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Squamous cell carcinoma of the head and neck (SCCHN) frequently involves metastasis at diagnosis. Our previous research has
demonstrated that CCR7 plays a key role in regulating SCCHN metastasis, and this process involves several molecules, such as
PI3K/cdc42, pyk2, and Src. In this study, the goals are to identify whether JAK2/STAT3 also participates in CCR7’s signal network,
its relationship with other signal pathways, and its role in SCCHN cell invasion and migration.The results showed that stimulation
of CCL19 could induce JAK2/STAT3 phosphorylation, which can be blocked by Src and pyk2 inhibitors. After activation, STAT3was
able to promote low expression of E-cadherin and had no effect on vimentin. This JAk2/STAT3 pathway not only mediated CCR7-
induced cell migration but also mediated invasion speed.The immunohistochemistry results also showed that the phosphorylation
of STAT3 was correlated with CCR7 expression in SCCHN, and CCR7 and STAT3 phosphorylation were all associated with lymph
node metastasis. In conclusion, JAk2/STAT3 plays a key role in CCR7 regulating SCCHNmetastasis.

1. Introduction

The 5-year survival rate for patients with squamous cell car-
cinoma of the head and neck (SCCHN) is only 30%, mainly
due to the frequent presence ofmetastasis at diagnosis [1].The
mechanisms leading to SCCHN metastasis are incompletely
understood.

The CC chemokine CCL19 and its receptor CCR7, which
regulate chemotaxis and the transendothelial migration of
leukocytes during immune and inflammatory reactions, were
recently observed to play an important role in the metastasis
of various types of cancer [2–5]. We have also reported that
CCR7 regulates cell migration and adhesion in metastatic
squamous cell carcinoma of the head and neck by activating
integrin, PI3K/cdc42, pyk2, and Src [6–15]. However, the
signaling pathways controlling directional cell migration are

not linear; rather, they integrate signals from a plethora
of upstream switches into a molecular matrix, resulting in
complex cellular responses. There may be other molecules in
CCR7’s signal pathway.

The JAK2/STAT3 pathway is critical for cytokine and
growth factor-mediated responses regulating EMT biology in
fibrogenesis and cancer [16].The pathway widely participates
in tumormetastasis and survival in various cancers, including
colorectal cancer, breast cancer, and skin cancer [17–19]. The
research in recent years has demonstrated that chemokines
can also induce JAK2/STAT3 pathway activation. In small cell
lung cancer, CXCL12 can stimulate JAK2/STAT3 constitutive
phosphorylation, which is important in tumor cell growth
and spreading [20]. In addition, in bladder cancer, CXCR7
can also activate the STAT3 pathway [21].
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The goals of this study were to determine whether the
JAK2/STAT3 pathway is activated by CCR7, the relationship
with the other signal pathways activated by CCR7, and the
role and the molecular mechanisms of the JAK2/STAT3
pathway in CCR7-regulated SCCHNmetastasis.

2. Materials and Methods

2.1. Human Tumor Samples and Cell Lines. SCCHN tissue
specimens were obtained from 78 patients via biopsy prior to
chemotherapy or radiotherapy at theDepartment of Oral and
Maxillofacial Surgery, School and Hospital of Stomatology,
China Medical University. Ten samples of normal tissues
adjacent to the benign tumor were chosen as controls.
All clinical investigations were conducted according to the
principles expressed in the Declaration of Helsinki.The study
protocol was granted approval from the Ethics Committee
of the China Medical University, and informed consent was
obtained from the patients before surgery. PCI-4B and PCI-
37B, which are well-characterized SCCHN cell lines that are
derived from the metastatic lymph node of SCCHN patients,
were kindly donated by the University of Pittsburgh Cancer
Institute [22, 23]. The cells were cultured in DMEMmedium
(Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine
serum (Gibco, Carlsbad, CA, USA), 100U/mL penicillin G,
and 100U/mL streptomycin.

2.2. Reagents and Antibodies. CCL19 and CCR7 specific
monoclonal antibody (mouse antihuman CCR7 antibody)
were purchased fromR&D System (Minneapolis, MN, USA),
PP2 (Src inhibitor) was purchase from Santa Cruz Biotech-
nology (Dallas, TX, USA), LY294002 (PI3K inhibitor), Tyr-
phostin A9 (pyk2 inhibitor), and AG490 (JAK2 inhibitor)
were purchased from Sigma (St. Louis, MO, USA). The
anti-phospho-JAK2, anti-JAK2, anti-phospho-STAT3, anti-
STAT3, antivimentin, and anti-E-cadherin were purchases
from cell signaling technology (Danvers, MA, USA).

2.3. Immunohistochemical Staining and Evaluation. Sections
were deparaffinized in xylene for 10min, rehydrated through
graded alcohols, immersed in 100% methanol containing
0.3% hydrogen peroxide for 40min, placed in a microwave
oven in a jar filled with 10mM sodium citrate buffer (pH 6.0)
for 10min, and cooled at room temperature. Then sections
were incubated with normal goat serum for 20min, incu-
bated with the primary antibody for 1 h, incubated with the
linking reagent (biotinylated anti-immunoglobulin, Zymed,
South San Francisco, CA, USA) at room temperature for
1 h, incubated with a complex of avidin DH and biotinylated
enzyme (Zymed) for 30min, and incubated with a medium
consisting of an equal volume of 0.02% hydrogen peroxide
and diaminobenzidine tetrahydrochloride (Zhongshan Ltd.,
Beijing, China) for 1min in the dark. After chromogen devel-
opment, sections were washed in water and counterstained
with hematoxylin. The stained slides were investigated inde-
pendently by two pathologists who had no knowledge of
the clinical parameters and outcomes. All of these cells
were scored as negative (−) (<10% or no staining), weak

positive (+) (11–50%), positive (++) (51–75%), or strongly
positive (+++) (>75%).

2.4. Western Blotting Analysis. Cells lysates were sonicated
for 3 sec and centrifuged at 4∘C and 14,000 rpm for 30min.
The supernatant was collected for protein quantification
using the Bio-Rad Protein Assay dye reagent (Bio-Rad Labo-
ratories, Richmond, CA, USA). Fifty micrograms of protein
was size-fractionated through a 10% SDS-PAGE gel and
transferred onto nitrocellulose filters.The filters were blocked
(1% nonfat dry milk, 0.1% Triton X-100, 150mM NaCl,
50mM Tris [tris(hydroxymethyl)aminomethane] (pH 7.5))
and incubated with the primary antibody, which was diluted
to a ratio of 1 : 1000. Nitrocellulose filters were incubated
with horseradish peroxidase-conjugated secondary antibod-
ies. Bands were visualized using the enhanced chemilumi-
nescence system (Amersham Pharmacia Biotech, Piscataway,
NJ, USA) and quantified by scanning densitometry using
FlourChem V2.0 software.

2.5. Migration Assay. Disposable 24-well transwell inserts
with an 8𝜇m pore size were run in triplicate in DMEM
with 0.5% (w/v) BSA. Aliquots of the chemokine CCL19
were added to the lower chamber at a concentration of
500 ng/mL. The inhibitor-pretreated PCI-4B and PCI-37B
cell suspensions (2 × 105) were placed in the top of the
inserts. After 24 h of incubation, the cells on the upper surface
of the inserts were removed with a cell harvester, and the
membrane was washed with medium. Cells that penetrated
the membrane were fixed with ice-cold methanol, stained
with 0.5% crystal violet, photographed, and counted under
the microscope. The mean ± standard deviations (SD) were
recorded for each condition, and the migration index was
calculated based on the control involving randommigration.

2.6. Matrigel Invasion Assay. Cell invasion was quantified in
vitro using Matrigel-coated semipermeable, modified inserts
with a pore size of 8𝜇m. The analysis of the Matrigel
invasion assay was performed as described in the migration
assay incubated with CCL19 for 36 h. The mean ± standard
deviations (SD) were recorded for each condition, and the
invasion index was calculated based on the control involving
random invasion.

2.7. Scrape Wound-Healing Assay. SCCHN cells were plated
in a 24-well plate at an initial density of 1.5 × 105 cells/cm2.
A uniform monolayer formed in 2-3 days. All wound-
healing assays were performed in a serum-free medium. A
micropipette tip was used to create a wound in themonolayer
by scraping.The relative cell free area was calculated based on
the control group.

2.8. Statistical Analysis. Data were expressed as the mean ±
standard deviation (SD) of repeated assays. The correlation
was analyzed using Spearman’s test and 𝜒2 test. Significant
differences between the two groups were evaluated using an
unpaired Student’s 𝑡-test. 𝑃 values <0.05 were considered to
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Figure 1: Western blotting analysis of JAK2 expression induced by CCL19 at different times. PCI-4B and PCI-37B cells were treated by
CCL19 (200 ng/mL) for 0–120min, and JAK2 total protein expression and phosphorylation protein expression were detected. The results are
representative of three independent experiments. ∗

𝑃

< 0.05 compared with the control group.

be significant. All statistical analyses were performedwith the
software SPSS 11.0.

3. Results

3.1. CCR7 Stimulates the Phosphorylation of JAK2. PCI-4B
and PCI-37B cells were stimulated with CCL19 for various
time periods and then lysed, and the lysates were analyzed
by western blotting using Abs specific for the phosphory-
lated/active forms and total protein of JAK2. The results
showed that stimulation with CCL19 resulted in phosphory-
lation of JAK2, but therewas no contribution to the total JAK2
protein.The phosphorylation of JAK2 is time dependent, and
it reached a maximum in 60min, which is approximately 3-
4-fold of baseline (Figure 1).

3.2. CCR7 Stimulates the Phosphorylation of STAT3. As the
primary downstream molecule of JAK2, STAT3 was also
examined. It can be seen in Figure 2 that stimulation with
CCL19 also resulted in phosphorylation of STAT3 and no
contribution to the total STAT3 protein.The phosphorylation

that occurred in 60min is approximately 4-5-fold that of the
control group.

To further determine whether CCR7 regulates the acti-
vation of STAT3, PCI-4B and PCI-37B cells were pretreated
with CCR7 mAb, an antibody that can neutralize the bioac-
tivity of CCR7, and AG490, the JAK2/STAT3 inhibitor. Then,
the cellswere stimulated byCCL19, and activation of p-STAT3
was analyzed. The results showed that treatment with CCR7
mAb completely abrogated the CCL19-dependent activation
of STAT3 (Figure 3), indicating that CCR7’s activation stim-
ulated the phosphorylation of STAT3 in SCCHN cells. As the
inhibitor, AG490 can also block the activation of STAT3.

Our previous results have shown that CCR7 can activate
several signal pathways, including PI3K, Src, and pyk2 [7,
10, 15]. To analyze whether they are upstream pathways of
JAK2/STAT3 in SCCHN, PCI-4B and PCI-37B cells were
pretreated with PI3K inhibitor (LY294002), Src inhibitor
(PP2), and pyk2 inhibitor (A9). The results showed that
PP2 and A9 could blunt the increase of the phosphorylation
of STAT3 induced by CCL19, with significant differences
with the CCL19 group. In addition, the LY294002 played no
role in STAT3 activation, without significant differences with
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Figure 2: Western blotting analysis of STAT3 expression induced by CCL19 at different times. PCI-4B and PCI-37B cells were treated by
CCL19 (200 ng/mL) for 0–120min, and STAT3 total protein expression and phosphorylation protein expression were detected. The results
are representative of three independent experiments. ∗

𝑃

< 0.05 compared with control group.

the CCL19 group. This means that Src and pyk2 may be the
upstream signal molecules of STAT3 (Figure 4).

3.3. JAK2/STAT3 Regulate CCR7-Dependent Migration and
Invasion. Our previous results have showed that CCL19
induces PCI-4B and PCI-37B cell migration and invasion,
and this role can be blocked by CCR7 mAb [7, 9]. In
this study, we examined whether STAT3 is involved in
regulating the migratory and invasive speed induced by
CCR7 activation. The results showed that PCI-4B and PCI-
37B cells exhibited a high invasion potential induced by
CCL19, and this invasion potential was blocked by AG490
pretreatment and decreased almost to the baseline (Figure 5).
Themigration index was the same as the invasion index.That
is, the CCL19-inducedmigration was significantly blocked by
JAK2/STAT3 inhibitor (Figure 6).

We also used the scrape wound-healing assay, which
requires bothmigration and proliferation of cells.Thedefined
lesions were generated in subconfluent layers of cells, and
the repopulation of denuded areas was studied. After 12 h,
although the wounds in the control group and in the CCL19
group both started to close, the CCL19 group was significant.
In addition, this difference was more significant at 24 h.

When the inhibitors of JAK2/STAT3 were pretreated, the
CCL19-induced cell migration and proliferation decreased
significantly, and the free areawas even larger than the control
group (Figure 7). These results imply that the JAK2/STAT3
signal pathwaymay regulate CCR7-dependent migration and
invasion.

3.4. JAK2/STAT3 Mediated the Expression Levels of E-
Cadherin Induced by CCR7. E-cadherin and Vimentin are
known to be associated with the epithelial mesenchymal
transition (EMT), which is a key point in tumor progres-
sion and generally participate various cells migration and
invasion. Our previous results have showed that CCL19-
treated PCI-4B and PCI-37B cells led to a significant increase
in the level of vimentin protein and a significant decrease
in the level of E-cadherin (the article is under review).
In this study, we pretreated cells with AG490 and found
that when the JAK2/STAT3 signal pathway was blocked,
CCL19-induced low E-cadherin expression was increased
significantly, even more than the control group, whereas
no influence was observed for CCL19-induced vimentin
expression (Figures 8 and 9). The results demonstrate that
the CCR7-induced JAK2/STAT3 signal pathway regulates



BioMed Research International 5

Re
lat

iv
e p

ro
te

in
 le

ve
l

mAb AG

CCL19

CCL19

CCL19

—
— mAb AG

4

5

6

7

3

2

1

0

Re
lat

iv
e p

ro
te

in
 le

ve
l

4

5

6

3

2

1

0

PCI-4B

∗

∗
∗ ∗

∗

∗

P-STAT3

𝛽-Actin

Control
Control

— mAb AGControl

mAb AG

CCL19

—

P-STAT3

𝛽-Actin

Control

PCI-37B
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SCCHN cell migration and invasion via E-cadherin, without
vimentin participating.

3.5. Phosphorylation of STAT3 Expressed by Immunohisto-
chemical Staining Had a Significant Positive Correlation in
Tumor Metastasis. In our previous study, CCR7 was exam-
ined in 78 specimens by immunohistochemical staining,
and it was demonstrated that CCR7 is highly expressed in
SCCHN tissue and is correlated with tumor metastasis [13].
In this study, we examined the phosphorylation expression
of STAT3 in the same specimens. As Figure 10 shows, in
normal tissues, p-STAT3 was not stained, whereas in primary
SCCHN tissues, it was stained positively in nuclei, cytoplasm,
or both, and in metastatic lymph nodes, the staining was
even greater compared with the primary tumor. Of the 78
patients, 46 cases were positive for phosphorylation of STAT3
(46/78), and of the ten control cases, no cases were positive
for phosphorylation of STAT3 (0/10). SCCHN and normal
tissues exhibited a significant difference in the expression of
phosphorylation of STAT3 (𝑃 < 0.05). Table 1 summarizes
the relationship between the phosphorylation of STAT3 and
the clinicopathological factors of the 78 SCCHNpatients.The
expression of the phosphorylation of STAT3 was significantly
correlated with cervical lymph node metastasis and clinical
stage (𝑃 < 0.05). We also analyzed the relationship between

CCR7 and p-STAT3 expression in these 78 specimens. The
results showed a positive correlation between them (Table 2).

4. Discussion

STAT3, a molecular hub for diverse signaling pathways,
such as cell cycle progression, apoptosis, angiogenesis, and
immune evasion, has been identified as an oncogene and is
constitutively activated in a variety of human malignancies
[24]. The JAK2/STAT3 pathway is critical for cytokine and
growth factor-mediated responses regulating EMT biology
in fibrogenesis and cancer [16]. In primary breast cancer,
interleukin-6 (IL-6) induced activation of its downstream
effectors, JAK2 and STAT3, and this signaling played a critical
and pharmacologically targetable role in orchestrating the
composition of the tumor microenvironment that promotes
growth, invasion, and metastasis [25]. Recently, an article
about JAK2/STAT3 and chemokine receptors was published.
In prostate cancer cells, the interaction of CCL2 and CCR2
induced STAT3 activation. Interruption of this CCL2/CCR2-
STAT3 axis suppressed EMT and cell migration, resulting
in better suppression of tumor growth and metastasis in a
xenograft prostate cancer mouse model [26]. In our study,
the C-C chemokine CCL19 was used to activate its receptor
CCR7, and the JAK2/STAT3 was also phosphorylated, which
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can be blocked by CCR7 mAb, suggesting that JAK2/STAT3
is a downstream signal pathway of CCR7 in SCCHN. When
this signal pathway is blocked by STAT3 inhibitor, the CCL19-
induced cells’ migration and invasion were also inhibited,
demonstrating the key role of this pathway in SCCHN
metastasis, as well as in other tumors.

CCR7 can activate several signal pathways in SCCHN,
including PI3K, Src, and pyk2 [7, 10, 15]. PI3K, Src, pyk2, and
STAT3 signal pathways are complex and interact with one
another in different tumors. A research study reported that
the inhibition of the activation of upstream JAK1, JAK2, and
c-Src kinases suppressed the downstream STAT3 in human
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multiple myeloma cells [27]. Pyk2 is a member of the focal
adhesion kinase family and can be activated by c-Src. InHeLa
cells, along with c-Src, Pyk2 can facilitate EGFR-mediated
STAT3 activation [28]. As two distinct regulatory networks,
the PI3K pathway and STAT3 signaling have a functional
link in some tumors [29]. In a glioblastoma cell line, the
ectopic expression of PTEN, the regulator of PI3K/Akt,
disrupted STAT3 signaling and resulted in growth retardation
and senescence, whereas the LY294002, another inhibitor
of PI3K/Akt, only induced transient dephosphorylation of
STAT3 and rapidly restored it to its original level. Therefore,
the authors believe that the STAT3 signal is not a downstream
target of the PI3K/Akt pathway in the glioblastoma cell line
[30]. In our research, the phosphorylation of STAT3 was
reduced by Src and Pyk2 inhibitors and did not respond to

PI3K inhibitor, suggesting that CCR7 activates STAT3 via Src
and pyk2 in SCCHN, and PI3K/Akt does not participate in
this STAT3 activation.

To address how this CCR7/JAK2/STAT3 signal pathway
mediates SCCHN metastasis, we investigated two epithe-
lial mesenchymal transition- (EMT-) related molecules. E-
cadherin is a transmembrane glycoprotein associated with
the cytoskeleton via cytoplasmic proteins. The disruption of
E-cadherin-mediated adhesion is considered a key step in the
progression toward the malignant phase of carcinoma, which
has been observed to be induced by many signal pathways
[31]. In colorectal cancer, STAT3 induced cell invasion and
downregulation of E-cadherin, thus promoting tumor EMT
[32]. Our study had demonstrated that CCR7/JAK2/STAT3
regulating SCCHNmetastasis can also occur via E-cadherin.
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Table 1: Correlations between CCR7, STAT3 phosphorylation expression and clinicopathological factors of SCCHN.

Clinicopathological characteristics Number of cases CCR7 Statistical
analysis

STAT3 phosphorylation Statistical analysis
+∼+++ − +∼+++ −

Age
≥60 40 25 15

𝜒

2 = 0.032
25 15

𝜒

2 = 0.422
<60 38 23 15 21 17

Gender
Male 50 32 18

𝜒

2 = 0.357
30 20

𝜒

2 = 0.061
Female 28 16 12 16 12

Tumor size
T1, T2 65 37 28

𝜒

2 = 3.510
36 29

𝜒

2 = 2.077
T3, T4 13 11 2 10 3

Clinical stage
I, II 37 15 22

𝜒

2 = 13.113∗
14 23

𝜒

2 = 12.998∗
III, IV 41 33 8 32 9

Nodal metastasis
Yes 37 29 8

𝜒

2 = 8.434∗
29 8

𝜒

2 = 10.954∗
No 41 19 22 17 24

∗

𝑃 < 0.05 (the internal difference of CCR7 or STAT3 phosphorylation expression within clinicopathological characteristics).
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Figure 10: Immunohistochemical staining of STAT3 phosphorylation in normal tissue, an SCCHN primary tumor, and a metastatic lymph
node.

Table 2: The correlations between CCR7 and STAT3 phosphoryla-
tion expression in SCCHN primary tumor (𝑟 = 0.327, 𝑃 = 0.003).

STAT3 phosphorylation
+∼+++ −

CCR7 +∼+++ 33 15
− 13 17

Vimentin is the major intermediate filament (IF) protein
of mesenchymal cells, and it is associated with EMT. In

breast cancer cells, the pharmacological inhibition of STAT3
activation using a small molecule inhibitor, Stattic, poten-
tiated HNK-mediated inhibition of vimentin [33]. In our
study, although AG490 can inhibit STAT3 phosphoryla-
tion, it cannot disrupt the CCL19-induced expression of
vimentin, suggesting that vimentin is not downstream of
CCR7/JAK2/STAT3.

In gastric cancer, pSTAT3 expression was significantly
higher than in adjacent nontumor tissue, and there was
a significant association between pSTAT3 expression and
lymph node metastasis [34]. In our immunohistochemi-
cal staining study, pSTAT3 was also highly expressed in
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SCCHN tumor tissue and was correlated with tumor cervical
lymph node metastasis and clinical stage. Furthermore, we
also analyzed the relationship between CCR7 and p-STAT3
expression and found that there is a positive correlation
between them.These results can be helpful for demonstrating
that CCR7 activates JAK2/STAT3 in SCCHN and that this
pathway played a critical role in promoting tumormetastasis,
which we demonstrated in vitro.

5. Conclusion

Taken together, our study supports a novel hypothesis that
CCR7 can activate JAK2/STAT3 signal pathways in SCCHN
that are dependent on Src and Pyk2.This CCR7/JAK2/STAT3
signal pathway regulates tumor metastasis by E-cadherin-
mediated tumor EMT. In this regard, our results will improve
the study of CCR7 in SCCHN and provide an impor-
tant experimental basis for developing therapeutics to treat
SCCHN in the future.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This research was supported by grants from the National
Natural Science Foundation of China (no. 81372877), the
National Young Scholars Science Foundation of China (no.
81102058), the Foundation of Education Bureau of Liaon-
ing Province (no. 2009A755 and no. L2014317), the Public
Welfare Fund Project for Science of Liaoning Province
(no. 2011002001), Natural Science Foundation of Liaoning
Province (no. 2014021096), and Excellent Talent Fund Project
of Higher Education of Liaoning Province (LJQ2014087).

References

[1] R. T. Greenlee, M. B. Hill-Harmon, T. Murray, and M. Thun,
“Cancer statistics, 2001,”Ca-ACancer Journal for Clinicians, vol.
51, no. 1, pp. 15–36, 2001.

[2] X. Xia, K. Liu, H. Zhang, and Z. Shang, “Correlation between
CCR7 expression and lymph node metastatic potential of
human tongue carcinoma,” Oral Diseases, 2014.

[3] T. van den Bosch, A. E. Koopmans, J. Vaarwater, M. van den
Berg, A. de Klein, and R. M. Verdijk, “Chemokine receptor
CCR7 expression predicts poor outcome in uveal melanoma
and relates to liver metastasis whereas expression of CXCR4 is
not of clinical relevance,” Investigative Ophthalmology & Visual
Science, vol. 54, no. 12, pp. 7354–7361, 2013.

[4] J. Guo,W. Lou, Y. Ji, and S. Zhang, “Effect of CCR7, CXCR4 and
VEGF-C on the lymph node metastasis of human pancreatic
ductal adenocarcinoma,” Oncology Letters, vol. 5, no. 5, pp.
1572–1578, 2013.

[5] W.-N. Wang, Y. Chen, Y.-D. Zhang, and T.-H. Hu, “The regula-
tory mechanism of CCR7 gene expression and its involvement
in the metastasis and progression of gastric cancer,” Tumor
Biology, vol. 34, no. 3, pp. 1865–1871, 2013.

[6] Z. Zhen-jin, L. Peng, L. Fa-yu, S. Liyan, and S. Chang-fu, “PKC𝛼
take part in CCR7/NF-𝜅B autocrine signaling loop in CCR7-
positive squamous cell carcinoma of head and neck,”Molecular
and Cellular Biochemistry, vol. 357, no. 1-2, pp. 181–187, 2011.

[7] Z.-J. Zhao, F.-Y. Liu, P. Li, X. Ding, Z.-H. Zong, and C.-
F. Sun, “CCL19-induced chemokine receptor 7 activates the
phosphoinositide-3 kinase-mediated invasive pathway through
Cdc42 in metastatic squamous cell carcinoma of the head and
neck,” Oncology Reports, vol. 25, no. 3, pp. 729–737, 2011.

[8] P. Li, Z.-J. Zhao, F.-Y. Liu et al., “The chemokine receptor
7 regulates cell adhesion and migration via 𝛽1 integrin in
metastatic squamous cell carcinoma of the head and neck,”
Oncology Reports, vol. 24, no. 4, pp. 989–995, 2010.

[9] P. Li, F. Liu, L. Sun et al., “Chemokine receptor 7 promotes cell
migration and adhesion in metastatic squamous cell carcinoma
of the head and neck by activating integrin 𝛼v𝛽3,” International
Journal of Molecular Medicine, vol. 27, no. 5, pp. 679–687, 2011.

[10] F.-Y. Liu, Z.-J. Zhao, P. Li, X. Ding, Z.-H. Zong, and C.-F. Sun,
“Mammalian target of rapamycin (mTOR) is involved in the
survival of cells mediated by chemokine receptor 7 through
PI3K/Akt in metastatic squamous cell carcinoma of the head
and neck,” British Journal of Oral andMaxillofacial Surgery, vol.
48, no. 4, pp. 291–296, 2010.

[11] F. Y. Liu, Z. J. Zhao, P. Li, X. Ding, and C. F. Sun, “Effect
of rapamycin combined with cisplatin on head and neck
squamous cancer cells regulated by CCL19,” Zhonghua Kou
Qiang Yi Xue Za Zhi, vol. 46, no. 4, pp. 197–200, 2011.

[12] F. Y. Liu, Z. J. Zhao, P. Li, X. Ding, and C. F. Sun, “The effect of
CCL19 on the viability of head and neck squamous cancer cells,”
Shanghai Kou Qiang Yi Xue, vol. 19, no. 2, pp. 158–161, 2010.

[13] F. Y. Liu, Z. J. Zhao, P. Li et al., “NF-𝜅Bparticipates in chemokine
receptor 7-mediated cell survival in metastatic squamous cell
carcinoma of the head and neck,” Oncology Reports, vol. 25, no.
2, pp. 383–391, 2011.

[14] F. Y. Liu, Z. J. Zhao, S. H. Huang, and C. F. Sun, “Role of
PDTC inCCL19 regulating the activity of human head and neck
squamous cancer cells,” Journal of ChinaMedical University, vol.
37, no. 6, pp. 847–849, 2008.

[15] L. Yang, F. Liu, Z. Xu, N. Guo, X. Zheng, and C. Sun,
“Chemokine receptor 7 via proline-rich tyrosine kinase-2
upregulates the chemotaxis and migration ability of squamous
cell carcinoma of the head and neck,”Oncology Reports, vol. 28,
no. 5, pp. 1659–1664, 2012.

[16] M. Colomiere, J. Findlay, L. Ackland, and N. Ahmed, “Epider-
mal growth factor-induced ovarian carcinoma cell migration
is associated with JAK2/STAT3 signals and changes in the
abundance and localization of 𝛼6𝛽1 integrin,”The International
Journal of Biochemistry & Cell Biology, vol. 41, no. 5, pp. 1034–
1045, 2009.

[17] I. Lakshmanan, M. P. Ponnusamy, S. Das et al., “MUC16
induced rapid G2/M transition via interactions with JAK2
for increased proliferation and anti-apoptosis in breast cancer
cells,” Oncogene, vol. 31, no. 7, pp. 805–817, 2012.

[18] T. Murata, P. D. Noguchi, and R. K. Puri, “IL-13 induces
phosphorylation and activation of JAK2 janus kinase in human
colon carcinoma cell lines: similarities between IL-4 and IL-13
signaling,” Journal of Immunology, vol. 156, no. 8, pp. 2972–2978,
1996.

[19] L. Wang, T. Yi, W. Zhang, D. M. Pardoll, and H. Yu, “IL-
17 enhances tumor development in carcinogen-induced skin
cancer,” Cancer Research, vol. 70, no. 24, pp. 10112–10120, 2010.



BioMed Research International 11

[20] M. Pfeiffer, T. N. Hartmann, M. Leick, J. Catusse, A. Schmitt-
Graeff, and M. Burger, “Alternative implication of CXCR4 in
JAK2STAT3 activation in small cell lung cancer,” British Journal
of Cancer, vol. 100, no. 12, pp. 1949–1956, 2009.

[21] M. Hao, J. Zheng, K. Hou et al., “Role of chemokine receptor
CXCR7 in bladder cancer progression,”Biochemical Pharmacol-
ogy, vol. 84, no. 2, pp. 204–214, 2012.

[22] J. Wang, X. Zhang, S. M. Thomas et al., “Chemokine receptor
7 activates phosphoinositide-3 kinase-mediated invasive and
prosurvival pathways in head andneck cancer cells independent
of EGFR,” Oncogene, vol. 24, no. 38, pp. 5897–5904, 2005.

[23] Y. K. Mburu, J. Wang, M. A. Wood, W. H. Walker, and
R. L. Ferris, “CCR7 mediates inflammation-associated tumor
progression,” Immunologic Research, vol. 36, no. 1–3, pp. 61–72,
2006.

[24] J. Chen, J. Wang, L. Lin et al., “Inhibition of STAT3 signaling
pathway by nitidine chloride suppressed the angiogenesis and
growth of human gastric cancer,” Molecular Cancer Therapeu-
tics, vol. 11, no. 2, pp. 277–287, 2012.

[25] Q. Chang, E. Bournazou, P. Sansone et al., “The IL-6/JAK/Stat3
feed-forward loop drives tumorigenesis and metastasis,” Neo-
plasia, vol. 15, no. 7, pp. 848–862, 2013.

[26] K. Izumi, L.-Y. Fang, A. Mizokami et al., “Targeting the andro-
gen receptor with siRNA promotes prostate cancer metastasis
through enhanced macrophage recruitment via CCL2/CCR2-
induced STAT3 activation,” EMBO Molecular Medicine, vol. 5,
no. 9, pp. 1383–1401, 2013.

[27] J. H. Lee, S. Y. Chiang, D. Nam et al., “Capillarisin inhibits
constitutive and inducible STAT3 activation through induction
of SHP-1 and SHP-2 tyrosine phosphatases,” Cancer Letters, vol.
345, no. 1, pp. 140–148, 2014.

[28] C.-S. Shi and J. H. Kehrl, “Pyk2 amplifies epidermal growth fac-
tor and c-Src-induced Stat3 activation,”The Journal of Biological
Chemistry, vol. 279, no. 17, pp. 17224–17231, 2004.

[29] P. K. Vogt and J. R. Hart, “PI3K and STAT3: a new alliance,”
Cancer Discovery, vol. 1, no. 6, pp. 481–486, 2011.

[30] S.-H. Moon, D.-K. Kim, Y. Cha, I. Jeon, J. Song, and K.-S. Park,
“PI3K/Akt and Stat3 signaling regulated by PTEN control of the
cancer stem cell population, proliferation and senescence in a
glioblastoma cell line,” International Journal ofOncology, vol. 42,
no. 3, pp. 921–928, 2013.

[31] J. Behrens, “Cadherins and catenins: role in signal transduction
and tumor progression,” Cancer andMetastasis Reviews, vol. 18,
no. 1, pp. 15–30, 1999.

[32] H. Xiong, J. Hong, W. Du et al., “Roles of STAT3 and ZEB1
proteins in E-cadherin down-regulation and human colorectal
cancer epithelial-mesenchymal transition,” The Journal of Bio-
logical Chemistry, vol. 287, no. 8, pp. 5819–5832, 2012.

[33] D. B. Avtanski, A. Nagalingam, M. Y. Bonner, J. L. Arbiser,
N. K. Saxena, and D. Sharma, “Honokiol inhibits epithelial-
mesenchymal transition in breast cancer cells by targeting sig-
nal transducer and activator of transcription 3/Zeb1/E-cadherin
axis,”Molecular Oncology, vol. 8, no. 3, pp. 565–580, 2014.

[34] J. Deng, H. Liang, R. Zhang et al., “STAT3 is associated with
lymph node metastasis in gastric cancer,” Tumor Biology, vol.
34, no. 5, pp. 2791–2800, 2013.


