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Abstract: Non-small cell lung cancer (NSCLC) is a leading cause of cancer-related death and often has a poor prog-
nosis. Investigation of NSCLC cancer cell migration, invasion and development of strategies to block this process is 
essential to improve the disease prognosis. In this study, we tested our hypothesis that Grb2-associated binder 2 
(Gab2) regulate NSCLC cancer cell H1975 malignant biological behaviors, and silencing Gab2 reduced H1975 cel-
lular colony forming ability, migration and invasion. Moreover, silenced cells present defects in phosphatidylinositol 
3-kinase (PI3K)-serine/threonine kinase (Akt) signaling, and reduced expression/activity of matrix metallopepti-
dase (MMP)-2/9. Furthermore, in Gab2 siRNA-transfected cells, we detected a decrease in signal transducer and 
activator of transcription 3 (STAT3) phosphorylation and nuclear translocation. In vivo, Gab2 siRNA cells inoculated 
subcutaneously in nude mice demonstrated decreased tumor growth and PI3K-Akt signaling inhibition. These re-
sults indicate that Gab2 is a key factor in H1975 tumor migration, invasion, suggesting that Gab2 can be a novel 
therapeutic target in NSCLC.
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Introduction

Lung cancer is the leading cause of cancer 
death worldwide and more than 80% of lung 
cancers are non-small cell lung carcinoma 
(NSCLC) [1]. This cancer has a very poor prog-
nosis, principally because it is most commonly 
diagnosed during its later stages, and it is often 
characterized by aggressive local invasion, 
early metastasis and poor response to chemo-
therapy. In the last few decades, our under-
standing of the molecular biology of NSCLC 
metastasis has increased tremendously. 
Future, continue to identify the key molecules 
that control tumor deteriorate and develop-
ment of novel treatments than can block or 
inhibit invasion and/or metastasis is important 
for improving the prognosis of NSCLC [2].

The Grb2-associated binder (Gab) proteins 
including mammalian Gab1, Gab2 and Gab3, 
comprise a family of scaffolding or docking 
adaptor proteins. Gab proteins are recruited to 

activated receptors by direct or indirect mecha-
nisms, mostly indirectly via Gab2 [3]. Recent 
studies provide evidence that Gab2 plays a 
critical role in human cancer. Gab2 cooperates 
with receptor tyrosine kinases and promotes an 
invasive phenotype in breast tumorigenesis. 
Gab2 (-/-) breast cancer cells exhibited 
decreased migration and impaired extracellular 
signal-regulated kinases (Erk) activation, sug-
gesting its role in promoting mammary tumor 
metastasis [4]. In addition to breast tumorigen-
esis, Gab2 confers an invasive phenotype and 
drives progression of primary melanoma cells 
and enhances their metastatic capability via 
activation of the PI3K-Akt pathway [5]. 
Activation of PI3K has been linked to mitogen-
esis, differentiation, survival, migration, inva-
sion, and actin cytoskeletal reorganization. The 
PI3K-Akt pathway is a major regulator of STAT3, 
which can promote oncogenesis by being con-
stitutively active through various pathways, and 
MMP-2/9 activity. Collectively, these results 
suggest that endogenous Gab2 regulates cell 
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metastasis in a variety of cancers [6]. In con-
trast, many of the functions of Gab2 in NSCLC 
progression, invasion, and metastasis remain 
unclear.

In the present study, to investigate how Gab2 
regulates NSCLC cancer migration and inva-
sion, we examined effects of transient Gab2 
silencing by RNA interference on NSCLC carci-
noma cell line H1975. We found that silencing 
Gab2 decreased the H1975 cells migration and 
invasion abilities, and reduced the phosphory-
lated PI3K (p-PI3K), phosphorylated Akt (p-Akt) 
and STAT3 transcriptional activation. Fur- 
thermore, silencing of Gab2 decreased MMP-
2/9 levels and activity in H1975. These effects 
are consequence of a down-regulation of PI3K-
Akt signaling pathway, and eventually lead to an 
impairment of in vivo tumorigenesis.

Materials and methods

Cell culture and transfections

The human NSCLC lines (H1650, H1975, A549, 
HCC827, H1299) and SV40-immortalized non-
tumorigenic human bronchial epithelial cells 
BEAS-2B used as control were obtained from 
the Chinese Academy of Sciences Cell Bank of 
Type Culture Collection (CBTCCCAS, Shanghai, 
China). H1975 cells were transfected with Gab2 
siRNA or control siRNA (Santa Cruz Biote- 
chnology), respectively, using the Lipofectamine 
RNAi MAX reagent (Invitrogen), following the 
manufacturer’s instructions. After 48 h of 
transfection, the culture medium was replaced 
by RPMI-1640 Medium and was incubated for 
tests [7].

Cell proliferation assay

The cell viability was determined by CellTiter 
96® Aqueous One Solution cell proliferation 
assay (Promega). H1975 cells (2.5 × 103 cells/
well) transfected with either control- or Gab2-
siRNA and were seeded in 96-well cell culture 
plates and treated with indicated agents. After 
incubation for indicated times, 20 μL of One 
Solution reagent were added to each well and 
incubation was continued for additional 4 h. 
The absorbance was measured at 490 nm 
using Synergy™ HT Multi-Mode Microplate 
Reader (Bio-Tek). The effect of siRNA Gab2 on 
cell viability was assessed as the percent of 
cell viability compared with untreated control 

cells, which were arbitrarily assigned 100% 
viability [8]. Experiment was performed in 
triplicate. 

Lactate dehydrogenase (LDH) toxicity assay

The LDH released into cell cultures is an index 
of cytotoxicity and evaluation of the permeabil-
ity of cell membrane. H1975 cells were trans-
fected with Gab2 siRNA or control siRNA, 
respectively, and were seeded in 96-well plate 
at a density of 3 × 103 cells per well. Other two 
groups of H1975 cells were incubated with 
vehicle (0.1% DMSO, as untreated cells ) or 1% 
Triton X-100 (as positive group) for 24 h, and, all 
group cell supernatants were collected and 
analyzed for LDH activity using LDH cyto-toxici-
ty assay kit from Keygen biotech [9]. 

Anchorage-independent cell growth in soft 
agar

After transfection, H1975 cells (5 × 104) sus-
pended in 2 ml medium, 0.3% agar, and 10% 
FBS were plated over the bottom agar pre-
solidified with 3 ml medium containing 0.6% 
agar and 10% FBS. Colony formation was then 
carried out by photographing through the micro-
scope after 14 days [10]. Five random fields 
under microscope were taken and colony for-
mation unities were counted.

Wound healing assay

We examined the migration of control- and 
Gab2-siRNA-transfected H1975 using a wound-
healing assay. Briefly, the transfected cells 
were each grown on 3.5-cm plates with their 
respective culture media. After the growing cell 
layers had reached confluence, we inflicted a 
uniform wound (i.e., in a straight line) in each 
plate using a pipette tip, and washed the 
wounded layers with PBS to remove all cell 
debris. Then, we evaluated the closure at 48 h 
using bright-field microscopy (Nikon) [11]. All 
experiments were performed in triplicate.

Migration assay

H1975 motility was measured using 48-well 
BioCoat Cell Culture Inserts (BD Biosciences). 
Briefly, complete medium was placed in each 
lower chamber, which was separated from the 
upper chamber by a membrane with 8-μm 
pores. A single-cell suspension of H1975 can-
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cer cells (5 × 104) in serum-free medium was 
placed in each upper chamber. After incubation 
for 24 h, the cells were fixed with 70% ethanol 
and stained with crystal violet [12]. Cell count-
ing was then carried out by photographing the 
membrane through the microscope. Five ran-
dom fields under microscope were taken.

Invasion assay

H1975 invasion assays were performed with 
Matrigel-coated chambers from a BioCoat 
Matrigel Invasion Chamber Kit (BD Biosciences) 
according to the manufacturer’s instructions. In 
brief, 1 × 105 control- and Gab2-siRNA-
transfected H1975 with 500 µl in serum-free 
medium were added into the upper chamber 
and complete medium was added into the 
lower chamber. After incubation for 24 h, the 
non-invasive cells in the upper surface of the 
membrane were removed by “scrubbing” with 
cotton tipped swab and the cells invasion to the 
lower surface of the membrane were fixed and 
stained with DiO (3,3’-dioctadecyloxacarbocya-
nine perchlorate) for 20 min. Cell counting was 
then carried out by photographing the mem-
brane through the microscope [12] and five ran-
dom fields were taken.

Western blot analysis

All cells were harvested after indicated control- 
and Gab2-siRNA treatments. Whole-cell lysates 
were prepared with RIPA buffer containing pro-
tease and phosphatase inhibitors. Nuclear and 
cytoplasmic cell extracts were prepared using 
the NE-PER Nuclear and Cytoplasmic Extraction 
kit (Thermo). Equal amounts of cell lysates (25 
μg) were loaded on 10% SDS-PAGE and trans-
ferred onto PVDF membranes. After mem-
branes were blocked, they were incubated with 
monoclonal antibody against Gab2 (1:1000, 
Santa Cruz), MMP-2 and MMP-9 (1:1000, CST), 
PI3k p85 and phosphor-PI3K p85 Tyr458 
(1:10000, CST), STAT3 and phosphor-STAT3 
Tyr705 (1:1000, CST), Akt and phosphor-Akt 
Thr308 (1:1000, CST), GPADH (1:5000, 
Bioworld Technology) and Lamin A/C (1:5000, 
Epitomics) followed by incubation with horse-
radish peroxidase-conjugated IgGs (1:10000, 
Bioworld Biotechnology). Target proteins were 
detected by the ECL system (Millipore) and visu-
alized with the ChemiDoc XRS system (Bio-Rad) 
[12].

Matrix metalloprotein (MMP) activity assay

The activity of MMP-9 and MMP-2 were deter-
mined by QuickZyme MMPs activity assay 
(QucikZyme BioSciences) according to the 
manufacturer’s instructions [7]. Briefly, after 
transfection for 48 h, H1975 were washed with 
fresh medium and replaced with serum-free 
medium. After additional 24 h, the medium was 
collected and centrifuged at 10000 g for 10 
min. Respective supernatant was added to the 
96-well strip coated with MMP-9 antibody or 
MMP-2 antibody and incubated at 4°C over-
night. After washing with wash buffer for 3 
times, 50 µl assay buffer was added into the 
well, followed by adding 50 µl detection reagent. 
After incubation at 37°C for 1 h, OD405 was 
measured with Microplate Reader (Bio-Tek).

Real-time PCR

Total RNA was isolated using TRIzol according 
to the manufacturer’s instructions (Invitrogen, 
USA) and the concentration of total RNA was 
detected by spectrophotometry at OD260. 
Reverse transcription was carried out using 
superscript III reverse transcriptase (Invitrogen) 
as described in the manufacturer’s manual 
[13]. The real-time PCR was performed on ABI 
Prism 7500 Sequence detection system 
(Applied Biosystems) with the KAPA SYBR® 
qPCR Kit (KAPA Biosystems) according to the 
manufacturer’s instructions. The conditions for 
real-time PCR amplification were as follows: 2 
min at 50°C, 1 min at 95°C, 40 cycles at 95°C 
for 3 s and 60°C for 1 min, followed by melting 
curve analysis at the end of each run from 60°C 
to 95°C. The primers used were as follows: 
Gab2 (Forward: 5’-ACAGTACCTACGACCTCCCC- 
3’, Reverse: 5’-CTGGGCGTCTTGAAGGTGTA-3’),  
β-actin (Forward: 5’-GCT CTT TTC CAG CCT 
TCCTT-3’, Reverse: 5’-TGA TCC ACA TCT GCT 
GGAAG-3’). The target mRNA level of control 
cells normalized to the level of β-actin mRNA, 
was defined as 1. Results were obtained from 
three independent experiments. 

Immunocytochemistry

H1975 were seeded onto four-chamber slides, 
fixed with 4% paraformaldehyde for 30 min, 
permeabilized with 0.1% Triton X for 20 min, 
and blocked with 3% BSA for 30 min. 
Subsequently, the cells were immunostained 
by incubating with rabbit monoclonal antibody 
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against phosphor-STAT3 Tyr705 (1:500) over-
night at 4°C. After being washed with PBS, cells 
were incubated with FITC-conjugated goat anti-
rabbit secondary antibody (1:60, Boster 
Biotechnology). Nuclei were stained with 4’, 
6-diamino-2-phenylindole (DAPI; Invitrogen) 
[14]. Images were taken and analyzed using the 
ZEN 2011 imaging software on a Zeiss invert 
microscope (CarlZeiss).

Subcutaneous xenograft models

After transfected with either control- or Gab2-
siRNA, H1975 cells (3 × 106) were subcutane-
ously implanted into female, BALB/c nude mice 
to build non-small cell lung cancer xenograft. 

Tumor volume and mice body weight were mea-
sured every 3 days [15]. Tumor volume was cal-
culated as mm3 =0.5 × length (mm)3 width 
(mm)2. After sacrificing mice on day 25, tumors 
tissues will be harvested for western blotting. 
Deparaffinized tumor sections were stained 
with specific antibodies including p-PI3K 
p85Tyr458 and p-AKTThr308. Detection was done 
with avidin-biotin-HRP complex (Thermo scien-
tific) and diaminobenzidine as chromogen. 
Nuclei were counterstained with hematoxylin. 
p-PI3K p85Tyr458 and p-AKTThr308 positive cells 
were counted in five random high-power fields 
per section and were reported as a percentage 
of positive cells in each cellular compartment 
[12]. All animal experiments were carried out in 

Figure 1. Effects of Gab2 silencing on H1975 cells clone formation. A. Gab2 protein expression in non-small cell 
lung cancer cell lines and human bronchial epithelial cells BEAS-2B. B. Gab2 mRNA level in five NSCLC cancer cell 
lines and BEAS-2B. (Data are presented as means ± SD, n = 3, *P < 0.05, ** P < 0.01 versus BEAS-2B). C. H1975 
cells were transfected with either Gab2 siRNA or control-siRNA, or were left untreated. Gab2 expression levels were 
detected by western blotting. D. Proliferation assays indicated that Gab2-siRNA exerted apparent inhibition on H197 
cells growth in vitro. E. Gab2 siRNA did not result in LDH release, indicating Gab2 siRNA and control siRNA brought 
little toxic effects on H1975. F. Clone formation assay indicated that Gab2 siRNA inhibited H1975 cell colony-form-
ing effectively. Scale bars: 1 mm. (Data are presented as means ± SD, n = 6, **P < 0.01 versus untreated cells).
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compliance with the Guidelines for the Institute 
for Experimental Animals, Center of Hunan 
University Of Chinese Medicine.

Statistical analysis

The data were presented as mean ± SD. 
Differences in the results of two groups were 
evaluated using either two-tailed Student’s t 
test or one-way ANOVA followed by post-hoc 

Dunnett’s test. The differences with P < 0.05 
were considered statistically significant.

Results

Gab2 silencing reduced clone formation of 
non-small cell lung cancer cell

To investigate the expression of Gab2, we per-
formed RT-PCR and western blot analysis using 

Figure 2. Effects of Gab2 silencing on H1975 cell motility. A. Representative examples of wounding experiment re-
sults from control and siRNA-Gab2 H1975 cells. Representative pictures of the wound distance were taken at each 
time point as indicated. Scale bars: 50 µm. B. H1975 motility was also estimated by Transwell assay. Representa-
tive pictures were taken after staining with crystal violet. Scale bars: 50 µm. C. H1975 cells that invaded through 
the pores to the lower surface of Matrigel-coated chambers were labeled with green a fluorescent probe DiOC18(3). 
Invaded cells transfected with control- or Gab2-siRNA were evaluated on the basis of the mean values from five 
fields for each group. Scale bars: 50 µm. D. Total cell lysates were isolated after control- or Gab2-siRNA transfection 
and MMP-2/9 expression levels were detected by western blotting. E. Quantification of MMP-2/9 activity. Bars are 
represented as the mean ± SD, n = 5, **P < 0.01 versus untreated cells.
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five non-small cell lung cancer cell lines (H1650, 
H1975, A549, HCC827, H1299) and human 
bronchial normal epithelial cells BEAS-2B. 
Gab2 mRNA and protein expression status 
were up-regulated in all NSCLC cell lines, espe-
cially in H1975 cells compared with that in 
BEAS-2B (Figure 1A and 1B). To determine the 
temporal pattern of Gab2 gene silencing, we 
transfected H1975 with either Gab2- or control-
siRNA for comparison. As shown in Figure 1C, 
Gab2 silencing achieved significantly knock-
down at 48 h after transfection in H1975 cells. 
Then, we observed cell proliferation of Gab2 
siRNA, control-siRNA transfected H1975 and 
untreated cells for 24 h and 48 h, respectively, 
and detected significantly growth inhibition in 
Gab2-siRNA-transfected cells (Figure 1D). To 
validate whether Gab2 siRNA would result in 
toxicity effects on H1975, LDH cytotoxicity 
assay was carried out. As shown in Figure 1E, 

0.1% Triton X-100 significantly increased LDH 
release and Gab2 siRNA transfection resulted 
in little toxic effects on H1975 cells when com-
pared to untreated control cells. In anchorage-
independent cell growth assay, only untreated 
and control-siRNA transfected H1975 cells 
could form more colonies in soft agar, an in 
vitro hallmark of cell transformation. Strikingly, 
however, the ability of H1975 to form colonies 
was completely abrogated by Gab2 silencing 
(Figure 1F).

Gab2 silencing reduced migration and inva-
sion of H1975

Cellular invasion, a characteristic of metastatic 
tumors, involves cell attachment to extracellu-
lar matrix (ECM), ECM degradation and cell 
migration. To determine if loss function of Gab2 
affects cell migration, wound-healing assay 

Figure 3. Effects of Gab2 silencing on the PI3K/Akt pathway. A. Expression of PI3K and Akt in Gab2-silenced cells. 
After transfection of cells with either control- or Gab2-siRNA for 48 h (or cells were left untreated), the total cells 
were isolated and PI3K/Akt expression levels were detected by western blotting. GAPDH was used as a loading 
control. B. H1975 cells transfected using the same conditions as described above and total protein was extracted, 
the total and phosphorylated (p) STAT3 were detected. C. After Gab2 silencing, cytoplasmic (Cyto.) and nuclear (Nu.) 
extracts were prepared and then subjected to western blot for measuring protein level of phosphor-STAT3Tyr705 and 
total-STAT3 respectively. D. H1975 cells were transfected, then cells were fixed and incubated with primary antibody 
against STAT3. H1975 cells were immunostained with anti-rabbit FITC-conjugated secondary antibody and then 
stained with DAPI. The specimens were visualized and photographed using a fluorescence microscope. Scale bars: 
20 µm. Blue depicts the nucleus and green depicts localization of STAT3.
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was performed. Compared to untreated cells, 
disruption of Gab2 significantly reduced cell 
wound healing (Figure 2A). Then we performed 
Transwell assay to confirm the inhibitory effect 
of Gab2 silencing on cell migration. In contrast 
with untreated H1975, Gab2 silencing 
decreased the migration of H1975 (Figure 2B). 
Furthermore, we determined that Gab2 silenc-
ing affected cell invasion similarly to migration 
of the NSCLC cancer line. Consistently, there 
were less Gab2-silenced H1975 that invasive 
across the Matrigel-coated chamber compared 
to the control cells (Figure 2C). 

Taking into account that MMPs such as MMP-2 
and MMP-9 can be involved in the development 

of several human malignancies, as degradation 
of collagen IV in basement membrane and 
extracellular matrix facilitates tumor progres-
sion, including invasion, metastasis, and angio-
genesis, we analyzed their levels and activity. A 
significant drop in MMP-2 and MMP-9 expres-
sion levels were observed in Gab2 silenced 
cells (Figure 2D). Quantification of MMP-2 and 
MMP-9 activities using a fluorogenic assay 
showed a significantly decrease in extracellular 
MMP-2 and MMP-9 activity in H1975 Gab2 
siRNA cells compared to control-siRNA or 
untreated cells (Figure 2E). In summary, disrup-
tion of Gab2 led to reduced cell migration and 
significantly impaired the invasion of H1975 
cells. 

Figure 4. In vivo tumorigenicity of Gab2-siRNA H1975 and untreated H1975 cells. (A) Representative pictures of 
tumor masses from mice were taken after 25 days of implanted with H1975 cells or with siRNA-Gab2 H1975 cells. 
Scale bars: 1 cm (B). Gab2 silencing resulted in significantly H1975 tumor growth inhibition versus mice injected 
untreated H1975 cells. (C) After surgical excision, significant differences were also evident in tumor weight. (D) 
There was no significant difference in body weight in the three groups. (E) Total tumor tissue lysates were isolated 
and Gab2 expression levels were detected by western blotting. #, representatives mice number. (F) Tumor tissues 
were prepared for immunohistochemistry detection with antibodies against p-PI3K p85Tyr458 and p-AKTThr308, and the 
p-PI3K p85Tyr458 and p-AKTThr308 positive cells were statistical analyzed. Scale bars: 50 µm (G) Shows western blot of 
MMP-2/MMP-9 expression and phosphorylated STAT3 in tumor tissues. (Bars are represented as the mean ± SD, n 
= 6, **P < 0.01, ***P < 0.001 versus mice injected untreated H1975 cells).

http://dict.youdao.com/w/representative/
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Gab2 silencing induced degradation of STAT3 
and suppressed phosphorylation of both PI3K 
and Akt 

It has been reported that Gab2 plays a role in 
breast, colon, and gastric cancer cells by inter-
acting with PI3K/Akt. Accordingly, we investi-
gated the signaling pathway that was mediated 
by Gab2 and that was associated with cell 
motility. Specifically, we first confirmed whether 
Gab2 modulates PI3K/Akt phosphorylation in 
H1975 cells by western blotting. We found that 
the expression levels of both proteins remained 
unchanged after silencing Gab2, whereas the 
phosphorylated forms of PI3K and Akt were 
strongly reduced by this transfection (Figure 
3A).

To further investigate the signaling pathway 
that mediated STAT3 expression, we assessed 
the expression of total and phosphorylated 
STAT3 in cells transfected with either control-or 
Gab2-siRNA by western blotting. We found that 
the STAT3 total expression level remained 
unchanged after Gab2 silencing, whereas 
STAT3 phosphorylation was inhibited by this 
transfection (Figure 3B).

Additionally, the activity of STAT3 was also regu-
lated by subcellular localization; we therefore 
attempted to explore the effect of Gab2-siRNA 
in different cell fractions. The experiment 
showed that the nuclear STAT3 phosphoryla-
tion in H1975 cells was evidently abrogated by 
Gab2-siRNA (Figure 3C). We also examined the 
subcellular distribution of STAT3 in both con-
trol- and Gab2-siRNA-transfected H1975 cells 
by immunofluorescence staining and confocal 
microscopy. As illustrated in Figure 3D, treat-
ment with Gab2-siRNA hardly decreased broad 
nuclear translocation of STAT3, while untreated 
and control-siRNA transfection rendered STAT3 
stability and general nuclear distribution. 

Gab2 siRNA impaired the growth of H1975 in 
vivo

To further investigate the role of Gab2 in tumor-
al growth in vivo, Gab2-siRNA, control-siRNA, 
and un-transfected H1975 cells were injected 
subcutaneously into the backs of female nude 
mice, respectively (6 mice in each group), and 
tumor growth was monitored for 25 days 
(Figure 4A). According to our in vitro findings, 
the mean tumoral volume (Figure 4B) and 

weight (Figure 4C) of the Gab2-siRNA group 
was significantly smaller compared to the con-
trol-siRNA and untreated. Furthermore, there 
was no significant difference in weight between 
control group and Gab2-siRNA treated groups 
(Figure 4D). Gab2 expression was checked on 
tumor tissue after H175 injection into nude 
mice to confirm that Gab2 remained silenced 
(Figure 4E). Immunohistochemistry staining 
(IHC) of p-PI3K p85Tyr458 and p-AktThr308 with 
tumoral tissues in vivo clearly showed 
decreased immunostaining for PI3K and Akt 
activity in the Gab2-siRNA derived tumors com-
pared with control-siRNA transfected H1975 
injected mice (Figure 4F). In addition, Gab2-
siRNA also resulted in down-regulation of PI3K-
Akt downstream molecules including MMP-2 
and MMP-9 (Figure 4G). At the same time, we 
observed a significant decrease in the phos-
phorylation of STAT3 in the mice injected Gab2-
siRNA H1975 (Figure 4G), which was consistent 
with the results of H1975 cells in vitro.

Discussion

Gab2, a member of the family of Gab scaffold-
ing adaptors, is frequently over-expression in 
human primary tumors and transmits, ampli-
fies the signals from receptor tyrosine kinases 
[16]. Great deals of research demonstrate that 
Gab2 is over-expressed in ovarian, non-small 
cell lung cancer, gastric cancer and acute 
myeloid leukemia, and Gab2 is an oncogenic 
protein [17]. The Gab2 is increasingly implicat-
ed in PI3K/Akt signaling and Gab2 can stimu-
late Akt signaling through its interactions with 
p85 subunit of PI3K [18]. Through stimulate 
PI3K signaling, Gab2 contribute to the initiation 
of several signaling pathways promoting tumor 
cellular growth, migration, invasion, and metas-
tasis [19]. However, the role of Gab2 in non-
small cell lung cancer has not been reported. 

In this work, we firstly reported a novel role for 
Gab2 in the migration and invasion of non-
small cell lung cancer cells. We found that the 
tumor colony forming units of H1975 was sig-
nificantly inhibited, when the Gab2 gene was 
disrupted by siRNA. Further investigation with 
gene silencing of Gab2 showed that the migra-
tion and invasion of H1975 was significantly 
decreased as revealed by the wound healing 
assay and Transell assay. Here, we also exam-
ined the key factors and signaling pathways 
that are mediated by Gab2 and that are associ-
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ated with H1975 cancer cell motility. In this 
study we examined whether Gab2 silencing 
affected MMP-2/9 expression in H1975. We 
found that Gab2-siRNA-transfected cells from 
H1975 had drastically reduced MMP-2/9 levels 
and activity compared with corresponding con-
trol cells. 

Gab2 undergoes tyrosine phosphorylation, cre-
ating a number of docking sites to mediate 
interactions with the p85 subunit of PI3K [5]. 
The interaction of Gab2 with p85 subunit of 
PI3K is crucial in mediating the PI3K-Akt signal-
ing. In this study, using western blotting experi-
ment, we determined that the levels of p-Akt 
and p-PI3K decreased in siRNA-Gab2 H1975. It 
has been demonstrated that phosphorylated 
Akt activates its transcription factor STAT3, 
thereby activates specific target genes, includ-
ing those that encode c-Myc, cyclin D1, and 
MMP-2/9 [20]. STAT3, which acts as transcrip-
tion activator, is reported plays a role in cell, 
proliferation, invasion, angiogenesis, and sur-
vival. Therefore, we performed immunofluores-
cence and western blot from control- and Gab2-
siRNA-transfected H1975 cells, and found that 
STAT3 phosphorylation was significantly 
decreased in Gab2-silenced cells.

More convincingly, Gab2 silencing markedly 
impaired the growth of H1975 cells in vivo. 
Histological studies of the tumor sections 
revealed that Gab2 silencing also significantly 
reduced PI3K/Akt activity. Meanwhile, western 
blot results show that Gab2 silencing could 
obviously attenuate expressions of MMP-2/9 
expression in tumor tissue. All these data pre-
sented that Gab2 is involved in the growth of 
NSCLC cancer cell H1975. Due to the impor-
tant roles of Gab2 in the growth and migration 
of NSCLC H1975 cells, it may serve as an 
attractive target for molecular targeting cancer 
therapy.
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