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Abstract: Background: Human epidermal growth factor receptor 2 (HER2) initiates a variety of signals that lead to
the invasion and metastasis of gastric cancer. Though drugs targeting HER2 have been applied in clinical practice,
drug resistance remains a big challenge. This study aimed to propose a new therapeutic target by exploring the
regulating pathway of HER2. Methods: Reverse transcription polymerase chain reaction (RT-PCR), western blot and
immunohistochemistry staining were used respectively to detect the expression of HER2, Twist, E-cadherin and
Fascinl in both HER2 knockdown and overexpressed cell lines. Trans-well chamber assay and wound healing assay
were used to detect the invasive ability of gastric cancer cells. The correlation between HER2 and Twist was ana-
lyzed based on specimens obtained from 118 patients with gastric cancer. Results: HER2 silencing decreased the
expression of Twist (P<0.05) and increased the expression of E-cadherin (P<0.05), while the expression of Fascinl
remained unchanged (P>0.05) and the migration and invasion abilities of cancer cells were weakened (P<0.01).
On the contrary overexpression of HER2 increased the expression of Twist (P<0.05) and decreased the expression
of E-cadherin (P<0.05), while the expression of Fascinl still remained unchanged (P>0.05), and the migration and
invasion abilities of cancer cells were enhanced (P<0.01). Our data indicated that the HER2 kinase domain was not
involved in the regulation of Twist or E-cadherin. In addition, the expression of HER2 was positively correlated with
the EMT-related transcription factor Twist in gastric cancer tissues. Conclusion: HER2 could promote the invasion
and migration of gastric cancer cells by down-regulating E-cadherin and up-regulating Twist, which indicated that
E-cadherin and Twist were both promising therapeutic targets.
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Introduction HER2, also known as ERBB2, is a member of
the human epidermal growth factor receptor

Gastric cancer (GC), being the fourth most com- (EGFR) family. It is a transmembrane tyrosine

mon cancer and the second leading cause of
cancer death, has become significant health
problem worldwide, especially in China, South
Korea and Japan [1]. Based on data from the
International Agency for Research on Cancer,
approximately 950,000 new cases of gastric
cancer were diagnosed in 2012, with 700,000
deaths globally [2]. At present, adequate surgi-
cal resection is the only curative remedy for
gastric cancer [3]. The patients with advanced
gastric cancer who have lost the opportunity of
surgery can choose targeted therapies, such as
trastuzumab, a monoclonal antibody against
HER2 [4, 5].

kinase receptor that regulates cell proliferation,
differentiation, and survival in a variety of
tumors such as breast cancer, gastric cancet,
colon cancer, bladder cancer, and biliary cancer
[6, 7]. Up to date, trastuzumab is the only target
approved as the first-line treatment of HER2
positive metastatic gastric cancer [8]. However,
the ubiquitous resistance of trastuzumab is a
major clinical problem in the treatment of
HER2-positive cancer, which limits the applica-
tion of HER2 inhibitors to a large extent [9]. In
view of this, there appears to be an urgent need
to explore the downstream HER2 signaling
pathway in gastric cancer.
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Herein, we investigated the effects of HER2 on
the migration and invasion of gastric cancer
cells BGC823, MKN45, and SGC7901 and
demonstrated that HER2 promoted the inva-
sion and migration of gastric cancer cells by
down-regulating the expression of E-cadherin
and up-regulating the expression of Twist,
whereas the expression of Fascinl was not
affected.

Materials and methods
Cell culture

Human gastric cancer cell lines, BGC823,
SGC7901 and MKNA45, were maintained in
Dulbecco modified Eagle medium (DMEM;
Gibco, CA, USA) supplemented with 10% fetal
bovine serum (FBS) as described in [10] and
were cultured at 37°C in an incubator filled with
5% CO, atmosphere. When the cells were in the
exponential phase of growth and reached 80%
confluence, the routine medium would be
replaced by serum-free DMEM without antibiot-
ics for 24 h to transfect plasmid into the cells.

Plasmid transfection

The BGC823, MKN45 and SGC7901 cells were
seeded on six-well cell culture plates (Costar,
USA) at a density of 1x10° cells/well. When
reaching 50-70% confluence, the BGC823 cells
would be transfected with 10 pl (1 ug/10 ul)
HER2-shRNA Plasmid and 10 ul (1 ug/10 pl)
control-shRNA Plasmid (Santa Cruz, USA)
respectively, as described in [10] while the
MKN45 and SGC7901 cells would be transfect-
ed with 4 pg HER2 Plasmids (HER2CA with con-
stitutively active mutation in kinase domain,
wild type HER2 (HER2WT) and HER2KD with
kinase death mutation; Addgene organization,
USA) and PCDNA3 respectively, using the
Lipofectamine 2000 transfection reagent.

RNA extraction and reverse transcription PCR

After transfection for 24 h, the total RNA of the
cells was extracted by using the Trizol reagent
(Invitrogen, USA) following the manufacturer’s
protocols; specially, 1~5 mg of total RNA was
subjected to reverse transcription using the
first-strand cDNA synthesis kit (Fermentas,
USA). The primer sequences were as follows:
HER2: 5’AGGGAAACCTGGAACTCACC3’ (sense),
5’GCACAATCCGCAGCCTCT3’ (antisense); Fas-
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cinl: 5’GCGCATCACACTGAGGGCGT3’ (sense),
5GTGACCTT GCGGCAGCCGAT3’' (antisense);
and B-actin: 5’ TGACGTGGACATCCGCAA-AG3’
(sense), 5’CTGGAAGGTGGACAGCGAGG3’ (anti-
sense). The PCR conditions were as follows:
denaturation at 94°C for 30 s; annealing at
58°C (HER2)/59°C (Fascinl)/57°C (B-actin) for
30 s and elongation at 72°C for 45 s. The PCR
products of these genes were analyzed by elec-
trophoresis in 1.5% agarose gel and visualized
using UV fluorescence after staining with ethid-
ium bromide. The ratio of the intensity of HER2
and Fascinl genes to the intensity of B-actin
was analyzed by Image Tool 3.0 (University of
Texas Health Science Center, SanAntonio, USA).

Western blotting

After transfection for 48 h, as described in [12,
13], the total proteins of cells were extracted by
cell lysis buffer and quantified using the BCA
protein assay Reagent kit (Merck, Germany) fol-
lowing the manufacturer’s protocols. Specifi-
cally, 20-30 g total proteins were electropho-
resed by (8% or 10%) SDS-PAGE and trans-
ferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, USA), which were then incu-
bated in 5% non-fat skim milk buffer with pri-
mary antibodies [HER2 (1:400, Santa Cruz,
USA); Twist (1:500, Protein Tech, USA);
E-cadherin (1:500, Protein Tech, USA); Fascinl
(1:2000, Santa Cruz, USA); B-actin (1:1000,
Santa Cruz, USA)] at 4°C overnight. After incu-
bation with a second antibody (1:2000, Jia Mei
China) for 2 h at room temperature, the pro-
teins were visualized using an enhanced chemi-
luminescence (ECL, Bio-RAD, USA) following
the manufacturer’s instructions, followed by
quantification of bands.

Migration and invasion assay

The migration and invasion of GC cells were
examined in 24-well transwell chambers
(Millipore, USA) which contain upper and lower
culture compartments separated by polycar-
bonate membranes with 8 mm sized pores. The
chambers were additionally coated with 50 pl
(120 pg/ml) Matrigel (Millipore, USA) to allow
the invasion assay cultured overnight at 4°C.
Then, the cells were resuspended and seeded
in the upper chamber at a final concentration of
1.0x10%/ml for invasion or 1.0x10%/ml for mi-
gration in DMEM containing 1% FBS. 200 pl cell
suspension was added to the upper chamber,
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and 900 uyl DMEM (with 10% FBS) was added
to the lower chamber. After 24 h incubation
for invasion or 12 h for migration, the residual
cells left over the upper surface of the filters
were wiped off using cotton swabs. Then, the
filters were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. The cells
penetrating through the membrane were pho-
tographed and counted under a microscope at
the magnification of x200. Each group was
tested in triplicate, and each experiment was
repeated for three times.

Wound healing assay

After plasmid transfection for 24 h, the cells
were resuspended and seeded into 6-well
plates with 500 pl suspension at a final concen-
tration of 8x10%/ml. When reaching 100%
confluence, the cells were scratched, and then
incubated and photographed at O h, 24 h, 48 h,
72 h and 96 h respectively. The healing rate of
the injured area was calculated as (area at O h
- area at 96 h)/area at 0 hx100%.

Immunohistochemical staining

The human gastric cancer tissues were ob-
tained from the Department of Pathology of
Xiangya Hospital, Central South University.
Formalin-fixed, paraffin-embedded tissue sec-
tions were used for IHC staining according to
the method as described in some of the previ-
ous studies [11]. In brief, the sections were first
incubated with the primary antibody of anti-
HER2 (1:200 dilution; Santa Cruz,) or anti-Twist
(1:400 dilution; Abcam), followed by a second-
ary antibody and diaminobenzidine (DAB,
Vector Laboratories, Burlingame, CA) staining.
The nuclei were counterstained with Meyer’s
hematoxylin. Immunoglobulin G was used as a
negative control. The intensity of Twist staining
was scored as negative (0), weak (1+), interme-
diate (2+), and strong (3+), respectively. Two
surgical pathologists (Z.L. and X.J.) evaluated
the tumor sections independently.

Statistical analysis

The results were presented as mean + SD for
experiments with triplicate measurements.
Multiple samples were analyzed by one-way
analysis of variance (ANOVA), followed by pair-
wise comparisons using the L-D-S test. All dif-
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ferences with P-value <0.05 were considered
statistically significant.

Results

Depletion of HER2 suppresses the migration
and invasion abilities of GC

To select appropriate gastric cancer lines for
up- or down-regulating the expression of HER2,
the expression of HER2 protein in gastric can-
cer cell lines MKN45, BGC823 and SGC7901
was detected respectively. As shown in Figure
1A, the expression of HER2 was the highest in
BGC823 cells and was the lowest in MKN45
cells. Therefore, the HER2-shRNA plasmids
were transfected into the gastric cancer cell
line BGC823 to deplete the expression of HER2.
The invasive potential of BGC823 was exam-
ined using transwell chamber assays, while the
control-shRNA plasmids were transfected as a
vector control. Compared with the parental and
control cells, the migration (Figure 1B) and
invasion (Figure 1C) of HER2-shRNA-BGC823
cells were attenuated obviously (P<0.01), and
in the wound healing assay, the migratory abili-
ty of HER2-shRNA-BGC823 cells were also
weakened as expected (P<0.01) (Figure 1D).

Over-expression of HER2 increases the migra-
tory and invasive abilities of GC

To further confirm the effects of HER2 on the
migration and invasion of GC, wild type HER2
plasmids were transfected into the gastric can-
cer cell line MKN45 which shows the lowest
expression of HER2. In transwell chamber
assays, the migratory (Figure 2A) ability of
HER2WT-MKN45 cells was increased signifi-
cantly (P<0.01) compared with MKN45 and
PCDNA3-MKN45 cells. The wound healing
assay showed similar results in MKN45 cells
(P<0.01) (Figure 2B). As illustrated in Figure
2C, the invasive potential of HER2WT-MKN45
cells was enhanced significantly (P<0.01).
HER2CA, HER2 with constitutively active V659E
mutation, was also transfected into the MKN45
cells, and similar results were obtained (Figure
2A-C).

HER2 up-regulates Twist and down-regulates
E-cadherin in the protein level

Epithelial-mesenchymal transition (EMT) was
thought to be involved in the migratory and infil-
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Figure 1. Effect of Neu-shRNA on invasive and migratory ability of BGC823 cells. A. The expression of HER2 in gas-
tric cancer cells BGC823, MKN45, and SGC7901. The expression of HER2 is higher in BCG823 cells compared with
the other two cell lines. We chose BCG823 cells for HER2 knock-down test. B, C. Cells migration and invasion ability
were evaluated by trans-well chambers. The cells were counted in 5 random fields under a light microscope (magni-
fication, 200). Compared with BGC823 and shRNA-BGC823 cells, the migration and invasion ability were decreased
in HER2 knocked-down Neu-shRNA-BGC823 cells. D. Cells migration were evaluated by wound healing (magni-
fication, 200). P<0.01. Cell migration ability was decreased in Neu-shRNA-BGC823 cells compared with control

groups.

trating potential of cancer cells [12], while Twist
and E-cadherin play important roles in EMT
[12]. On the other hand, Fascin is another
important protein that promotes the infiltration
of cancer cells [13]. To further elaborate the
associations of Twist, E-cadherin and Fascin
with HER2-induced EMT, the expressions of
Twist, E-cadherin and Fascinl were detected by
western blotting with overexpression or deple-
tion of HER2 in gastric cancer cells. Compared
with BGC823 and control-shRNA-BGC823
cells, the expression of HER2 and Twist were
the expression of
E-cadherin was increased (P<0.05), while the

decreased (P<0.05),
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expression of Fascinl remained unchanged
(P>0.05) in the HER2-shRNA-BGC823 trans-
fected cells (Figure 3A). On the contrary, com-
pared with parental and vector control cells,
the expression of HER2 and Twist were in-
creased (P<0.05), the expression of E-cadherin
was decreased (P<0.05), while the expression
of Fascinl remained unchanged (P>0.05) in
MKN45 cells transfected with wild-type HER2
plasmids (Figure 3B); and similar results were
obtained in the gastric cancer cell line SGC7901
(Figure 3C). To further investigate whether the
HER2 kinase domain is involved in the regula-
tion of Twist and E-cadherin, HER2CA with con-
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Figure 2. Effect of HER-2 on invasive and migratory abilities of MKN45 cells. A. Cells migration were evaluated by trans-well chambers. Compared with untreated
MKN45 cells and PCDNA3-MKN45 cells, migration and invasion abilities were dramatically increased in HER2 up-regulated MKN45 cells. B. Cells migration were
evaluated by scratch assay (magnification, 200). P<0.01. The results were consistent with trans-well chambers. C. Cells invasion were evaluated by Matrigel-coated
trans-well chambers. The cells were counted in 5 random fields under a light microscope (maghnification, 200). Compared with control groups, cell invasion was

increased in HER2(CA)-MKN45 and HER2(WT)-MKN45 cells.
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Figure 3. Western blotting analysis of HER-2, Twist, E-cadherin and Fascinl protein expression in BGC823, MKN45
and SGC7901 cells. A. Compared with control-shRNA-BGC823 and BGC823 cells, the expression of HER2 was
decreased in neu-shRNA-BGC823 cells, accompanied with decreased expression of Twist and increased expres-
sion of E-cadherin. B. Compared with PCDNA3-MKN45 and MKN45 cells, the expression of HER2 was increased
in HER2(CA)-MKN45, HER2(KD)-MKN45 and HER2(WT)-MKN45 cells, accompanied with increased expression of
Twist and decreased expression of E-cadherin. C. The western blotting results of SGC7901 reached the same con-

clusion with MKN45.

stitutively active mutation or HER2 KD with
kinase death mutation was transfected into the
gastric cancer cell line MKN45 and SGC7901
cells. As shown in Figure 3B and 3C, no signifi-
cant changes were observed among HER2WT,
HER2CA and HER2KD transfected cells in both
MKN45 and SGC7901 cells, indicating that the
HER2 kinase domain is not involved in the regu-
lation of Twist or E-cadherin. To elucidate whe-
ther HER2 regulates the expression of Fascin in
the mRNA level, Fascin mRNA was detected
with RT-PCR after the transfection of HER2-
shRNA or HER2 plasmids. As shown in Figure 4,
despite of the fluctuations in the expression of
HER?2, the expression of Fascin showed no dis-

7609

tinct changes in BGC823 (Figure 4A), MKN45
(Figure 4B), and SGC7901 cells (Figure 4C).
Therefore, HER2 is able to regulate EMT-ass-
ociated proteins but not Fascinl in GC cells.

Twist correlates to the expression of HER2 in
clinical gastric cancer specimens

It was reported that HER2 induced EMT and
tumorigenicity in breast epithelial progenitor
cells [14], while twist was believed to be a key
regulator of EMT in carcinoma cells [12].
However, no study has been conducted yet with
a particular focus on the correlation between
HER2 and Twist. Our data showed that the
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Figure 4. RT-PCR analysis of HER-2 and Fascinl expression in BGC823 (A), MKN45(B) and SGC7901 cells (C). (A) Compared with control-shRNA-BGC823 and
BGC823 cells, the RNA expression of HER2 was decreased in neu-shRNA-BGC823 cells. There was no significant difference considering the expression of Fascin
1 among groups. (B) Compared with PCDNA3-MKN45 and MKN45 cells, the expression of HER2 was increased in HER2(CA)-MKN45, HER2(KD)-MKN45 and
HER2(WT)-MKN45 cells. There was no significant difference considering the expression of Fascin 1 among groups. (C) The RT-PCR results of SGC7901 reached the
same conclusion with MKN45.
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Expression-of-twist

Expression-of-twist

IS

Expression of
HER-2

Table 1. Relationship between HER2 and
Twist expression in clinical gastric cancer
tissues

. - HER2 level
Twist staining Total
- + ++
- 2 16 10 0 28
+ 0 10 10 10 30
++ 0 8 17 5 30
+++ 0 3 10 17 30
Total 2 37 47 32 118

expression of Twist was higher in GC cells
accompanied by a higher intensity of HER2
expression (Figure 5A, 5B and Table 1), and
HER2 was positively correlated with Twist in
118 clinical gastric cancer subjects (P<0.05).

Discussion
Around 20% of advanced gastric or gastro-
esophageal junction cancer patients are HER2-

positive. HER2 targeting has been demonstrat-
ed to improve the overall survival and progres-
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Figure 5. Immunohistochemical stain-
ing results and analysis. A. ICH staining
of Twist in gastric cancer tissues with
different HER2 expression levels. B.
Box diagram of Twist expression level
in gastric cancer tissues with different
HER2 expression levels. Pairwise com-
parison of twist expression levels in gas-
tric cancer tissues of the four groups.
(*P<0.05; **P<0.01).

sion free survival in HER2 overexpressed can-
cers [15]. In the clinical practice of gastric can-
cer, trastuzumab administration is now a stan-
dard first-line treatment [16]. Nevertheless,
despite the success in some therapeutic cases,
the ubiquitous resistance has largely decreased
its therapeutic benefit.

The development of cancer metastasis is prov-
en to be related to EMT which can be mediated
by the overexpression of HER2 [17, 18]. Our
data confirmed that the overexpression of
HER2 enhanced the migration and invasion of
gastric cancer cells, while the depletion of
HER2 inhibited the invasion and migration of
GC. Therefore, HER2 plays an important role in
the migration and invasion mechanism of gas-
tric cancer cells.

Twist, which was discovered in 1995, is a tran-
scription factor with a helical-loop-helical struc-
ture that participates in the regulation of der-
mal development, bone development, tumor
formation, invasion and metastasis through
multiple signaling pathways [19]. Recent stud-
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ies suggest that twist can promote EMT to
strengthen the migration ability of cells [14],
while EMT is an important mechanism of the
invasion and migration of gastric cancer. How-
ever, whether HER2 mediates Twist remains
unclear. Our data demonstrated that Twist
could be regulated by HER2, at least in part,
and this positive correlation was reassured by
the expression level of HER2 and the staining
intensity of Twist in clinical gastric cancer tis-
sues. In addition, HER2 also shown to mediate
the expression of E-cadherin, which might be
explained by the fact that Twist could inhibit the
expression of E-cadherin [20, 21]. Moreover,
our study also suggested that the HER2 kinase
domain was not involved in the regulation of
Twist or E-cadherin.

The Fascinl gene encodes a 55 KD cytoskele-
tal protein which is able to bind to F-actin pro-
teins, that are localized in the core actin bun-
dles of microspikes, filopodia and actin-based
protrusions underneath the plasma membrane
and that have been implicated in cell motility,
cancer cell invasion and metastasis [13,
22-24]. Our previous study, demonstrated that
fascin expression induced by TGF-B depended
on smad3, at least in part, and on smad3 linker
phosphorylation [25]. Some earlier studies
have revealed that Twist and Fascinl were
over-expressed in gastric cancer and associat-
ed significantly with lymph-node and distant
metastases, and poor prognosis [26]. Elevated
levels of fascin have been detected in many
types of metastatic tumors and have been cor-
related with clinically aggressive phenotypes,
poor prognosis and shorter survival [27].
However, despite of the HER2 knockdown or
overexpression, the protein and mRNA levels of
Fascinl remained unchanged in BGC823,
MKN45 and SGC7901 cells, indicating that
Fascinl is not mediated by the HER2 regulation
pathway.

In conclusion, our results demonstrated that
HER2 could down-regulate the expression of
E-cadherin and up-regulate the expression of
Twist to promote the invasion and migration of
gastric cancer. Novel therapies should be tar-
geted at the HER2 downstream signaling path-
way molecules for GC patients with trastuzum-
ab resistance.
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