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Abstract
AIM: To study the effects of cortactin on the tumor 
biology of SGC-7901 cells and identify the mechanism 
involved in the process.

METHODS: Cell lines in which cortactin was stably 
overexpressed or knocked down as well as the respec-
tive control cell lines were established by standard 
molecular methods. The effects of cortactin on the pro-
liferation, migration and invasion capacity of SGC-7901 
cells were assessed by the MTT assay, colony forma-
tion, flow cytometry, transwell migration and matrigel 
invasion. Nude mouse models were also used to as-
sess the role of cortactin in the growth and metastasis 
of SGC-7901 cells in vivo . Western blotting analysis 
was performed to detect the expression of epidermal 
growth factor receptor (EGFR) and downstream mol-
ecules.

RESULTS: Cell lines in which cortactin was stably 
overexpressed or knocked down as well as control cell 

lines were successfully established and designated as 
LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-SGC and LV3-
SGC. Cortactin overexpression promoted SGC-7901 cell 
migration (340.7 ±12.6 vs  229.1 ± 23.2, P < 0.01) and 
invasion (71.6 ± 5.2 vs  48.4 ± 3.6, P  < 0.01). Cortac-
tin downregulation impaired SGC-7901 cell migration 
(136.2 ± 19.8 vs  225 ± 17) and invasion (29.2 ± 5.2 
vs  49.6 ± 3.8, P  < 0.01). The results from the MTT 
and colony formation assays results indicated increased 
LV5-cortactin-SGC cell proliferation and decreased LV3-
shRNA-SGC cell proliferation compared to the control 
cells. Flow cytometry analysis demonstrated that cor-
tactin overexpression promoted the proliferation index 
of SGC-7901 cells, and the results were reversed when 
cortactin was downregulated. Mouse tumor models 
confirmed that cortactin expression increased SGC-7901 
cell proliferation and metastasis in vivo . Western blot-
ting analysis revealed that cortactin elevated EGFR ex-
pression and activated the downstream molecules. 

CONCLUSION: Cortactin expression promoted the 
migration, invasion and proliferation of SGC-7901 cells 
both in vivo  and in vitro . The EGFR signaling pathway 
is mechanistically involved.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Cortactin is an actin-related protein 2/3 
complex-activating and filamentous (F)-actin-binding 
protein that is implicated in tumor cell motility and 
metastasis. Clinical studies have shown that cortactin 
overexpression is often associated with the clinico-
pathological parameters and poor prognosis in a variety 
of cancers, including gastric cancer. In this study, the 
effects of cortactin on gastric cancer progression were 
investigated. The results showed that cortactin expres-
sion promoted SGC-7901 cell migration, invasion and 
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proliferation both in vitro  and in vivo . The epidermal 
growth factor receptor signaling pathway is mechanisti-
cally involved. Cortactin may serve as a novel thera-
peutic target of gastric cancer.
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INTRODUCTION
Gastric carcinoma is one of  the most common cancers in 
the world and the second leading cause of  cancer death 
worldwide[1-3]. Over 70% of  new cases and deaths occur 
in developing countries and the highest incidence rate is 
in China and other eastern Asian countries[3]. One recent 
study indicated that the 5-year overall survival of  the 
disease was 53%[4]. In contrast, the 5-year survival rates 
for all tumor stages are only 20% to 25% in the western 
world, and the median survival time approximately 24 
mo[5]. Surgery and adjuvant chemo-radiotherapy are tradi-
tional therapies that have a poor prognosis, therefore mo-
lecular targeted therapy has been studied extensively. Tar-
geted therapy is based on a comprehensive understanding 
of  the mechanisms governing gastric cancer progression, 
but an exact mechanism has yet to be elucidated. 

Cortactin protein was first identified in chicken cells 
transformed by the src oncogene[6]. The gene encoding 
cortactin maps to chromosome 11q13, which is often 
amplified in many carcinomas, such as head and neck 
squamous cell carcinoma (HNSCC)[7]. Cortactin is an ac-
tin-related protein 2/3 (Arp2/3) complex-activating and 
filamentous (F)-actin-binding protein that is implicated 
in tumor cell motility and metastasis[8]. The protein is 
enriched in cortical structures such as membrane ruffles 
and lamellipodia[9]. The properties of  cortactin indicate 
that it may be important for microfilament-membrane in-
teractions as well as the transduction of  signals from the 
cell surface to the cytoskeleton[9]. In carcinoma cells that 
constitutively overexpress cortactin, this protein accumu-
lates in the cytoplasm as well as protruding leading lamel-
lae or podosome-like structures, thereby contributing to 
the invasive potential of  these tumor cells[10]. Cortactin 
overexpression often occurs in malignant tumors regard-
less of  the chromosome 11q13 amplification and is asso-
ciated with poor prognosis[11-15]. Cortactin has also been 
studied in gastric carcinoma tissues. The results indicated 
that cortactin overexpression directly correlates with 
more advanced cancer and lymph node stages as well as 
degree of  differentiation; thus, cortactin overexpression 
is associated with unfavorable survival[16,17]. However, the 
exact role of  cortactin in gastric cancer progression re-
mains unknown. 

In this study, molecular methods were used to over-
express and knockdown cortactin in SGC-7901 gastric 
carcinoma cells and the resulting phenotypes were ana-
lyzed. The overexpression of  cortactin promoted the 
migration, invasion and proliferation of  SGC-7901 cells 
in vitro. Cortactin overexpression enhanced tumor growth 
and metastatic capacity in vivo. The Western blotting 
results indicated that epidermal growth factor recep-
tor (EGFR) expression was upregulated in the cortactin 
overexpression cells and that the downstream molecules 
were activated. Cortactin silencing resulted in the op-
posite effects. These observations are consistent with a 
previous report indicating that cortactin overexpression 
in a cervical cancer cell line markedly inhibits the ligand-
induced down-regulation of  EGFR[18]. In the same study, 
the RNAi-mediated reduction of  cortactin expression in 
an 11q13-amplified HNSCC cell line accelerated EGFR 
degradation[18]. Therefore, cortactin and EGFR may syn-
ergistically contribute to the progression of  gastric car-
cinoma. Cortactin may serve as a promising therapeutic 
target in gastric cancer.

MATERIALS AND METHODS
Cell culture 
SGC-7901 cells (obtained from Professor Liang, School 
of  Medicine, Tongji University) were cultured in RPMI 
1640 (Gibco, Grand Island, NY, United States) supple-
mented with 10% fetal calf  serum (FCS) and maintained 
at 37 ℃ in 5% CO2. HEK293T cells were cultured in 
DMEM with high glucose supplemented with 10% FCS 
and maintained at 37 ℃ in 5% CO2. 

Antibodies and plasmids 
Rabbit polyclonal anti-cortactin, anti-phospho-cortactin, 
anti-EGFR, anti-AKT, anti-phospho-AKT, anti-signal 
transducer and activator of  transcription 3 (STAT3), 
anti-phospho-STAT3, anti-glyceraldehyde 3-phosphate 
dehydro- genase (GAPDH) and the secondary mouse 
anti-rabbit antibody were purchased from Epitomics 
(Burlingame, CA, United States). For overexpression and 
knockdown of  cortactin, the pGLV5/H1/GFP+Puro 
and pGLV3/H1/GFP+Puro lentiviral plasmid were 
used, respectively. The PG-P1-VSVG, PG-P2-REV and 
PG-P3-RRE helper plasmids were employed to package 
the lentiviral vector (Genepharma, Shanghai, China).

The design of shRNA to silence the expression of 
cortactin 
Two following validated cortactin shRNA sequences 
were  used ,  ( forward) :  5 ’ -GATCCGAAAGAC-
TACTCCAGTGGTTTCAAGAGAACCACTG-
GAGTAGTCTTTCTTTTTTG-3’, and (reverse): 
5’-AATTCAAAAAAGAAAGACTAC TCCAGTG-
GTTCTCTTGAAACCACTGGAGTAGTCTTTCG-3’. 
The non-specific control sequences were as follows: 
(forward) 5’-GATCCGTTCTC CGAACGTGTCAC-
GTTTCAAGAGAACGTGACACGTTCGGAGAACT 
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TTTT TG-3’, and (reverse) 5’-AATTCAAAAACCTA-
AGGTTAAGTCGCCCTCGCT CGAG CGAGGGC-
GACTTAACCTTAGG-3’. The two pairs were annealed 
and inserted into the BamHI and EcoRI sites of  the 
pGLV3/H1/GFP+Puro lentiviral plasmid. The product 
was then transformed into Trans5α (TransGen Biotech, 
Beijing, China). Positive clones were selected and verified 
by restriction enzyme and sequence analysis. 

Construction of cortactin overexpression plasmid
The cortactin coding sequence (CDS) was obtained by 
polymerase chain reaction (PCR) using the TransTaq 
High Fidelity PCR SuperMix I (TransGen Biotech, 
Beijing, China) in accordance with the manufacturer’
s protocol. The following primers were used: (for-
ward )  5 ’ -ATAAGAATGCGGCCGCATG TG-
GAAAGCTTCAGCAGGCCACG-3’, and (reverse) 
5 ’ - C G G G AT C C C TAC T  G C C G C AG C T C C A -
CATAGTTG-3’. The cortactin CDS was inserted into to 
the NotI and BamHI sites of  the pGLV5/H1/GFP+Puro 
lentiviral plasmid, and the product was transformed into 
Trans5α (TransGen Biotech, Beijing, China). Positive 
clones were selected and verified by PCR and sequence 
analysis.

Packaging of lentiviral vectors and the establishment of 
stable transfectants
The successfully constructed pGLV3-cortactin shRNA 
and the pGLV5-cortactin vector were transfected into 
HEK293T cells with PG-P1-VSVG, PG-P2-REV and 
PG-P3-RRE plasmids. All transfection reactions were 
performed using the GeneExpresso Max Transfection 
Reagent (Excellgen; Rockville, MD, United States) in 
accordance with the manufacturer’s instructions. Eight 
to twelve hours after transfection, the culture medium 
of  the HEK293T cells was changed to fresh culture 
medium. The supernatant was then harvested at 72 h 
and titered using the HEK293T cell line. The pGLV3-
control shRNA and pGLV5-control plasmids were also 
packaged simultaneously. The lentiviral stock titer was 1 
× 108 TU/mL. SGC-7901 cells were cultured in six-well 
tissue culture plates and infected with the four lentiviral 
vectors at a multiplicity of  infection of  40 for 24 h. The 
medium was replaced with fresh complete medium. After 
3 d, cells were observed by fluorescence microscopy to 
confirm that greater than 90% of  the cells were GFP-
positive (Figure 1). Subsequently, the GFP-positive cells 
were screened by addition of  5 μg/mL puromycin. The 
resultant stable cell lines were designated as LV5-cortac-
tin-SGC, LV5-SGC, LV3-shRNA-SGC, and LV3-SGC.

Real-time quantitative reverse transcription PCR
Real time reverse transcription (RT) polymerase chain 
reactions were performed as previously described using 
GAPDH as an internal control[19]. The primer sequences 
used for q-RT-PCR are as follows: (cortactin forward 
primer) 5’-TGAGTGTGTGTTCTTCCCCAAG-3’, 
(cortactin reverse primer) 5’-CACGTGACCTTCTG-

GAAAGACA-3’. (GAPDH forward primer) was 5’-G 
GTGGTCTCCTCTGACTTCAACA-3’, (GAPDH 
reverse primer): 5’-GTTGCTG TAGCCAAATTCGTT-
GT-3’. All the experiments were performed in triplicate 
with 3 replicates.

Western blotting assay
Western blotting was performed as previously de-
scribed[19] with antibodies against cortactin, phosphor-
cortactin, GAPDH, EGFR, STAT3, phosphor-STAT3, 
AKT and phosphor-AKT at 1:1000 dilutions. The band 
intensity was detected using Image Quant LAS 4000 (GE 
Healthcare, Buckinghamshire, England) and analyzed us-
ing ImageJ software.

Cell migration and invasion assays
Cell migration and invasion assays were performed us-
ing 24-well Transwell chambers with a pore size of  8 μm 
(Costar, New York, NY, United States) planted with 5 × 
104 cells in serum-free RPMI 1640. The lower chambers 
were filled with medium that contained 10% fetal bovine 
serum as the chemoattractant. For the invasion assays, 
the inserts were coated with 50 μL Matrigel (1:3 dilution; 
BD Bioscience, Franklin Lakes, NJ, United States). After 
culture for 24 h, the cells on the upper membrane surface 
were removed by scraping with a cotton swab, and the 
cells that passed through the filter were fixed and stained 
using the hematoxylin-eosin reagent. The invading cells 
were counted in five randomly selected high power fields 
using a microscope. All the experiments were performed 
in triplicate with 3 replicates and the mean was calculated.

Cell proliferation assay 
In general, 1 × 103 cells were seeded per well in a 
96-well culture plate. Fifty microliters of  5 mg/mL 
3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenyltetraz oli-
umb-romide (Kengen, Nanjing, China) in 1 × phosphate-
buffered saline was added to growth medium 48 and 72 
h after plating. The cells were incubated for 4 h at 37 ℃ 
and then solubilized with 150 μL DMSO for 30 min. A 
96-well plate reader (Bio-Rad, Philadelphia, United States) 
was used to measure the absorbance at 490 nm. All the 
experiments were performed in triplicate with 3 replicates 
and the mean was calculated.

Colony formation assay
After achieving 70% to 80% confluence, the cells were 
trypsinized, washed three times with phosphate-buffered 
saline (PBS), and then plated in triplicate at 1 × 103 
cells/6 cm well. After 14 d of  culture, the colonies were 
fixed with 4% paraformaldehyde and stained with crystal 
violet. The number of  colonies per well was counted us-
ing a microscope and a cluster of  50 cells was designated 
as a colony. Three independent experiments were per-
formed.

Flow cytometry analysis
Cells were plated at 2 × 105 cells per well in a 6-well cul-
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(Becton Dickinson, Bedford, MA, United States).

In vivo assays of tumor growth and metastasis
Four- to six-week-old female BALB/c nude mice were 
purchased from the Slac Laboratory Animal Company 
(Shanghai, China) and fed in the Experimental Animal 

ture plate and cultured for 48 h. The cells were then har-
vested, fixed with 70% ethanol, and washed with ice-cold 
PBS. The cells were stained with 50 μg/mL propidium 
iodide and 250 μg/mL RNase and incubated for 30 min 
in the dark at room temperature. The cells were subse-
quently analyzed by flow cytometry using a FACS Calibur 

FB

EA

HD

GC

Figure 1  Establishment of the LV5-cortactin-SGC, LV5-SGC, LV3- shRNA-SGC, and LV3-SGC stable cell lines. A, E: LV5-cortactin-SGC; B, F: LV5-SGC; C, G: 
LV3-shRNA-SGC; D, H: LV3-SGC. The stable transfectants expressed green fluorescent protein. The left half of the figure was obtained under light field, and the right 
half was obtained under fluorescence. There is no morphological difference found between the stable cell lines.
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Center of  Tongji University. All mice were maintained 
in a germ-free environment with free access to food and 
water. To examine the effects of  cortactin on tumor cell 
proliferation and metastasis in vivo, LV5-cortactin-SGC, 
LV5-SGC, LV3-shRNA-SGC and LV3-SGC cells were 
used. For the in vivo proliferation assay, four nude mice 
from each group were injected subcutaneously with 5.0 × 
106 cells. The tumor volumes were measured at the indi-
cated times according to the following formula[20]: 0.5 × 
length × width2. After 8 wk, the mice that were injected 
subcutaneously were sacrificed and the tumors were dis-
sected and measured to calculate the volume. For the 
spontaneous metastasis assay, the cells were injected into 
the inferior portion of  the gastric serosa of  8 nude mice 
in each group. The mice were monitored every 3 d and 
sacrificed 12 wk after injection. The livers of  the mice 
were dissected, and the liver metastases were evaluated. 
Paraffin-embedded tumors and livers were sectioned, 
and stained with hematoxylin and eosin. The slides were 
microscopically observed to confirm the presence of  the 
tumor formation and metastasis in the mice. The aver-
age values were expressed as the mean ± SE. This animal 
experiment was approved by the ethic commission of  the 
experimental center of  Tongji University. The study was 
in accordance with the recommendations of  the regional 
and country animal ethics committee. 

Statistical analysis
The results are expressed as the mean ± SD. For the 
comparison of  the means between two groups, a two-
tailed t-test was used. For the statistical analysis of  the 
in vivo metastases, the Mann Whitney U test was used. 
Statistical analysis was performed using SPSS software 
version 17.0. A P-value < 0.05 was considered statistically 
significant.

RESULTS
The establishment and identification of stable 
transfectants 
Four stable recombinant cell lines were generated using 
the pGLV5-cortactin, pGLV5-control, pGLV3-cortactin 
shRNA and pGLV3-control lentiviruses, which were des-
ignated as LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-
SGC and LV3-SGC cells, respectively. As shown in Fig-
ure 1, the stable transfectants expressed green fluorescent 
protein, and no morphological differences were observed 
between the stable cell lines. Quantitative real-time PCR 
was performed to identify the levels of  cortactin gene 
transcription in the cell lines. Cortactin mRNA transcrip-
tion was significantly increased in LV5-cortactin-SGC 
cells compared with the LV5-SGC cells (P < 0.01, Figure 
2A) and significantly reduced in the LV3-shRNA-SGC 
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Figure 2  Cortactin expression at the mRNA and protein level in the recombinant cell lines. A, B: Bar chart represents quantitative real-time polymerase chain 
reaction assessment of the cortactin mRNA levels in the LV5-cortactin-SGC, LV5-SGC, LV3-SGC and LV3-shRNA-SGC cells (bP < 0.01 between groups, Student’s 
t-test); C: Western blotting analysis of cortactin and phosphorylated cortactin in the LV5-cortactin-SGC and LV5-SGC control cells. The cortactin and phosphorylated 
cortactin increased greatly in the LV5-cortactin-SGC cells compared with the LV5-SGC cells; D: Western blotting analysis of cortactin and phosphorylated cortactin in 
the LV3-shRNA-SGC and LV3-SGC control cells. The levels of cortactin and phosphorylated cortactin were decreased significantly in the LV3-shRNA-SGC cells com-
pared with LV3-SGC cells. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. 
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cells compared with the LV3-SGC cells (P < 0.01, Figure 
2B). Western blotting analysis showed that the cortactin 
protein expression was increased by 2.6-fold in the LV5-
cortactin-SGC cells compared with the LV5-SGC cells 
(Figure 2C). Cortactin protein expression was decreased 
by 70% in the LV3-shRNA-SGC cells compared with 
the LV3-SGC cells (Figure 2D). These results suggested 
that the inserted genes were highly efficient in the stable 
transfectants.

Cortactin promote the SGC-7901cell migration and 
invasion in vitro
To determine the role of  cortactin expression in gastric 
cancer cell migration and invasion, Transwell migration 

and invasion assays were performed. For the migration 
assay, Transwell chambers were used in absence of  Matri-
gel. LV5-cortactin-SGC cell migration was significantly 
enhanced compared with that of  LV5-SGC cells. The 
number of  LV5-cortactin-SGC cells that migrated to the 
lower chamber was 340.7 ± 12.6 per high-power field 
(HPF) compared with 229.1 ± 23.2 per HPF for the LV5-
SGC cells (P < 0.01; Figure 3A, B and E). Simultane-
ously, LV3-shRNA-SGC cell migration greatly decreased 
compared with that of  LV3-SGC cells. The mean num-
ber of  LV3-shRNA-SGC cells that migrated to the lower 
chamber was 136.2 ± 19.8 per HPF compared with 225 
± 17 per HPF for the LV3-SGC cells (P < 0.01; Figure 
3C, D and F). For the invasion assay, Matrigel, an artificial 
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Figure 3  Cortactin expression promotes SGC-7901 cell migration. A-D: Number of LV5-cortactin-SGC cells (A) that migrated through the chamber was greatly in-
creased compared with that for the LV5-SGC cells (B). The number of LV3-shRNA-SGC cells (D) that migrated through the chamber was greatly decreased compared 
with the number of migrating LV3-SGC cells (C); E: Statistical analysis of invasion by LV5-cortactin-SGC and control LV5-SGC cells (340.7 ± 12.6 vs 229.1 ± 23.2, bP 
< 0.01); F: Statistical analysis of invasion by LV3-shRNA-SGC and control LV3-SGC cells (136.2 ± 19.8 vs 225 ± 17, dP < 0.01). Student’s t-test was used, and P < 0.05 
was considered statistically significant.
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extracellular matrix, was used. Similarly, LV5-cortactin-
SGC cell invasion was significantly enhanced compared 
with that of  the LV5-SGC cells (71.6 ± 5.2 vs 48.4 ± 3.6, 
P < 0.01; Figure 4A, B and E). Compared with LV3-SGC 
cells, the LV3-shRNA-SGC cells displayed reduced inva-
sion (49.6 ± 3.8 vs 29.2 ± 5.2, P < 0.01; Figure 4C, D and 
F). These results indicated that cortactin expression pro-
motes the migration and invasion potential of  SGC-7901 
gastric cancer cells.

Cortactin promotes SGC-7901 gastric cancer cell 
proliferation
To investigate the effect of  cortactin expression on gas-

tric cancer cell growth, the MTT and colony formation 
assays were performed. The MTT assay results indicated 
an obvious increase in LV5-cortactin-SGC cell prolifera-
tion compared with the LV5-SGC cells on the second 
and the third days (P < 0.05; Figure 5A). The prolifera-
tion capacity of  the LV3-shRNA-SGC cells significantly 
decreased compared with the LV3-SGC cells on the sec-
ond (P < 0.05; Figure 5B) and the third days (P < 0.01; 
Figure 5B). The effect of  cortactin on SGC-7901 cell 
growth was also confirmed by the colony formation as-
say. These results indicated that cortactin overexpression 
clearly contributes to an increased ability to form colo-
nies (P < 0.01; Figure 5C, D and G). Moreover, cortactin 
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Figure 4  Cortactin expression promotes SGC-7901 cell invasions. A-D: Number of LV5-cortactin-SGC cells (A) that invaded the chamber was greatly increased 
compared with the number of invading LV5-SGC cells (B). The number of LV3-shRNA-SGC cells (D) that invaded the chamber was greatly decreased compared with 
the number of invading LV3-SGC cells (C); E: Statistical analysis of invasion by LV5-cortactin-SGC and control LV5-SGC cells (71.6 ± 5.2 vs 48.4 ± 3.6, bP < 0.01); 
F: Statistical analysis of invasion by LV3-shRNA-SGC and control LV3-SGC cells (49.6 ± 3.8 vs 29.2 ± 5.2, dP < 0.01). Student’s t-test was used, and P < 0.05 was 
considered statistically significant.
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The number of LV5-cortactin-SGC cell colonies was greater than LV3-SGC cell colonies (dP < 0.01 vs the number of LV5-SGC cell colonies); H: The number of LV3-
shRNA-SGC cell colonies was significantly less than of LV3-SGC cell colonies (gP < 0.05 vs the number of LV5-SGC cell colonies). Student’s t-test was used, and P < 
0.05 was considered significantly significant.
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downregulation significantly reduced of  the colony for-
mation capacity of  the SGC-7901 cells (P < 0.05; Figure 
5E, F and H). These results suggest that cortactin expres-
sion influences SGC-7901 cell growth and proliferation.

Cortactin increases the proliferation index of SGC-7901 
cells
To investigate the effects of  cortactin expression on the 
cell cycle in SGC-7901 cells, the flow cytometry assay was 
performed. The proliferation index was calculated as (S + 
G2M)/(G0G1+S+G2M) according to a previous study[21]. 
The LV5-cortactin-SGC cell proliferation index was sig-
nificantly higher than that of  LV5-SGC cells (P < 0.05; 
Figure 6A, B and E). The proliferation index of  the LV3-

shRNA-SGC cells was significantly reduced compared 
with that of  LV3-SGC cells (P < 0.01; Figure 6C, D and 
F). These results suggest that cortactin increases the pro-
liferation index of  SGC-7901 cells.

Cortactin overexpression accelerates tumor growth and 
metastasis in vivo
To investigate the role of  cortactin overexpression in the 
tumor growth and metastasis in vivo, the tumor formation 
and metastatic abilities of  the LV5-cortactin-SGC, LV5-
SGC, LV3-shRNA-SGC and LV3-SGC cells were com-
pared in a mouse tumor model. For the tumor growth as-
say, the cells were inoculated subcutaneously in the nude 
mice and the tumor growth was measured weekly for 2 
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mo post inoculation. The tumors of  the mice inoculated 
with the LV5-cortactin-SGC cells were obviously larger 
than the tumors of  the mice inoculated with the LV5-
SGC cells (608.2 ± 153.69 mm3 vs 274.5 ± 41.6 mm3, P 

< 0.05; Figure 7A). The tumors of  the mice inoculated 
with the LV3-shRNA-SGC cells were smaller than that 
the tumors of  the nude mice inoculated with the LV3-
SGC cells (212.5 ± 77.2 vs 87.76 ± 33.6, P < 0.05; Figure 
7B). The results suggest that cortactin increases tumor 
growth in vivo. For the spontaneous metastasis assay, the 
cells were injected into the inferior portion of  the gastric 
serosa of  the nude mice. The mice were sacrificed three 
months after inoculation, and the livers were dissected 
and analyzed. Six out of  8 mice injected with the LV5-
cortactin-SGC cells developed liver metastasis compared 
with 2 out of  8 mice in the LV5-SGC cell group. In the 
LV5-cortactin-SGC group, the six mouse livers with 
metastases harbored 4, 3, 3, 2, 2 and 1 lesions. With re-
gard to the mice injected with the LV5-SGC cells, the 
two livers of  the mice with metastases harbored 1 and 
2 lesions (P < 0.05, Mann Whitney U test; Figure 7C). 
Two mice developed metastases with 1 secondary tumor 
in the LV3-SGC group, and no metastasis was noted in 
the LV3-shRNA-SGC group (P > 0.05, Mann Whitney 
U test; Figure 7C). These results indicate that cortactin 
overexpression induces metastasis in vivo. Moreover, cor-
tactin knockdown reduces the metastatic potential of  the 
SGC-7901 cells; however, the results were not statistically 
significant. The primary and secondary tumors were also 
confirmed by microscopy (data not shown).

Cortactin promotes the EGFR expression and activates 
the EGFR signaling pathway in SGC-7901 cells 
To study the mechanism by which cortactin enhances the 
growth of  SGC-7901cells in vitro and in vivo, the EGFR, 
STAT3, phosphorylated-STAT3, AKT, and phosphor-
ylated-AKT protein levels were detected by Western- 
blotting. As shown in Figure 8, the levels of  EGFR, 
phosphorylated-STAT3 and phosphorylated-AKT were 
increased in the LV5-cortactin-SGC cells compared with 
the LV5-SGC cells, and no difference in the total STAT3 
and total AKT protein levels were observed between the 
two cell groups. The levels of  EGFR, phosphorylated-
STAT3 and phosphorylated-AKT were decreased in the 
LV3-shRNA-SGC cells compared with the LV3-SGC 
cells. Similarly, the expression of  total STAT3 and total 
AKT was not different between the two cell groups. 
These results indicate that cortactin over- expression en-
hances the EGFR expression in the SGC-7901 cells and 
in turn constitutively activates the EGFR signaling path-
way.

DISCUSSION
Metastasis remains to be the major cause of  treatment 
failure and poor prognosis in patients with malignant 
tumors, and it is a multistage process that involves the 
motility and migration of  cells and proliferation in a 
new site[22]. Cortactin is a filamentous actin cross-linking 
protein and a substrate of  Src protein tyrosine kinase. 
The overexpression of  wild-type cortactin results in a 
significant increase in endothelial cell migration[23]. Cell 
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migration is a coordinated process that involves dynamic 
changes in the actin cytoskeleton and its interplay with 
focal adhesions[24]. The cortactin N-terminus associates 
with F-actin, whereas the C-terminus interacts with focal 
adhesions[24]. The phosphorylation of  cortactin tyrosine 
residues by the FAK-Src complex modulates cortactin’
s interaction with FAK and increases its turnover at fo-
cal adhesions to promote cell motility[24]. Yamada et al[25] 
showed that cortactin knockdown results in the down-
regulation of  adhesion molecules, such as E-cadherin, 
β-catenin, and epithelial cell adhesion molecule, and 
leads to the decreased invasion of  oral squamous cell 
carcinoma cells. Nakane et al[26] showed that cortactin 
knockdown significantly diminished DU145 cell migra-
tion and invasion ability and no apparent morphological 
changes in the cells were observed by microscopy. Patel 
et al[27] showed that NIH3T3 fibroblasts overexpressing 
cortactin displayed increased motility and invasion in 
modified Boyden chamber assays without any striking 
morphological changes. These results are consistent with 
our observations. As shown in Figures 3 and 4, LV5-cor-
tactin-SGC cell migration and invasion was significantly 
enhanced compared with the migration and invasion 
of  the LV5-SGC cells, whereas LV3-shRNA-SGC cell 
migration and invasion was greatly reduced compared 
with the migration and invasion of  the LV3-SGC cells. 
In addition, no morphological changes were observed 
in the four cell types (Figure 1). The mechanism that 
regulates cortactin-mediated effects on the migration 

and invasion of  cancerous or non-cancerous cells was 
intensely investigated. One study indicates that cortactin 
is implicated in the cell-cell adhesion and cell spread-
ing[28]. Cortactin overexpression results in enhanced cell 
migration and invasion via reduced cell spreading and 
intercellular adhesive strength[28]. Hill et al[29] reported 
that the cortactin gene was a transcriptional target of  
the hyaluronan/CD44 standard form signaling, and the 
mechanistic underpinning of  CD44-mediated EMS1/
cortactin transcription is dependent on a nuclear factor 
kappa-light-chain-enhancer of  activated B cells in breast 
cancer cells. Cortactin is functionally important in CD44-
mediated cell motility and adhesion in endothelial cells[29]. 
Clark et al[30] demonstrated that cortactin expression levels 
in HNSCC cells correlate with the formation of  inva-
dopodia and associated matrix degradation. Moreover, 
the secretion of  the matrix metalloproteinases (MMP) 
MMP-2 and MMP-9 as well as the surface expression of  
MT1-MMP is dependent on the level of  cortactin expres-
sion[30]. In the cortactin knockdown cells, the number of  
invadopodia was reduced and these cells were not able 
to degrade the extracellular matrix (ECM). In the reverse 
experiment, cortactin overexpression enhanced ECM 
degradation and invasiveness[30]. Bryce et al[31] found that 
cortactin promotes persistent of  lamellipodial protrusion 
and enhances the rate of  new adhesion formation in the 
lamellipodia through simultaneous interaction with the 
Arp2/3 complex and actin filaments. These functions 
are important in cell motility. Rothschild et al[8] showed 

LV5-cortactin-SGC            LV5-SGC              LV3-shRNA-SGC             LV3-SGC 
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Figure 8  Cortactin expression promotes epidermal growth factor receptor expression and activates the downstream molecules AKT and signal transducer 
and activator of transcription 3. Western blotting results show that epidermal growth factor receptor (EGFR), phosphor-signal transducer and activator of transcrip-
tion 3 (STAT3) and phosphor-AKT were increased in LV5-cortactin-SGC cells and decreased in LV3-shRNA-SGC cells compared with their control cells. No alteration 
in the expression of total STAT3 and total AKT was observed in the four cell lines. 
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that cortactin tyrosine phosphorylation is an essential re-
quirement for effective HNSCC motility. Another study 
indicated that tyrosine phosphorylation of  cortactin 
might act as a unique and naive switch in the regulation 
of  cell motility[32]. The effects of  cortactin on cell motil-
ity and invasion are becoming increasingly clear and more 
complex. The present study shows that cortactin phos-
phorylation was increased in the LV5-cortactin-SGC cells 
and decreased in the LV3-shRNA-SGC cells compared 
with the control cells (Figure 2C, D). These results may 
partly explain the alteration in migration and invasion in 
the four cell lines, but the specific mechanism requires 
further elucidation. Clinical studies gave demonstrations 
that cortactin overexpression is often associated with 
clinicopathological parameters and poor prognosis in a 
variety of  cancers, such as HNSCC, breast cancer, pan-
creatic and ampulla of  Vater adenocarcinomas, colorectal 
carcinoma, gastric cancer, non-small cell lung cancer and 
hepatocellular carcinoma[11-13,17,33-37]. This association may 
underscore the important role of  cortactin in cell migra-
tion and invasion.

To evaluate the effect of  cortactin expression on cell 
proliferation, the MTT assay, colony formation assays 
and flow cytometry were performed. The MTT assay 
(Figure 5A) and colony formation assay (Figure 5C, D 
and G) results showed that cortactin overexpression in-
creased the proliferation of  the LV5-cortactin-SGC cells 
compared with the LV5-SGC cells. LV3-shRNA-SGC 
cell proliferation significantly reduced compared with that 
of  the LV3-SGC cells as assessed by the MTT assay (Fig-
ure 5B) and the colony formation assay (Figure 5E, F and 
H). Flow cytometry analysis demonstrated that cortactin 
overexpression increased the proliferation index of  the 
LV5-cortactin-SGC cells compared with that of  the LV5-
SGC cells (Figure 6A, B and E). Cortactin downregula-
tion impaired the proliferation index of  LV3-shRNA-
SGC cells compared with that of  LV3-SGC cells (Figure 
6C, D and F). The Western blotting results showed that 
cortactin overexpression promoted EGFR expression, 
and cortactin downregulation impaired EGFR expres-
sion. These results are consistent with a previous study 
showing that cortactin overexpression is associated with 
attenuated ligand-induced EGFR down-regulation in 
HeLa cells[18]. Moreover, RNAi-mediated reduction of  
cortactin expression accelerates EGFR degradation in 
HNSCC cell lines[18]. The molecules downstream of  
EGFR were also detected by Western blotting, and the 
levels of  phosphorylated-STAT3 and phosphorylated-
AKT were increased in the LV5-cortactin-SGC cells 
and decreased in the LV3-shRNA- SGC cells compared 
with their control cells. The levels of  total STAT3 and 
total AKT were similar among the four cell types. These 
results directly support the notion that cortactin over-
expression is implicated in EGFR upregulation and 
constitutive downstream signaling, thereby conferring a 
proliferation advantage to SGC-7901 cells. EGFR is fre-
quently implicated in cancer cell proliferation, the inhibi-
tion of  apoptosis and tumor-induced neovascularization 
via the activation of  downstream signaling pathways, in-

cluding the PI3K/Akt, the MAPK and the Jak2/STAT3 
pathways. EGFR is often overexpressed in various types 
of  tumors, such as salivary gland carcinomas, colorectal 
cancer (CRC), non-small-cell lung cancer (NSCLC), bili-
ary tract cancer, and gastric cancer[38-43]. Galizia et al[43] 
showed that EGFR overexpression is correlated to poor 
prognosis in gastric cancer. However, Kim et al[44] showed 
opposite effects. Though the role of  EGFR expression 
in gastric cancer prognosis is not clear, the present study 
demonstrated that EGFR is involved in the progression 
of  gastric cancer. In addition to the ability to migration 
to secondary sites, the potential to grow from microme-
tastasis to a macrometastsis is an important factor in the 
metastatic process. Our mouse tumor growth and metas-
tasis assay also confirmed that cortactin overexpression 
promotes the growth and metastasis of  SGC-7901 cells in 
vivo. These more malignant phenotypes may be attributed 
to the overexpressions of  cortactin and EGFR, which 
confer migration, invasion and proliferation advantages 
to SGC-7901 cells both in vivo and in vitro.

EGFR targeted therapy has been applied in various 
cancers, including NSCLC, HNSCC and CRC[41,45,46]. This 
treatment strategy is currently being explored in clini-
cal trials for gastric cancer patients[47]. Though current 
EGFR targeting agents may produce dramatic responses, 
these drugs are effective in only a fraction of  patients. 
Moreover, resistance to these agents frequently devel-
ops[40]. Therefore, effective treatments may involve a 
combination of  different targeted agents or chemothera-
peutic compounds. Based on the present study, cortactin 
may be a promising coupled target for gastric cancer in 
the future.

In conclusion, cortactin expression confers a more 
malignant phenotype to SGC-7901 cells both in vitro and 
in vivo. Cortactin expression upregulates EGFR expres-
sion, and cortactin and EGFR synergistically contribute 
to the progression of  gastric cancer. Cortactin may serve 
as a novel therapeutic target for gastric cancer. The role 
of  cortactin in the progression of  gastric cancer warrants 
further studies.
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that cortactin expression promotes the migration, invasion and proliferation 
of SGC-7901 cells both in vivo and in vitro. Additionally, cortactin upregulates 
epidermal growth factor receptor (EGFR) expression in gastric cancer cells. 
Cortactin and EGFR contribute synergistically to gastric cancer progression.
Applications
The study indicates that cortactin may serve as a novel therapeutic target for 
gastric cancer in the future.
Terminology
Cortactin protein was first identified in chicken cells transformed by the src 
oncogene. Cortactin is an actin-related protein 2/3 complex-activating and 
filamentous (F)-actin-binding protein that is implicated in tumor cell motility and 
metastasis. In carcinoma cells that constitutively overexpress cortactin, this 
protein accumulates in the cytoplasm as well as protruding leading lamellae or 
podosome-like structures, thereby contributing to the invasive potential of these 
tumor cells.
Peer review
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