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Abstract

AIM: To study the effect of the transfected 7wist gene
on invasion and metastasis of gastric carcinoma cells and
the possible mechanisms involved.

METHODS: Human gastric carcinoma MKN28 cells were
stably transfected with 7wist sense plasmid, and MKN45
cells were stably transfected with 7wist antisense plasmid
using the lipofectamine transfection technique. RT-PCR,
Western blotting, EMSA, gelatin zymography assay, and
/n vitro invasion and migration assays were performed.
Nude mice metastasis models were established by the
abdominal cavity transfer method.

RESULTS: Cell models (7wistS-MKN28) that steadily
expressed high 7wist protein were obtained. Compared
with MKN28 and pcDNA3-MKN28 cells, adherence,
migration and invasion ability of 7w/istS-MKN28 cells
were clearly raised. The number of cancer nodules
was increased significantly in the abdominal cavity and
liver of nude mice inoculated with 7wistS-MKN28 cells.
Overexpression of 7wist in MKN28 cells increased Tcf-4/
Lef DNA binding activity, and promoted expression of
Tcf-4's downstream target genes cyclin D1 and MMP-2.
However, suppression of 7wist (TwistAS-MKN45) inhibited
MKN45 cell invasion and the expression of cyclin D1 was
reduced. The activity of MMP-2 was also decreased.

CONCLUSION: These results indicate that 7wist
promotes gastric cancer cell migration, invasion and
metastasis, and 7wist may play an important role in Wnt/
Tcf-4 signaling.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most common cancers in the
wortld. Several lines of evidence implicate the Wnt signaling
pathway as a contributor to gastric carcinogenesis!'. In
the presence of certain Wnt proteins, or due to the loss
of tumor suppressors such as APC, glycogen synthase
kinase-3 (GSK-3) activity is inhibited, which results in
inhibition of P-catenin phosphorylation and inhibition
of degradation. The resulting accumulation of B-catenin
leads to the activation of the Tcf-4/Lef transcription
factor, which up-regulates the expression of downstream
target genes. People with a germ-line mutation of the
APC tumor suppressor gene have a 10-fold increased risk
of developing gastric cancer as compared with normal
individuals®. Mutations in the APC gene have been found
in sporadic gastric cancet?. B-catenin mutations have also
been detected in intestinal-type gastric carcinoma tissues
and gastric cancer cell lines. Based on these studies, we
conclude that the Wnt/Tcf-4 signaling pathway is very
important in gastric cancer cells.

Besides transforming growth factor B and receptor
tyrosine kinase/Ras signaling, autoctine factors and Wnt-
dependent pathways are reported to contribute to epithelial
mesenchymal transition (EMT). EMT is a process whereby
epithelial cells lose polarity and cell-to-cell adhesion,
and undergo dramatic remodeling of the cytoskeleton.
Concurrent with loss of epithelial cell adhesion and
cytoskeletal components, cells undergoing EMT acquire
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expression of mesenchymal components and a migratory
phenotype. EMT was first recognized in embryogenesis in
the early 1980s. Today, evidence is growing that carcinoma
cells activate the dormant EMT program in promoting
cell migration, invasion and metastasis®”l. However, its
pathogenesis in human carcinoma is obscure.

Several key inducers of EMT are transcription factors
that repress E-cadherin expression, such as Snail, Slug,
SIP1 and Twist. Recent studies have shown that Twisz, a
highly conserved basic helix-loop-helix protein that is
essential for early embryogenesis, promotes EMT and
plays an essential role in metastasis in a breast tumor
model®l. Twist has also been suggested to have oncogenic
properties. Overexpression of Tiwist in rthabdomyosarcoma
inhibits myc-induced apoptosis and interferes with p53
tumor suppression’”. Up-regulation of Twist is associated
with malignant transformation in T-cell lymphomal'”.
Forced expression of Twist triggers resistance of human
cancer cells to drugs that inhibit microtubule formation,
such as taxol and vinctistine!'!l. Furthermore, exptession
of Twist has been implicated in promotion of metastasis
and invasive pathological subtypes in several types of
carcinomal'>!3,

However, the effect and mechanism of Twist gene
on invasion and metastasis of gastric catcinoma remain
enigmatic. Therefore, in the present work, two gastric
cancer cell lines with different differentiation were steadily
transfected with sense and antisense Twist vectors. The
effect of Twist gene on cell migration, invasion and
metastasis was investigated.

MATERIALS AND METHODS

Cell culture

Human gastric carcinoma cell line MKIN28 was kindly
provided by Dr. JI Shuyu (Kunming Medical college,
Kunming, China). Gastric carcinoma cell line MKN45 was
purchased from Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Cells were
cultured in RPMI 1640 medium (Gibco Biocult, Paisley,
UK) that contained 10% fetal bovine serum at 37°C in a
humidified 5% CO, atmosphere.

Plasmids and reagents

The Twist sense and antisense expression vectors
(pcDNA3/ TwistS, pcDNA3/TwistAS) were kindly
provided by Dr. Glackin C'". The identity of Twist was
confirmed by gene sequencing and routine agarose gel
electrophoresis. Primary antibodies (anti- Tiwis#, anti-MMP-2
and anti-B-actin) were from Santa Cruz Biotechnology
(Santa Cruz, CA, USA) and secondary antibody (HRP-
linked IgG) was from Cell Signaling Technology (Beverly,
MA, USA).

Generation of stable transfectants

Cell transfection was carried out using Lipofectamine 2000
according to the manufacturer’s instructions. Briefly, cells
were grown to 80%-90% confluence, without antibiotics.
Vectors that contained the different constructs (10 pg)
were diluted in RPMI 1640 (100 pL) and mixed with the
transfection solution for 15 min. After washing, the cells
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were incubated with the transfection mixture at 37°C for
10 h, and then allowed to grow in fresh medium. Stable
transfectants were isolated by selection with 600 mg/mL
G418 (Geniticin; Amresco, Solan, OH, USA) for 2 wk.
Pools of geneticin-resistant clones were passaged and
expanded for Western blot analysis. Cells transfected with
the pcDNA3 vector were used as controls.

Western blotting

Cell total proteins were prepatred in SDS sample buffer and
boiled for 3 min. Equal amounts of cell protein, quantified
by the BCA Protein Assay kit (Pierce Biotechnology,
Rockford, IL, USA), were loaded onto 10% SDS-
PAGE. After clectrophoresis, the separated proteins were
transferred to nitrocellulose membranes. The membranes
were stained with ponceau (Amresco) and blocked with 5%
non-fat milk for 1.5 h, and then incubated with antibody
for 18 h at room temperature. The blots were subsequently
incubated with an HRP-conjugated secondary antibody.
Proteins were visualized using 3,3’-diaminobenzidine, with
B-actin as a control.

Extraction of nuclear protein

Cells were lysed in 400 pL ice-cold buffer A (10 mmol/L
HEPES, pH 7.9, 10 mmol/L KCl, 0.1 mmol/L EDTA,
0.1 mmol/L EGTA, 1 mmol/L DTT, 0.5 mmol/L. PMSF)
by gentle pipetting. The cells were allowed to swell on ice
for 15 min, then 40 pL of a 10% solution of Nonidet
P-40 was added, and the tube was vigorously vortexed
for 10 s. The homogenate was centrifuged for 30 s in
a microfuge. The supernatant was transferred and the
nuclear pellet was lysed with 50 pL buffer C (20 mmol/L
HEPES, pH 7.9, 0.42 mol/L NaCl, 1 mmol/L EDTA, 1
mmol/L EGTA, 1 mmol/L DTT, 1 mmol/L PMSF), and
the tube was vigorously rocked at 4°C for 15 min on a
shaking platform. The nuclear extract was centrifuged for
5 min in a microfuge at 4°C. The supernatant containing
nuclear protein was quantified by the BCA Protein Assay
kit (Pierce Biotechnology) and stored at -70°C.

Electrophoretic mobility shift assay (EMSA) of TCF-4 DNA
binding activity

EMSA was performed with the LightShift Chemiluminescent
kit (Pierce Biotechnology). Specific oligonucleotides for
binding of TCF-4 (S: 5-CCCTTTGATCTTACC-3%; A:
F-GGTAAGATCAAAGGG-5’) were prepared by end
labeling of the 5’ terminus with biotin (synthesized by
Bioasia Biotech, Shanghai, China). Briefly, nuclear extract
protein (10 pg) was incubated with reaction mixture [10 X
binding buffer, 1 pg/L poly (dI.dC), 1% NP-40, labeled
probe] for 20 min at room temperature. Each sample was
electrophoresed in 6% non-denaturing polyacrylamide gel
at 100 V for 1.5 h. The gel was then electrophoretically
transferred to a nylon membrane. Finally, the membrane
was detected by chemiluminescence. In competitive
studies, a 100-fold excess of unlabeled probe was included
in the reaction mixture.

RT-PCR
Cells were lysed in TRIzol reagent (Invitrogen, Catlsbad,
CA, USA) and total RNA was prepared according to
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the manufacturet’s instructions. cDNA was synthesized
by the Superscript™ First Strand Synthesis System (Life
Technologies, Gaithersburg, MD, USA). The cDNA was
then amplified by PCR with specific primers, cycline
D1 sense: 5>-ACGGCCGAG-AAGCTGTGCAT;
antisense: 5> TTCCAATCCGCCCTCCATGGA. The
cDNA of GAPDH was amplified as a control for
the amount of cDNA present in each sample (sense:
5-ACGGATTTGGTCGTATTGGG antisense:
5> TGATTTTGGAGGG-ATCTCGC). The relative
expression levels were generated by comparing the density
to the controls and indicated underneath each gel.

Evaluation of cell adherence

Fifty milligrams per liter Matrigel solution diluted with
sterilized double distilled water (1:8) was prepared, added
to 96-well plates (50 uL/well), and incubated for 12 h at
4°C. Ten grams per liter BSA were used as a control. After
abandoning remnant liquid, no-serum culture solution
that contained 10 g/L BSA (50 pL/well) was added and
incubated at 37°C for 30 min. Tumor cells were digested
with 2.5 g/L pancreatic enzyme and modulated to a
density of 1 X 10° cells/mL. One hundred microliters of
cell suspension was seeded in invested Matrigel per well.
Every group had four samples at equal pace. The cells
were cultivated with RPMI 1640 medium that contained
10 g/ BSA and 10% fetal bovine serum for 1 h at 37°C,
then the absorbance (A) was determined by the MTT
colorimetric method. Cell adhesion rate of the Matrigel
group was calculated by the following formula:

Adhesion rate = (Aep/Apsa - 1) X 100% equation 1

In vitro invasion and migration assay

Invasion assays were done in a Boyden chamber with
polyethylene terephthalate filter inserts for 24-well plates
containing 8-um pores (Becton Dickinson Labware,
NY, USA). Briefly, after coating the filter with 100 pL
1:3 diluted Matrigel (Becton Dickinson) overnight at
4°C, cells were seeded in the upper chamber at a final
concentration of 1.0 X 10°/mL in serum-free medium
with 0.1% BSA. Eight hundred microliters medium
conditioned with 10 pg/ml. fibronectin was placed in the
lower compartment of the chamber as a chemoattractant.
After 24 h incubation, the remaining tumor cells on the
upper surface of the filters were removed by wiping with
cotton swabs, and the invading cells on the lower surface
were stained with hematoxylin-eosin. The invading cells on
the underside of the membrane were photographed and
counted under a microscope at a magnification of X 200. We
performed four individual experiments using the invasion
assay in triplicate. Iz vitro migration assays were done under
the same conditions as the invasion assays, but in non-
Matrigel-coated chambers.

Establishment of an experimental metastasis model in
nude mice

Cells were digested with 2.5 g/L pancreatic enzymes,
washed with no-serum culture solution, and centrifuged at
1800 r/min. The cell sediment was washed with serum-free
culture solution, centrifuged twice and floated in sterile
PBS solution. Two hundred microliters of cell suspension
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Figure 1 Western blot analysis of Twist expression in MKN28, pcDNA3 control
and TwistS transfectant clones (C1, C2 and C3).

that contained 1 X 107 MKN28, pcDNA3-MKN28 and
TowistS-MIKIN28 cells was seeded into the abdominal cavity
of nude mice by syringe. The vim, appetite and defecation
of nude mice were observed regularly, and their weight was
recorded. After 9 wk, nude mice were killed and examined.

Gelatin zymography assay

MKN45, pcDNA3-MKN45 and TwistAS-MKN45 cells
were cultured. Three days later, cells were washed by
D-Hanks’ solution, and then seeded into serum-free
culture solution. Twenty-four hours later, the supernatant
was collected and concentrated with Amicon filters
(Millipore) to a 10% initial volume. Each sample was
guaranteed to contain the same amount of total protein.
Gelatin zymography was performed in 10% (w/v)
polyacrylamide that contained 0.1% (w/v) gelatin. The
identification of transparent bands at 62 kDa on the
Coomassie blue background of the slab gel was considered
positive for the presence of enzymatic activity.

Statistical analysis

Results were expressed as mean = SD for experiments with
triplicate measurements. Differences between groups were
tested with Student’s 7 test and P < 0.05 was considered
significant.

RESULTS

Gene transfection

MKN28 cell clones transfected with pcDNA3 or pcDNA3-
TwistS were obtained after gene transfection. Expression of
Twist protein was increased in the three positive cell clones
that were transfected with pcDNA3-TwistS (Figure 1). To
avoid the deviation brought about by a single cell clone,
three positive cell clones were used simultaneously.

Overexpression of Twist in MKN28 cells promoted
adherence, migration and invasion ability

A value was decided by the MTT colorimetric method and
cell adhesion rate was calculated by equation 1. Compared
with that of MKN28 (23.5%) and pcDNA3-MKN28
cells (24.2%), the adherence rate of TwistS-MKN28 cells
(52.8%) was obviously increased (P < 0.05) (Figure 2A).
Compared with that of MKN28 (22) and pcDNA3-
MKN28 cells (25), the migration rate of TwistS-MIKIN28
cells (54) clearly increased (P < 0.05) (Figure 2B). Compared
with that of MKN28 (40) and pcDNA3-MKN28 cells
(36), the invasion rate of TwistS-MKN28 cells (62) also
clearly increased (P < 0.05) (Figure 2C). Every sample was
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Figure 2 Cell adherence rate, and cell migration and cell invasion ability. A: Adherence rate in three cell lines; B: Migration ability in three cell lines; C: Invasion ability in

three cell lines. °P < 0.05 vs TwistS-MKN28 cells.
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Figure 3 Livers from nude mouse models of gastric cancer cell metastasis inoculated with: (A) MKN28; (B) pcDNA3-MKN28; (C) TwistS-MKN28 cells.

Figure 4 Twist promoted
Tcf-4 /Lef DNA binding
activity with EMSA. Lane
1: Free probe; Lane
2: Competitor; Lane 3:
MKN28 cells; Lane 4:
pcDNA3 control cells;
Lanes 5-7: Three TwistS
clones.

counted for five different visual fields.

Establishment of an experimental metastasis model in nude
mice

The metastasis models of gastric carcinoma cells were
established in fifteen nude mice. Eight weeks later, the
mice were killed and underwent exploratory laparotomy.
Number and size of metastatic nodules were calculated
and measured. There were lots of bigger cancer nodules in
the abdominal cavity and liver of the nude mice inoculated
with TwistS-MKN28 cells, while fewer nodules were
present in the nude mice inoculated with MKN28 and
pcDNA3-MKN28 cells (Figure 3).

Overexpression of Twist in MKN28 cells increased
Tef-4/Lef DNA binding activity

Consistent with the increasing expression levels of Twist,
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Cyclin D1 (428 bp)
GAPDH (231 bp)

Figure 5 Twist increased expression of cyclin D1 mRNA by RT-PCR. Lane 1:
Marker; Lane 2: MKN28 cells; Lane 3: pcDNA3 control cells; Lanes 4-6: Three
TwistS clones.

induction of Tcf-4/Lef binding activity was observed in
MKN28 and pcDNA3 control cells, Moteover, Tcf-4/
Lef DNA binding was significantly increased in TwiszS
transfectants (Figure 4).

Overexpression of Twist promoted expression of cyclin D1
and mmp-2

We explored whether overexpression of Twist affected
expression of cyclin D1 and mmp-2. By RT-PCR, cyclin
D1 RNA levels were markedly higher in Tiwist§ cells than
in MKN28 and pcDNA3 control cells (Figure 5). Western
blot analysis showed that TiwiszS cells exhibited increased
expression levels of MMP-2 compared with those in
MKN28 cells and pcDNA3 control cells (Figure 6A).

Suppression of Twist inhibited invasion in the human
gastric cancer cell line MKN45

To observe the invasion-promoting effect of Twist
in gastric cancer cells, a pcDNA3/-TwistAS vector
was transfected into MKIN45 cells to generate stable
transfectants. As shown in Figure 6B, Twist expression was
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Figure 6 Western blot analysis in each cell line. A: Expression of MMP-2 in MKN28 cells, pcDNA3 control cells and TwistAS cells by Western blot analysis; B: Western blot
analysis of Twist expression in MKN45, pcDNA3 control and TwistS transfectants clone (C1, C2 and C3).

Figure 7 Down-regulation of Twist-inhibited invasion in MKN45 cells. Representative photographs of invasion in three cell lines (hematoxylin-eosin staining, x 200

magnification). A: MKN45; B: pcDNA3-MKN45; C: TwistAS-MKN45.

Cyclin D1 (428 bp)
GAPDH (231 bp)

Figure 8 Suppression of Twist-inhibited expression of cyclin D1 mRNA by RT-
PCR. Lane 1: Marker; Lane 2: MKN45 cells; Lane 3: pcDNA3 control cells; Lanes
4-6: Three TwistAS clones.

inhibited by TwistAS transfectants at the protein level. We
assessed the effect of down-regulation of Twist on cell
invasion. Representative photos showed that invasion in
TwistAS transfectants was markedly reduced compared with
that of MKIN45 or pcDNA3 -MKN45 cells (Figure 7).

Suppression of Twist inhibited expression of cyclin D1

We investigated whether suppression of Tuwist affects the
expression of cyclin D1. Cyclin D1 RNA levels were
markedly lower in TwistAS cells than in MKN45 and
pcDNA3 control cells (Figure 8).

Suppression of Twist inhibited gelatinase activity

Gelatin zymography revealed prominent 62 kDa bands
(Figure 9), and there was activity of MMP-2 in MKN45,
pcDNA3-MKN45 and TwistAS-MIKIN45 cell supernatants.
Compared with that of MKN45 and pcDNA3-MKN45
cells, the activity of MMP-2 in TwistAS-MKN45 cells
dropped markedly.

DISCUSSION

It is commonly believed that Twist expression is correlated

TwistAS-MKN45

MKN45 PcDNA3-MKN45

62 kDa

Figure 9 Comparison of activity of MMP-2 by gelatin zymography assay.

with potent invasiveness as well as poor prognosis
in epithelial cancer®'"*I In gastric cancer, a recent
report has shown overexpression of the Twist gene is
more frequently found in diffuse-type carcinoma tissues
with high N-cadherin gene expression’l. However,
no definitive results have indicated Twist promotes
the invasion and metastasis of gastric cancer. We have
previously demonstrated endogenous Twis? is expressed
abundantly in MKIN45 cells, but at much lower levels in
MKN28 cells. Therefore, we transfected MKN28 cells
with the Twist sense plasmid. Our findings suggested
Twist probably promoted adherence, migration, invasion
and metastasis of gastric cancer cells, using the MTT
and Boyden chamber methods, and metastasis models
of gastric carcinoma in nude mice. However, when we
transfected MKIN45 cells with the Twisz antisense vector,
results indicated suppression of Twist inhibited cell
invasion. Therefore, we think Twisz may play an important
role in invasion and metastasis of gastric carcinoma.

A large number of genes relevant for tumor formation
and progression have been found to be transcriptionally
activated by the B-catenin/Tcf complex. Some of these
are implicated in growth control and cell cycling (c-myec,
cyclin D1), Some are relevant for cell survival (Id2,
MDR1), one is the EMT marker vimentin, and others are
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implicated in tumor invasion and metastasis (matrilysin,
VEGE, cd44)!". Tcf-4/Tef is the transcription factor for
Wat signaling. Our results indicated that overexpression of
Twist in MKN28 cells increased Tcf-4/Lef DNA binding
activity, and promoted expression of Tcf-4” downstream
gene cyclin D1. The reason may be that overexpression
of Twist redistributes B-catenin to the nucleus, in which
it forms a functional transacting complex by associating
with the Tcf4/Lef-1 transcription factor, and enhances
the transactivation of a number of genes including cyclin
D1, VEGF and EMT marker vimentin. Cyclin D1 plays
an important pole in cell proliferation®. Our results
agreed with previous studies that showed that Twisz
promotes growth of breast cancer cells. In breast cancer
MCEF-7 cells, colocalization of B-catenin and E-cadhetin was
prominent at the plasma membrane, whereas in MCF-7 cells
with overexpression of Tiwist, these proteins were distributed
within the cytoplasm and to a lesser extent within the nucleus.
In addition, the total amount of epithelial marker protein
[-catenin and E-cadherin was lower in MCF-7 cells®. 'This
can partly explain the phenomenon of EMT by Twist.

Metastatic potential requires proteolytic degradation
of the extracellular matrix, and MMPs are thought to play
an important role in tumor invasion and metastasis. We
demonstrated that overexpression of Twist in MKN28
cells promoted expression of mmp-2, while suppression
of Twist in MKIN45 cells inhibited the activity of mmp-2.
However, to the best of our knowledge, the E-box site,
which is the binding site for Tiwist, was not observed in the
promoter region of the MMP gene family. One possible
explanation is that MTI-MMP expression is induced
through B-catenin/Tcf4 expression?! followed by
increased activation of MMP-2. Another explanation is
that MMP-2 activity is induced through the up-regulation
of MT1-MMP expression, by inhibition of zonula
occludens 1 tight junction complex expression that is
changed by EMT®.

In conclusion, Twist may contribute to the invasion and
metastasis of gastric carcinoma cells, mainly through EMT
after regulation of Wnt signaling, or through an effect on
MMP-2. At the same time, recent evidence suggests Tiwist
is a major factor that participates in tumor development
and progression™?¥. As a novel player in the invasion and
metastatic program, Twist is gaining rapid attention®.
Our findings of a functional link between Twist and Tcf4/
Lef-1 suggest targeting Tiwist may provide novel therapeutic
cocktails for gastric cancer intervention.
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COMMENTS

Background

Invasion and metastasis are the most common cause of death and is a major
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obstacle to successful treatment of gastric cancer. It is necessary to develop
effective new strategies for the prediction, diagnosis and treatment of gastric
cancer invasion and metastasis.

Research frontiers

Recent investigations have shown Twist is elevated in prostate and breast cancer.
High expression of Twist is positively related to cancer invasion and metastasis,
but few studies have investigated Twist expression in gastric cancer, and the
impact of Twist on prognosis.

Innovations and breakthroughs
Twist promotes gastric caner cells migration, invasion and metastasis, and Twist
may play an important role in Wnt/Tcf-4 signaling.

Applications
Our finding of a functional link between Twist and Tcf4/Lef-1 suggests that targeting
Twist may provide novel therapeutic cocktails for gastric cancer intervention.

Terminology

EMT is a process whereby epithelial cells lose polarity and cell-to-cell adhesion,
and undergo dramatic remodeling of the cytoskeleton. Concurrent with loss of
epithelial cell adhesion and cytoskeletal components, cells undergoing EMT
acquire expression of mesenchymal components and a migratory phenotype.

Peer review

This study was well designed and may be important for providing additional
evidence to support the role of Twist expression in promoting tumor metastasis,
including in gastric cancer.
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