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Decursin inhibits tumor progression in head and neck squamous
cell carcinoma by downregulating CXCR7 expression in vitro
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Abstract. CXC chemokine receptor 7 (CXCR?7) is frequently
overexpressed in cancer and plays a significant role in
tumor growth and metastasis. Consequently, inhibition of
CXCR?7 is important for treatment strategies. However, little
is known concerning the biological role of CXCR7 and its
underlying mechanisms in head and neck squamous cell
carcinoma (HNSCC). The present study investigated the role
of CXCR7 in HNSCC, as well as the effects of decursin, a
pyranocoumarin compound isolated from Angelica gigas
Nakai, on CXCR7 and its downstream signaling. Expression
levels of CXCR7 in HNSCC cells were examined using flow
cytometry, reverse transcriptase PCR, western blot analysis,
and immunofluorescence. The effects of CXCR7 on cell
proliferation, migration, and invasion were studied using
CCK-8, gap closure, and transwell assays. The results revealed
that decursin significantly reduced CXCR7 expression and
inhibited cell proliferation, migration, and invasion of human
HNSCC cell lines. In addition, decursin induced GO/G1 cell
cycle arrest in CXCR7-overexpressing cells and decreased the
levels of cyclin A, cyclin E, and CDK?2. Furthermore, CXCR7
promoted cancer progression via the STAT3/c-Myc pathway
in HNSCC; suppression of CXCR7 with decursin prevented
this effect. These results suggest that CXCR7 promotes cancer
progression through the STAT3/c-Myc pathway and that the
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natural compound decursin targets CXCR7 and may be valu-
able in the treatment of HNSCC.

Introduction

Head and neck cancer represents the sixth most common
malignancy worldwide, with approximately 500,000 new
cases diagnosed each year; it remains one of the leading
causes of cancer-related deaths (1). Head and neck squamous
cell carcinoma (HNSCC) comprises the majority of head
and neck cancers and represents a heterogeneous group of
tumors that arise from the squamous epithelium of the oral
cavity, oropharynx, larynx, and hypopharynx (2). HNSCC
metastasizes to lymph nodes, resulting in poor prognosis (3).
However, few oncogenes have been identified in HNSCC that
can be exploited with targeted agents (4). Therefore, the iden-
tification of new biomarkers and drug targets is necessary for
effective treatment of HNSCC. Many HNSCC patients present
with locally advanced disease, often with prominent involve-
ment of lymph nodes (2). Lymph node metastasis is affected
by various factors in HNSCC. Recent studies have demon-
strated that tumor cells express functionally active chemokine
receptors and that expression of these receptors appears to
regulate cellular functions associated with metastasis (5-7).
The involvement of chemokines and their receptors in both
normal and abnormal physiological behaviors, such as inflam-
mation, immunity, chemotaxis, and metastasis of tumor cells,
is under active investigation (8-10). CXC chemokine receptor
type 7 (CXCR?7) is an important marker of lymph node metas-
tasis in HNSCC (11).

CXCR7 is a G-protein-coupled chemokine receptor; its
ligands are CXCL12 and CXCL11. CXCR?7 is upregulated in
cancer cells and mediates a broad range of cellular activities,
including proliferation, survival, and metastasis, by binding
CXCLI12 (12-14). Elevated levels of CXCR7 were found to be
correlated with tumor aggressiveness and grade in various
types of cancers, including non-small cell lung cancer (15),
bladder cancer (16), breast cancer (17), and oral squamous cell
carcinoma (18). In addition, CXCR7 expression is strongly
associated with tumor size, lymph node metastasis, disease
recurrence, and poor disease-specific survival, suggesting that
CXCR7 expression results in more biologically aggressive
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tumors (19). Therefore, it will be important to study the role
of CXCR7 in HNSCC cells to reveal potential relevant thera-
peutic targets to inhibit tumor progression.

Decursin, a pyranocoumarin compound isolated from
the dried root of the Korean medicinal herb Angelica gigas
Nakai, has been reported to exhibit antitumor activity in
breast and gastric cancer (20-22). Pharmacological effects of
this compound have also been reported, and include antibac-
terial and antileukemic activities, as well as antiangiogenic
effects (23,24). Decursin was found to inhibit tumor growth and
to promote apoptosis in several cancer cell types, and exerts
anticancer effects by inducing cell cycle arrest, particularly in
prostate carcinomas (25). However, the relationship between
decursin and its antitumor activity mediated by chemokine
receptor signaling, especially CXCR?7, is not fully understood
in HNSCC. In the present study, the role of CXCR7 was inves-
tigated in HNSCC cells and whether decursin exerts antitumor
activity by regulating CXCR7 and its downstream factors was
further evaluated.

Materials and methods

Preparation of decursin and treatments. Decursin was synthe-
sized using decursinol isolated from the dried roots of Korean
angelica (A. gigas). Decusin was prepared by Professor Song's
laboratory at the College of Pharmacy, Chungnam National
University, Deajeon, as previously described (26). Briefly,
in order to synthesize decursin, decursinol was dissolved
in dry methylene chloride and cooled down in an ice bath.
Dicyclohexylcarbodiimide, 3,3-dimethylacrylic acid, and
4-dimethylaminopyridine were then added with stirring.
The reaction mixture was stirred at room temperature for
24 h and filtered. The filtrate was evaporated under reduced
pressure and purified by flash column chromatography to
obtain decursin as a white powder. The structure of decursin
was confirmed by comparing nuclear magnetic resonance
and mass spectrometry spectra. Decursin was dissolved in
dimethyl sulfoxide (DMSO); in all experiments the concentra-
tion of DMSO was limited to 0.1%. The dose of decursin 50 or
100 M was chosen based on previous studies (27,28).

Cell culture and stable cell line establishment. The human
HNSCC cell lines SNU1041 (KCBL No. 01041) and SNU1076
(KCBL No. 01076) were purchased from the Korean Cell
Line Bank (Seoul, Korea). SNU1041 and SNU1076 cells
were grown in RPMI medium (Welgene) supplemented with
10% fetal bovine serum (FBS) and 1X penicillin/streptomycin.
Cells were cultured at 37°C under 5% CO, and 95% relative
humidity. CXCR7 overexpression in HNSCC cell lines was
conducted as previously described (22). Overexpression of
CXCR7 in HNSCC cells was produced by lentivirus-mediated
transduction of full-length human CXCR7 sub-cloned
into a pLVX-EF1la-IRES-Puro lentiviral vector (Clontech
Laboratories, Inc.) and mock transfected as a negative control.
To generate stable transfectants, the acquired lentiviral vector
was co-transfected into 293T cells with virus packaging mix
(Sigma Aldrich; Merck KGaA) using Lipofectamine 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The virus was harvested from
the supernatant and concentrated with lenti-X-concentrator

(Clontech Laboratories, Inc.), and then added to SNU1041
and SNU1076 cells along with 5 ug/ml polybrene (Santa Cruz
Biotechnology, Inc.). Puromycin-resistant cells were selected
by culture for 2 weeks in the presence of puromycin. CXCR7
expression levels were analyzed by flow cytometry (Beckman
Coulter), reverse transcriptase PCR (RT-PCR), and western
blot analysis.

Reagents and antibodies. Antibodies against CXCR7 (dilution
1:1,000, cat. no. ab38089; Abcam), GAPDH (dilution 1:2,000,
cat. no. sc-25308; Santa Cruz Biotechnology, Inc.), cyclin A
(dilution 1:1,000, cat. no. 4565; Cell Signaling Technology,
Inc.), cyclin E (dilution 1:1,000, cat. no. 4129; Cell Signaling
Technology, Inc.), CDK2 (dilution 1:1,000, cat. no. 2546;
Cell Signaling Technology, Inc.), phosphorylated-STAT?3
(p-STAT3; dilution 1:1,000, cat. no. 9134; Cell Signaling
Technology, Inc.), STAT3 (dilution 1:1,000, cat. no. 9132;
Cell Signaling Technology, Inc.), c-MYC (dilution 1:1,000,
cat. no. sc-40; Santa Cruz Biotechnology, Inc.) were used in the
western blot analysis and immunofluorescence. Interleukin 6
(IL-6; cat. no. 200-06; Peprotech, Inc.) and stromal cell-derived
factor la (SDF-1a or CXCL12; cat. no. 300-28A; Peprotech,
Inc.) were resuspended in medium and used to treat the cells.

Small interfering RNA (siRNA) treatment and transfection.
We obtained CXCR7 siRNA antisense (5'-CGCUCUCCU
UCAUUUACA-3"), sense (5'-UGUAAAUGAAGGAGA
GCG-3") (Bioneer Corp.), and non-targeting control siRNA
(cat. no. sc-37007; Santa Cruz Biotechnology, Inc.). Cells were
transfected using Lipofectamine RNAi MAX (Invitrogen;
Thermo Fisher Scientific, Inc.).

Reverse transcriptase (RT)-PCR analysis. Total RNA was
isolated using TRIzol reagent (Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. First-strand
cDNA was prepared from an RNA template (2 ug) using
the cDNA qPCR RT Master Mix (Toyobo Life Science).
RT-RCR was performed using the Emerald Amp Master Mix
(Takara Bio). The PCR program included 40 cycles of 95°C
for 15 sec, 60°C for 1 min, and 72°C for 1 min. The primers
and oligonucleotide sequences are described in Table SI. The
gel was visualized and analyzed under the GelDoc Xr system
(Bio-Rad Laboratories) where band sizing and molecular
weight were determined by Image Lab analysis software
version 4.1 (Bio-Rad Laboratories) in relation to 100 bp DNA
ladder (Bioneer).

Flow cytometry. Surface expression of CXCR7 was evaluated
by flow cytometry. Cells were harvested with phosphate-buff-
ered saline (PBS) containing 0.1% bovine serum albumin
(BSA). After cells were incubated with 10 ul of conjugated
PE-CXCR7 (R&D Systems) or mouse PE-IgG2A antibodies
(negative control) by shaking for 1 h at room temperature.
Next, after washing three times with PBS containing
0.1% BSA, expression levels were measured using flow cytom-
etry (Beckman Coulter) and the Kaluza analysis program
(version 1.2; Beckman Coulter).

Western blot analysis. Western blot analysis was performed
as previously described (11). Briefly, cells were washed in PBS
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and lysed in ProEX™ CETi Lysis buffer (Translab) containing
a protease inhibitor cocktail. Cell lysates were separated using
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
membranes (EMD Millipore). Membranes were blocked with
the ProNA™ General-block solution (TLP-115.1P; Translab)
for 1 h and incubated with the indicated primary antibodies
at 4°C for overnight. After membranes had been washed, they
were incubated with the corresponding horseradish peroxi-
dase-conjugated anti-rabbit IgG (dilution 1:5,000, cat. no. 7074;
Cell Signaling Technology, Inc.) and anti-mouse IgG (dilu-
tion 1:5,000, cat. no. 7076; Cell Signaling Technology, Inc.)
antibodies diluted in blocking solution. The immunoreactive
polypeptides were detected using an enhanced chemilumines-
cence substrate (Thermo Fisher Scientific, Inc.).

In vitro cell proliferation assay. Medium containing 50 or
100 M decursin was added to cells in a 96-well plate. Cell
proliferation was measured using the Cell Counting Kit-8
(CCK-8; Dojindo Molecular Technologies). Cell prolif-
eration was determined every 24 h for 4 days and absorbance
was measured at 450 nm (Molecular Devices). For the
anchorage-dependent growth assay, cells were seeded in
6-well plates. After cell attachment, 50 or 100 yM decursin
was added to the wells for 48 h. The cells were then cultured
with fresh medium for 2 weeks. The colonies were fixed in
10% formalin and stained with 0.1% crystal violet (Sigma
Aldrich; Merck KGaA) at room temperature for 1 h. After
stained cells were dissolved in 70% ethanol, absorbance at
595 nm was measured using a spectrophotometer.

Gap closure assay. A total of 5x10* cells were seeded on each
side of the chamber (Ibidi, cat. no. 81176; Grifelfing) with
culture inserts for live-cell analysis. After growth for 24 h,
the chamber inserts were removed, and the two cell islands
were washed with PBS to remove debris and maintained in
serum-free medium with different concentrations of 50 or
100 M decursin. Cells were observed at regular intervals and
imaged using phase contrast microscopy.

Migration and invasion assays. The migration and invasion
assay were performed using 8-ym-pore transwell chambers
(cat. no. 353097; Corning, Inc.). The lower chamber was coated
with 0.1% gelatin (Sigma Aldrich; Merck KGaA) for migration,
and the upper chamber was coated with 25 pg/ml Matrigel
for the invasion assay (BD Biosciences). Serum-free medium
containing 50 or 100 uM decursin was added to the upper
chamber and 1x10° cells were seeded in each well. Culture
medium containing 10% serum was added to the lower chamber
and the chamber was incubated at 37°C for 24 h (migration)
or 48 h (invasion). After the chambers were removed from
the upper surface of the transwell membrane with a cotton
swab, cells were fixed with 10% formalin and stained with
0.1% crystal violet. The number of cells passing through the
chamber was counted under a microscope (Olympus IX71).
Five randomly chosen fields were counted for each assay.

Immunofluorescence staining. Cells were seeded in an
8-well chamber slide (Nunc™ Lab-Tek II™; Thermo Fisher
Scientific, Inc.) at a concentration of 1x10° cells and treated
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with 100 uM decursin. After incubation, the cells were fixed
with 10% formalin for 20 min at room temperature and then
washed with PBS. Cell membranes were permeabilized with
0.3% Triton X-100 (Sigma Aldrich; Merck KGaA) for 20 min
and maintained in blocking buffer (4% BSA in PBS) for 1 h at
room temperature. After blocking, the 8-well chamber slide
was reacted with anti-CXCR7 (Abcam) antibody overnight
at 4°C. The slides were washed with PBS and incubated with
Alexa 488-conjugated secondary antibodies (cat. no. A11001;
Invitrogen; Thermo Fisher Scientific, Inc.) in PBS for 1 h at
room temperature. For analysis of the actin cytoskeleton, cells
were stained with rhodamine-conjugated phalloidin (Sigma
Aldrich; Merck KGaA) diluted in PBS for 40 min at room
temperature followed by three washes in PBS. Nuclei were
counterstained with DAPI (Vector Laboratories).

Cell cycle analysis. For cell cycle analysis through propidium
iodide (PI) staining, 1x10° cells were seeded in 6-well plate
and treated with 50 or 100 uM decursin or siRNA for 48 h.
Afterwards, the cells were fixed in 70% ice-cold ethanol
overnight at -20°C and incubated with FxCycle™ PI/RNase
Staining Solution (cat. no. F10797; Invitrogen; Thermo Fisher
Scientific, Inc.) for 30 min at room temperature. Fluorescence
was analyzed using flow cytometry (Beckman Coulter) and
the Kaluza analysis program (version 1.2; Beckman Coulter).

GEPIA Database. The Gene Expression Profiling Interactive
Analysis (GEPIA) database (http://gepia.cancer-pku.cn/), a
newly developed web-based tool, provides key interactive and
customizable functions including tumor vs. normal differ-
ential expression analysis, profiling plotting in accordance
with cancer types or different pathological stages, correlation
analysis, patient survival analysis, similar gene detection,
and dimensionality reduction analysis based on the Cancer
Genome Atlas (TCGA) and the genotype-tissue expression
data (29). P-values are represented by asterisks in the GEPIA
results.

Statistical analysis. Each experimental condition was
performed in triplicate to evaluate the mean + standard devia-
tion (SD). All statistical analysis of the data was performed
using Prism (GraphPad Software, v 5.01; GraphPad Software,
Inc.). To determine the difference between two groups, the
unpaired two-tailed Student's t-test was applied. One-way
ANOVA followed by Dunnett's test was applied to compare
multiple data. In all cases, the minimum statistical significance
was set at P<0.05.

Results

CXCRY7 promotes proliferation, migration, and invasion of
HNSCC cells. To investigate how CXCR?7 regulates tumor
progression in HNSCC, we established stable cell lines overex-
pressing CXCR7 (SNU1041-CXCR7 and SNU1076-CXCR?7)
using lentivirus-mediated transduction of an expression vector
for full-length human CXCR?7. Overexpression of CXCR7 was
confirmed in the HNSCC SNU1041 and SNU1076 cell lines
using flow cytometry, RT-PCR, western blot analysis, and
immunofluorescence (Fig. 1A and B and S1A). Overexpression
of CXCR?7 significantly increased the proliferation of the
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Figure 1. CXCR?7 increases cell proliferation, migration, and invasion. (A) Relative expression of CXCR7 in two different HNSCC cell lines, SNU1041 and
SNU1076. The surface expression of CXCR7 was evaluated by flow cytometry using a phycoerythrin (PE)-anti-CXCR7 monoclonal antibody to detect
CXCR?7 expression; a matched PE mouse IgG served as the isotype control. (B) RT-PCR and western blot analysis showing increased expression of CXCR7 in
CXCR7-overexpressing cells compared with mock cells. Blots are representative of 3 independent experiments. Histograms of the RNA and protein expression
levels are presented in Fig. S5A. (C) Cell proliferation rate by the cell counting assay in CXCR7-overexpressing and mock cells. Three independent experi-
ments were carried out in triplicate. (D) Gap closure assay indicating that CXCR7 overexpression enhanced cell motility. Three independent experiments were
carried out in triplicate. (E) Migration and (F) invasion assays showing that CXCR7 overexpression promoted cell migration and invasion. Three independent
experiments were carried out in triplicate. "P<0.05, “P<0.01, and ““P<0.001. HNSCC, head and neck squamous cell carcinoma; CXCR7, CXC chemokine

receptor type 7.

HNSCC cell lines (Fig. 1C). CXCR7 overexpression also
significantly increased cell motility in a gap closure assay.
CXCR7-overexpressing cells nearly closed the wide gaps
when compared to the mock cells (Fig. 1D). In addition,
CXCRT7-overexpressing cells showed significantly increased
migration and invasion compared with the mock cells (Fig. 1E
and F). Furthermore, SDF-1a treatment increased the cell
migration and invasion of the CXCR7-overexpressed HNSCC
cells (Fig. S1B). These findings indicate that CXCR7 promotes
proliferation, migration, and invasion of HNSCC cells.

Decursin reduces expression of CXCR7 and inhibits prolif-
eration of HNSCC cells. To confirm the effect of decursin on
CXCR7, changes in CXCR7 expression in decursin-treated
HNSCC cells were investigated. Flow cytometry, western
blot analysis, and immunofluorescence confirmed that

decursin treatment decreased expression of CXCR7 in a
dose-dependent manner (Fig. 2A-C). Next, decursin treat-
ment inhibited proliferation of CXCR7-overexpressing cells
in a dose-dependent manner (Fig. 2D). Decursin-mediated
inhibition of proliferation was dose dependent in bright field
imaging (Fig. S2). In addition, decursin suppressed cell growth
in a dose-dependent manner, as determined by the number of
colonies in an anchorage-dependent growth assay (Fig. 2E).
These results suggest that decursin reduces cell proliferation
via downregulation of CXCR7.

Decursin induces GO/GI cell cycle arrest by downregulating
CXCRY7 expression. To determine whether decursin-mediated
inhibition of proliferation was associated with the cell cycle,
the effects of decursin on the cell cycle distribution of
CXCRT7-overexpressing cells were confirmed. Treatment with
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Figure 2. Decursin reduces CXCR7 expression and cell proliferation. (A and B) Expression of CXCR7 in SNU1041-CXCR7 and SNU1076-CXCR7
HNSCC cells treated with 50 or 100 uM decursin for 48 h by flow cytometry and western blot analysis. Three independent experiments were carried out in
triplicate. Blots are representative of 3 independent experiments. Histograms of the protein expression levels are presented in Fig. S5B. (C) Representative
immunofluorescence images of CXCR7 in cells treated with 100 M decursin for 48 h. Scale bar, 100 ym. (D) Cells were seeded in 96-well plates and
treated with 50 or 100 xM decursin for 24, 48, and 72 h. Following treatment with decursin, cell viability was measured with the CCK-8 assay. Three
independent experiments were carried out in triplicate. (E) Decursin suppressed cell growth, as determined by an anchorage-dependent growth assay.
SNU1041-CXCR7 and SNU1076-CXCR?7 cells were treated with 50 or 100 M decursin for 48 h. Three independent experiments were carried out in
triplicate. Magnification, x200. NS, not significant. “P<0.05, “P<0.01, and “"P<0.001. HNSCC, head and neck squamous cell carcinoma; CXCR7, CXC

chemokine receptor type 7.

decursin significantly increased the percentage of cells in the
GO/G1 phase in a dose-dependent manner compared with the
control, whereas the percentage of cells in the S phase and
G2/M phase was decreased in both CXCR7-overexpressing
cell lines (Fig. 3A). In addition, cell cycle regulatory proteins
cyclin A, cyclin E, and CDK2 were downregulated in a
dose-dependent manner following treatment with decursin
in the CXCR7-overexpressing cells (Fig. 3B and S3A). To
confirm whether decursin-induced cell cycle arrest was due
to a decrease in CXCR7, we knocked down CXCR7 expres-
sion using siRNA in CXCR7-overexpressing cells (Fig. S3B).
Knockdown of CXCR7 significantly increased the propor-
tion of cells in the GO/G1 phase compared with the control,
whereas it decreased the proportion of cells in the S phase

and G2/M phase (Fig. 3C). Knockdown of CXCR?7 decreased
cyclin A, cyclin E, and CDK?2 expression (Fig. 3D). In addi-
tion, knockdown of CXCR?7 also suppressed cell migration
and invasion of CXCR7-overexpressing cells (Fig. S3C). These
results demonstrated that decursin induced cell cycle arrest in
GO/GI phase and inhibited cell motility and invasiveness by
downregulating CXCR7 expression.

Decursin suppresses cell motility, migration, and invasion in
HNSCC cells. To determine the effect of decursin on motility
and invasiveness, cell motility was assessed using the gap
closure and transwell assays. Decursin significantly impaired
the motility of CXCR7-overexpressing cells (Fig. 4A). In
addition, cell migration and invasion were significantly
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Figure 3. Decursin induces cell cycle arrest in the GO/G1 phase. (A) Cell cycle analysis by flow cytometry of SNU1041-CXCR7 and SNU1076-CXCR7
HNSCC cells treated with 50 or 100 xM decursin after propidium iodide (PI) staining. The percentage of cells in GO/G1, S and G2/M phases are annotated
in each column. Three independent experiments were carried out in triplicate. (B) Western blot analysis of cell cycle-related proteins. Blots are representative
of 3 independent experiments. Histograms of the protein expression levels are presented in Fig. S5C. (C) Cell cycle analysis by flow cytometry after 48 h of
siCXCR?7 transfection in SNU1041-CXCR7 and SNU1076-CXCR?7 cells after PI staining. The percentage of cells in the GO/G1, S and G2/M phases are anno-
tated in each column. Three independent experiments were carried out in triplicate. (D) Western blot analysis of cell cycle-related proteins after knockdown
of CXCR?7. Blots are representative of 3 independent experiments. Histograms of the protein expression levels are presented in Fig. S5D. NS, not significant.
“P<0.05, “P<0.01, and ""P<0.001. HNSCC, head and neck squamous cell carcinoma; CXCR7, CXC chemokine receptor type 7.

reduced in CXCR7-overexpressing cells treated with decursin
(Fig. 4B and C). Using phalloidin staining, it was observed
that stress fiber formation was suppressed in decursin-treated
cells (Fig. 4D). Taken together, these findings indicate that
decursin inhibits the motility, migration, and invasion of
CXCR7-overexpressing cells.

Decursin downregulates c-MYC expression by inhibiting
CXCR7-mediated STAT3 signaling. Next, the mechanism

by which decursin inhibits the proliferation, migration, and
invasion of HNSCC cells was investigated. We screened
several signaling pathways and found that overexpression
of CXCR7 increased STAT3 phosphorylation (p-STAT3)
in both CXCR7-overexpressing cell lines (Fig. S4A and
Table SII). Furthermore, the GEPIA dataset showed increased
expression of CXCR7 and STAT3 in HNSCC tissues
(Fig. S4B). There was a correlation between CXCR7 and
STAT3 expression (Fig. S4C). Overexpression of CXCR7
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Figure 4. Decursin reduces motility, migration, and invasion of HNSCC cells. (A) Gap closure assay in SNU1041-CXCR7 and SNU1076-CXCR?7 cells treated
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squamous cell carcinoma; CXCR7, CXC chemokine receptor type 7.

also increased c-MYC and p-STAT3 (Fig. 5A). In addi-
tion, STAT3 phosphorylation and c-MYC expression
were decreased following knockdown of CXCR?7 in the
CXCRT7-overexpressing cells (Fig. 5B); STAT3 phosphory-
lation and c-MYC expression were also reduced in the
decursin-treated CXCR7-overexpressing cells (Fig. 5C).
Following treatment of CXCR7-overexpressing cells with
IL-6, a growth factor and inducer of STAT3 phosphoryla-
tion, STAT3 phosphorylation and c-MYC expression were
increased, whereas decursin markedly inhibited p-STAT3,
¢-MYC, and CXCR?7 expression. Decursin in combination
with IL-6 reduced p-STAT3 and c-MYC to a lesser degree
than treatment with decursin alone (Fig. 5D). These results
demonstrate that decursin suppresses the CXCR7/STAT3/
¢-MYC signaling axis and decursin exhibits anticancer
activity in HNSCC (Fig. 5E).

Discussion

The development of effective target therapies for head and
neck squamous cell carcinoma (HNSCC) requires in-depth
knowledge of the underlying mechanisms of the complex
signaling networks related to cancer development and progres-
sion. In the present study, it was demonstrated that decursin,
a pyranocoumarin compound isolated from Angelica gigas
Nakai, exhibited anticancer activity in HNSCC by down-
regulating the CXCR7/STAT3/c-MYC signaling pathway and
inducing GO/G1 cell cycle arrest. Moreover, it was shown
that decursin inhibited cell motility, migration, and invasion
in vitro. Our findings showed that CXCR7 promotes cancer
progression in HNSCC through the STAT3/c-MYC pathway
and that decursin may be a useful treatment by which to target
CXCR?7 in HNSCC.
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Figure 5. Decursin downregulates c-MYC expression by inhibiting CXCR7-mediated STAT3 signaling. (A) Western blot analysis of phospho-STAT3 and
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Chemotherapy, in which cytostatic and cytotoxic agents
target the cellular mechanisms involved in the control of
cell growth and division, is frequently used in cancer treat-
ment (30). However, chemotherapy alone does not achieve
satisfactory therapeutic results, and resistance to cytotoxic
chemotherapy is a major cause of mortality in patients.
Therefore, the use of natural products is a recent and innova-
tive strategy aimed at increasing the cytotoxic efficiency of
anticancer drugs, limiting their toxic side effects and delaying
the appearance of acquired chemoresistance (31). Decursin
is derived from a natural product and has shown antitumor
effects in several types of cancers, including gastric (22) and
cervical cancer (32). However, the effect of this compound on
HNSCC, characterized by high migration and invasion with
poor clinical outcome, remains unclear. In the present study,
decursin reduced cell growth, migration, and invasion in
HNSCC by decreasing the expression of CXCR?7. These results
suggest that decursin could be an anticancer agent that exhibits
antitumor activity by targeting CXCR7 in HNSCC.

Chemokine receptor 7 (CXCR7) promotes migration
and invasion in HNSCC and is highly expressed in tumor
cells in HNSCC patients (11). Moreover, several studies have
indicated that CXCR7 regulates the PI3K/Akt, ERK, and
MAPK signaling pathways in several cancer cell types (33,34).
CXCRT7 plays an important role in cell division, induces differ-
entiation-related cell cycle, and promotes proliferation (35).
Consistent with these roles, decreased expression of CXCR7
has been correlated with the inhibition of cell cycle progres-
sion and marked changes in key proteins involved in cell
cycle regulation (36). A recent study showed that chemokine
pathways have become an important area of investigation for
cancer therapy (37). An emerging chemokine target for cancer
therapy is CXCL12, also known as the stromal cell-derived
factor la (SDF-1a), which binds its cognate receptor CXCR4
and initiates downstream signaling (38,39). SDF-la also
binds to CXCR?7 and has been involved in tumor development
and progression (40). In our study, CXCR7 overexpression
alone increased cell growth via cell cycle progression and
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promoted cell motility, migration, and invasion, independently
of SDF-1aq, as previously reported by Kim et al (11). SDF-1a
treatment also increased cell motility and growth.

Signal transducer and activator of transcription 3 (STAT3)
is constitutively activated in many cancers and plays a pivotal
role in tumor growth and metastasis (41), including colon
cancer (42), gastric cancer (43), cervical cancer (44), and hepa-
tocellular carcinoma (45). STAT3 is an essential transcription
factor that activates a cascade of survival and proliferation
signaling programs in cells. Expression of phosphorylated
(p)-STAT3 is an important factor related to tumor invasion
and poor prognosis (46,47). Furthermore, CXCR7-induced
STAT3-mediated pathways may enhance tumor growth by
regulating cell proliferative pathways; STAT3 signaling is
associated with the upregulation of cyclin and c-MYC expres-
sion, contributing to accelerated cell cycle progression (17,48).
STAT3 is frequently overexpressed in tumor cells and the
importance of STAT3 as a potential target for cancer therapy
has been highlighted (49). STAT3 activity is regulated by
posttranslational modifications, such as phosphorylation,
acetylation, oxidation, and ubiquitination (50). Our results
indicate that CXCR?7 activates the STAT3/c-MYC signaling
axis in HNSCC. Decursin treatment decreased the expression
of CXCR7 and STAT3/c-MYC, suggesting that decursin may
be a useful anticancer drug as it suppresses CXCR7/STAT3
signaling in HNSCC cells.

¢-MYC is an important downstream effector of STAT3
signaling involved in cell growth and transformation (51).
MYC is a transcription factor that responds to and integrates
signals into broad changes in gene expression, supporting
cell growth and proliferation (52). STAT3 and c-MYC are
activated by interleukin (IL)-6, which regulates cell growth,
differentiation, and cell survival (53,54). The IL-6/STAT3
pathway is an attractive pharmacological target in oncology,
and different approaches to target this pathway, such as
direct targeting of STAT3 phosphorylation and activa-
tion or downregulation of STAT3 expression, are being
pursued pre-clinically and clinically (55,56). In the present
study, we showed that STAT3 phosphorylation and c-MYC
expression were increased by CXCR7, while decursin treat-
ment decreased STAT3 phosphorylation and expression of
¢-MYC and CXCR7. Treatment with IL-6 increased STAT3
phosphorylation and ¢c-MYC expression with no change
in CXCR7. Co-treatment of decursin and IL-6 suppressed
STAT3 phosphorylation and c-MYC expression less than
treatment with decursin alone. Moreover, decursin inhibited
cell growth, motility, and invasiveness. Collectively, these
results indicate that decursin inhibits tumor progression via
CXCR7/STAT3/c-MYC signaling in HNSCC.

To date, there is no established ideal experimental model
for cancers including HNSCC because both in vitro and
in vivo tumor models have advantages and disadvantages (57).
In preclinical stage, most of cancer research is first investi-
gated in in vitro models and later in in vivo systems (57).
However, this study was performed using an in vitro model
and thus have some limitations which should be considered
and need to be overcome in future research. For example,
cells growing in vitro do not exactly replicate their in vivo
counterparts. Malignant tumors consist of both cancer cells
and tumor microenvironment which makes the tumors a
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three-dimensional status with dynamic interaction between
them (57,58). Furthermore, the precise mechanism by which
decursin downregulates expression of CXCR7 is not yet
clear. Thus, we are undergoing further study to elucidate the
molecular mechanism.

In summary, the present study showed the pro-tumorigenic
effect of CXCR7 in HNSCC and revealed that CXCR7 induces
p-STAT3 and downstream factors. Decursin suppressed tumor
progression through the inhibition of p-STAT3 and c-MYC
by decreasing CXCR7 expression. Thus, decursin may be a
natural therapeutic drug useful in the treatment of HNSCC.
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