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Abstract. Aberrant overexpression of C‑X‑C chemokine 
receptor type  4 (CXCR4) is a critical event during tumor 
metastasis. It has been previously reported that the expression 
of CXCR4 is linked with epithelial‑mesenchymal transition 
(EMT) in oral squamous cell carcinoma (OSCC) tissues derived 
from patients. The present study addresses the role of CXCR4 
in EMT in tongue squamous cell carcinoma (TSCCA) cells 
in vitro and in xenograft models. Small interfering (si) RNA 
sequences targeting the CXCR4 gene were transfected into 
TSCCA cells. Cell migration, invasion, apoptosis and EMT 
markers were determined in TSCCA cells using wound healing 
and Transwell assays, Annexin V/propdidum iodide double 
staining and western blot analysis, respectively. In vivo, tumor 
growth was assessed by subcutaneous inoculation of cells into 
BALB/c nude mice. Phenotypic EMT markers and regulatory 
factors were detected in the tumor tissues derived from the mice. 
In vitro, silencing of CXCR4 expression suppressed cell migra-
tion and invasion, and induced apoptosis. The protein expression 
of the EMT‑associated markers N‑cadherin and matrix metal-
loproteinases  2/9 were attenuated, while E‑cadherin was 
increased. In vivo, CXCR4 siRNA inhibited tumor growth, and 
EMT‑associated proteins had similar expression patterns to 
the experimental results observed in vitro. In conclusion, the 
present study demonstrated that CXCR4 silencing suppressed 
EMT in OSCC, thus affecting tumor metastasis.

Introduction

Oral squamous cell carcinoma (OSCC) is one of the most 
common malignancies of the head and neck. It is characterized 

by local invasiveness and a high rate of cervical lymph node 
metastasis (1,2). In particular, lymph node metastasis has been 
revealed to directly affect the prognosis of patients (3). Despite 
advances in combined therapies, including radical surgery, 
radiotherapy and neo‑adjuvant chemotherapy, the poor prognosis 
observed for patients with OSCC has not significantly improved 
during the last decade (4,5). Therefore, investigation to better 
understand the mechanism of metastasis in OSCC is required, 
in order to provide a more effective therapeutic strategy.

It has been previously demonstrated that epithelial‑mesen-
chymal transition (EMT) is linked with OSCC progression, 
including cell invasion and metastasis  (6,7). Tumor cells 
undergoing EMT aid in the dissemination of carcinoma cells, 
in which stationary epithelial tumor cells typically lose an 
epithelial phenotype, including cell polarity and adherent 
junctions, and acquire a narrow, fibroblast‑like mesenchymal 
morphology and invasive properties. In addition, these cells 
exhibit a decrease in epithelial markers, including E‑cadherin 
and β‑catenin, and an increase in mesenchymal markers, 
including N‑cadherin and vimentin (8,9). These alterations 
to the cell phenotype facilitates the cells in losing their adhe-
siveness, dissolving the extracellular matrix, which depends 
on matrix metalloproteinases (MMPs), and spreading to the 
surrounding tissue (10). However, little information is avail-
able regarding the type of EMT induced by chemokines.

The chemokine receptor C‑X‑C chemokine receptor 
type 4 (CXCR4), a G‑protein‑coupled receptor that is widely 
expressed on the membranes of neutrophils, lymphocytes and 
monocytes, and less often on epithelial cells, is the cognate 
receptor of stromal cell‑derived factor‑1α (SDF‑1α; also 
referred to as CXCL12) (9,11). Several studies illustrate that 
SDF‑1 and CXCR4 are associated with tumor progression and 
the development of lymph node and distant metastasis (12‑15). 
In addition, CXCR4 expression has been demonstrated to 
be upregulated in a variety cancer types, including breast, 
ovarian, kidney and esophageal cancer (16‑19), and elevated 
levels of CXCR4 in patients with cancer have been associated 
with a poor patient outcome (20,21). 

The present authors have previously reported that an over-
expression of CXCR4 is associated with lymph node metastasis 
in OSCC, and is significantly correlated with EMT‑associated 
proteins (22). Further analysis concerning the regulation of 
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CXCR4 expression accompanying EMT may be useful for the 
treatment of metastatic lymph nodes of OSCC. The present 
study used a gene silencing method to evaluate the effect of 
CXCR4 on EMT in vitro and in vivo in OSCC.

Materials and methods

Cell culture. Tongue squamous cell carcinoma (TSCCA) cells 
were purchased from the Chinese Academy of Medical Sciences 
Institute of Basic Medical Sciences (Beijing, China) and were 
grown in minimum essential medium (MEM; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.). Cell 
cultures were incubated at 37˚C in a 5% CO2 atmosphere.

Small interfering (si)  RNA‑mediated downregulation of 
CXCR4 expression. The siRNAs used in the present study were 
chemically synthesized by GenePharma Co., Ltd. (Shanghai, 
China). The sequences were as follows: CXCR4 siRNA sense, 
5'‑CCG​ACC​UCC​UCU​UUG​UCA​UTT‑3'; negative control 
siRNA sense, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. For 
transfection, 5x105 cells were seeded into each well of a 6‑well 
plate and grown overnight until they reached 50‑80% conflu-
ency. The cells were washed, placed in opti‑MEM® reduced 
serum medium (Thermo Fisher Scientific, Inc.) and trans-
fected with siRNA using Lipofectamine® 2000 (Invitrogen™; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Subsequent to a 6 h transfection, the medium 
was changed to MEM (Thermo Fisher Scientific, Inc.), and the 
cells were cultured at 37˚C in 5% CO2. Three groups were 
generated for all experiments: Blank control group; negative 
siRNA control group; and CXCR4 siRNA group.

Semi‑quantitative reverse transcription‑polymerase chain 
reaction (RT‑PCR) analysis. Total RNA was extracted from 
the TSCCA cells using TRIzol Reagent (Invitrogen™; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's protocol. 
cDNA was synthesized using M‑MLV Reverse Transcriptase 
(Invitrogen™; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. A 25 µl reaction containing 1 µl of the 
reverse transcription product was used for semi‑quantitative 
PCR. The RT‑qPCR cycling conditions were as follows: 30 sec 
at 95˚C, followed by 40 cycles of 5 sec at 95˚C and 34 sec at 60˚C. 
CXCR4 was amplified using the following primers: Forward, 
5'‑CAC​TGG​TGT​CGG​TCT​CTG​C‑3'; and reverse, 5'‑TGA​
TTG​AGT​CAA​TGA​AGT​GGC‑3', which were purchased from 
Sangon Biotech Co., Ltd. (Shanghai, China). Human β‑actin 
was used as an internal control, and the primer sequence was 
as follows: Forward, 5'-CAC​AGC​AAG​AGA​GGC​ATC​C-3'; and 
reverse, 5'-CTG​GGG​TGT​TGA​AGG​TCTC-3'. A 2% agarose 
gel electrophoresis was used to analyze the amplified products.

Western blotting. Following transfection and culturing 
for 48  h, the cells were washed three times with ice‑cold 
phosphate‑buffered saline (PBS) and lysed in RIPA‑buffer 
(EMD Millipore, Billerica, MA, USA). The cell lysates were 
cleared by centrifugation at 10,000 x g for 5 min and protein 
concentrations of the supernatants were determined using 
a BCA protein assay kit (Thermo Fisher Scientific, Inc.). 
Subsequently, ~30 µg protein was separated by 10% sodium 

dodecyl sulfate‑polyacrylamide gel electrophoresis. The gel 
was transferred onto polyvinylidene difluoride membranes and 
probed with the following primary antibodies: Anti‑CXCR4 
(dilution, 1:200; #ab58176), anti‑N‑cadherin (dilution, 1:1,500; 
#ab98952), anti‑MMP2 (dilution,  1:5,000; #ab92536), 
anti‑MMP9 (dilution, 1:800; #ab137867) (Abcam, Cambridge, 
MA, USA); and anti‑E‑cadherin (dilution, 1:800; #ZS‑7870; 
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, 
China). The membranes were incubated with primary anti-
bodies 4˚C overnight, followed by incubation with horseradish 
peroxidase‑conjugated secondary antibodies (dilution, 1:15,000; 
#ZB-5301 and #ZB-5303; Zhongshan Golden Bridge Biotech-
nology Co., Ltd.) 37˚C for 2 h. Immunoreactive protein bands 
were visualized using an enhanced chemiluminescence detec-
tion system (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and 
subsequent exposure of the membrane to Hyperfilm (Thermo 
Fisher Scientific, Inc.). The same membrane was probed with a 
β‑actin antibody (dilution, 1:2,000; #TA-09; Zhongshan Golden 
Bridge Biotechnology Co., Ltd.) as a loading control. Denisto-
metric analysis was performed using Image J 1.47ver software 
(National Institutes of Health, Bethesda, MD, USA).

Wound healing assay. Cells were cultured in 6‑well plates 
and incubated overnight. Scratches were created by scratching 
a straight line with a 20 µl tip vertically in the center of the 
dish. Cells were transfected with CXCR4 siRNA. The dishes 
were washed with PBS once to remove the detached cells, and 
a primary image of the scratch was taken under a microscope. 
A total of 24 and 48 h following transfection, the width of the 
scratches was observed and measured using Image J v1.47 soft-
ware (National Institutes of Health, Bethesda, MA, USA). The 
relative distance was calculated as the mean width of the cell 
scratch following transfection / the width prior to transfection.

Transwell invasion assays. A cell invasion assay was performed 
using invasion chambers (BD Biosciences, Franklin Lakes, NJ, 
USA). In total, 50 µl Matrigel (BD Biosciences) and 200 µl cell 
suspension (1x105 cells/ml) was added to the inserts. MEM 
containing 10% FBS was added to the lower chamber. The 
cells were cultured in a CO2 incubator at 37˚C for 48 h. The 
noninvasive cells in the upper chamber were cleared with cotton 
swabs and invasive cells were fixed with 95% ethanol for 10 min 
and stained with 0.5% crystal violet. Cells that had penetrated 
through the polyethylene terephthalate membrane were counted 
in 10 representative microscopic fields (magnification, x400).

Annexin  V‑fluorescein isothiocyanate (FITC)/propidum 
iodide (PI) double‑staining. An Annexin V‑FITC Apoptosis 
Detection kit (BD Biosciences) was used to assess the apop-
tosis of transfected cells. TSCCA cells, which were transfected 
for 48 h, were collected and washed with PBS. Subsequently, 
the cells were resuspended in 1X Binding Buffer at a density 
of 1x106 cells/ml. In total, 5 µl Annexin V‑FITC and 5 µl 
PI were added to the cells, and they were incubated at room 
temperature for 15 min. Subsequently, the cells were analyzed 
by flow cytometry, using BD FACSDiva™ software v6.1.3 and 
BD CellQuest™ Pro (BD Biosciences).

Nude mouse tumor xenograft model. A total of 18 BALB/c 
Nude 4‑week‑old female mice (weight, 15‑18 g) were purchased 
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from the Cancer Institute and Hospital, Chinese Academy of 
Medical Sciences (Beijing, China). All animal experimental 
protocols were approved by the Tianjin Medical University 
Animal Care and Use Committee. All mice were maintained 
under specific pathogen‑free conditions: Food and water were 
sterilized by high-pressure steam and feed was sterilized by 
Co‑60 irradiation, and the light/dark cycle was 12 h, with a 
temperature of 24±1˚C and relative humidity of 55±5%. In 
total, 3 mice were injected subcutaneously with 1x107 TSCCA 
cells, in a volume of 200 µl PBS. The mice were monitored 
daily and all 3 mice formed tumors subcutaneously. When the 
tumor size reached ~10 mm in length, the tumors were surgi-
cally removed, cut into 1 mm3 pieces and re‑seeded into the 
inguinal region of 15 mice. Two weeks later, the mice were 
randomized into three groups (5 mice/group) to receive treat-
ment: Blank control group; negative control siRNA‑treated 

group; and CXCR4 siRNA‑treated group. A mixture of 5 µl 
Lipofectamine 2000 and 15 µl siRNA (20 nmol/l) mixture was 
injected into the xenograft tumor model in a multi‑site injec-
tion manner. Mice in the blank control group received 20 µl 
PBS only. The mice were treated every 4 days and tumors 
were measured with a caliper. Tumor volume was calculated as 
follows: Tumor volume (mm3) = [tumor length (mm) x tumor 
width (mm) x 2]  / 2. At the end of the 22‑day observation 
period, the mice bearing xenograft tumors were sacrificed 
and the tumor tissues were removed for formalin fixation and 
preparation of paraffin‑embedded sections.

Hematoxylin and eosin (H&E) and immunohistochemistry 
staining. H&E staining was performed on the formalin‑fixed, 
paraffin‑embedded mice tumor tissues to observe the 
pathological alterations of the tumor under a microscope. For 

Figure 1. Silencing of CXCR4 inhibits invasion and migration and promotes apoptosis in TSCCA cells. (A‑C) si‑CXCR4 inhibited the expression of CXCR4 
mRNA and protein. (D) A wound healing assay was performed to investigate TSCCA migration following transfection with si‑CXCR4. si‑CXCR4 significantly 
suppressed cells migration. (E) A Transwell assay was performed to compare the invasive capacities of TSCCA cells. si‑CXCR4 inhibited cell invasion in vitro 
(magnification, x400). (F) si‑CXCR4 mediated an increase in the apoptosis of TSCCA cells. *P<0.05 and **P<0.01 vs. control. CXCR4, C‑X‑C chemokine 
receptor type 4; si‑CXCR4, small interfering RNA to CXCR4; TSCCA, tongue squamous cell carcinoma; control, blank control group; NC, negative control 
small interfering RNA group.
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immunohistochemistry, tumor tissue sections were deparaf-
finized, rehydrated and incubated with primary antibodies, used 
previously in western blotting, overnight at 4˚C. The tissues were 
then incubated with biotin‑labeled secondary antibody (KIT9710; 
Maxim Biomedical, Inc., Rockville, MD, USA) for 1 h at room 
temperature, incubated with diaminobenzidine (Zhongshan 
Golden Bridge Biotechnology Co., Ltd.) and counterstained with 
hematoxylin. Slides were dehydrated with various concentrations 
of alcohol and soaked in xylene, and then mounted with neutral 
balsam and visualized using a light microscope.

Statistical analysis. The data are presented as the mean ± stan-
dard deviation of at least three independent experiments. 
One‑way analysis of variance was performed using SPSS 
version 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

CXCR4 siRNA inhibited the expression of CXCR4 in TSCCA 
cells. The expression of CXCR4 mRNA and protein were 
confirmed using semi‑quantitative RT‑PCR and western blot-
ting. As shown in Fig.  1A‑C, CXCR4 mRNA and protein 
expression in the CXCR4 siRNA group were clearly down-
regulated compared with the blank control and negative control 
groups (P=0.003). The results indicate that CXCR4 siRNA 
significantly silenced the expression of CXCR4 in TSCCA cells.

Silencing of CXCR4 inhibited migration and invasion and 
stimulated apoptosis in TSCCA cells. To better understand the 
biological role of CXCR4, the present study investigated the 
motility and invasion ability of cells using wound healing and 
Transwell assays. The relative distance in the wound healing 
assay was greater in the CXCR4 siRNA group compared 
with the blank control and negative control groups 24 h and 
48 h following transfection (P=0.036 and P=0.008, respec-
tively; Fig. 1D). The Transwell assay demonstrated that the 
number of invading cells was 61.20±5.71 and 60.50±5.58 in 
the blank control and negative control groups, respectively, 
which was significantly increased compared with the CXCR4 
siRNA group (44.3±8.59; F=19.936; P<0.001; Fig.  1E). 
Subsequently, the effect of CXCR4 siRNA on cell apoptosis 
was analyzed using Annexin V and PI double staining. The 

Annexin V‑positive early‑phase apoptotic cells were signifi-
cantly increased in the CXCR4 siRNA group (13.23±0.35%) 
compared with the blank control and negative control groups 
(3.30±0.72 and 3.40±0.44%, respectively; F=351.676; P=0.001 
and P=0.004, respectively; Fig. 1F). The data suggest that 
CXCR4 is involved in the progression of OSCC.

Expression of EMT‑associated proteins were regulated by 
silencing of CXCR4. To further verify the role of CXCR4 
in EMT in TSCCA cells, the protein expression levels of 
EMT‑associated proteins, N‑cadherin, E‑cadherin and MMP2/9 
were evaluated by western blotting. The result revealed that 
the expression level of the epithelial marker E‑cadherin was 
elevated (P<0.001), while the mesenchymal marker N‑cadherin 
was clearly attenuated (P=0.002). In addition, the expression 
of MMP2/9, which are assisting factors in EMT, was inhibited 
(P<0.001) (Fig. 2). This is consistent with the phenomenon that 
CXCR4 silencing suppresses cell invasion. Taken together, 
these results suggested that downregulation of CXCR4 facili-
tates cells to reverse their mesenchymal characteristic.

Growth inhibitory effects of CXCR4 siRNA were examined 
in vivo in a nude mouse model. The results of the present 
in vitro experiments suggested that CXCR4 siRNA had an 
effect on tumor suppression. To further confirm this conclu-
sion, tumor growth in a xenograft model was performed using 
a Lipofectamine‑mediated siRNA therapy approach. At the 

Figure 2. Silencing of CXCR4 affects EMT‑associated protein expression. Western blotting was used to compare the expression of EMT‑associated proteins 
in tongue squamous cell carcinoma cells. N‑cadherin and MMP2/9 expression were suppressed in the si‑CXCR4 group, while E‑cadherin expression was 
increased (**P<0.01 vs. control). CXCR4, C‑X‑C chemokine receptor type 4; si‑CXCR4, small interfering RNA to CXCR4; EMT, epithelial‑mesenchymal 
transition; control, blank control group; NC, negative control small interfering RNA group; MMP, matrix metalloproteinases.

Figure 3. Effects of CXCR4 siRNA on xenograft tumor growth. The 
growth‑inhibitory effect of CXCR4 siRNA began at day 13 and reached a 
maximum at day 22 following transfection (*P<0.05 vs. control). CXCR4, 
C‑X‑C chemokine receptor type 4; siRNA, small interfering RNA.
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beginning of treatment, the mean tumor volumes of the mice 
in the blank control, negative control and CXCR4 siRNA 
groups were 81.55±20.88, 89.63±46.30 and 84.74±18.44 mm3, 
respectively, with no statistically significant differences 
among these three groups. On day 13, a rapid increase in the 
tumor volumes in the blank control (1163.90±295.62 mm3) and 
negative control (1171.30±327.60 mm3) groups was observed 
compared to the CXCR4 siRNA group (682.33±429.69 mm3) 
(P=0.027). This inhibitory effect was aggravated with 
increasing time. At the end of the experiment, a significant 
decrease in tumor volume was observed in the CXCR4 
siRNA group (1574.90±27.20 mm3) compared with the blank 
control and negative control groups (3512.12±870.05 mm3 and 
3349.70±920.88 mm3, respectively) (P=0.012; Fig. 3).

Silencing of CXCR4 suppressed TSCCA EMT in the xeno‑
graft model. The histopathological alterations in the tumor 
tissues from the three treatment groups were observed using 
H&E staining. Cells in the control and blank groups were 
sheet arranged, with large nuclei. These cells exhibited multi 
morphology, pathological cell division and giant tumor cells, 
with marked atypia. By contrast, the cells in the CXCR4 siRNA 
group exhibited smaller nuclei, lighter staining and a reduction 
in the amount of neovasculature, and apoptosis and necrosis 
was observed (Fig. 4A). Subsequently, EMT‑associated proteins 
were evaluated in these tissues using immunohistochemistry. 
Compared with the blank control and negative control groups, 
the expression of CXCR4, N‑cadherin and MMP2/9 in the 
CXCR4 siRNA group were significantly reduced, and the 
expression of E‑cadherin was increased (Fig. 4B). These results 
are consistent with the conclusion in vitro.

Discussion

Chemokines are a superfamily of small secreted proteins that 
have been identified as attractants of leukocytes to sites of 
infection and inflammation, and are pivotal in host defense 
mechanisms. They are locally produced in tissues and act on 
various cells through interactions with a subset of seven‑trans-
membrane G‑protein‑coupled receptors  (23). Among the 

numerous chemokines and their receptors, SDF‑1, also referred 
to as the CXCL12/CXCR4 system, has been demonstrated to 
be involved in lymph node or distant metastasis in several 
types of cancer (17,24).

There is accumulating evidence that the CXCR4 
system may facilitate lymph node metastasis in OSCC. 
Almofti et al (25) reported that invasion and recurrence of 
tumors was strongly associated with CXCR4 expression, 
and a CXCR4‑positive group of patients had a poorer prog-
nosis compared with a CXCR4‑negative group. In addition, 
Uchida et al  (26) examined the expression of 13  types of 
chemokine receptors and chemokines in OSCC cells, and 
revealed that upregulation of CXCR4 mRNA was detect-
able only in lymph node metastatic cells, including HNt and 
B88 cells, in comparison with nonmetastatic OSCC cells and 
normal gingival epithelial cells. A subsequent study confirmed 
that lymph node metastasis, loss in body weight and increase 
in tumour volumes were significantly inhibited in mice inocu-
lated with siRNA against CXCR4 cells compared with mice 
inoculated with control cells (27). The present study demon-
strated that CXCR4 was highly expressed in TSCCA cells. 
Subsequently, the present study verified that siRNA‑mediated 
CXCR4 silencing significantly inhibited TSCCA migration 
and invasion using wound healing and Transwell assays. 
These results indicate that CXCR4 expression is a possible 
marker of highly‑invasive OSCC.

Previous studies have revealed interactions between 
CXCR4 and EMT, which involves a series of events leading 
to tumor invasion and metastasis (28). In a study concerning 
hepatocellular cancer, intervention with exogenous SDF‑1 
induced invasion and downregulated E‑cadherin expression, 
and upregulated vimentin expression in HepG2 cells; however, 
this effect was not observed in CXCR4‑depleted carci-
noma (29). Zhu et al (30) silenced CXCR4 in glioma U87 cells 
and revealed that EMT was inhibited. In addition, the authors 
demonstrated that the production of transforming growth 
factor (TGF)‑β and β‑catenin were decreased by CXCR4 
silencing, indicating that the effect of CXCR4 on EMT may be 
associated with its function of affecting transcription factors. 
Another study revealed that SDF‑1/CXCR4 signaling induced 

Figure 4. H&E and immunohistochemistry analysis of TSCCA xenograft tumors. (A) Histopathological alterations of tumor tissues from nude mice models 
were observed using H&E staining. Compared with the negative control and blank control groups, cells in the si‑CXCR4 group exhibited smaller nuclei, lighter 
staining, less neovasculature and more apoptosis and necrosis. (B) Immunohistochemistry analysis of CXCR4, N‑cadherin, E‑cadherin, MMP2/9 in TSCCA 
xenograft tumors. CXCR4 and N‑cadherin positive staining were observed in the cytoplasm and membrane, and were suppressed in the si‑CXCR4 group. 
E‑cadherin was located in the membrane and expressed more clearly in the si‑CXCR4 group. MMP2/9 was located in the cytoplasm and was inhibited in the 
si‑CXCR4 (magnification, x400). TSCCA, tongue squamous cell carcinoma; CXCR4, C‑X‑C chemokine receptor type 4; si‑CXCR4, small interfering RNA to 
CXCR4; control, blank control group; NC, negative control small interfering RNA group; MMP, matrix metalloproteinases.
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pancreatic cancer EMT through the activation of the Hedgehog 
pathway  (31). The present study demonstrated that in the 
CXCR4 siRNA group of cells, the expression of N‑cadherin 
and MMP2/9 were attenuated, while E‑cadherin was upregu-
lated, and the same results were observed in xenograft models. 
In addition, treatment of xenografted tumors with CXCR4 
siRNA resulted in histological alterations to tumor cells in the 
present study. However, further studies are required to clarify 
the mechanism of CXCR4 regulating OSCC tumor metastasis 
via EMT.

In addition to supporting metastasis, CXCR4 regulates 
tumor growth and apoptosis  (25,32). The present study 
demonstrated that inhibition of CXCR4 expression promoted 
cell apoptosis of OSCC cells in vitro and, following xenograft 
tumor model construction in nude mice, the tumor volume in 
the CXCR4 siRNA treatment group was significantly decreased 
compared with the blank control and negative control groups. 
A previous study demonstrated that CXCR4 promoted cancer 
cell proliferation by altering the expression of >1,500 genes 
involved in the cell cycle, apoptosis and multiple signaling 
pathways using microarray analysis technology (33). Some 
of these genes, including mitogen‑activated protein kinases, 
TGF‑β and MMP, are central in EMT (33). In addition, the 
determination of cellular fates of apoptosis or survival during 
tumor progression is highly affected by EMT; EMT confers 
cancer cells resistant to apoptosis (34,35). Therefore, growth 
inhibition and apoptosis promotion may be attributable to the 
EMT conferred by CXCR4 siRNA.

The present results demonstrate that overexpression of 
CXCR4 is significantly associated with EMT in OSCC cells. In 
view of the importance of CXCR4, the expression of CXCR4 
in OSCC may be used as a molecular target of diagnosis, not 
only for lymph node metastatic potential, but also for EMT. In 
addition, blockade of CXCR4 may be investigated as a poten-
tial therapeutic target for OSCC treatment.
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