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Abstract. SOX2 is a high mobility group box containing 
transcription factor that has been reported to be aberrantly 
overexpressed in various human malignancies, including laryn-
geal squamous cell carcinoma (LSCC). However, the potential 
role of SOX2 in LSCC migration and invasion remains to be 
elucidated. In the present study, we generated stable trans-
formants of human LSCC cells constitutively overexpressing 
SOX2 and investigated the effects of SOX2 overexpression on 
migration and invasion in LSCC cells as well as the possible 
underlying mechanisms. We found that ectopic overexpression 
of SOX2 in LSCC cells enhanced their migratory and invasive 
ability in vitro, accompanied by increased expression and 
activity of matrix metalloproteinase (MMP)-2. Meanwhile, 
SOX2-induced cell migration and invasion were significantly 
abrogated by a neutralizing anti-MMP-2 antibody or small 
interfering RNA targeting MMP-2. Furthermore, overexpres-
sion of SOX2 induced phosphorylation of Akt and mammalian 
target of rapamycin (mTOR), which are downstream effectors 
of the PI3K pathway. Finally, LY294002, an inhibitor of PI3K, 
also markedly abolished SOX2-induced activation of the 
Akt/mTOR pathway and increased cell invasion and MMP-2 
expression. Taken together, we conclude that SOX2 promotes 
migration and invasion of laryngeal cancer cells by inducing 
MMP-2 via the PI3K/Akt/mTOR pathway. Our findings 
suggest that SOX2 may serve as a potential therapeutic target 
for LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC), which represents 
the vast majority (~96%) of laryngeal carcinoma cases, is one 

of the most common malignancies of the head and neck and 
accounts for 1.5% of all types of cancers (1). In accordance 
with the American Cancer Society data, LSCC caused 0.7% 
of cancer-related death in 2009 and its incidence is increasing 
over time (2). Early-stage LSCC is often cured by surgery or 
radiotherapy, while the prognosis of patients with advanced 
LSCC remains poor with a low 5-year survival rate. Due to 
tumor recurrence and metastasis, the clinical outcome has 
not shown satisfactory improvement in the last three decades 
despite advances in surgical management, radiotherapy and 
chemotherapy (3). Therefore, understanding the molecular 
mechanisms involved in the metastatic process is imperative 
to identify novel potential targets for developing more effec-
tive therapeutic strategies against LSCC.

SOX2, a member of the SRY-related high mobility group 
box (SOX) family of transcription factors (4), plays an essen-
tial role in the maintenance of pluripotency and self-renewal 
of embryonic stem cells, and generation of induced pluripo-
tent stem cells (5-7). Recent evidence indicates that SOX2 is 
also involved in tumorigenesis (8). Twenty-eight percent of 
all breast carcinomas and 43% of basal-like triple-negative 
breast cancers present with overexpression of SOX2 (9). SOX2 
genes were also found to be amplified in a subset of squamous 
cell lung and esophageal cancers  (10). In addition, SOX2 
overexpression was found in glioblastoma  (11), non-small 
cell lung (12,13), prostate (14), pancreatic (15) and ovarian 
cancer  (16), and hepatocellular carcinoma (17), suggesting 
an oncogenic role of SOX2. In particular, recently, Tang et al 
reported that SOX2 is frequently overexpressed in LSCC, and 
overexpression of SOX2 is associated with unfavorable patient 
prognosis (18). To the best of our knowledge, however, the 
functional role of SOX2 in the initiation and progression of 
LSCC remains to be elucidated.

In the present study, we established a stable LSCC cell 
line constitutively overexpressing SOX2 and investigated the 
effects of SOX2 overexpression on LSCC cell invasion and 
migration as well as the possible underlying mechanisms.

Materials and methods

Cell culture. Human LSCC Hep-2 cells were obtained from 
the Cell Bank of the Chinese Academy of Sciences (Shanghai, 
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China) and were cultured in a 1:1 mixture of Ham's F12 and 
Dulbecco's modified Eagle's medium (DMEM) with 10% fetal 
bovine serum (FBS), 100 U of penicillin and 100 mg/ml strep-
tomycin. The cells were maintained at 37˚C in a humidified 
atmosphere containing 5% CO2.

Generation of plasmid constructs and establishment of 
SOX2-overexpressing cell lines. To generate the SOX2 over-
expression vectors, the coding sequence of the SOX2 gene was 
obtained by RT-PCR and cloned into the pEGFP-N1 vector. 
Hep-2 cells were transfected with the pEGFP-N1-SOX2 vector 
to induce excessive SOX2 expression or the pEGFP-N1 vector 
to generate stable clones expressing SOX1 constitutively as 
control. Two days after transfection, G418 solution was added 
to the cells for selection of the stable clones. Stable clones 
were selected and maintained in medium containing G418. 
The resulting cell lines were designated as Hep-2/pEGFP-
N1-SOX2 and Hep-2/pEGFP-N1, respectively.

Quantitative RT-PCR (qRT-PCR). Total RNA was extract 
from cells using RNA Simple Total RNA kit (Tiangen Co., 
Beijing, China), and 3 µg of RNA was converted into cDNA 
using the High-Capacity cDNA Archive kit (Applied 
Biosystems, Foster City, CA, USA). The primers were synthe-
sized based on published sequences (19,20). For detection of 
SOX2 mRNA the following primers were used: forward, 
5'-AACCAAGACGCTCATGAAGAAG-3' and reverse, 5'-CT 
GCGAGTAGGACAT GCTGTAG-3'. For detection of MMP-2 
mRNA the following primers were used: forward, 5'-TGG 
CAAFTCGGCTTCTGTC-3' and reverse, 5'-TTCTTGTCGCG 
GTCGTAGTC-3'. For each PCR reaction, a master mix that 
included SYBR-Green Master Mix (Solarbio Co., Beijing, 
China), the forward primer, the reverse primer and 10 ng 
template cDNA was prepared. The PCR conditions consisted 
of 5 min at 95˚C followed by 40 cycles of 95˚C for 30 sec, 60˚C 
for 30 sec and 72˚C for 30 sec. Data were analyzed using the 
comparative ΔCt method using GAPDH as an internal normal-
ization control.

Western blot analysis. Western blot analysis was performed 
using a standard protocol. The primary antibodies used in the 
present study were as follows: rabbit anti-SOX2 (1:2,000; Wanlei 
Life Science Co., Ltd., Shenyang, China), rabbit anti‑MMP-2, 
anti-PCNA, anti-cyclin  D1, anti-p-Akt, anti‑Akt, anti-p-
mTOR and anti-mTOR (1:2,000; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). The secondary antibodies used in this 
study were alkaline phosphatase peroxidase-conjugated anti-
rabbit IgG. Detection was performed using the BCIP/NBT 
Alkaline Phosphatase Color Development kit (Beyotime 
Institute of Biotechnology, Shanghai, China) according to the 
manufacturer's instructions.

MTT assay. Untransfected Hep-2 cell lines and the stably 
transfected lines were replated onto 96-well plates at 
1x105 cells/well and cultured overnight to allow for cell attach-
ment. At daily intervals (24, 48, 72 and 96 h), the number of 
viable cells was determined by 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) assay as previously 
described (21). Briefly, MTT solution (5 mg/ml) was added to 
each well at indicated times, and the formazan precipitate was 

dissolved in dimethyl sulfoxide (100 µl) after 2 h of incuba-
tion. For colorimetric analysis, the absorbance at 492 nm was 
recorded using an ELISA reader (Thermo Molecular Devices 
Co., Union City, CA, USA).

Colony formation assay. The detailed protocol was as 
described previously (22). Briefly, cells were seeded in dish 
at a density of 1,000  cell/ml/dish, and colony formation 
was allowed to proceed for 14 days at 37˚C in a humidi-
fied atmosphere with 5% CO2. Cells were then fixed with 
formaldehyde, and individual colonies were stained with 
Wright-Giemsa. After washing and drying, the colony counts 
were conducted using an inverted microscope (XDS-1B; 
Beijing, China). Aggregates of 50 or more cells were consid-
ered as one colony.

Wound scratch assay. Each well of a 24-well tissue culture plate 
was seeded with cells to a final density of 100,000 cells/well 
and these cells were maintained at 37˚C and 5% CO2 for 
24 h to permit cell adhesion and the formation of a confluent 
monolayer. These confluent monolayers were then scored with 
a sterile pipette tip to leave a scratch of ~0.4-0.5 mm in width. 
The cell surface was then washed with serum-free culture 
medium for three times to remove dislodged cells. Wound 
closure was monitored by collecting digitized images at 0, 12 
and 24 h after the scratch was performed. Digitized images 
were captured with an inverted microscope (Motic China 
Group Co., Xiamen, China) and digital camera (Nikon, Tokyo, 
Japan). The digitized images were then analyzed using ImageJ 
software as previously described (23).

Invasion assay. Transwells (24-well) coated with Matrigel 
(8-µm pore size; BD Biosciences, San Jose, CA, USA) were 
used for cell invasion assays (24). Equal numbers (1x105) of 
cells were plated onto a separate well. Cells were starved over-
night in serum-free medium, trypsinized and washed three 
times in DMEM containing 1% FBS. A total of 1x105 cells 
were then resuspended in 500 µl DMEM containing 1% FBS 
and added to the upper chamber, while MEM with 10% FBS 
was added to the lower chamber as a chemoattractant. For the 
control, medium containing 1% FBS was added to the lower 
chamber. After 24 h of incubation, the Matrigel and the cells 
remaining in the upper chamber were removed by cotton 
swabs. The cells on the lower surface of the membrane were 
fixed in formaldehyde and stained with hematoxylin staining 
solution. The cells in at least five random microscopic fields 
(magnification, x200) were counted and photographed.

Gelatin zymography. Gelatin zymography was performed 
using a Genius kit (Genetic Medicine Technology Company, 
Shanghai, China) according to the manufacturer's instructions. 
In short, the liquid level was adjusted according to the number 
of cells. MMP-2 standards (Sigma, St. Louis, MO, USA) were 
added to the substrate as a reference. Electrophoresis was 
performed until the dye reached the bottom of the gel. The gel 
was then taken to be treated with refolding solution, digestion 
solution and dye solution. Next, bleaching solution was used to 
treat the gel until a clear white band appeared against a dark 
blue background. The band area and grayscale values were 
analyzed using a gel image analysis system.
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Transfection of MMP-2 siRNA. Sense and antisense oligo-
nucleotides targeting MMP-2 were synthesized according 
to previously published sequences (25). Non-specific siRNA 
which has no target in the human transcriptome was used as 
a negative control. siRNA transfection of cells was performed 
as previously described (25). Briefly, 1 day before transfection 
cells were plated at 5x103 cells/well in a 96-well culture plate 
and allowed to reach 30% confluency after 24 h of incuba-
tion. The transfection mixture containing MMP-2-targeted 
siRNA and Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) was incubated for 20 min at room temperature before 
being applied to the cells. The cells were then incubated for 
6 h at 37˚C in a humidified atmosphere containing 5% CO2. 
Subsequently, cells were washed with PBS and maintained 
in culture medium for 48 h before expression of MMP-2 was 
assessed with western blot analysis.

Statistical analysis. Data presented in the present study are 
means ± standard error of the mean. Statistical analysis of 
differences between groups was performed using analysis of 
variance (ANOVA) followed by Dunnett's t-test. The statis-

tical significance of the differences between mean values was 
defined as P<0.05.

Results

Overexpression of SOX2 promotes cell proliferation in Hep-2 
cells. To confirm whether the established cell line could 
stably express high levels of SOX2, the expression levels of 
SOX2 mRNA and protein were determined by qRT-PCR and 
western blot analysis, respectively. Our results showed that 
Hep-2/pEGFP-N1-SOX2 cells stably expressed a significantly 
higher level of SOX2 when compared with these levels in the 
Hep-2/pEGFP-N1 or parental Hep-2 cells (Fig. 1A and 1B). 
Next, we examined the effects of SOX2 overexpression on 
Hep-2 cell proliferation by MTT assay. SOX2-overexpressing 
cells showed a time-dependent increase in cell prolifera-
tion, which was significantly higher than controls (Fig. 2A). 
Overexpression of SOX2 in Hep-2 cells also promoted 
anchorage-independent growth, as demonstrated by colony 
formation assay (Fig. 2B). Moreover, the expression level of 
PCNA, an essential protein involved in cell proliferation, was 
also examined. As shown in Fig. 2C, Hep-2 cells transfected 
with the SOX2 gene had significantly higher levels of PCNA, 
supporting the regulatory role of SOX2 in Hep-2 cell growth.

Overexpression of SOX2 leads to an increase in Hep-2 cell 
migration and invasion. To determine whether the altera-
tion of SOX2 expression leads to changes in cell migration 
and invasion, wound scratch and Transwell assays were 
performed, respectively. SOX2-overexpressing clones (Hep-2/
pEGFP‑N1-SOX2) showed a >2-fold increase in the cell 
migration rate when compared to the rate in the vector control 
and parental Hep-2 cells at 12 and 24 h, respectively (Fig. 3A). 
In vitro invasion ability was determined by the number of cells 
that migrated across the membrane after a 24-h incubation. 
As shown in Fig. 3B, a significant increase in cell invasion 
was observed in the SOX2-overexpressing Hep-2 cells. These 
abovementioned results suggest that SOX2 overexpression 
significantly enhanced cell migration and invasion in vitro in 
the Hep-2 cells.

Altered SOX2 expression affects cell migration and inva-
sion by regulating MMP-2 in Hep-2 cells. MMP-2 is a factor 
which has been proven to function in tumor metastasis, thus 
the expression and activity of MMP-2 were examined in the 
present study to further determine the mechanism by which 
overexpression of SOX2 affects migration and invasion. The 
mRNA and protein levels of MMP-2 in the stably transfected 
cells were determined by qRT-PCR and western blot analysis, 
respectively. We found that Hep-2 cells with SOX2 overexpres-
sion showed high levels of MMP-2 expression when compared 
with the level of expression in the controls (Fig. 4A and 4B). In 
addition, MMP-2 activity was significant higher in the Hep-2/
pEGFP-N1-SOX2 cells when compared with the activity in 
the controls (Fig. 4C). These above results indicate that SOX2 
overexpression causes increased expression and activity of 
MMP-2 in Hep-2 cells. To investigate whether SOX2 overex-
pression promotes cell migration and invasion via regulation 
of MMP-2, the MMP-2 gene was silenced in Hep-2/pEGFP-
N1-SOX2 cells using MMP-2-targeted siRNA. Western blot 

Figure 1. Overexpression of SOX2 in Hep-2 cells was confirmed by qRT‑PCR 
and western blot analysis. (A) SOX2 mRNA level was measured by qRT‑PCR. 
Data are shown as means ± SD of triplicate experiments. (B) SOX2 protein 
level was detected by western blot analysis. Densitometric quantification data 
are expressed as SOX2 relevant to β-actin. **P<0.01 compared with the empty 
vector-transfected cells. 



YANG et al:  SOX2 PROMOTES LARYNGEAL CANCER CELL MIGRATION AND INVASION2654

analysis confirmed that MMP-2 expression was effectively 
suppressed by >70% compared with the cells transfected with 
control siRNA or Hep-2/pEGFP-N1-SOX2 cells  (Fig. 5A). 
Next, the effects of MMP-2 knockdown on cell migration and 
invasion were examined. As shown in Fig. 5B, cell migration of 
Hep-2/pEGFP-N1-SOX2 cells was significantly reduced after 
transfection with MMP-2-targeted siRNA, compared with 
the migration rate in the Hep-2/pEGFP-N1-SOX2 cells trans-
fected with control siRNA (P<0.01), whereas no significant 
difference was found between control siRNA-transfected and 
parental Hep-2/pEGFP-N1-SOX2 cells. Cell invasion assay 
also demonstrated that suppression of MMP-2 expression in 
Hep-2/pEGFP-N1-SOX2 cells resulted in a significant decrease 
in cell invasion compared with the control siRNA-transfected 
and parental Hep-2/pEGFP-N1-SOX2 cells (Fig. 5C). To further 
demonstrate the role of MMP-2 in cell migration and invasion 
induced by SOX2 overexpression, Hep-2/pEGFP‑N1-SOX2 
cells were treated with an anti‑MMP-2 antibody with irrelevant 
IgG as control. Compared with the untreated Hep-2/pEGFP-
N1-SOX2 cells, cells treated with anti-MMP-2 antibodies 
presented significantly lower migration (Fig. 5D) and invasive 
capabilities (Fig. 5E). Collectively, these results indicate that 

the regulatory effect of SOX2 on Hep-2 cell migration and 
invasion was, at least in part, mediated by MMP-2.

SOX2 regulates MMP-2 expression through the PI3K/Akt/
mTOR signaling pathway. It has been reported that the 
PI3K/Akt pathway is associated with tumor progression 
and P13K/Akt-mediated cell signals induce the expression 
of MMPs including MMP-2 (26). Therefore, we examined 
the effects of SOX2 on activation of the PI3K/Akt signaling 
pathway to explore whether Akt functions as an essential kinase 
in MMP-2 expression induced by SOX2 overexpression. As 
shown in Fig. 6A, the expression levels of phosphorylated Akt 
and phosphorylated mTOR were markedly increased in SOX2-
overexpressing cells compared with the controls. However, 
LY294002, a selective PI3K inhibitor, effectively abolished 
the increased expression levels of MMP-2 and phosphorylated 
Akt and mTOR (Fig. 6B). Meanwhile, the Transwell assay 
also showed that cell invasion was significantly reduced in the 
LY294002-treated Hep-2/pEGFP-N1-SOX2 cells (Fig. 6C). 
Collectively, these results demonstrated that activation of the 
PI3K/Akt signaling pathway is involved in the SOX2-induced 
MMP-2-mediated modulation of cell invasion.

Figure 2. Overexpression of SOX2 promotes Hep-2 cell proliferation. (A) Cell viability was measured by MTT assay at the indicated times. Data are shown 
as means ± SD of triplicate experiments. (B) Anchorage-independent cell growth was evaluated by colony formation assay. Representative colony formation 
results are shown. (C) PCNA protein level was detected by western blot analysis. Densitometric data of three separate experiments are shown. *P<0.05, **P<0.01 
compared with the empty vector-transfected cells.



ONCOLOGY REPORTS  31:  2651-2659,  2014 2655

Figure 3. SOX2 overexpression enhances Hep-2 cell migration and invasion in vitro. (A) Cell migration was detected by wound scratch assay. Representative 
wound closure images from three experiments are shown. Cell migration was calculated and expressed as the percentage of cell coverage to the initial cell-free 
zone. Values are presented as means ± SD of three independent experiments. (B) Cell invasion was determined by Transwell assay. Representative images of 
the invaded cells (stained with hematoxylin) selected from three experiments are shown. Migrated cells were counted under a microscope. **P<0.01 compared 
with the empty vector-transfected cells.

Figure 4. Overexpression of SOX2 induces an increase in MMP-2 expression and activity. (A) The mRNA level of MMP-2 was measured by qRT-PCR. Data 
are shown as means ± SD of triplicate experiments. (B) The protein level of MMP-2 was detected by western blot analysis. Quantitative analysis was performed 
by densitometry. (C) MMP-2 activity was analyzed by gelatin zymography. The bands were analyzed by densitometry and data are shown as means ± SD of 
triplicate experiments. **P<0.01 compared with the empty vector-transfected cells. MMP-2, matrix metalloproteinase-2.
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Figure 5. Overexpression of SOX2 promotes cell migration and invasion by increasing MMP-2 expression. (A) siRNA-mediated suppression of MMP-2 
was confirmed by western blot analysis. Scramble siRNA was used as the control. (B and C) The effects of MMP-2 knockdown on cell migration and inva-
sion in Hep-2/pEGFP-N1-SOX2 cells were evaluated by (B) wound scratch and (C) Transwell assays, respectively. **P<0.01 compared with control siRNA. 
(D and E) The effects of an anti-MMP-2-antibody on cell migration and invasion in Hep-2/pEGFP-N1-SOX2 cells were evaluated by (D) wound scratch and 
(E) Transwell assays, respectively. Irreverent IgG was used as the control. **P<0.01 compared with IgG. MMP-2, matrix metalloproteinase-2.



ONCOLOGY REPORTS  31:  2651-2659,  2014 2657

Discussion

SOX2, a self-renewal transcription factor crucial to main-
tain pluripotency in embryonic stem cells (ESCs), has been 
reported to play an important role in the development of 
numerous malignancies (6). Ben-Porath et al proposed that 
SOX2 is expressed in a subpopulation of cells within the 
tumor with tumor-initiating characteristics (27). A more recent 
study found that this subpopulation of cells present remarkable 
similarities in their overall gene expression profile with stem 

cells and exhibit crucial phenotypic characteristics, including 
sustained proliferation and resistance to apoptotic signals (28). 
Therefore, targeting the SOX2 gene may offer a unique chance 
for anticancer intervention by interfering with tumor initiation 
and progression.

A recent study indicated that SOX2 overexpression is 
correlated with poor prognosis in LSCC and may contribute 
to the malignant progression of LSCC (18). Thus, elucida-
tion of the cellular function of SOX2 to determine how it 
contributes to LSCC is important. In the present study, we 

Figure 6. SOX2 enhances the invasion of Hep-2 cells by inducing MMP-2 through the PI3K/Akt/mTOR pathway. (A) The expression of Akt, mTOR, phos-
phorylated Akt and phosphorylated mTOR was detected by western blot analysis. (B) The effects of PI3K inhibition by the specific inhibitor LY294002 on 
MMP-2 expression were determined by western blot analysis. Cells were incubated with 20 µM LY294002 for 30 min and then harvested for western blot 
analysis. DMSO was used as control. Data are shown as means ± SD of triplicate experiments. (C) The effects of LY294002 on cell invasion in Hep-2/pEGFP-
N1-SOX2 cells were evaluated by Transwell assay. MMP-2, matrix metalloproteinase-2.
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investigated the role of SOX2 in LSCC progression and 
invasion, and characterized the signaling pathway by which 
SOX2 affects the biological processes of tumor cells by 
overexpressing the SOX2 gene in LSCC cell lines. We found 
overexpression of SOX2 in LSCC Hep-2 cells promoted cell 
proliferation, migration and invasion. The present study also 
provides mechanistic insight into how SOX2, via activation 
of PI3K/Akt/mTOR pathway, regulates these above cellular 
functions by demonstrating that (i) SOX2 overexpression is 
associated with P13K/Akt/mTOR activation in Hep-2 cells; 
(ii) SOX2 overexpression induces an increase in cell invasion 
induced in a PI3K-dependent manner and (iii) Akt plays a part 
in mediating the effect of SOX2 on cell invasion, at least in 
part, by regulating MMP-2 expression.

Previous studies have demonstrated that SOX2 promotes 
the proliferation of cervical cancer and breast cancer 
cells  (29,30). Consistent with these findings, the present 
study showed that SOX2 overexpression led to a significant 
higher time-dependent cell proliferation in Hep-2 cells when 
compared with the controls. We also examined the level of 
PCNA, an important biomarker of cell proliferation, to further 
confirm the pro-proliferative effect of SOX2 overexpression. 
Western blot analysis revealed a much higher level of PCNA 
in Hep-2/pEGFP-N1-SOX2 cells than the level in the controls, 
suggesting the role of SOX2 as an oncogene in promoting 
Hep-2 cell proliferation.

A highly invasive nature is one of the characteristics of 
LSCC (18). Therefore, we investigated the effect of SOX2 
overexpression on Hep-2 cell migration and invasion. Our 
results showed that an increase in SOX2 expression signifi-
cantly enhanced the migration and invasion of Hep-2 cells. 
Next, we examined MMP-2 expression to explore the corre-
lation between SOX2 expression and cell migration and 
invasion. MMPs, a family of zinc-dependent endopeptidases, 
are required in extracellular matrix (ECM) degradation associ-
ated with cancer cell invasion, metastasis and angiogenesis. In 
particular, the role of MMP-2, which is a type IV collagenase, 
in tumor cell migration and invasion during carcinogenesis is 
well documented (31). In the present study, elevated expres-
sion of SOX2 correlated well with an increase in MMP-2 
levels, indicating a functional interaction between SOX2 and 
MMP-2. This possible relationship was further investigated 
using MMP-2-targted siRNA and an anti‑MMP-2 antibody. 
Our results demonstrated that transfection with MMP-2-
targeted siRNA or treatment with the anti-MMP-2 antibody 
significantly inhibited the cell migration and invasion induced 
by SOX2 overexpression, suggesting that SOX2 induces cell 
migration and invasion in an MMP-2‑dependent manner.

Results from epidemiological studies and animal studies 
have shown that P13K induces the activation of MMP-2, 
MMP-9 and urokinase-type plasminogen activator (uPA), 
resulting in ECM degradation  (32). Previous studies also 
reported that PI3K activation is crucial for MMP production 
in tumor cell lines (33). However, it remains unknown as to 
whether SOX2 overexpression is associated with activation 
of the P13K/Akt pathway, and activation of PI3K/Akt acts 
as an upstream signal in SOX2-induced MMP-2 expression 
in Hep-2 cells. Furthermore, we found that SOX2 induced 
MMP-2 expression in a PI3K-dependent manner. More impor-
tantly, the experimental data demonstrated that SOX2-induced 

PI3K/Akt pathway played a crucial role in Hep-2 cell invasion, 
and blocking of P13K signaling by a specific inhibitor almost 
completely abrogated the SOX2 overexpression-induced 
increase in cell invasion. Taken together, these data suggest 
that the invasion-promoting effect of SOX2 in Hep-2 cells was 
mediated by a cellular signaling pathway involving PI3K/Akt 
and MMP-2.

In summary, our findings in the present study indicate that 
SOX2 upregulation in Hep-2 cells promotes cell proliferation, 
enhances cell invasiveness by increasing MMP-2 expression 
and activity. Furthermore, our results suggest that SOX2 
induces these significant changes in cell invasion via activa-
tion of the PI3K/Akt/mTOR signaling pathway. Although 
more studies are needed, the present study suggests that SOX2 
may be a potential molecular target for developing novel gene 
targeted therapy against LSCC.
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