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Abstract: The aim of this work was to investigate the role of chemokines in proliferation
and migration of tongue squamous cell carcinoma (TSCC). Out of the 80 cytokines surveyed
by a human cytokine antibody array, three chemokines, macrophage inflammatory protein-3o.
(MIP-30r), macrophage inflammatory protein-1f (MIP-1p), and interferon gamma-induced protein
10 (IP-10), showed elevated expression in TSCC cells (CAL-27 and UM-1), compared to the oral
mucosal epithelial cells. Immunohistochemistry confirmed the high level of expression of MIP-30u
in the TSCC tissues, especially in the high clinical stages. Furthermore, Western blot and immu-
nofluorescence staining indicated that C-C chemokine receptor type 5, C-C chemokine receptor
type 6, and C-X-C motif chemokine receptor 3, which are the receptors for MIP-30,, MIP-1, and
IP-10, respectively, were expressed in the TSCC cells. Viability assay showed MIP-3a,, MIP-1J3,
and IP-10 led to the proliferation of the CAL-27 cells. Interestingly, MIP-13 and IP-10 also
induced apoptosis in the TSCC cells. Transwell invasion assay showed MIP-3o. and IP-10 could
increase the invasive capability of TSCC cells; consistently, the enzymatic activities of matrix
metalloproteinase-2 and matrix metalloproteinase-9 increased in the MIP-3ai- and IP-10-treated
cells. In summary, our results indicate the expression of MIP-30., MIP-1p, and IP-10 increased in
the TSCC cells. The elevated expression of MIP-3a and IP-10 promoted proliferation and migra-
tion of TSCC. These chemokines, along with their receptors, could be potential biomarkers and
therapeutic targets for TSCC, especially for those in the high clinical stages.
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Introduction

Squamous cell carcinoma (SCC) is a common skin cancer, and more than 50% cases
are cancers of the oral tongue.' Tongue squamous cell carcinoma (TSCC) develops
through a series of histopathologic stages from mild dysplasia to invasive disease.
Despite recent advances in primary prevention and therapeutic intervention, the
morbidity and mortality remain high with a 5-year survival of ~50%.? As such, the
community has shown a rising interest in developing new and effective biomarkers
and therapeutic targets for the prediction and treatment of TSCC.?

Inflammatory responses play decisive roles at different stages of tumor
development.* Immune/inflammatory cell infiltration into tumor leads to an active
and extensive cross talk with cancer cells.*> Chemokines are a group of cytokine
superfamilies that are capable of inducing and controlling the migration of chemotactic
cells, such as monocytes, natural killer cells and dendritic cells.®

Chemokines are divided into four subfamilies — CC, CXC, C and CX3C —based on
the signature sequence at the amino terminus region, with CC and CXC being the major
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classes. Chemokines and their G-protein-coupled receptors are
known to play a crucial role in tissue homeostasis, inflamma-
tory responses and the pathogenesis of a variety of diseases.” '
Chemokines can be induced by other factors, such as inflam-
matory cytokines, growth factors and pathogenic stimuli, in
a variety of cells including tumor cells and tumor-infiltrating
immune cells. Blocking the activities of chemokines leads
to preclinical antitumor activity in various malignancies.''"'3
Chemotherapy and radiotherapy, which are routinely used
to kill cancer cells, have shown effects on the expression of
chemokines and their receptors, leading to weakened and
ineffective therapy.'"* Tremendous efforts are under way in
searching for antagonists to neutralize chemokine receptors, in
combination with conventional chemotherapeutic treatments.
These strategies are some of the promising new directions
in the therapy of metastatic disease."> However, the role of
many chemokines is not fully understood in the pathogenesis
of TSCC. An in-depth study of the chemokine response in
patients with TSCC is beneficial for the diagnosis, prognosis
and treatment of this type of cancer.

The major objective of this study was to investigate the
expression of chemokines in TSCC and their function in
proliferation and migration of the cancer cells. We evalu-
ated the expression of 80 cytokines in TSCC cells by a
human cytokine antibody array. This assay showed that the
expression of three chemokines, macrophage inflammatory
protein-3o (MIP-30), macrophage inflammatory protein-1[3
(MIP-1) and interferon gamma-induced protein 10 (IP-10),
was significantly elevated in SCC. The functions of these
chemokines were further studied by immunofluorescence
staining, Western blot analysis, viability assay, apoptosis
assay and Transwell invasion assay. Our study provides
important insights into the role of MIP-3c,, MIP-13 and
IP-10 in TSCC, which may serve as biomarkers and potential
therapeutic targets for therapy of this type of cancer.

Materials and methods

Ethics statement

Samples of patients were collected during a routine checkup
by medical professionals. The study was approved by the
Ethics Committee of Stomatological Hospital affiliated with
Southern Medical University, and carried out in accordance
with the approved guidelines. The study was conducted
according to the guidelines of the Declaration of Helsinki.

Cell culture

CAL-27 cells were donated by Shanghai Ninth People’s
Hospital affiliated to Shanghai Jiao Tong University School
of Medicine, Shanghai, China. UM-1 cells were donated

by the First Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China. TCA-8113 cells were purchased from the
China Center for Type Culture Collection, Wuhan, China.
Human oral mucosa epithelial cells were the keratinized
squamous cells from the masticatory mucosa distributed
in hard palate. CAL-27, UM-1, TCA-8113 and human
oral mucosa epithelial cells were cultured in Dulbecco’s
modified eagle’s medium (DMEM), Dulbecco’s modified
eagle medium: nutrient mixture F-12 (DMEM/F12), Roswell
Park Memorial Institute (RPMI) 1640 and minimum essential
medium (MEM) (Thermo Fisher Scientific, Waltham, MA,
USA), respectively, all of which were supplied with 10%
fetal bovine serum (Hyclone, Logan, UT, USA).

Human cytokine antibody assay

To investigate the expression of cytokines, cells in serum-free
media (24 h) were collected and subjected to analysis by Human
Cytokine Antibody Array 5 (RayBiotech, Norcross, GA, USA)
according to the manufacturer’s instructions. The slide was
analyzed using a GenPix 4000B scanner (Axon Instrument,
Burlingame, CA, USA). The values were normalized and
the background was reduced. The relative expression level of
cytokines was determined by comparing signal intensities.

Enzyme-linked immunosorbent assay

Out of the 80 cytokines, the expression of MIP-3c, MIP-1§3 and
IP-10 was further validated by enzyme-linked immunosorbent
assay (ELISA) kits (Sigma-Aldrich Co., St Louis, MO, USA)
following the manufacturer’s instructions. The supernatant was
taken, and the absorbance at 450 nm was determined using the
ELISA kits for MIP-113, MIP-30. and IP-10. The concentra-
tions of MIP-30,, MIP-1 and IP-10 were calculated based on
the standard curve of the OD values against known concentra-
tions of MIP-30,, MIP-1f and IP-10 standard solutions.

Immunohistochemistry

A total of 46 paraffin-embedded oral TSCC sections from
patients diagnosed between January 2006 and December
2012 were obtained from the Department of Pathology,
Guangdong Provincial Stomatological Hospital, Guangzhou,
China, with the consent of the patients. None of the patients
had received any form of tumor-specific therapy before the
surgery, and no distant metastases were observed. A total of
20 normal tongue mucosal tissues obtained from the same
hospital were used as the control group. The volunteers in
the control group have provided written informed consent.
According to the International Union against Cancer TNM
classification, the cases can be classified into stages I (14),
II (10), I1II (14) and IV (8). According to the criteria set by
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the World Health Organization in 1997, the cases can be
classified into grades I (20) and II (26). Among these, 17
cases had lymph node metastasis.

Tissue sections of 4 wm thickness from the paraffin-
embedded TSCC blocks were used for immunohistochemical
(IHC) staining. These sections were deparaffinized in xylene
and rehydrated through an alcohol gradient. They were
subjected to antigen retrieval by conventional microwave
heating (750 W) in 0.01 M sodium citrate retrieval buffer
(pH 6.0) for 5 min. Endogenous peroxidase activities were
blocked with 3% hydrogen peroxide. The sections were
then incubated with a rabbit CCL20/MIP-30. monoclonal
antibody (1:100; Shanghai Tianyuan Biotech Inc., Shanghai,
China) overnight at 4°C and subsequently incubated with
goat anti-rabbit immunoglobulin (1:5,000; Shanghai Shifeng
Biotech Inc., Shanghai, China) at 20°C for 20 min. The
sections were then washed three times with PBS (pH 7.2)
for 2 min. The reaction product was developed with 3,3’-
diaminobenzidine and counterstained with hematoxylin.
Immunoreactivity in the tissue was judged independently
by two pathologists who were blinded to the clinical data
and other IHC results. TSCC tissues were used as positive
control. Negative controls were included in each slide run
with omission of primary and secondary antibodies.

Immunoreactivity was semiquantitatively evaluated
based on the immunoreactive score (IRS) method.'¢ IRS is
the product of the intensity of staining (SI) and the percentage
of positive cells (PP). The SI was defined as: 0, negative;
1, weak, light yellow; 2, moderate, tan and 3, strong, dark
brown; the PP was scored as: 0, negative; 1, <10%; 2,
10%—50%; 3, >50%—-80% and 4, >80% positive cells. IRS
ranged from 0 to 12. IHC results with an IRS of 0—1 were
considered negative (—), 2-3 as weak positive (+), 4-5 as
moderate positive (++) and =6 as strong positive (+++).

Western blotting

CAL-27, UM-1 and TCA-8113 cell lysates were electro-
phoresed on a 10% acrylamide gel and immunoblotted onto
nitrocellulose membranes. The nitrocellulose membranes
were washed, blocked with 5% nonfat dry milk in tris-buft-
ered saline (TBS) for 90 min at 25°C and then incubated over-
night with rabbit polyclonal antibodies for C-C chemokine
receptor type 5 (CCRS; 1:1,000), C-C chemokine receptor
type 6 (CCR6; 1:1,000) and C-X-C motif chemokine receptor
3 (CXCR3; 1:1,000), following the manufacturer’s instruc-
tions (Bioss Inc., Beijing, China). Membranes were washed
and then incubated with goat anti-rabbit IgG for 1 h, before
they were visualized by enhanced chemiluminescence (ECL;
Amersham, Piscataway, NJ, USA) on an X-ray film.

Immunofluorescence staining

CAL-27, UM-1 and TCA-8113 cells were subjected to
trypsin digestion before being placed in six-well plates filled
with a small amount of culture medium. Cells were seeded on
coverslips for incubation overnight at 37°C in a saturated air
humidity/5% CO, incubator. The cells were fixed in 4% (v/v)
paraformaldehyde in PBS for 30 min at room temperature,
before incubating them with rabbit polyclonal antibodies for
CCRS5 (1:1,000), CCR6 (1:1,000) and CXCR3 (1:1,000) at
4°C. Negative controls were samples with the omission of
primary antibodies. The cells were incubated in Cy3 conju-
gated goat anti-rabbit IgG secondary antibody at 37°C for
2 h. The nuclei were counterstained with 4’,6”-diaminino-
2-phenlindole. The cells were mounted over fluorescence
mounting medium (Dako Denmark A/S, Glostrup, Denmark)
and observed using a confocal laser scanning microscope
imaging system (Olympus Corporation, Tokyo, Japan).

Cell proliferation assay

CAL-27 cells were digested by 0.25% trypsin and resus-
pended in DMEM containing 10% fetal bovine serum.
The cell density was adjusted to 3.5x10* cells per milliliter
before the cells were planted into 96-well plates. The cells
were divided into three groups (10, 20 and 40 ng/mL of the
chemokines) and one control group (PBS), according to the
concentrations of MIP-30,, MIP-13 and IP-10. After being
stimulated for 12, 24 and 48 h, cell viability was analyzed
with a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan)
according to the manufacturer’s instructions. For each well,
10 uL Cell Counting Kit-8 solution was added, and the
cells were incubated at 37°C for 3 h. The absorbance was
measured at 450 nm.

Cell invasion assay

The invasion of CAL-27 cells was evaluated by using a
24-Transwell insert with 8-um pores coated with Matrigel
(Corning Inc., Corning, NY, USA). CAL-27 cells (1x10°)
were suspended in fetal bovine serum (FBS)-free medium
and cocultured with 80 ng/mL MIP-3c,, MIP-1B and IP-10
cells for 24 h. A total of 200 mL cells were placed in the
Transwell chambers, and the lower chambers were then filled
with 500 mL RPMI 1640 media containing 10% FBS. The
plates were incubated at 37°C in a 5% CO, atmosphere for
24 h. After incubation, the CAL-27 cells remaining in the
upper side of the insert were removed with a swab, and the
cells that had infiltrated the lower side of the insert were fixed
with 100% methanol and stained with 0.1% crystal violet for
10 min. The stained nuclei were counted. All experiments
were performed in triplicate.
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Statistical analysis

Statistical analysis was performed with the SPSS 1.3.0
software. The clinical specimens were analyzed by chi-
square test. The ELISA and apoptosis data were analyzed
using one-way analysis of variance (ANOVA). The differ-
ences in cell proliferation were tested by a factorial analysis,
and intragroup differences were evaluated using the least
significant difference test. Independent samples ¢-test was
used for the evaluation of statistical significance for gelatin
zymography and invasion experiments. The results were
expressed as mean + SD of at least three experiments. P<<0.05
was considered to be statistically significant.

Results
Screening of the cytokines with elevated

expression in the TSCC cell lines

Among the 80 cytokines tested by the human cytokine anti-
body array, 12 showed significant expression changes in the
TSCC, including interleukin (IL)-1B, monocyte chemotactic
protein 4, regulated on activation normal T-cell expressed
and secreted, insulin-like growth cytokine binding protein 4,
transforming growth cytokine-B3, IL-6, [L-8, tumor necrosis
factor-o (TNF-qr), IP-10, MIP-13, MIP-30 and osteoprote-
gerin (OPG).

Among these cytokines, IL-1PB, IL-6, IL-8, TNF-a
and OPG had increased the expression in TSCC cell lines
compared with the squamous cells, whereas monocyte
chemotactic protein 4 had decreased expression (Table 1).
The expression levels of IP-10, MIP-1B and MIP-30 were
increased in UM-1 and CAL-27, though their expression
showed a slight decrease in TCA-8113 (Table 1). The expres-
sion of IP-10, MIP-1P and MIP-3a. was further validated by

Table | Relative intensity of fluorescence signals between UM-I,
CAL-27, TCA-8113 and squamous cells

Cytokine ~ UM-I/ CAL-27/ TCA-8113/
squamous cell*  squamous cell squamous cell

IP-10 4.36 3.78 0.84

MIP-18 3.38 2.13 0.68

MIP-30. 36.27 69.99 0.8l

IL-1B 10.65 15.44 6.77

MCP-4 0.05 0.46 0.26

IL-6 6.13 8.46 2.62

IL-8 8.40 11.09 4.00

TNF-a 8.53 7.14 2.73

OPG 6.20 837.39 12.09

Table 2 Expression of IP-I0, MIP-13, and MIP-30. detected by
ELISA

Cytokine UM-I CAL-27 TCA-8113 Epithelial cells
MIP-132 305.4+132 236.4+19.1 89.9+838 91119
MIP-3o 406.8+17.8 486.2+13.1 95.5+10.5 88.217.6

IP-10 3111180 214.9+18.2 89.1£9.7 95.6x10.6

Note: *MIP-1B (FI: 183.7, pl: 0.0), MIP-30. (F2: 789.8, p2: 0.0), IP-10 (F3: 156.8,
p3: 0.0).

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IP-10, interferon
gamma-induced protein 10; MIP-1[3, macrophage inflammatory protein-13; MIP-30,
macrophage inflammatory protein-3c.

ELISA, which was in agreement with the antibody assay
(Table 2), indicating these cytokines may participate in dif-
ferent mechanisms in these cell lines. In this study, we mainly
focused on the investigation of the functions of IP-10, MIP-13
and MIP-3a in TSCC. Other cytokines, such as IL-1f3, IL-6
and TNF-o, will be further investigated in the future.

Expression of MIP-3a increased in the
TSCC

MIP-30 was expressed in both normal tongue tissues and
tongue cancer tissues as shown by the immunohistochemistry
assay. The positive rates of MIP-3¢1 in normal tongue tissues
and TSCC tissues were 30% (6/20) and 78% (36/46), respec-
tively. The expression of MIP-3 0t in tongue cancer carcinoma
was significantly higher than that in the squamous cell group
(1*=14.030, P<<0.05; Table 3). MIP-30. was mainly located in
the cytoplasm, with a small amount in the nucleus. The high
expression level of MIP-3 ¢ in the cytoplasm and nucleus of
the TSCC was indicated by a dark yellow staining, whereas
in the tongue mucosa epithelial cells, the staining was lighter
(Figure 1). The expression of MIP-3a in the TSCC was
correlated with the lymph node metastasis and the clinical
stages (P<<0.05), but not with the pathologic grade of the
tongue cancer (P>0.05; Table 4). Our results also showed
that MIP-3a had high expression levels in TSCC in the high
clinical stages.

Expression of the corresponding
receptors of MIP-3c, MIP-1f3 and IP-10 in
the TSCC

The expression levels of the corresponding receptors of
MIP-30,, MIP-1f and IP-10 were investigated by Western

Table 3 Expression of MIP-3a in the TSCC and squamous cells

Note: *Squamous cell: the keratinized squamous cells from the masticatory mucosa
distributed in hard palate.

Abbreviations: IL, interleukin; IP-10, interferon gamma-induced protein 10;
MIP-1p, macrophage inflammatory protein-13; MIP-30,, macrophage inflammatory
protein-3c; TNF, tumor necrosis factor; OPG, osteoprotegerin.

MIP-3a
Squamous cells 20 14 6 30

Abbreviations: MIP, macrophage inflammatory protein; TSCC, tongue squamous
cell carcinoma.
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Figure | High expression of MIP-3a. in the cytoplasm and nucleus of TSCC.
Notes: Immunohistochemistry of MIP-3a in normal tissues (A) and squamous
cell carcinoma (B). The relatively high expression of MIP-3c in the cytoplasm and
nucleus of TSCC was indicated by a dark yellow staining, whereas in the squamous
cells, the staining was lighter. Scale bar =100 pum.

Abbreviations: MIP, macrophage inflammatory protein; TSCC, tongue squamous
cell carcinoma.

blot analysis and immunofluorescence staining. Bands at
40.5,42.5 and 40.7 kDa were observed for CCR5, CCR6 and
CXCR3, respectively, indicating CCR5, CCR6 and CXCR3
were expressed in all three human TSCC cell lines (CAL-27,
UM-1 and TCA-8113; Figure 2). Expression of CCRS, CCR6
and CXCR3 was further investigated by immunofluorescence
staining, which showed that these receptors were expressed
in both cell membrane and cytoplasm in CAL-27, UM-1 and
TCA-8113 cells (Figure 3).

MIP-30, MIP-1f3 and IP-10 promoted

proliferation in CAL-27 cells

The results showed that the proliferation of CAL-27 cells
was MIP-1J concentration dependent (F=23.476, P=0.000),
but not time dependent (F=1.761, P=0.150), as shown in
Figure 4. ANOVA showed that MIP-1 in different con-
centrations could promote the proliferation of CAL-27 cells
at 12 and 24 h (P<0.05). At 48 h, 10 and 20 ng/mL MIP-1[3
could promote proliferation of CAL-27 cells (P<<0.05),
but 40 ng/mL MIP-1B could not (P>0.05), which means

Table 4 Expression of MIP-3¢. in the TSCC cells was correlated
with the lymph node metastasis and the clinical stages (P<<0.05),
but not with the pathologic grade of the tongue cancer

Case MIP-30. V4 P-value
number m
Clinic stage 0.029
-l 24 13 I 4763
=V 22 5 17
Lymph node metastasis 0.022
No 29 15 14 5.225
Yes 17 3 14
Pathologic grade 0.615
| 20 7 13 0.253
I 26 Il 15

Abbreviations: MIP, macrophage inflammatory protein; TSCC, tongue squamous
cell carcinoma.

UM-1 CAL-27

LR N

B-ACHN UM T —
CCR6 | = —

CXCR3

Figure 2 Expression of CCR5, CCR6, and CXCR3 in three human tongue squamous
cell carcinoma cell lines (CAL-27, UM-1, and TCA-8113) by Western blot.
Abbreviations: CCR5, C-C chemokine receptor type 5; CCR6, C-C chemokine
receptor type 6; CXCR3, C-X-C motif chemokine receptor 3.

TCA-8113

CCR5

ok B RN

when set at 40 ng/mL, the effect of MIP-1f on proliferation
declined with time and no effect was observed at 48 h.

For MIP-3o and IP-10, both the concentration and the
time of treatment had a significant effect on the prolifera-
tion of CAL-27 cells. ANOVA showed that MIP-3a could
promote the proliferation of CAL-27 cells at 12, 24 and 48 h
(P<<0.05). However, the effect was not concentration depen-
dent for MIP-3a (P>0.05). At 12 h, IP-10 could promote
the proliferation of CAL-27 (P<<0.05) in a concentration-
dependent manner, as shown in Figure 4. At 24 h, the effect
was concentration dependent. At 48 h, only IP-10 at 40 ng/mL
could promote CAL-27 proliferation (P<<0.05).

MIP-18 and IP-10 induced apoptosis in

CAL-27 cells

MIP-1f3 and IP-10 had significant effects on CAL-27 cell
apoptosis at a higher concentration (40 ng/mL; Figures 5
and 6), while at lower concentrations, there was no obvi-
ous effect. MIP-3a did not show any significant effect on
CAL-27 cell apoptosis at the concentrations tested (10, 20
and 40 ng/mL).

MIP-3o and IP-10 increased invasive
capability of the TSCC cells

Transwell invasion assay showed MIP-3a and IP-10 could
increase the invasive capability of TSCC cells (P<<0.05),
while MIP-1B could not (P>0.05; Figure 7). The enzy-
matic activities of matrix metalloproteinase (MMP)-2 and
MMP-9 were compared in the TSCC cells (Figure 8). The
results showed that the MMP-2 and MMP-9 activities were
significantly increased in the MIP-3a.- and IP-10-treated
cells (P<<0.05), which is consistent with the results of the
Transwell invasion assay.
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UumM-1 CAL-27

TCA-8113

50 ym

CCRS

CCR6

50 ym

50 pm

Figure 3 Expression of CCR5, CCRé, and CXCR3 in both cell membrane and cytoplasm of CAL-27, UM-| and TCA-81 13 by immunofluorescence staining.
Abbreviations: CCR5, C-C chemokine receptor type 5; CCR6, C-C chemokine receptor type 6; CXCR3, C-X-C motif chemokine receptor 3.

Discussion

Previous studies have noted the importance of chemokines
and chemokine receptors in SCC.%7® In this study, we sur-
veyed the expression of 80 cytokines in TSCC by a human
cytokine antibody array, which is a rapid and accurate screen-
ing method to find the cytokines with different expression
in different human tongue cancer cell lines and squamous
cells. High expression levels of three chemokines, MIP-3a,
MIP-1 and IP-10, were observed in the TSCC cells, espe-
cially CAL-27 and UM-1, indicating the chemokines play
different roles in these cell lines.

IP-10, expressed from the CXCLI0 gene, was first
identified in a lymphoma cell line treated with recombinant
interferon-y." IP-10 induces chemotaxis, apoptosis, cell
growth inhibition and angiostasis, and has been linked to
infectious diseases, immune dysfunction and tumor devel-
opment.?’ The elevated expression of IP-10, as well as its
receptor CXCR3,%""% has been found to be associated with
advanced-stage tumors, such as malignant melanoma, ovar-
ian carcinoma and B-cell lymphoma.?*2¢ Rentoft et al showed
the expression of CXCL10 was upregulated by 16-fold

response to radiotherapy, which is correlated with the low
overall survival in SCC of the tongue." As such, it can be
potentially a biomarker for a variety of diseases.

MIP-1, also know as chemokine (C-C motif) ligand 4
(CCL4), was also observed with a higher expression. MIP-13
is a C-C chemokine executing its function through CCR5
receptors. It provokes chemotaxis for natural killer cells,
monocytes and a variety of other immune cells.?” MIP-153
is involved in the macrophage-modulated migration and
invasion of human TSCC by recruiting M1 macrophages to
tumor sites.”® In addition to lymph node metastasis, CCL4
expression can also be used as an independent predictor for
esophageal SCC patients’ survival.?® A significant decrease
in serum MIP-1J3 level was observed in patients with head
and neck squamous cell cancer, irrespective of the primary
tumor site.” However, in our study, we observed a significant
increase of MIP-1.

MIP-3q, also known as chemokine (C-C motif) ligand
20 (CCL20), is located on 2q35-36, including four exons
and three introns. MIP-3 ¢ is a chemokine of C-C subfamily,
and its specific receptor is CCR6. The interaction between
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Figure 4 Viability assays show the proliferation of CAL-27 cells by IP-10 (A), MIP-3c. (B), and MIP-1f (C).
Note: The proliferation was MIP-1f concentration dependent (F=23.476, P=0.000), but not time dependent (F=1.761, P=0.150).
Abbreviations: IP-10, interferon gamma-induced protein 10; MIP-1f, macrophage inflammatory protein-1f3; MIP-30, macrophage inflammatory protein-3o.
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Figure 5 Apoptosis in CAL-27 cells induced by MIP-1f.
Abbreviations: FITC, fluorescein isothiocyanate; MIP- 1§, macrophage inflammatory protein-If.
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Figure 7 Invasive capability of TSCC cells by Transwell invasion assay.

Notes: Transwell invasion assay shows the effects of MIP-1f3 (B), MIP-30. (C), and IP-10 (D) on the invasive capability of TSCC cells, in comparison with the PBS control (A).
The invasiveness was quantified as the percentage of cells invaded per group (E). The results show MIP-30. and IP-10 increased the invasive capability of TSCC cells (P<0.05),

while MIP-IB did not (P>0.05).

Abbreviations: IP-10, interferon gamma-induced protein 10; MIP, macrophage inflammatory protein; TSCC, tongue squamous cell carcinoma.
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Figure 8 MMP-2 and MMP-9 activities were significantly increased in the MIP-3c.-
and IP-10-treated cells.

Notes: Expression (A) and the enzymatic activities (B) of MMP-2 and MMP-9 in
the TSCC cells.

Abbreviations: IP-10, interferon gamma-induced protein 10; MIP-1, macrophage
inflammatory protein-13; MIP-30, macrophage inflammatory protein-3c; MMP,
matrix metalloproteinase; TSCC, tongue squamous cell carcinoma.

MIP-3 ¢ and dendritic cells and T cells plays an important role
in tumor cell immunity and autoimmune diseases.** MIP-3o
is involved in oral immune response to bacterial infection
and may cause the growth of oral SCC (OSCC).*' MIP-30.
was expressed in OSCC samples and in six different OSCC
lines.’! One study showed that overexpression of MIP-30.
in oral cavity SCC is associated with nodal metastasis."”
When MIP-3o was knocked down by interfering RNA, the
suppression of CCL20 in the SCC cell lines reduced migra-
tion and invasion."”

Elevated expression was observed for other proteins in
the assay. For example, OPG had an elevated expression
in the UM-1 and TCA-8113 cells, but not as significant as in
the CAL-27 cells. A previous study has observed a similar
phenomenon, which shows that notch signaling regulated
OPG expression in HSC-4 cells, but not in another human
OSCC cell line (HSC-5) or a human head and neck SCC
cell line (HN22).*> OPG and other chemokines that were not
investigated in this study deserve a further pursue.

Immunohistochemistry confirmed the elevated expression
of MIP-3a in the TSCC tissues, especially during the high
clinical stages. The chemokine receptors, CCR5, CCR6 and
CXCR3, were also expressed in the TSCC cells. Our results
showed that MIP-30,, MIP-1f and IP-10 promoted the
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proliferation of TSCC cells. However, MIP-1B3 and IP-10
could also induce apoptosis of TSCC cells at a high con-
centration (40 ng/mL). Some chemokines, such as TNF-q.,
can induce apoptosis in many cell types by recruiting death-
effector domain containing protein caspase-8 to the recep-
tor complex.* For IP-10, one study showed that it induces
cell apoptosis and inhibits viral replication in Tet-On HeLa
cells;** another study showed IP-10, in combination with IL-2
and/or interferon-o., induces apoptosis in T lymphocytes.*
MIP-1 and IP-10 could play different roles under different
microenvironments.

Transwell invasion assay showed MIP-3o.and IP-10 could
promote TSCC cell invasion, while MIP-1§ could not. MMP-2
and MMP-9 activity increased in MIP-30.- and IP-10-treated
cells, which is consistent with a previous study. Campbell et al
demonstrated MIP-3o can promote tumor cell migration by
upregulation of MMPs and pancreatic cancer invasion through
upregulation of MMP-9 by binding to the transmembrane
receptor CCR6.%¢ The effect of IP-10 on cancer cell invasion
was also investigated. Zipin-Roitman et al showed that IP-10
can significantly upregulate invasion by promoting the expres-
sion of MMP-9 in colorectal carcinoma cells.”’

Our study suggests that although the expression levels of
these chemokines were elevated, their functions and impact
on TSCC cell proliferation and migration are different.
Further experiments, such as siRNA knockdown, need to
be undertaken to fully understand the function of these
chemokines in TSCC.

In summary, our results showed that MIP-3 0, MIP-1§3 and
IP-10 had high expression in CAL-27 and UM-1. Immunohis-
tochemistry confirmed the high level of expression of MIP-3a.
in TSCC tissues, especially in the high clinical stages. Accord-
ing to cell proliferation assay, the proliferation of TSCC cells
was promoted by MIP-3¢, MIP-1B and IP-10. Invasive cell
assay demonstrated that the invasive capability of the TSCC
cells was increased by MIP-3o and IP-10. Taken together, our
results showed these chemokines played important roles in
TSCC cells. MIP-3c., MIP-1p and IP-10 and their receptors
could be potentially used as biomarkers and therapeutic targets
for TSCC, especially for those in high clinical stages.
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