Silencing TFF1 re-
sults in antitumor activity like inhibiting cell pro-
liferation and invasion, in mucinous ovarian
cancer. High mRNA level of TFF1 expression
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Figure 5. TFF1 elevates the level
of CCND1, c-myc and Twist. (A,
B) Knockdown of TFF1 in OMC-
3 (A) and MCAS (B) inhibits the
expression of CCND1 and c-myc.
(C) The level of TFF1 was positive
correlated with the level of Twist.
**P<0.01, all the experiments
were triplicate.

was associated with worse survival in ovarian
cancer patients. Furthermore, we found that
the level of TFF1 was positively correlated with
the level of CCND1, c-myc and Twist.

TFF1 is a membrane of trefoil family peptides,
which are characterized by having at least one
copy of the trefoil motif, a 40-amino acid
domain that contains three conserved disul-
fides [8]. There are a large body of paper has
suggested that TFF1 is a tumor suppressor in
gastric cancer. While in current study, our
results indicated that TFF1 is a tumor promoter
in mucinous ovarian cancer. Previously study
has revealed that estrogen regulated the
expression of TFF1 through estrogen receptor
alpha (ERx). However, Peter R. et al. reported
that ER B but ER o was positive in mucinous
ovarian tumors. The oncogenic effects of TFF1
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in mucinous ovarian cancer might through any
other pathway; it was still need to be fully eluci-
dated in further study.

Previously study has revealed that loss of TFF1
could activate B-catenin signaling in gastric
cancer. In current study, considering the inverse
effects of TFF1 in mucinous ovarian cancer
compared with gastric cancer, we then given
the idea that highly expressed TFF1 activates
the B-catenin signaling. We then detected the
level of CCND1 and c-myc, which are the tar-
gets of B-catenin [14, 15], and we found the
level of CCND1 and c-myc are positively corre-
lated with the level of TFF1. The interesting find-
ings were agreement with the effects of TFF1 in
mucinous ovarian cancer. Not only CCND1 and
c-myc, but also the level of Twist was also posi-
tively associated with TFF1. As we known, Twist
plays pivotal role in EMT and chemoresistance
by activating AKT2 and Erk 1/2 axis [16, 17]. In
this study, we found that TFF1 also plays a role
in chemoresistance to cisplatin; the level of
Twist changed could explain this phenomenon.
However, the detailed mechanisms of TFF1 in
mucinous ovarian cancer need to be further
explored.

In conclusion, in current study, we found a
canonical tumor suppressor TFF1 plays an
oncogenic role in mucinous cancer develop-
ment, and the highly expressed TFF1 predicts a
poor clinical outcome.
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