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Trefoil factor family 2 expression inhibits gastric cancer
cell growth and invasion in vitro via interactions
with the transcription factor Sp3
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Abstract. The trefoil factor family (TFF) is a group of short
secretory peptides of gastric mucous neck cells. The loss of
TFF2 protein expression enhances gastric inflammation and
occurs in gastric cancer. In this study, we examined the effect
of TFF2 on gastric cancer cell lines in vitro and character-
ized the interaction between TFF2 and Sp3, including the
mechanisms that mediate this interaction, using genomics
and proteomics approaches, as well as genetics techniques,
such as RNA interference and gene knockdown. Assays were
performed to examine the role of TFF2 and Sp3 in cancer cell
proliferation, invasion and migration. We found that TFF2
expression inhibited the proliferation and invasion capacity
of gastric cancer cells, and induced apoptosis. TFF2 inter-
acted with the Sp3 protein, as shown by immunofluorescence
staining and immunoprecipitation with western blot analysis.
Sp3 knockdown in gastric cancer cells antagonized TFF2 anti-
tumor activity. Additionally, TFF2 upregulated the expression
of pro-apoptotic proteins, such as Bid, but downregulated the
expression of NF-xB and the anti-apoptotic proteins, Bcl-xLL
and Mcl-1. By contrast, Sp3 knockdown significantly blocked
TFF2 activity, affecting the expression of these proteins. The
data from our study demonstrate that the antitumor activity
of TFF2 is mediated by an interaction with the Sp3 protein in
gastric cancer cells. Additional in vivo and ex vivo warrned in
order to fully characterize this interaction.

Introduction

Gastric cancer is one of the most common malignancies world-
wide, and is the second leading cause of cancer-related mortality;
it causes >730,000 cancer-related deaths annually (1,2). More
than 70% of new cases and deaths occur in developing coun-
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tries, particularly in Eastern Asia, Eastern Europe and South
America (1); gastric cancer rates have decreased substantially
in most parts of the world (3). Most cases are caused by
Helicobacter pylori (H. pylori) infection, but tobacco smoking
and dietary factors, such as intake of smoked foods, salted fish
and meat, and pickled vegetables, have also been associated with
arisk for gastric cancer development (1). To date, surgery is the
most common treatment option for gastric cancer, followed by
chemotherapy and radiation therapy, or a combination of both.
However, surgical interventions are curative in <40% of cases
as gastric cancer patients are typically diagnosed at advanced
stages. Thus, in order to improve gastric cancer survival and
reduce its incidence, methods for early diagnosis and a better
understanding of the molecular mechanisms responsible for
gastric cancer development and progression are required.

The development of gastric cancer, as with other types of
cancer, is caused by risk factor-induced genetic alterations,
such as the activation of oncogenes and the silencing of tumor
suppressor genes (4-6). For example, H. pylori infection plays
two major roles in gastric cancer development: it induces
inflammation of the gastric mucosa and alters gene expression
via the induction of mutations and DNA methylation (7). Indeed,
H. pylori infection promotes the methylation and silencing of
trefoil factor family 2 (TFF2), leading to gastric cancer develop-
ment in humans (8). The TFF family includes secreted proteins
characterized by a triple loop structure and the trefoil domain,
and they are expressed in the gut (8-10). TFF1 is secreted by
surface mucous and the pit epithelium in the fundus and antrum,
whereas TFF2 is restricted to the fundic mucous neck cells,
antrum and Brunner's glands, and TFF3 is found in intestinal
cells (5). A previous study demonstrated that TFF1 is a stomach-
specific tumor suppressor gene; however, the role of TFF2 in
gastric cancer progression is less well understood (5). Recently,
TFF2 was shown to play a protective role in the digestive
tract (11); however, other studies have indicated that it is related
to gastric diseases. For example, TFF2 expression has been
shown to rapidly increase in gastrointestinal ulcerative diseases,
particularly in the regenerating epithelium (12) or following
non-steroidal anti-inflammatory drug treatment (13). Another
study demonstrated that the level of TFF2 was markedly lower
in the serum and tumor tissues of gastric cancer patients than
in normal tissues, and this may be due to methylation of the
TFF2 promoter (14,15). However, it is not clear that TFF2 func-
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tions as a tumor suppressor in gastric cancer development. In a
preliminary yeast two-hybrid screen, we previously found that
the transcription factor, Sp3, is a candidate protein that binds to
and potentially mediates the effects of TFF2 in gastric cancer
cells (16). Thus, in this study, we characterized the interaction
between TFF2 and Sp3 in the regulation of gastric cancer cell
viability, apoptosis and invasion capacity.

Materials and methods

Cell lines and culture conditions. The normal human gastric
mucosal cell line, GES-1, the gastric cancer cell line, BGC-823,
and 293 cells were obtained from the Life Science College
of Xiamen University (Xiamen, China) and maintained
in Dulbecco's modified Eagle's medium (DMEM; Gibco,
Rockville, MD, USA) supplemented with 10% fetal bovine
serum (FBS) and 100 U/ml penicillin-streptomycin (both from
Invitrogen, Carlsbad, CA, USA) at 37°C in a humidified incu-
bator containing 5% CO,.

Immunofluorescent detection of protein distribution. The
gastric cancer cells were seeded onto coverslips in 6-well plates
and grown for 24 h. The cells were then fixed with freshly
prepared 4% paraformaldehyde solution for 30 min on ice.
After washing with phosphate-buffered saline (PBS) containing
0.1% Triton X-100, the cells were incubated overnight with anti-
TFF2 (orb214658; Biorbyt LLC, Berkeley, CA, USA) and/or
anti-Sp3 (D20; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) antibodies at a dilution of 1:200. The following day, the
cells were washed 3 times with PBS and then further incubated
with fluorescein isothiocyanate (FITC)-conjugated goat anti-
rabbit antibody (sc-3839; Santa Cruz Biotechnology) and/or
Texas Red-conjugated goat anti-mouse antibody (1:600; T-862;
Jackson ImmunoResearch Laboratories, West Grove, PA, USA).
The cell nuclei were counterstained with 4',6-diamidino-2-phe-
nylindole (DAPI; Gibco). The stained cells were viewed and
scored under a BMX-60 microscope (Olympus, Tokyo, Japan)
equipped with a cooled charge-coupled device and sensored
camera (Cooke, Auburn Hills, MI, USA) and SlideBook soft-
ware (Intelligent Imaging Innovations, Denver, CO, USA). At
least 500 cells in each condition were reviewed and scored to
calculate TFF2 and Sp3 positivity, and each experiment was
repeated 3 times.

Construction of TFF2-containing plasmids and gene
transfection. The GES-1 normal human gastric mucosal cells
were grown, and total cellular RNA was isolated using TRIzol®
reagent (Invitrogen) and reverse-transcribed into cDNA
according to the manufacturer's instructions. To amplify
TFF2, the primers used were 5'-AGAGAATTCGGATCCA
TGGGACGGCGAGACG-3' (forward) and 5-TGGCTCGA
GCCCGGGGTAATGGCAGTCTTCCACAGAC-3' (reverse).
PCR amplification was performed using primer enzyme
(Fermentas, Vilnius, Lithuania) for 30 cycles of 94°C for
30 sec, 58°C for 1 min, and 72°C for 30 sec. The PCR products
were then separated on 1.2% agarose gels, and TFF2 cDNA
was recovered using a DNA Gel Extraction kit (Tiangene,
Beijing, China). The recovered TFF2 cDNA was then cloned
into the pcDNA6.0/HA-tag vector (Invitrogen) at the BamHI
and Xhol sites. Following amplification, the plasmid was
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DNA-sequenced for correct vector construction by Shanghai
Majorbio Bio-Pharm Technology Co., Ltd. (Shanghai, China).
The vector-only and pcDNA6.0/HA-tag/TFF2 plasmids were
transfected into gastric cancer cells using Lipofectamine 2000
(Invitrogen) according to the manufacturer's instructions. We
also expressed exogenous TFF2 in the 293 cells by pcDNA6.0/
HA-tag/TFF2 transfection.

Construction of the Sp3 small hairpin RNA (shRNA) vector
and gene transfection. To knock down Sp3 expression, a pU6
expression vector carrying shRNA targeting Sp3 (Sp3 shRNA)
was constructed according to the methods described in
previous studies (17,18). The shRNA sense and antisense
sequences targeting Sp3 cDNA were designed and synthesized
by Invitrogen and inserted into the pU6 vector. Two different
sets of Sp3 shRNA sequences were selected according to a
previous study (19), i.e., Sp3 shRNA 1 (forward, 5'-CACCGG
TGGGGCTTTCATTTCAAACGTGTGCTGTCCGTTTGAA
GTGAAGGCTCCACCTTTTT-3' and reverse, 5'-GCATAA
AAAGGTGGAGCCTTCACTTCAAACGGACAGCACACG
TTTGAAATGAAAGCCCCACC-3') and Sp3 shRNA 2
(forward, 5'-CACCGGTGGGAGAGGTATCGATTACGT
GTGCTGTCCGTAATTGGTACCTCTTCCACCTTTTT-3'
and reverse, 5S'-GCATAAAAAGGTGGAAGAGGTACCAA
TTACGGACAGCACACGTAATCGATACCTCTCCCACC-3).
Following amplification, these plasmids were sequenced to
confirm the shRNA construction. Following amplification,
these plasmids were sequenced to confirm shRNA construction.
shRNA1 was found to be more effective (data not shown). In
the following paragraphs, Sp3 shRNA refers to Sp3 shRNAI
These vectors and the negative control pU6 vector were then
transfected into the gastric cancer cells using Lipofectamine 2000
(Invitrogen) according to the manufacturer's instructions.

Protein extraction, immunoprecipitation and western blot
analysis. Total cell lysates were harvested from 5x10° cells
using 300 pl of lysis buffer containing complete protease
inhibitor cocktail (Roche, Basel, Switzerland) by rotation at 4°C
for 30 min and then centrifuged at 12,000 x g for 20 min. The
supernatant was collected, and the protein concentration was
measured using the protein assay kit (Bio-Rad Laboratories,
Hercules, CA,USA). For western blot analysis, an equal volume
of cell lysate was denatured in sodium dodecyl sulfate (SDS)
sample buffer, separated on a 10-12% SDS-polyacrylamide
gel with electrophoresis solution, and then transferred onto a
polyvinylidene difluoride membrane (Bio-Rad Laboratories).
The membranes were blocked in PBS-T (PBS containing
0.1% Tween-20) and 5% bovine serum albumin (Difco, Becton-
Dickinson, Franklin Lakes, NJ, USA) at room temperature
for 1 h and incubated with specific primary antibodies [anti-
TFF2 (orb214658; Biorbyt LLC) and anti-Sp3 (D20; Santa
Cruz Biotechnology)] in PBS-T at 4°C for 2 h. Following
3 washes with PBS-T, the membranes were incubated with
horseradish peroxidase-conjugated goat anti-mouse secondary
antibody (62-6520) or horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (81-6120) (both from Zymed,
San Diego, CA, USA) in PBS-T at room temperature for 1 h.
The membranes were then washed 3 times with PBS-T, and
the protein level was detected using the ECL detection system
(Sigma Biosciences, Santa Clara, CA, USA).
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For immunoprecipitation and western blot analysis, lysates
of GES-1 cells expressing both TFF2 and Sp3 proteins were
incubated with glutathione-sepharose beads and immuno-
precipitated with an anti-Sp3 antibody. The precipitates were
subjected to western blot analysis using anti-TFF2 and anti-Sp3
antibodies. The cell lysate incubated with antibody-free
A/G-agarose served as a negative control.

Bromodeoxyuridine (BrdU) incorporation assay. To detect
cell proliferation, we utilized the BrdU cell proliferation kit
(Roche Diagnostics, Indianapolis, IN, USA). Briefly, the
BGC-823 human gastric cancer cells were grown in 96-well
plates and transfected with TFF2, siSp3, or control vectors for
24-48 h. Subsequently, 10 xl/ml BrdU was added to the cell
cultures, and followed by further incubation at 37°C for 12 or
24 h. The medium was then removed, and the cells were fixed
with fresh 4% paraformaldehyde solution for 30 min at room
temperature. To detect BrdU levels in the cells, an anti-BrdU
antibody was added to each well followed by incubation for
90 min at room temperature. Following 3 washes with PBS-T,
the cells were further incubated with the substrate solution
for 30 min to develop color. After the addition of H,SO,, the
absorbance of the cells at 450 nm was measured using a spec-
trophotometer [Eppendorf BioPhotometer D30, Eppendorf
Biotechnology International Trade (Shanghai) Co., Ltd.].

Flow cytometric analysis. To analyze changes in cell apoptosis,
the BGC-823 cells were grown in 96-well plates and trans-
fected with TFF2, siSp3, or control vectors for 24-48 h with
complete medium containing 7.5 mg/ml cisplatin. The cells
were pelleted and resuspended in 0.3 ml of PBS containing
3% calf serum. The cell pellets were then fixed by the drop-
wise addition of 0.7 ml of methanol during gentle vortexing
and stored overnight at -20°C. The following day, the fixed
cells were pelleted, washed twice in PBS containing 3% calf
serum, and stained with Annexin V (Dojindo, Kumamoto,
Japan) containing 100 pg/ml ribonuclease A according to the
instructions provided with the kit and then with propidium
iodide (PI, 50 ug/ml in PBS and 0.1% Triton X-100; Dojindo)
and protected from light until analysis. The cells were analyzed
using a FACSCalibur flow cytometer (Becton-Dickinson).

Apoptosis antibody array. To determine the role of TFF2 and
Sp3 binding in the regulation of gastric cancer cell apoptosis,
the Proteome Profiler™ Human Apoptosis array kit (ARY009;
R&D Systems, Minneapolis, MN, USA) was used to detect
the relative expression levels of 35 apoptosis-related proteins
according to the manufacturer's instructions in BGC-823 cells
showing differential expression of TFF2 compared to that in
the control cells.

Tumor cell invasion assay. The BGC-823 cells were grown
in 96-well plates and transfected with TFF2, siSp3, or control
vectors for 24-48 h, and then 1-5x10* cells without FBS were
re-seeded in the top chamber of each insert (BD Biosciences,
Franklin Lakes, NJ, USA) and the bottom chamber was filled
with 20% FBS and incubated for 22 h. At the end of the experi-
ments, cells that migrated or invaded the surface of the filter
were fixed with methanol for 30 min at 4°C and stained with
0.1% crystal violet containing 20% ethanol for 10 min at room
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temperature, and the total numbers of cells were enumerated
under an IX71 inverted microscope (Olympus).

Statistical analysis. All statistical analyses were performed
using Student's t-tests or one-way analysis of variance
(ANOVA) implemented in GraphPad Prism 5.01 of GraphPad
Software, Inc. (La Jolla, CA, USA) to evaluate differences
between groups. A value of P<0.05 was considered to indicate
a statistially significant difference.

Results

Co-localization of TFF2 and Sp3 in GES-1 cells. Our previous
study involving a yeast two-hybrid analysis revealed that TFF2
binds to Sp3, leading to antitumor activity in gastric cancer
cells (16); thus, in this study, we first examined the co-local-
ization of TFF2 and Sp3 in the normal gastric mucosal cell
line, GES-1, using immunofluorescence. Our results revealed
that the TFF2 protein was concentrated in the cytoplasm of
GES-1 cells, whereas Sp3 was distributed in both the nuclei and
cytoplasm (Fig. 1A). The proteins overlapped in the cytoplasm
of the GES-1 cells.

Subsequently, using immunoprecipitation and western blot
analysis, we confirmed that endogenous TFF2 binds to Sp3
protein in GES-1 cells (Fig. 1B). We also expressed exogenous
TFF2 in the 293 cells by pcDNA6.0/HA-tag/TFF2 transfec-
tion (Fig. 1C). As shown by the results of western blot analysis,
exogenous TFF2 was able to bind to Sp3 protein (Fig. 1D).

Effects of TFF2 expression on BGC-823 cell proliferation
and apoptosis and the effect of Sp3 knockdown. We assessed
the effects of TFF2 expression on the regulation of BGC-823
cell proliferation and apoptosis, and examined whether Sp3
knockdown alters the effects of TFF2 on gastric cancer cells.
We constructed 4 strains of stably transfected BGC-823 cells:
control cells, TFF2-overexpressing cells, cells in which Sp3
was knocked down, and TFF2-overexpressing cells in which
Sp3 was also knocked down (namely, pcDNA6.0 + pU6,
TFF2 + pU6, pcDNA6.0 + siSp3 and TFF2 + siSp3 cells, respec-
tively). The levels of TFF2 and Sp3 expression in the gastric
cancer cells were examined by western blot analysis (Fig. 2A).
We then assessed the changes in cell proliferation and apop-
tosis. The results of BrdU incorporation assay revealed that Sp3
promoted the proliferation of BGC-823 cells (pcDNA6.0 + pU6
vs. pcDNA6.0 + siSp3, Student's t-test, P<0.01), whereas
TFF2 decreased cell proliferation (pcDNA6.0 + siSp3 vs.
TFF2 + siSp3, Student's t-test, P<0.05) (Fig. 2B). However,
there was no significant effect on cell proliferation when both
TFF2 and Sp3 (TFF2 + pU6) were overexpressed (Fig. 2B).
Finally, the data from the flow cytometric apoptosis assay
indicated that TFF2 overexpression or Sp3 knockdown induced
apoptosis (Fig. 2C). The BCG-823 cells were incubated
with cisplatin for 36 h, stained with Annexin V and PI, and
analyzed by flow cytometry. We then compared the propor-
tion of apoptotic cells between the pcDNA + pU6 (45.85%),
pU6 + TFF2 (51.03%), siSp3 + pcDNA (38.12%) and
siSp3 + TFF2 (41.17%) groups. The number of apoptotic cells
was significantly higher in the gastric cancer cells with a high
expression of Sp3 and with overexpression of TFF2 than in
the cells with a high expression of Sp3 and a normal expres-
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Figure 1. Interaction between trefoil factor family 2 (TFF2) and Sp3 in GES-1 cells. (A) Co-localization of endogenous TFF2 and Sp3 proteins in GES-1 cells
examined by immunofluorescence. GES-1 cells were grown and fixed for the immunofluorescence analysis of TFF2 and Sp3 expression. The cells were first
incubated with an anti-Sp3 antibody followed by Texas Red-conjugated goat anti-mouse antibody, and then with an anti-TFF2 antibody followed by fluorescein
isothiocyanate (FITC)-conjugated goat anti-rabbit antibody. Images were recorded sequentially for DAPI, Sp3, and TFF2 and merged. TFF2 was mainly
distributed in the cytoplasm. Sp3 was distributed in the cytoplasm and nucleus. The image shows that there was signal overlap for TFF2 and Sp3 in the cytoplasm.
(B) Immunoprecipitation and western blot analysis. GES-1 cell lysates were first immunoprecipitated with an anti-Sp3 antibody or normal IgG as a control, and
the precipitates were examined by western blot analysis with anti-Sp3 and anti-TFF2 antibodies. (C) Western blot analysis of exogenous HA-TFF2. 293 cells
were grown and transfected with an HA-tag vector carrying TFF2 cDNA. Cell lysates were subjected to western blot analysis with anti-HA tag antibody.
(D) Immunoprecipitation and western blot analysis were performed to analyze expression in 293 cells using an anti-HA-agarose antibody. The data from western

blot analysis showed that exogenous TFF2 was able to bind to the Sp3 protein.

sion of TFF2 (P<0.05). After Sp3 was knocked down, gastric
cancer cell apoptosis decreased significantly (P<0.05). With
the combination of Sp3 knockdown and the overexpression of
TFF2, the level of gastric cancer cell apoptosis did not decrease
to a level significantly lower than that in the control cells.
These results indicated that TFF2 and Sp3 alone significantly
promoted the apoptosis of gastric cancer cells. TFF2 and Sp3
in combination further enhanced the apoptosis of gastric cancer
cells. Accordingly, TFF2 and Sp3 had a synergistic effect on
gastric cancer cell apoptosis.

Effects of TFF?2 expression on BGC-823 cell invasion capacity
and the effect of Sp3 knockdown. We assessed the effects of
TFF2 expression on the regulation of BGC-823 cell invasion
capacity and examined whether Sp3 knockdown alters the
effects of TFF2 in gastric cancer cells. A tumor cell inva-
sion assay was performed for the 4 BGC-823 cell sublines.
Compared with the empty vector group, the gastric cancer
cells with a high expression of Sp3 and overexpression of TFF2
did not exhibit a significant difference with respect to invasive
ability (Student's t-test, P>0.05). In the gastric cancer cells in
which Sp3 was knocked down, the invasive ability was signifi-
cantly lower than that of the control cells (pcDNA6.0 + pU6;
Student's t-test, P<0.05). In the gastric cancer cells in which Sp3
was knocked down and with TFF2 overexpression, the invasive
ability was markedly greater (Fig. 2D). These results indicated
that TFF2 and Sp3 alone significantly promoted the invasive
ability of the gastric cancer cells. TFF2 and Sp3 together, did
not further enhance the invasive ability of the gastric cancer
cells. This suggests that TFF2 and Sp3 have an antagonistic
effect on gastric cancer cell invasion.

Potential signaling pathway in TFF2-induced tumor cell apop-
tosis and interaction with Sp3. To confirm the TFF2-induced

apoptotic effects and the interaction between TFF2 and Sp3 in
gastric cancer cells, we used the Proteome Profiler™ Human
Apoptosis array kit. We detected 14 apoptosis-related proteins
that were differentially expressed in the TFF2-overexpressing
gastric cancer cells compared to the pcDNA6.0 control
cells (Fig. 3A and B). Using 4 different stable gastric cancer
sublines, we found that the pro-apoptotic protein, Bid, was
upregulated, but the pro-apoptotic protein, Bax, was down-
regulated; however, the anti-apoptotic proteins, Bel-xL and
Mcl-1, were downregulated in the TFF2-overexpressing
cells (Fig. 3C). TFF2 expression also downregulated the protein
expression of NF-kB (Fig. 3D). However, following Sp3 knock-
down, the effects of TFF2 on the expression of these proteins
were reduced (Fig. 3C and D). These results demonstrated that
TFF2 and Sp3 induced apoptotic effects via related signaling
proteins. There was an antagonistic interaction between TFF2
and Sp3 with respect to cancer cell invasion. The high expres-
sion of TFF2 and Sp3 alone regulated the cell cycle in gastric
cancer by blocking of the effect of GSK-3, p-NF-xB, IKKa/
IKKp, and other signaling pathway proteins. Thus, TFF2 and
Sp3 have a greater effect in combination with respect to gastric
cancer cell apoptosis.

Discussion

Increasing evidence has indicated that TFFs play critical roles
in protecting the gastrointestinal tract from inflammation or
tumorigenesis; they are involved in the repair of the gastroin-
testinal epithelium and the suppression of tumor formation in
the stomach. By contrast, TFF2 deficiency promotes inflam-
mation in gastric mucosae and is associated with gastric
malignancy (15). However, few studies have examined its role at
the cellular and molecular level, and the underlying molecular
mechanisms that mediate its effects are unknown (20). Our
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Figure 2. Effects of trefoil factor family 2 (TFF2) expression on gastric cancer cell proliferation and apoptosis and the effect of stable Sp3 knockdown in BGC-823
gastric cancer cells. (A) Western blot analysis of TFF2 and Sp3 expression in gastric cancer cells. BGC-823 cells were grown and stably transfected with HA-TFF2,
pU6-siSp3, or control vectors, and cell lysates were subjected to western blot analysis for TFF2 and siSp3 expression. GAPDH was used as a loading control.
(B) Bromodeoxyuridine (BrdU) incorporation assay. The 4 types of BGC-823 cell sublines were grown and incubated with BrdU for up to 22 h and then subjected
to spectrophotometer analysis of optical absorbance levels at 450 nm. Data are expressed as the means (nm) + SD of 3 separate experiments and were analyzed by
Student's t-tests. The BrdU incorporation assay showed that Sp3 promoted the proliferation of BGC-823 cells (p)cDNA6.0 + pU6 vs. pcDNA6.0 + siSp3, P<0.01),
whereas TFF2 reduced cell proliferation (pcDNA6.0 + siSp3 vs. TFF2 + siSp3, P<0.05). (C) Flow cytometric analysis of BCG-823 cells following incubation
with cisplatin for 36 h and subsequent staining with Annexin V and propidium iodide (PI). Dots in Annexin V/PI', Annexin V*/PI', and Annexin V*/PI" indicate
intact cells, cells undergoing early apoptosis and dead cells, respectively. Data are shown as the means (%) + SD of 3 separate experiments and were analyzed by
Student's t-tests. We compared the frequency of apoptotic cells for pcDNA + pU6 (45.85%), pU6 + TFF2 (51.03%), siSp3 + pcDNA (38.12%), and siSp3 + TFF2
(41.17%) cells. In cells with a high expression of Sp3 and overexpression of TFF2, gastric cancer cell apoptosis was significantly higher than that in the control
cells (P<0.05). In Sp3 knockdown gastric cancer cells, apoptosis decreased significantly (P<0.05). In cells with Sp3 knockdown and overexpression of TFF2, the
apoptosis level did not decrease obviously. These results indicated that TFF2 and Sp3 alone significantly promoted the apoptosis of gastric cancer cells. TFF2 and
Sp3 in combination further enhanced the levels of gastric cancer cell apoptosis. Accordingly, TFF2 and Sp3 had a synergistic effect on gastric cancer cell apoptosis.
(D) Tumor cell invasion assay for the four BGC-823 cell sublines. Data are shown as the means + SD of 3 separate experiments and were analyzed by Student's
t-tests. Compared with the empty vector group, gastric cancer cells with a high expression of Sp3 and overexpression of TFF2 did not differ significantly with
respect to invasive ability (P>0.05). In cells with Sp3 knockdown, the invasive ability decreased significantly (P<0.05). In gastric cancer cells with Sp3 knockdown
and TFF2 overexpression, the invasive ability markedly increased. These results indicated that TFF2 and Sp3 alone significantly promoted the invasive ability of
gastric cancer cells. The combination of TFF2 and Sp3 did not further enhance the invasive ability of gastric cancer cells. This suggested that TFF2 and Sp3 had
an antagonistic effect on gastric cancer cell invasion. ns, not significant; ““P<0.01, “P<0.05, and "P<0.1 compared to the control. Groups in the bar charts are as
follows: pU6 cont (control), pcDNA6.0 + pU6; pU6 TFF2, TFF2 + pU6; siSp3 cont, pcDNA6.0 + siSp3; and siSp3 TFF2, TFF2 + siSp3.
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Figure 3. Effects of trefoil factor family 2 (TFF2) expression on the expression of apoptosis signaling pathway genes and the effect of Sp3 knockdown in
BGC-823 cells. (A) Human apoptosis gene array analysis. Similar levels of apoptosis-related proteins were detected between cells overexpressing TFF2 and
parental BGC-823 cell lines. (B) Quantitative analysis of the gene array shown in (A). Fourteen apoptosis-related proteins were significantly differentially
expressed between cells overexpressing TFF2 and the control cells (pcDNA6.0 + pU6). (C) Western blot analysis of apoptotic protein expression in these 4 BGC-
823 cell sublines. (D) Western blot analysis of cell cycle signaling protein expression in the 4 BGC-823 cell sublines.

current study demonstrated that the transcription factor, Sp3,
acts as a novel TFF2 binding partner in the GES-1 gastric
mucosal cell line. Our data further suggested that TFF2 binds to
the short isoform of the Sp3 protein, but not to the long isoform.
Additionally, we showed that TFF2 binds to the cytoplasmic
form of the Sp3 protein. However, the biological significance
of this phenomenon remains to be determined. Indeed, the Sp3
protein is ubiquitously expressed in all mammalian cells (21). It
belongs to the specificity protein/Kriippel-like factor (SP/KLF)
transcription factor family containing a specific DNA-binding
domain composed of a combination of three conserved
Cys,His, zinc fingers (22). Sp3 regulates the expression of a
number of genes; consistent with this, our data demonstrated
that TFF2 binds to Sp3 in the cytoplasm, resulting in the
increased expression of genes involved in the suppression of
cell proliferation and the induction of apoptosis (23). The Sp3
protein exists in multiple isoforms: two long fragments and two
short ones (24-26). Previous research on Sp3 has focused on
its DNA-binding sites and gene regulation (27). Thus, multiple
promoters have known binding sites for Sp3, which is clearly
important for gene expression regulation (28). However, the
interaction between TFF2 and Sp3 has not been documented.
In this study, to the best of our knowledge, we demonstrated
for the first time that TFF2 interacts with Sp3 to mediate the
biological functions of TFF2 in gastric cancer cells.
Furthermore, we assessed the biological function of the
TFF2 protein in gastric cancer cells and clarified the role of
Sp3 by establishing 4 stable cell lines with different expression

levels for each locus. Using BrdU incorporation and flow cyto-
metric assays, we found that TFF2 expression inhibited cell
proliferation, but that it promoted the apoptosis of BGC-823
cells. Sp3 knockdown antagonized the effects of TFF2 on
gastric cancer cells, indicating that the interaction between
TFF2 and Sp3 is essential for TFF2 function in gastric cancer
cells. Further studies are required to confirm this preliminary
observation.

TFF2 and Sp3 both promote invasion in gastric cancer cells.
However, the effect was less notable in cells overexpressing
TFF2 and Sp3. A previous study demonstrated that despite its
role as a tumor suppressor, TFF2 can induce gastric cancer cell
invasion (29), although the mechanisms underlying this effect
are unknown. We extended these observations by exploring the
molecular mechanisms through which TFF2 and Sp3 interact
to regulate tumor cell apoptosis. We identified 14 differentially
expressed proteins in response to TFF2 expression in gastric
cells. Our data were consistent with those of previous studies
showing that the Bcl-2 family (30) and NF-«xB signaling
proteins (31,32) are important in gastrointestinal tumorigen-
esis. TFF2 expression downregulated the expression of Bcl-xL
and NF-«kB family signal proteins in the 4 stable cell lines
expressing different levels of TFF2 and Sp3. We also demon-
strated that the expression of pro-apoptotic proteins (e.g., Bid)
may be induced in response to TFF2 expression in gastric
cancer cells. However, following Sp3 knockdown in these cells,
the effects of TFF2 protein were significantly reduced, further
indicating that Sp3 protein mediates TFF2 antitumor activity.
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In conclusion, in the present study, we demonstrated that

endogenous TFF2 binds to Sp3 in GES-1 cells and that the
effects of TFF2 antitumor activity (e.g., the inhibition of tumor
proliferation and the induction of apoptosis) are mediated by this
interaction. However, further studies are required to confirm the
precise mechanisms through which TFF2 interacts with the Sp3
protein to mediate the effects of TFF2 in gastric cancer cells.
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