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Abstract: Tumor-associated neutrophils (TANs) promote metastasis of multiple cancers, including oral squamous
cell carcinoma (OSCC). Melatonin (Mel) reportedly exerts anti-metastatic effects on OSCC. However, little is known
about the anti-OSCC effects of Mel involved in TANs. In this study, intensive infiltration of TANs was positively associ-
ated with advanced stage, lymphatic metastasis, and poor prognosis of OSCC. Moreover, Mel reduced the survival
and migration of OSCC-associated neutrophils. Mechanistically, Mel suppressed the TAN release of C-X-C motif
chemokine ligand 8, C-C motif chemokine ligand 2 (CCL2), CCL4, and matrix metalloproteinase-9 by blockage of
p38 MAPK and Akt signaling. Mel-fostered TANs decreased the migration and invasion of OSCC cells and reduced
tube formation in vitro. Additionally, Mel-hampered pro-motility and pro-angiogenesis effects of TANs were depen-
dent on MMP-9 suppression in OSCC. Overall, The beneficial roles of melatonin in retarding OSCC metastasis were

implicated with inhibition of TANs.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of
the most common head and neck cancers
(HNCs) worldwide, accounting for 90% of oral
cancers, with more than 49,000 newly diag-
nosed cases annually [1, 2]. Despite consider-
able improvement in diagnoses and therapeu-
tics of OSCC, the five-year survival rate is still
less than 50% over the past two decades [3].
Local invasion and distant metastases are
considered the major reasons for poor progno-
sis of OSCC patients [4]. Thus, understanding
the mechanisms underlying metastasis and
identifying an effective therapeutic agent for
OSCC are urgently necessary.

Accumulating evidence indicates that an inflam-
matory tumor microenvironment contributes
greatly to the development and metastasis of
tumors [5]. Within this microenvironment, tu-
mor cells can educate immune cells to restrict
their immune functions and acquire tumor-pro-

moting activities [6, 7]. Tumor-associated neu-
trophils (TANs) play key tumor-supporting roles
in multiple cancers, including OSCC [8, 9]. TAN
infiltration is a poor prognostic indicator of HNC
[10]. Wang et al. [11] also found that neutrophil
immigration is positively associated with lymph
node metastasis, advanced clinical stage, and
high recurrence of tongue squamous cell carci-
noma (TSCC). HNC cells promote neutrophil
motility and survival and increase their inflam-
matory activity by releasing pro-inflammatory
factors, such as C-C motif chemokine ligand 4
(CCL4) and matrix metalloproteinase 9 (MMP-9)
[10]. Neutrophil-derived inflammatory factors
upon HNC cell stimulation have a feedback
effect on tumor cells by enhancing their migra-
tory properties [12]. Neutrophils increase the
invasiveness of OSCC cells through the activa-
tion of invadopodia and extracellular matrix
(ECM) degradation [13]. However, the molecular
mechanisms underlying the migration-promot-
ing effects of TANs on OSCC cells are poorly
understood.
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Melatonin (Mel; N-acetyl-5-methoxytryptamine)
is an indoleamine mainly produced by the pine-
al gland in response to darkness [14]. Mel is a
hormone and cell protector involved in immuno-
modulation, antioxidation, and hematopoiesis
[15]. Numerous studies have proven that Mel
possesses oncostatic properties in many types
of cancers, including OSCC [16-20]. The antitu-
mor mechanisms of Mel are associated with
several hallmarks of cancer, such as anti-prolif-
eration, apoptosis promotion, migration and
invasion inhibition, and anti-angiogenesis [21].
Yang et al. [22] demonstrated that Mel reduces
oral cancer cell proliferation in vivo and in vitro.
Mel inhibits TPA-induced oral cancer cell migra-
tion by suppressing MMP-9 activation [20].
Moreover, Mel decreases cell viability of both
OSCC cell lines (SCC-9 and SCC-25) and reduc-
es the expression of pro-angiogenic genes (i.e.,
hypoxia inducible factor-1a and vascular endo-
thelial growth factor [VEGF]) and the level of
the pro-metastatic gene ROCK-1 in SCC-9 cells
[23]. Nevertheless, whether the anti-metastat-
ic properties of Mel on OSCC are related to
the regulation of the tumor microenvironment
involved in TANs remains unclear.

In this study, infiltration of TANs in OSCC tis-
sues was enhanced compared with corre-
sponding nontumor samples. More intratumor-
al TANs were observed in patients with OSCC in
advanced stage (T4) or with lymphatic meta-
stasis than in patients in low stages (T1, T2,
and T3) or with non-lymphatic metastasis. High
accumulation of TANs was associated with a
poor survival rate among OSCC patients. In
vitro studies showed that Mel reduced the
migration and survival of OSCC-associated
neutrophils. Mel inhibited the release of pro-
inflammatory factors, including C-X-C motif che-
mokine ligand 8 (CXCLS8), CCL2, CCL4, and
MMP-9, from OSCC-associated neutrophils
through inactivation of the p38 mitogen-acti-
vated protein kinase (MAPK) and Akt signa-
ling pathways. In addition, Mel-educated TANs
decreased the migration and invasion of OSCC
cells, as well as the angiogenesis of endothelial
cells in a MMP-9-dependent manner. Overall,
these results demonstrated that Mel hindered
migration, apoptosis resistance, and inflamma-
tory responses of 0SCC-associated neutrophils
and suppressed the promotility and pro-angio-
genesis effects of TANs, suggesting that Mel
may be a potential therapeutic agent for OSCC.
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Materials and methods
Patients and clinical samples

The experiments were approved by the commit-
tees of Zhongshan Hospital Affiliated to Dalian
University (Dalian, China) and Fourth Military
Medical University (Xi'an, China), and all the
patients enrolled in this study provided written
informed consent before sample collection. For
neutrophil isolation, tumor tissues and per-
ipheral blood were collected from 20 OSCC
patients and peripheral blood was obtained
from 20 healthy donors who had a medical
check-up in Zhongshan Hospital. For immuno-
histochemical examination, paraffin-embedded
0OSCC samples and paired adjacent nontumor
tissues were obtained from 112 patients (medi-
an age, 61 years; range, 40-76 years) who un-
derwent curative resection between 2009 and
2011 in Zhongshan Hospital and School of
Stomatology of Fourth Military Medical Unive-
rsity. None of the patients had radiotherapy or
chemotherapy before surgery. All the tissues
were subjected to a blind histopathological
examination by two pathologists. OSCC was
staged according to the tumor-node-metasta-
sis system. Follow up was conducted via outpa-
tient examination or over the telephone (medi-
an time, 35 months; range, 10-60 months).
Five-year overall survival was defined as the
interval between surgery and death or between
surgery and the last observation point. For sur-
viving patients, the data were censored at the
last follow-up evaluation.

Neutrophil isolation and culture

Normal peripheral blood neutrophils (nPBNs)
and TANs were isolated as previously described
[24]. Peripheral blood samples were collected
from healthy volunteers and used for nPBN
isolation. For TAN isolation, the fresh OSCC tis-
sues were sliced into small pieces and digested
in Roswell Park Memorial Institute 1640 (RP-
Ml 1640; Gibco, BRL, Carlsbad, CA, USA) medi-
um supplemented with 0.05% collagenase IV
(Sigma-Aldrich, St. Louis, MO, USA), 0.002% DN-
ase | (Roche, Indianapolis, IN, USA), and 20%
fetal bovine serum (FBS; Gibco) at 37°C for 30
min. The dissociated cells were filtered through
a 150 mm mesh. Subsequently, 1 mL of cell
suspension and 10 mL of Ficoll-Hypaque (Ste-
mcell Technologies, Vancouver, Canada) were
centrifuged at 2500 rpm for 20 min ina 15 mL
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tube. The leukocytes were harvested, and CD-
66b* cells were isolated using the EasySep PE
Selection Kit (STEMCELL Technologies) accord-
ing to the manufacturer’s protocol. The purifica-
tion of neutrophils was confirmed by fluores-
cence-activated cell sorter analysis with phyco-
erythrin (PE)-conjugated anti-CD66b antibody
(BD Bioscience, San Jose, CA, USA), showing a
purity of greater than 95% and 85% for nPBNs
and TANSs, respectively.

Cell culture

Two human OSCC cell lines (SCC-9 and SCC-25)
and human umbilical vein endothelial cells
(HUVECs) were purchased from American Type
Culture Collection (ATCC; Manassas, VA, USA).
OSCC cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco) supple-
mented with 10% FBS. HUVECs were cultured
in RPMI 1640 medium. All cells were grown
under a humidified condition at 37°C with 95%
CO,. Quality and identity of the cell lines were
validated consistently according to ATCC Tech-
nical Bulletin No. 8, including regular micro-
scopic controls of morphology, growth curve
recordings, and PCR-based testing for myco-
plasma infection. Conditioned medium (CM)
from SCC-9 and SCC-25 cells were prepared by
culturing SCC-9 and SCC-25 cells (1 x 10° cells/
mL) for 24 h at 37°C.

Neutrophil treatment

For nPBN activation, nPBNs (1 x 10° cells/mL)
were cultured with SCC-9-CM and SCC-25-CM
or control (Ctrl)-CM for 24 h. For Mel treatment,
TANs and nPBNs were seeded into dishes and
cultured in RPMI 1640 medium until 80% con-
fluence. The medium was replaced to minimize
any stimulated effects on neutrophils. The neu-
trophils were exposed to 1 mM Mel (Sigma) for
the indicated time points. To evaluate the sig-
naling pathways involved in TANs and OSCC-
educated TAN-like neutrophils, the cells were
pretreated with SB203580 (10 pM, p38 inhibi-
tor; Merck Millipore, Billerica, MA, USA) or LY29-
4002 (50 pM, PI3K inhibitor; Merck Millipore)
at 37°C and 5% CO, for 1 h, washed with PBS
three times, and exposed to the indicated stim-
uli. To explore the molecules by which TAN
mediated OSCC cell migration and angioge-
nesis, the cells were pretreated with MMP-9
inhibitor | (1 uM; Merck Millipore) and Scramble
siRNA (siScrb) or MMP-9 siRNA (siMMP-9;
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GenePharma, Shanghai, China) followed by the
indicated stimulus. SiScrb or sSiIMMP-9 was us-
ed to knock down MMP-9 expression in TANs by
using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) in accordance with the man-
ufacturer’s instructions.

Immunohistochemistry

Paraffin-embedded OSCC and the paired non-
tumor samples were sectioned to visualize
CD66b-positive cells. In brief, after deparaf-
finization, rehydration, and microwave antigen
retrieval, the sections were incubated with
mouse anti-human CD66b monoclonal anti-
body (Beckman Coulter, Fullerton, CA, USA) at
4°C overnight, followed by incubation with
secondary antibody (Maixin Biotech., Fuzhou,
China) at 37°C for 20 min. Staining was per-
formed with 3,3-diaminobenzidine (Maixin
Biotech.) and counterstained with hematoxylin
(Sigma). The omitted primary antibody was
used as the negative control. The sections were
observed and photographed under a light micr-
oscope (Carl-Zeiss, Berlin, Germany). CD66b-
positive cells were rated with the score “-” for
no, and “+,” “++,” and “+++” for weak, medium,
and strong staining, respectively. According to
the score system, the cells were divided into
two groups: CD66b low-level group (-and +) and
CD66b high-level group (++ and +++).

Neutrophil chemotaxis assay

Neutrophil chemotaxis was measured by a
Transwell system (Corning Costar, NY, USA) with
3 mm polycarbonate membranes as described
previously [10]. Ctrl-CM, SCC-9-CM, or SCC-25-
CM was plated into the bottom chambers.
nPBNs and TANs (1 x 10° cells/100 mL) with or
without Mel treatment for 1 h were suspended
in RPMI 1640 containing 2% FBS, added to
the upper wells and then incubated for 3 h at
37°C. The neutrophils that migrated to the
lower chamber were collected and counted by
CASY®Model TT (Roche Innovatis, Bielefeld,
Germany). The negative control comprised
nPBNs that migrated to RPMI 1640 alone. The
chemotactic index was calculated according
to the following formula: chemotactic index =
neutrophils that migrated to the membranes
induced by the various attractants/nPBNs that
migrated toward RPMI 1640 alone. By defini-
tion, nPBNs that migrated toward RPMI 1640
alone have a chemotactic index of 1 [10].
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Measurement of neutrophil apoptosis by flow
cytometry

Neutrophil apoptosis was measured using
an Annexin V-fluorescein isothiocyanate (FITC)
Apoptosis Detection Kit (BD Bioscience) accord-
ing to the manufacturer’s instructions. In brief,
nPBNs and TANs with different treatments were
harvested, centrifuged, and resuspended in
binding buffer. After the addition of Annexin
V-FITC (10 pL) in the mixture, the cells were in-
cubated at 37°C for 15 min and counterstained
with 5 uL of propidium iodide (PI) in the dark for
30 min. Cell apoptosis was determined by BD
FACSCalibur flow cytometry (BD Bioscience).
The results were analyzed by CellQuest soft-
ware (BD Bioscience).

Western blot analysis

Neutrophils with the indicated treatments were
lysed with RIPA lysis buffer (Beyotime Biotech-
nology, Jiangsu, China). Protein samples were
boiled and separated by sodium dodecy! sul-
fate-polyacrylamide gel electrophoresis and
transferred onto polyvinylidene fluoride mem-
brane (Millipore). The membranes were blocked
with 5% skimmed milk at room temperature for
1 h, followed by incubation with specific prima-
ry antibodies, including phosphorylated (p)-
p38180/v182 n38 p-AktS*73, Akt, and GAPDH (all
from Cell Signaling Technology, Danvers, MA,
USA) at 4°C overnight. Afterwards, the mem-
branes were incubated with horseradish perox-
idase-conjugated secondary antibodies (Sigma)
at 37°C for 1 h. Bands were detected by en-
hanced chemiluminescence detection reagents
(Santa Cruz, Dallas, TX, USA).

Enzyme-linked immunosorbent assay (ELISA)

The levels of cytokines/chemokines in the
supernatants of neutrophils with indicated
treatments were measured using commercial
human ELISA kits (R&D Systems, Minneapolis,
MN, USA) in accordance with the manufactur-
er’s instructions. In brief, 100 uL of sample was
placed into each well. The plates were incubat-
ed for 3 h at room temperature, followed by
conjugate incubation for 2 h. After washing,
substrate solution was added to determine
immunoreactivity, and the absorbance was
read at 490 nm on a microplate reader (Bio-
Rad, Hercules, CA, USA).
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Migration and invasion assays

Migration and invasion of OSCC cells were mea-
sured using Transwell inserts (8 um; Corning
Costar) precoated with or without Matrigel. For
migration assay, SCC-9 and SCC-25 cells (5 x
10%) were suspended in 500 uL of 10% FBS/
DMEM and seeded in the upper chamber of the
inserts uncoated with Matrigel. The bottom
chamber was filled with 1 mL of 10% FBS/
DMEM with nPBNs-, TANs-, (TANs + Mel)-, (TAN
+ MMP-9 inhibitor)-, (TAN + siScrb)-, or (TAN +
MMP-9)-CM for chemotaxis and allowed to
migrate for 24 h. The bottom chamber with only
10% FBS/DMEM was used as control. For the
invasion assay, except for the upper chamber
of the inserts precoated with 5 mg/mL Matrigel
(Sigma), the other procedures were the same
as those for the migration assay. The cells that
migrated or invaded to the membranes were
fixed with methanol for 30 min, stained with
crystal violet (Sigma) for another 30 min, and
counted under a microscope (Carl-Zeiss). The
migration or invasion index was calculated as
follows: migration or invasion index = OSCC
cells that migrated or invaded to the mem-
branes induced by the various attractants/
OSCC cells that migrated or invaded toward
DMEM alone. By definition, OSCC cells that
migrated or invaded toward DMEM alone had a
migration or invasion index of 1.

In vitro angiogenesis assay

In vitro tube formation assay was conducted to
determine the pro-angiogenic capacity of neu-
trophils. HUVECs (1 x 10°%) were seeded on the
24-well plates precoated with Matrigel (Sigma;
400 pL/well) and cultured in RPMI 1640 medi-
um with nPBNs-, TANs-, (TANs + Mel)-, (TAN +
MMP-9 inhibitor)-, (TAN + siScrb)-, or (TAN +
MMP-9)-CM. The tube formation capacity was
observed under a phase-contrast microscope
(Carl-Zeiss) at 24 h after incubation, and the
number of tubes and branch points were mea-
sured using Image Pro Plus software (Media
Cybernetics Inc., Bethesda, MD, USA).

Statistical analysis

Data were presented as the mean + standard
deviation (SD). Differences between the two
groups or multiple groups were compared using
Student’s t-test or one-way ANOVA followed by
Tukey's post-hoc test. Survival curves were
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Figure 1. Enhancement of TAN infiltration was positively associated with the advanced stage, lymphatic metastasis,
and poor prognosis of OSCC. (A) The percentage of CD66b-positive neutrophils in OSCC tissues and the correspond-

ing nontumor tissues. CD66b-positive neutrophil was rated

with the score “-” for no and “+,” “++,” and “+++” for

weak, medium, and strong staining, respectively. (B and C) Tumor infiltration by CD66b-positive neutrophils was
analyzed in 112 patients with OSCC. The percentages of the infiltration scores are indicated for each T stage (B)
and the tissues with or without lymphatic metastasis (C, D) The five-year survival rate of OSCC patients with CD66b
high- or low-expression cells. All data represent the mean + SD of three replicates. *P < 0.05 compared with the
T4, T2, or T3 group in (B) or compared with the non-metastasis group in (C). **P < 0.01 compared with N tissues.

N = Nontumor.

plotted by the Kaplan-Meier method and ana-
lyzed using the log rank test. Statistical analy-
ses were performed using SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was defined as P < 0.05.

Results

Increased TAN infiltration in OSCC was cor-
related with tumor progression and poor prog-
nosis

To assess the relevance between OSCC-asso-
ciated neutrophils and their clinical signifi-
cance, we first analyzed the extent of TAN infil-
tration in OSCC tissues and the paired nontu-
mor samples. As shown in Figure 1A, the per-
centage of CD66b-positive cells was much
higher in OSCC tissues than that of nontumor
samples. According to the scoring system of
TAN infiltration by using anti-CD66b staining,
95% of OSCC tissues exhibited TAN infiltration,
among which weak, medium, and strong infil-
trations were found in 42%, 31%, and 22%,
respectively, of the tissues (data not shown).
Most of the T4 tumors displayed high CD66b
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expression, whereas T1, T2, and T3 tumors
exhibited low TAN infiltration (Figure 1B). The
patients with lymphatic metastasis had more
CD66b high-expression cells than the non-met-
astatic patients (Figure 1C). The survival rate of
the patients with CD66b low-expression cells
was much higher than that of the patients with
CD66b high-expression cells (Figure 1D). These
results indicate that increased TAN infiltration
was positively associated with the advanced
stage, lymphatic metastasis, and poor progno-
sis of OSCC.

Mel reduced migration and increased apopto-
sis of OSCC-associated neutrophils

To investigate the effects of Mel on the migra-
tion and apoptosis of OSCC-associated neutro-
phils, we performed neutrophil chemotaxis and
flow cytometry assays. Compared with nPBNs,
the migration of TANs markedly increased,
which was significantly reduced by Mel treat-
ment (Figure 2A). Flow cytometry assay dem-
onstrated lower levels of apoptotic TANs than
nPBNs. However, Mel significantly increased
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Figure 2. Mel inhibited migration and increased apoptosis of OSCC-associated neutrophils. (A and B) TANs were
treated with or without 1 mM Mel for 1 h. nPBNs without any treatment was used as control. Cell migration was
counted 3 h after Mel treatment (A), and cell apoptosis was measured at 24 h after Mel exposure (B, C) nPBNs with
or without 1 h of Mel (1 mM) pretreatment were allowed to migrate toward Ctrl-, SCC-9-, or SCC-25-CM for 3 h. (D)
nPBNs with or without 1 h of Mel (1 mM) pretreatment were added Ctrl-, SCC-9-, or SCC-25-CM and cultured for
24 h. Cell apoptosis was measured by flow cytometry. All data represent the mean + SD of three replicates. *P <
0.05 compared with the nPBN group in (A and B) or compared with the nPBN-M or Ctrl-CM group in (C and D). #P <
0.05 compared with the TAN group in (A and B) or compared with the SCC-9- or SCC-25-CM group in (C and D). Ctrl:

control; CM: conditioned medium; M: medium; Mel: melatonin.

TAN apoptosis (Figure 2B). To explore whether
the increased migration and decreased apop-
tosis of TANs are induced by OSCC cells, we
detected the migration and apoptosis of nPBNs
with OSCC-CM treatment. As expected, SCC-9-
CM or SCC-25-CM notably increased migration
and decreased apoptosis of nPBNs compared
with the nPBNs alone or Ctrl-CM treatment,
whereas Mel reversed these effects caused by
OSCC cells (Figure 2C and 2D). These data
demonstrate that Mel inhibited migration and
enhanced apoptosis of OSCC-associated neu-
trophils.

Mel inhibited the release of inflammatory fac-
tors from OSCC-associated neutrophils through
p38 MAPK and PI3K/Akt signaling

Zhou et al. [24] reported that hepatocellular
carcinoma (HCC) cells educate nPBNs to be-
come TAN-like and express CCL2 and CCL17
through the induction of p38 MAPK and PI3K/
Akt signaling. A previous study showed that
head and neck cells can induce p38 MAPK acti-
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vation to stimulate the release of CCL4, CXCLS,
and MMP-9 by neutrophils [25]. Mel reportedly
reduces the levels of p38 MAPK and p-Akt in
ovarian carcinoma [18]. Western blot analysis
was performed to determine the signaling path-
ways involved in OSCC-induced activation of
neutrophils and by which Mel inhibited neutro-
phil activation. As shown in Figure 3A, the lev-
els of p-p38 MAPK and p-Akt were much higher
in TANs and in SCC-9-CM- or SCC-25-CM-
stimulated nPBNs than in nPBNs alone or Ctrl-
CM-treated nPBNs. However, Mel significantly
reduced p-p38 MAPK and p-Akt levels in TANs
or OSCC-CM-exposed nPBNs. We then investi-
gated whether the reduced release of inflam-
matory mediators from TANs by Mel is depen-
denton p38 MAPK and Akt activation. Secretion
of CXCL8 (Figure 3B), CCL2 (Figure 3C), CCL4
(Figure 3D), and MMP-9 (Figure 3E) was mark-
edly increased in TANs and SCC-9-CM- or
SCC-25-CM-treated nPBNs, whereas those
were decreased in the Mel treatment groups.
Blocking the p38 MAPK and Akt pathways with
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Figure 3. Mel reduced the release of inflammatory mediators from OSCC-associated neutrophils involving inactiva-
tion of p38 MAPK and PI3K/Akt signaling. (A) TANs were treated with or without 1 mM Mel for 1 h. nPBNs with or
without 1 h of Mel (1 mM) pretreatment were cultured with Ctrl-, SCC-9-, and SCC-25-CM. Western blot analyses of
the expression of phosphorylated (p)-p38™8%Y182 n38, p-AktS*’3, and Akt in nPBNs and TANs at 4 h after Mel treat-
ment. GAPDH was used as the endogenous control. (B-E) Left panel: TANs were treated with or without 1 mM Mel
treatment in the presence or absence of SB203580 (10 uM) or LY294002 (50 uM) for 1 h. Right panel: nPBNs pre-
treated with or without 1 h of Mel (1 mM) in the presence or absence of SB203580 (10 uM) or LY294002 (50 uM)
and were cultured with SCC-9- or SCC-25-CM. The release of CXCL8 (B), CCL2 (C), CCL4 (D), and MMP-9 (E) in the
cell media was assessed by ELISA at 24 h after Mel treatment. All data represent the mean + SD of three replicates.
*P < 0.05 compared with the nPBN groups in (B-E left panel) or compared with Ctrl-CM groups in (B-E right panel);
#P < 0.05 compared with TAN + DMSO group in (B-E left panel) or compared with SCC-9-CM + DMSO or SCC-25-CM
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+ DMSO group in (B-E right panel); YP < 0.05 compared with TAN + SB or TAN + LY group in (B-E left panel) or com-
pared with SCC-9-CM + SB or SCC-9-CM + LY group or SCC-25-CM + SB or SCC-25-CM + LY group in (B-E right panel);
*P < 0.05 compared with (TAN + Mel) + DMSO group in (B-E left panel) or compared with (SCC-9-CM + Mel) + DMSO
or (SCC-25-CM + Mel) + DMSO group in (B-E right panel); SP < 0.05 compared with TAN + SB group in (B-E left panel)
or compared with SCC-9-CM + SB or SCC-25-CM + SB group in (B-E right panel); *P < 0.05 compared with TAN + LY
group in (B-E left panel) or compared with SCC-9-CM + SB or SCC-25-CM + LY group in (B-E right panel); 4P < 0.05
compared with (TAN + Mel) + SB or (TAN + Mel) + LY group in (B-E left panel) or compared with (SCC-9-CM + Mel) +
SB or (SCC-9-CM + Mel) + LY group or (SCC-25-CM + Mel) + SB or (SCC-25-CM + Mel) + LY group in (B-E right panel).
Ctrl: control; CM: conditioned medium; Mel: melatonin; DMSO: dimethyl sulfoxide; SB: SB203580; LY: LY294002.

A Ctrl nPBN-CM TAN-CM

Migration index

Invasion index

Figure 4. Mel-educated TANs decreased the migration and invasion of OSCC cells. SCC-9 and SCC-25 cells were
cultured in Ctrl, nPBN-, TAN-, or (TAN + Mel)-CM for 24 h. (A and C) The (A) migration and (C) invasion of SCC-9 and
SCC-25 cells were measured by Transwell assays. (Magnification: 200x). (B and D) The (B) migrated cells in (A) and
(D) invaded cells (C) were calculated. (Magnification: 100x%). All data represent the mean + SD of three replicates.
*P < 0.05 compared with the Ctrl or nPBN-CM group; *P < 0.05 compared with the TAN-CM group. CM: conditioned

medium; Ctrl: control; Mel: melatonin.

SB203580 and LY294002 pretreatments,
respectively, reduced the increased release of
CXCL8, CCL2, CCL4, and MMP-9, which was
further inhibited by Mel (Figure 3B-E). These
results suggest that Mel suppressed the
release of inflammatory mediators from OSCC-
activated neutrophils, which require p38 MAPK
and PI3K/Akt signaling inactivation.

Mel-fostered OSCC-associated neutrophils de-
creased migration and invasion of OSCC cells

A recent study demonstrated that neutrophils
increase the invasiveness of OSCC [13]. Mel
inhibits oral cancer cell migration by suppress-
ing MMP-9 activation [20], which is mainly pro-
duced by TANs in the tumor microenvironment
[26]. To address whether the inhibition of Mel
on OSCC cell migration and invasion is depen-
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dent on neutrophil activation, Transwell assays
were performed. Compared with Ctrl or nPBN-
CM-stimulated OSCC cells, the migration of
TAN-CM-treated SCC-9 and SCC-25 cells sub-
stantially increased, whereas CM from TANs
with Mel treatment attenuated the enhance-
ment of the migrated cells (Figure 4A and 4B).
Similarly, (TANs + Mel)-CM reduced the inva-
sion of SCC-9 and SCC-25 cells increased by
TANs (Figure 4C and 4D). These results imply
that Mel-educated OSCC-associated neutro-
phils reduced the migration and invasion of
OSCC cells.

Mel-educated OSCC-associated neutrophils
hampered angiogenesis in vitro

Angiogenesis is essential for tumor growth and
metastasis. Neutrophils promote tumor angio-
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Figure 6. Mel repressed the pro-motility and pro-angiogenesis effects of 0SCC-associated neutrophils through MMP-
9 suppression. (A and B) SCC-9 and SCC-25 cells were cultured in TAN-, (TAN + Mel)-, (TAN + MMP-9 inhibitor)-, (TAN
+ siscrb)-, or (TAN + siMMP-9)-CM for 24 h. The migration (A) and invasion (B) of SCC-9 and SCC-25 cells were evalu-
ated by Transwell assays. The migration or invasion index of TAN-CM treatment was defined as 1. (C and D) HUVECs
were cultured in TAN-, (TAN + Mel)-, (TAN + MMP-9 inhibitor)-, (TAN + siscrb)-, or (TAN + siMMP-9)-CM for 24 h. Tube
formation assay was performed to measure the number of tubes (C) and branch points (D). All data represent the
mean * SD of three replicates. *P < 0.05 compared with the Ctrl group; *P < 0.05 compared with the TAN-CM group;
ns: no significance compared with the TAN-CM group or (TAN + Mel)-CM group; 8P < 0.05 compared with the (TAN +
Mel)-CM group. CM: conditioned medium; Ctrl: control; Mel: melatonin; MMP-9 I: MMP-9 inhibitor.

genesis [27], whereas Mel inhibits angiogene- formation assay was performed. As shown in
sis in endothelial cell cultures [28]. To explore Figure 5A, TAN-CM treatment led to a signifi-
whether the anti-angiogenic effect of Mel is cant increase in tube-like structures of HUVECs
through inhibiting TAN activation, in vitro tube compared with the Ctrl or nPBN-CM-cultured
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cells. However, CM from Mel-treated TANs att-
enuated the capacity of tube formation induced
by TANs. Quantitatively, (TANs + Mel)-CM incu-
bation decreased the number of tubes (Figure
5B) and branch points (Figure 5C) of HUVECs.
The data suggest that Mel inhibited the pro-
angiogenic effect of TANs in OSCC.

Inhibition of the pro-motility and pro-angio-
genic effects of TANs by Mel was in a MMP-9-
dependent manner in OSCC

MMP-9 promotes tumor metastasis by degrad-
ing the ECM and contributing to neovasculariza-
tion [29]. To verify whether Mel inhibits TAN-
induced migration and invasion of OSCC cells
and angiogenesis of HUVECs through MMP-9
suppression, MMP-9 inhibitor or siMMP-9 was
used for MMP-9 inhibition assays. As shown in
Figure 6A and 6B, TAN-CM-enhanced migration
and invasion of SCC-9 and SCC-25 cells were
markedly reduced by (TANs + Mel)-, MMP-9
inhibitor-, or siMMP-9-CM treatment. Compared
with the MMP-9 inhibitor or siMMP-9 alone
group, (MMP-9 inhibitor + Mel)- or (SIMMP-9 +
Mel)-CM-treated group exhibited less migrated
and invaded cells. Similar results were observed
in the number of tubes (Figure 6C) and branch
points (Figure 6D). These data indicate that the
pro-motility and pro-angiogenic effects of TANs
suppressed by Mel were through MMP-9 sup-
pression in OSCC.

Discussion

Several key findings were observed in this
study. First, TAN accumulation increased in
OSCC tissues compared with the correspond-
ing nontumor samples. Second, levels of intra-
tumoral TANs in OSCC patients in advanced
stage (T4) or with lymphatic metastasis were
higher than those in low stages (T4, T2, and T3)
or with non-lymphatic metastasis. Third, the
OSCC patients with CD66b high-expression
cells had a shorter survival time than those
with CD66b low-expression cells. Fourth, the
migratory and viable abilities of TANs were
reduced by Mel treatment. Fifth, the reduced
release of CXCL8, CCL2, CCL4, and MMP-9
from OSCC-associated neutrophils by Mel was
dependent on the inactivation of p38 MAPK
and Akt signaling. Sixth, (TANs + Mel)-CM incu-
bation decreased the migration and invasion
of OSCC cells. Seventh, Mel-educated OSCC-
associated neutrophils suppressed angiogene-
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sis in vitro. Finally, the inhibition of pro-motility
and pro-angiogenesis effects of TANs by Mel
was in a MMP-9-dependent manner in OSCC.
Overall, these data indicate that Mel retarded
OSCC metastasis by inhibiting TAN activation
and Mel may be as a potential therapeutic
agent for OSCC.

Neutrophils are the most abundant immune
cell in humans, representing 50%-70% of all
leukocytes. The circulating neutrophils have a
half-life of approximately 7 h in healthy humans
[30] and 8-10 h in mice [31]. However, animal
experiments showed that a small pool of non-
circulating neutrophils can survive for several
days in tissues [32, 33]. Neutrophils are also
retained for a long time in tumors [34], suggest-
ing that the tumor microenvironment encour-
ages their survival both locally and systemical-
ly. Emerging evidence demonstrates that neu-
trophils are an essential component of the
tumor microenvironment, and neutrophil infil-
tration plays a key role in tumor progression
[35]. Human hypopharyngeal carcinoma cell
stimulates the migration and prolong the sur-
vival time of neutrophils [10]. In line with this
finding, our results show that OSCC cell stimu-
lation enhanced the migration and survival of
OSCC-associated neutrophils. However, Mel
significantly reduced the migration and survival
of TANs. Aberrant accumulation of neutrophils
has been found in multiple cancers and is often
related to poor prognosis [36-38]. Trellakis et
al. [10] reported that increased neutrophil infil-
tration, as detected by CD66b-positive cells, is
associated with poor outcomes among HNC
patients. TSCCs with neutrophil infiltration ex-
hibitincreased lymphatic metastasis, advanced
clinical stage, and enhanced tumor recurrence
[11]. Consistently, this study demonstrate that
high levels of CD66b-positive neutrophils were
found in OSCC tissues, and increased neutro-
phil accumulation was positively associated
with advanced stage, lymphatic metastasis,
and poor outcomes of OSCC patients.

Solid tumors are often accompanied with a
state of so-called cancer-related inflammation.
Inflammation is recognized as an important
contributor to cancer development, which can
fuel both primary tumor growth and metastasis
[39]. As a key type of inflammatory cell, neutro-
phils can be mobilized and recruited to tumors.
Two differing polarized populations of TANs (N1
and N2) were characterized in a murine model.
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Transforming growth factor- (TGF-B) within the
tumor microenvironment induces a population
(N2) of TANs with a protumor phenotype, where-
as blockade of TGF-f results in the recruitment
and activation of TANs with an antitumor phe-
notype (N1) [40]. N2 neutrophils are particular-
ly relevant for OSCC patients, as evidenced by
increased expression of IL-13, IL-6, and TGF-
[41]. Neutrophils can release many pro-inflam-
matory, immunoregulatory, and angiogenic fac-
tors, including TNF-«, IL-13, IL-8, MMP-9, and
VEGF, in a tumor microenvironment [10, 13,
25]. FaDu cells can increase the production of
CCL4, CXCL8, and MMP-9 in neutrophils [10,
25]. The co-culture of OSCC cells and neutro-
phils leads to enhanced secretion of TNF-ac and
IL-8 [13]. CCL2 and CCL17 are secreted exclu-
sively by TANs as tumor-promoting prognostic
factors in HCC [24]. CXCL8 promotes tumor pro-
gression by enhancing neutrophil chemotaxis
and degranulation [42], and serum CXCL8 has
been suggested as a possible survival biomark-
er for HNC patients [43]. CCL2 expressed by
TANs is associated with lymphatic metastasis
of OSCC [44]. CCL4 released by neutrophils at
the tumor site may further recruit mononuclear
immune cells to intensify the inflammatory
tumor-host interaction [45]. MMP-9 is one of
the most important contributors of tumor pro-
gression, and it is a key player in ECM degrada-
tion and angiogenesis in OSCC [46]. In the pres-
ent study, we found that pro-inflammatory fac-
tors, including CXCL8, CCL2, CCL4, and MMP-
9, were produced largely by OSCC-associated
neutrophils, which were significantly reduced
by Mel treatment. Previous studies demon-
strated the expression of CCL2 and CCL17 in
HCC-educated TAN-like cells via induction of
p38 MAPK and PI3K/Akt signaling [24] and the
release of CCL4, CXCL8, and MMP-9 from FaDu
cell-stimulated neutrophils by induction of p38
MAPK activation [25]. In this study, we also fo-
und that Mel inhibited the release of inflamma-
tory factors from OSCC-associated neutrophils
through p38 MAPK and PI3K/Akt signaling.

Local or distant metastases are aggressive
hallmarks of OSCC. The progression of cancer
metastases is a complex multi-step process
involving dynamic interactions between cancer
cells and their microenvironment [47]. Migration
of cells from the primary tumor requires the
breakdown of the basement membrane and
remodeling of the ECM. Proteolytic cleavage
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and degradation of ECM proteins during tumor
invasion are coordinated by a number of en-
zymes, particularly by MMPs [48]. MMPs regu-
late tumor cell invasion through autocrine or
paracrine pathways [49]. In the tumor microen-
vironment, neutrophils are recruited to the ni-
ches of distant cancer metastasis and may be
a key player in the establishment of metastasis
[5]. Neutrophils secrete MMP-8, MMP-9, elas-
tase, and other matrix proteinases that degrade
the ECM directly to facilitate cancer cell inva-
sion [50] or activate membrane type 1-MMP in
tumor cells to promote cancer progression in-
directly [51]. Previous studies demonstrated
increased expression of MMPs involved in the
invasion and angiogenesis of HNC [52]. MMP-9
induced by collagen XVl is reported to facilitate
OSCC cell invasion [53]. A significant relation-
ship was found between microvessel density
count and MMP-9 expression in OSCC [54].
Intriguingly, MMP-9 is highly expressed in HNC
tissue-infiltrating neutrophils [25], and MMP-9
inhibition reduces neutrophil-enhanced OSCC
cell invasion and ECM degradation [13]. In line
with these results, we found that OSCC-asso-
ciated neutrophils promoted the migration and
invasion of OSCC cells and angiogenesis of
HUVECs in vitro. Moreover, knockdown of
MMP-9 markedly eliminated the pro-aggressive
behaviors of TANs in OSCC. Mel-educated TANs
led to less migrated and invaded OSCC cells
and tube formation ability, and they presented
additive effects with MMP-9 inhibition. These
results suggest that Mel inhibited the pro-motil-
ity and pro-angiogenesis effects of OSCC-
associated neutrophils by repressing MMP-9.

In summary, our findings describe a novel
mechanism linking TANs to OSCC metastasis
involved in the antitumor effects of Mel. We
demonstrated that increased CD66b-positive
neutrophils were correlated with advanced
stage, lymphatic metastasis, and poor progno-
sis of OSCC. Mel inhibited migration and apop-
tosis resistance of OSCC-associated neutro-
phils and reduced CXCL8, CCL2, CCL4, and
MMP-9 release from OSCC-associated neutro-
phils by inactivating p38 MAPK and PI3K/Akt
pathways. The pro-motility and pro-angiogene-
sis effects of OSCC-associated neutrophils
decreased by Mel were dependent on MMP-9
suppression in OSCC. Overall, Mel may be used
as an anti-OSCC therapeutic agent by reducing
migration, apoptosis resistance, inflammatory
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response, and pro-motility and pro-angiogene-
sis effects of TANs.
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