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Acetylshikonin suppresses invasion of
Porphyromonas gingivalis-infected YD10B oral cancer cells by
modulating the interleukin-8/matrix metalloproteinase axis

BONG-HAE CHO'?, YUN-HOA JUNG'?, DA JEONG KIM?, BOK HEE WOO?>,
JIEUN JUNG>*, JI HYE LEE**, YOUNG WHAN CHOI’ and HAE RYOUN PARK>*

1Department of Oral and Maxillofacial Radiology, School of Dentistry; ’Dental Research Institute,
Pusan National University Dental Hospital; 3Depalrtment of Oral Pathology and BK21 PLUS Project, School of Dentistry;
*Institute of Translational Dental Sciences, Pusan National University, Yangsan, Gyeongsangnam-do 50612;

5Department of Horticultural Bioscience, Pusan National University, Miryang, Gyeongsangnam-do 50463, Republic of Korea

Received September 13,2017; Accepted November 14, 2017

DOI: 10.3892/mmr.2017.8151

Abstract. The development of pharmaceutical agents
possessing anti-invasive and anti-metastatic abilities, as
well as apoptotic activity, is important in decreasing the
incidence and recurrence of oral cancer. Cancer cells are
known to acquire invasiveness not only through epigenetic
changes, but also from inflammatory stimuli within the tumor
microenvironment. Accordingly, the identification of agents
that can suppress the inflammation-promoted invasiveness of
cancer cells may be important in treating cancer and improving
the prognosis of patients with cancer. Acetylshikonin, a
flavonoid with anti-inflammatory activity, inhibits proliferation
and induces apoptosis of oral cancer cells. In the present
study, the anti-invasive effect of acetylshikonin on YD10B
oral cancer cells infected with Porphyromonas gingivalis, a
major pathogen of chronic periodontitis, and the mechanisms
involved were investigated. Firstly, we examined whether P.
gingivalis infection increased the invasiveness of YD10B
cells. Results suggested that YD10B oral cancer cells become
more aggressive when they are infected with P. gingivalis.
Secondly, acetylshikonin significantly inhibited the invasion
of P. gingivalis-infected YDI10B cells by suppressing IL-8
release and IL-8-dependent MMP release. These data suggest
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that acetylshikonin may be a useful preventive and therapeutic
candidate for oral cancer that is chronically infected with
periodontal pathogens.

Introduction

The invasive capability and metastatic potential of cancer
cells, as well as their growth rate, are important factors in
determining the prognosis of cancer patients. It is well known
that the characteristic biological behavior of cancer cells, such
as invasion and metastasis, are intrinsically acquired through
multiple genetic and epigenetic changes (1). In addition, the
importance of extrinsic factors derived from the tumor micro-
environment has emerged in recent studies. Among numerous
microenvironmental factors, the focus has been on the role of
inflammation in carcinogenesis and cancer progression (2-4). It
has been suggested that inflammation in the tumor microenvi-
ronment contributes to the invasion, metastasis, and resistance
to chemotherapeutic agents of various cancers (5-7). The inva-
sive and metastatic characteristics of oral cancer have been
major obstacles in the treatment of patients with this disease.
However, extrinsic, non-genetic factors that promote invasion
and metastasis of oral cancer remain largely unknown while
few studies have been conducted on the inflammatory factors
involved in acquisition of such pivotal characteristics (8,9).
Furthermore, the efficacy of chemotherapeutic agents to
modulate the invasiveness of chronic inflammation-induced
progression as well as apoptosis of oral cancer cells has been
poorly described in an experimental setting.

Periodontitis and oral squamous cell carcinoma (OSCC),
one of the most common chronic inflammatory diseases and
cancer in the oral cavity, respectively, mostly affect people
greater than 40 years of age (10,11). OSCC patients are highly
susceptible to chronic periodontitis, suggesting OSCC cells
exist in a chronic inflammatory state. However, studies on
the effect of periodontitis on the invasiveness and metastatic
ability of OSCC are limited. Inflammatory mediators such as
IL-6 and IL-8 modulate the invasion and metastasis of other
types of cancers such as lung adenocarcinoma, as well as breast
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and ovarian cancers (12-14). With multiple bacterial patho-
gens associated with periodontitis, OSCC patients with this
inflammatory disease are continuously exposed to a plethora
of periodontopathic bacteria including Porphyromonas gingi-
valis, Aggregatibacter actinomycetemcomitans, and
Prevotella intermedia (15,16). These bacterial pathogens
may affect the biological behavior of oral cancer through the
modulation of inflammatory mediators and invasion-related
molecules. In the present study, we investigated a possible link
between chronic periodontitis and the aggressiveness of oral
cancer cells by infecting YD10B OSCC cells with P. gingi-
valis, one of the major periodontal pathogens.

Acetylshikonin, a derivative of shikonin isolated from the
roots of Lithospermum erythrorhizon, the purple gromwell
and Chinese herbal medicine, has been shown to possess
anti-inflammatory as well as antibacterial properties (17). Few
studies have been undertaken on the effects of acetylshikonin
on cancers (18-20). In particular, its role in modulating the
biological behavior of cancer cells such as OSCC is largely
unknown. In the present study, we examined the possible
utility of acetylshikonin, a traditional anti-inflammatory agent,
in the suppression of the invasiveness of P. gingivalis-infected
YDI10B OSCC cells. We also examined the potential molecular
mechanisms that underlie P. gingivalis-induced changes in the
invasive characteristics of YD10B cells, including the altered
expression of P. gingivalis-induced matrix metalloproteinases
(MMPs) and a relevant cytokine.

Materials and methods

Cancer cells and bacterial cultures. The human oral squa-
mous cell carcinoma (OSCC) cell line, YD10B, from Professor
JI Yook (College of Dentistry, Yonsei University, South Korea)
was used. YDIOB OSCC cells were grown in a 3:1 mixture
of Dulbecco's Modified Eagle's Medium and Ham's nutrient
mixture F12 (Hyclone, Logan, UT, USA) that contained 10%
fetal bovine serum (FBS; Atlas Biologicals, Fort Collins, CO,
USA). The cells were maintained at 37°C in a 5% CO, humidi-
fied incubator. The P. gingivalis strain 381 were anaerobically
cultured in GAM broth (Nissui, Tokyo, Japan) that contained
5 mg/ml hemin and 5 yg/ml vitamin K.

Infection of OSCC cells with P. gingivalis. YDIOB cells
were cocultured with live P. gingivalis strain 381 at a multi-
plicity of infection (MOI) of 1:100 at 37°C. After 2 h, the
cells were washed with phosphate-buffered saline (PBS) and
then cultured in new fresh media until harvest or the next
infection. As a control, YD10B cells were subjected to the
same media change and PBS wash but without any bacterial
infection.

Reagents and chemicals. Huoman recombinant interleukin-8
(IL-8) was purchased from Peprotech (London, UK).
Acetylshikonin was kindly gifted by Prof. Young Whan Choi
(Department of Horticultural Bioscience, Pusan National
University, South Korea). Acetylshikonin was dissolved in
dimethylsulfoxide (DMSO) at a stock concentration of 4 mM,
stored at -20°C, and diluted before use. All chemicals and
reagents were purchased from Sigma (St. Louis, MO, USA),
unless otherwise specified.

CHO et al: ACETYLSHIKONIN SUPPRESSES P. gingivalis-PROMOTED INVASION OF ORAL CANCER CELLS

Flow cytometry analysis. Cells were incubated with
FITC-conjugated antibodies against CD44 (BD Pharmingen,
Franklin Lakes, NJ, USA) and APC-conjugated CD133
(Miltenyi Biotec, Bergisch Gladbach, Germany) for 25 min at
4°C in the dark. The stained cells were immediately analyzed
using a flow cytometer (FC500; Beckman-Coulter Cytomics,
San Jose, CA, USA) equipped with an argon laser at the excita-
tion wavelength of 488 and 633 nm. The results shown were
based on the analysis of 20,000 cells.

Western blot analysis. Cell lysates were analyzed using anti-
bodies against the following molecules: Cytokeratin 13 (BD
Biosciences, San Jose, CA, USA); a-smooth muscle actin
(SMA), twist, and B-actin (Santa Cruz Biotechnology, Dallas,
TX, USA); vimentin and slug (Cell Signaling Technology,
Danvers, MA, USA).

In vitro invasion assay. Cells were seeded on the upper sides
of 24-well Transwell polycarbonate filters (8 ym pore size,
Costar, Cambridge, MA, USA) coated with 40 ul of matrigel
(BD Biosciences) at a 1:2 dilution in serum-free medium. The
upper chambers contained 1% serum DMEM/F12 medium,
whereas the lower wells were filled with medium that contained
10% FBS. After 30 h, cells on the inside of the inserts were
removed with cotton tips, and invading cells on the outside of the
inserts were visualized after hematoxylin/eosin staining. The
filters were mounted on glass slides, and the number of invading
cells were counted using a Photoshop counting program (Adobe
Systems, San Jose, CA, USA).

Multiplex bead (Luminex) assay. The concentration of MMP-1,
MMP-2, MMP-9 and MMP-10 in supernatants of YDI0B
OSCC cells were measured using a Milliplex Map Human
MMP Magnetic Bead Panel 2 kit (Millipore, Billerica, MA,
USA) with a Luminex 200 system (Luminex, Austin, TX, USA).
Briefly, beads coupled with anti-MMP-1, MMP-2, MMP-9, and
MMP-10 antibodies were diluted in blocking buffer. The stan-
dards and samples that contained all MMPs were prepared in
blocking buffer and then incubated with a bead solution for 2 h
at room temperature. Each well was supplied with the primary
antibody mixture. A streptavidin-phycoerythrin mixture was
then added to each well, and the beads were resuspended in
PBS. The Luminex 200 platform coupled with BioRad Bio-Plex
software (BioRad, Hercules, CA, USA) was used to measure
MMP levels.

Gelatin zymography. P. gingivalis-infected or IL-8 treated
YDIOB cells were incubated in serum-free DMEM/F-12
medium for 24, 48, or 72 h. Conditioned media were collected,
and electrophoresed in a 10% SDS-polyacrylamide gel electro-
phoresis (PAGE) gel containing 0.2% gelatin (w/v) for gelatin
zymography. After electrophoresis, the gel was washed twice
with a solution containing 2.5% (v/v) Triton X-100 for 30 min
at room temperature. Then, the gel was incubated under a
shaking condition with a reaction buffer for enzymatic reaction,
containing 1% sodium azide (NaN5), 10 mM calcium chloride
(CaCl,), and 40 mM Tris-hydrochloride (pH 8.0), for 16 h at
37°C. Finally, the gel was stained with 0.25% (w/v) Coomassie
blue and destained with 5% acetic acid and 2.5% methanol at
room temperature.
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Figure 1. Repeated and prolonged exposure to P. gingivalis evoked epithelial-mesenchymal transition (EMT)-like changes in YD10B OSCC cells. Cells were
infected with P. gingivalis for 2 h twice a week and grown for 3 weeks. Weekly photographs (magnification, x400) were taken to observe the morphologic
changes in P. gingivalis-infected OSCC cells compared with non-infected control cells (A). To investigate the appearance of stemness in YD10B cells by
repeated P. gingivalis infection, expressions of CD44 and CD133 were observed using double immunofluorescence staining (B). Changes in protein expression

involved in EMT were analyzed by western blot analysis (C).

IL-8 enzyme linked immunosorbent assay. The conditioned
medium of YDI10B cells was harvested and analyzed for the
presence of IL-8. Enzyme-linked immunoassay (ELISA)
MAX™ Deluxe sets (Biolegend Inc., San Diego, CA, USA)
were used according to the manufacturer's instructions.
Briefly, 96-well plates were coated with a primary capture
antibody specific for IL-8 in carbonate/bicarbonate buffer
overnight. The samples were incubated in plates for 2 h, and a
streptavidin-conjugated secondary antibody specific for IL-8
was added. The wells were then incubated with a peroxidase
substrate for 30 min, and a 1 M H,SO, solution was subse-
quently added to stop the reaction.

siRNA transfection. IL-8 siRNA (Bioneer Co., Ltd., Daejeon,
South Korea) was utilized with the following sequence:
CCAAGGGCCAAGAGAAUAUTT. Cells were transfected
with 100 nM of IL-8 siRNA or scrambled control siRNA
(Bioneer Co., Ltd.) using DharmaFECT transfection reagent
(Dharmacon-ThermoScientific, Waltham, MA, USA).

Cell viability assay. The viability of YDIOB cells was
measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. Cells were plated in
96-well plates, incubated overnight to reach approximately
80% confluence, and then treated with varying concentra-
tions of acetylshikonin (0-2 yM) for 24 or 48 h. Cells grown
in medium containing an equivalent amount of DMSO
without acetylshikonin were used as a control. Then, media
were removed, and 100 ul of MTT (5 mg/ml) was added to
each well. The plates were further incubated for 4 h at 37°C.
The resulting formazan crystals were solubilized in 200 pl of
DMSO. The absorbance of colored solutions at 570 nm was

quantified using a PerkinElmer Victor-3 spectrophotometer
(Perkin-Elmer, Waltham, MA, USA).

Statistical analysis. Data were analyzed with Student's t-tests
for comparisons between two groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

P. gingivalis-infected YDIOB OSCC cells displayed
increased invasiveness as well as epithelial-mesenchymal
transition-like changes. To verify the invasion of the bacteria
into YDI10B cells and their subsequent existence within the
cells, the presence of 16S rRNA from P. gingivalis within
the cells was analyzed. P. gingivalis 16S rRNA levels were
selectively detected only in P. gingivalis-infected cells (data
not shown). Our previous study demonstrated that prolonged
and repeated infection with P. gingivalis twice a week for
5 weeks enhanced the invasiveness of Ca9-22 OSCC cells
through the acquisition of cancer stemness as well as epithe-
lial-mesenchymal transition (EMT) characteristics (21),
suggesting chronic periodontitis is one of the most important
contributing factors in the metastatic progression of oral
cancers. In the present study, we observed that sustained
short-term infection with P. gingivalis induced morphologic
changes in YD10B OSCC cells, such as the loss of adhesive-
ness and a polygonal shape, compared with the absence of
morphologic changes in non-infected controls (Fig. 1A).
P. gingivalis-infected cells also showed increased expres-
sion of both CD44 and CD133, representative indicators for
cancer stemness (Fig. 1B) (22,23). Additional changes in the
expression profile of various EMT markers were detected,
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including up-regulation of a-SMA and vimentin, down-regu-
lation of cytokeratin 13, as well as the up-regulation of
EMT-related transcriptional factors, such as slug and twist
(Fig. 1C). These findings together suggest that P. gingivalis,
a major pathogen causing chronic periodontitis, can induce a
transitional change in YD10B OSCC cells to a mesenchymal
phenotype.

P. gingivalis increases expression of matrix metallopro-
teases in YDIOB OSCC cells. When the invasiveness of
P. gingivalis-infected YD10 B OSCC cells was examined,
OSCC cells chronically infected with P. gingivalis exhibited
higher invasive properties compared with non-infected cells
(Fig. 2A). Matrix metalloproteinases (MMPs) are one of the
major effectors in the invasion of cancer cells into neigh-
boring tissues. The enhanced expression of MMPs has been
observed in various types of cancer, including colorectal (24),
esophageal (25) and lung (26) cancer. We analyzed MMP-1,
-2, -9 and -10 levels using a multiplex bead assay. Compared
with non-infected cells, levels of MMP-1, -2, -9, and -10 were
substantially increased in a time-dependent manner after
P. gingivalis infection. The levels of MMPs were maximal at
72 h post-infection (Fig. 2B). As shown in Fig. 2C, increased
expression of MMP-2 and MMP-9 was further confirmed in
the supernatant from P. gingivalis-infected YD10B OSCC
cells using gelatin zymography. These findings suggest that
P. gingivalis contributes to the increase in invasiveness of
YDIOB by elevating the level of MMPs. However, further
study is needed to define the mechanism that mediates
increases of MMPS by P. gingivalis.

Increased invasiveness of P. gingivalis-infected OSCC cells
is modulated by IL-8-dependent MMP release. Another
important feature of P. gingivalis is its ability to secrete
extracellular virulence factors, such as fimbriae, endo-
toxins, and gingipains. These factors stimulate neighboring
epithelial cells to produce various cytokines, including inter-
leukins (ILs) and tumor necrosis factor-alpha (TNF-a), which
contribute to inflammatory responses (27-29). Considering
the potential link between cancer and bacteria-induced
inflammation, the existence of a causal relationship between
P. gingivalis and oral cancer progression is strongly expected.

Multiple studies have reported that cytokines play a major
role in the production of MMPs (30-32). P. gingivalis induces
an inflammatory cytokine response in mammalian cells due
to its virulence factors. We found that P. gingivalis induced
the release of IL-8, with a maximal increase observed 72 h
post-infection (Fig. 3A). However, basal levels of other cyto-
kines, such as interferon-y, TNF-a, RANTES, IL-1§, IL-6,
and IL-10, were very low and not increased by P. gingivalis
infection (data not shown). Consistent with the increase of
MMPs in P. gingivalis-infected cells, the conditioned media
of YDIOB cells treated with 100 nM of recombinant IL-8
treatment contained significantly increased levels of MMPs,
in a time-dependent manner, compared to vehicle-treated
cells (Fig. 3B). The effects of IL-8 on MMP release and the
invasive ability of P. gingivalis-infected YD10B cells were
further investigated using RNA interference. We confirmed
the reduction of IL-8 mRNA and protein by siRNA using
real-time PCR and ELISA, respectively (data not shown).
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Figure 2. P. gingivalis-infected oral cancer cells display increased invasive
ability by modulating MMPs. (A) The invasive ability of YD10B cells that
were repeatedly infected with P. gingivalis twice a week was examined in an
in vitro invasion assay (magnification, X100). (B) OSCC cells were seeded
and grown with or without P. gingivalis at the indicated time points from
24 to 72 h. The condtioned media of P. gingivalis-infected or non-infected
cells were harvested, and MMP levels measured using a multiplex bead
assay. MMP activity in cell supernatants were analyzed using a zymogram
assay (C). All data represent at least three independent experiments. Each
bar represents the mean + standard deviation. Statistical significance was
assessed by paired t test. “P<0.01, compared with no infection group;
“P<0.05, “P<0.01, ""P<0.001, compared with no infection group as indicated.

Knockdown of IL-8 substantially decreased MMP-1, -2, and
-10 release 72 h post-infection, but a significant change in
the MMP-9 level was not noted (Fig. 4). We also observed
significant suppression of the invasive ability of P. gingi-
valis-infected YDI10B cells following an siRNA approach
against IL-8, as well as after treatment with SB2250025, an
inhibitor of the IL-8 receptor. In contrast, IL-8 treatment
substantially enhanced the invasiveness of YD10B cells
compared with vehicle-treated control cells (Fig. 5). These
findings strongly support the notion that the IL-8-induced
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Figure 3. IL-8 significantly increased release of MMPs in YDI10B OSCC cells. (A) Cell supernatants of YDIOB OSCC cells were harvested for the indicated
time points following P. gingivalis infection and the level of IL-8 in the supernatants was analyzed using an enzyme-linked immunosorbent assay (ELISA).
(B) Cells were treated with IL-8 for 24, 48, or 72 h, and the amount of matrix metalloproteinases (MMPs) in the supernatant was subsequently determined
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Figure 4. MMPs release induced by P. gingivalis is dependent on IL-8. (A-D) To confirm the effect of IL-8 on MMP release, IL-8 expression in
P. gingivalis-infected OSCC cells was knocked down using an siRNA construct against IL-8, and MMP levels in cells were measured using a multiplex assay.
Statistical significance was assessed by paired t test. ‘P<0.05, “P<0.01, ““P<0.00 as indicated.

upregulation of MMPs in P. gingivalis-infected YB10B cells
underlies the increased invasiveness of YD10B OSCC cells.

Acetylshikonin inhibits the invasion of P. gingivalis-infected
OSCC cells by decreasing release of both IL-8 and MMPs.
Prior to observing the influence of acetylshikonin on the
invasive ability of P. gingivalis-infected YDIOB OSCC cells,
we firstly investigated the toxicity of acetylshikonin to YD10B
cells using an MTT assay. Cells were exposed to various
concentrations (0 to 2 yM) of acetylshikonin for 24 or 48 h
(Fig. 6A). Since acetylshikonin up to a 1 yM concentration

showed no toxicity to cells, a 0.5 M concentration was used
in subsequent experiments. Acetylshikonin substantially
suppressed the IL-8 release that was induced by P. gingivalis
infection (Fig. 6B). MMP-1, -2, -9, and -10 were significantly
reduced with 0.5 uM of acetylshikonin treatment in P.
gingivalis-infected YDI0B cells. The suppressive effect of
acetylshikonin on MMP release was more potent than the
IL-8 receptor inhibitor, SB225002 (Fig. 7). In addition, acetyl-
shikonin of the same concentration potently suppressed the
increased invasive ability of OSCC cells induced by P. gingi-
valis infection (Fig. 8).
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Figure 5. Invasiveness of P. gingivalis-infected YD10B OSCC cells is modulated by IL-8. To confirm the effect of IL-8 on the invasiveness of OSCC cells,
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Figure 6. Acetylshikonin inhibited secretion of IL-8 from P. gingivalis-infected OSCC cells. (A) Cells were grown in 96-well plates and treated with 0,
0.125,0.25,0.5, 1 or 2 uM of acetylshikonin for 24 or 48 h. Dimethyl sulfoxide (DMSO) was used as a vehicle control. Cell viability was measured using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. (B) P. gingivalis-infected cells were treated with 100 nM of SB225002, an IL-8
receptor inhibitor, or 0.5 #M of acetylshikonin for 24, 48, or 72 h. The amount of IL-8 in the supernatant was subsequently determined using ELISA. Statistical
significance was assessed by paired t test. "P<0.05, “P<0.01, compared with vehicle-treated control cells; ““P<0.001, compared with P. gingivalis-infection

group as indicated. 1. ACE, acetylshikonin.
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Figure 7. Acetylshikonin significantly decreased release of MMPs in P. gingivalis-infected OSCC cells. (A-D) P. gingivalis-infected cells were treated with
100 nM of SB225002 or 0.5 uM of acetylshikonin for 24, 48, or 72 h. The amount of MMPs in the supernatant was subsequently determined using multiplex
assays. Statistical significance was assessed by paired t test. ‘P<0.05, “P<0.01, “"P<0.001, compared with P. gingivalis-infection group as indicated. ACE,

acetylshikonin.
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Figure 8. Acetylshikonin effectively suppressed the enhanced invasive-
ness of P. gingivalis-infected OSCC cells. P. gingivalis-infected cells were
treated with vehicle, 100 nM of SB225002, an IL-8 receptor inhibitor, or
0.5 uM of acetylshikonin. The invasiveness of the cells was compared
using Transwell assay. Statistical significance was assessed by paired t test.
""P<0.001, compared with no infection group; ““P<0.01, compared with
P. gingivalis-infected cells. ACE, acetylshikonin.

Discussion

While previous studies have focused on the role of pathogens in
carcinogenesis, more recent studies have described the effect of
microbial infection on the biologic behavior of cancer cells. A
number of studies have demonstrated that microbial pathogens,
including Epstein-Barr virus, hepatitis B and C virus, and
Citrobacter rodentium, contribute to the transition of cancers
into a more aggressive form, and that they may play a role in the
induction of EMT in cancer cells associated with tumor invasion
and metastasis (33-36). From recent studies on periodontal
pathogens, a link between periodontal pathogens and EMT
in oral cancer cells has been suggested (21,37). In the present
study, P. gingivalis-infected YD10B OSCC cells displayed a
morphologic transformation into a mesenchymal cell-like shape.
In addition, additional characteristics of EMT have been detected,
including epithelial marker repression, and the upregulation of
mesenchymal markers as well as the stem cell markers, CD44
and CDI133. While the interpretation of this result may be
restricted to a single cell line used, these findings are consistent
with our previous studies demonstrating an effect of P. gingivalis
on Ca9-22, another OSCC cell line (21). Regardless of OSCC
cell lines used, P. gingivalis-infected OSCC cells in both studies
exhibited enhanced invasive properties, characteristic of EMT.
All these findings strongly support the idea that P. gingivalis may
induce EMT in the progression of oral cancer.

P. gingivalis can induce cytokine production in not only
immune cells but also in cells from periodontal tissue (27,29).
Previous reports have demonstrated that P. gingivalis-infected
oral cancer cells secrete cytokines and chemokines, especially
IL-6 and IL-8 (21,38). Few studies exist describing the effect of
IL-8 on the invasion and metastasis of cancer cells while cytokine
studies have mainly focused on IL-6 (9,12-14). Recently, a role
for IL-8 in the migratory and invasive abilities of human ovarian
and breast cancer cells has been shown (39). The mechanism
involved in the IL-8 promoted invasion of cancer cells has been
further clarified by a study showing that invasion and metastasis
of bladder cancer can be increased by an IL-8/MMP axis (40).
MMPs are known as important molecules in the process of
periodontal tissue destruction, as well as in tumor invasion, by
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playing a key role in the degradation of extracellular matrix
proteins. The current finding of increased MMP-1, -2, -9, and
-10 in P. gingivalis-infected YD10B OSCC cells is in line with
our previous reports demonstrating the activation of similar
sets of MMPs in other OSCC cell lines (21,38). Our results also
indicate the IL-8-induced enhancement of MMPs as a common
molecular pathway.

Considering that IL-8 is one of the most important
contributors to the enhancement of aggressive behaviors by
P. gingivalis-infected oral cancer cells, we postulate that
anti-inflammatory agents capable of modulating the IL-8
pathway can effectively suppress the invasion of OSCC
cells surrounded by microbial pathogens. Recently, natural
compounds such as flavonoids have become the focus of atten-
tion as anticancer agents and/or adjuncts to chemotherapeutic
reagents, although the emphasis is as their utilization as chemo-
preventive agents rather than for therapeutic benefit (41,42). Of
numerous flavonoids, we demonstrated, in a previous study, that
acetylshikonin, a flavonoid with an anti-inflammatory potential,
has anti-tumor properties after inducing apoptotic cell death on
Ca9-22 OSCC cells at a low concentration (I xM), with little to
no toxicity to normal cells (18). However, YD10B OSCC cells in
the present study were little damaged by acetylshikonin at low
concentrations. Instead, herein, we demonstrated that acetylshi-
konin significantly suppressed IL-8 induction and MMP release
as well as the invasive ability of P. gingivalis-infected YD10B
OSCC cells, with no direct toxic effect. These data suggest
that acetylshikonin may be a good candidate as an adjuvant
chemotherapeutic reagent that suppresses the invasion and
metastasis of oral cancer cells, especially against OSCC cells
chronically infected with periodontal pathogens that otherwise
have the potential to be transformed into more aggressive
populations. Further in vitro and in vivo studies are required to
clarify the suppressive role of acetylshikonin and to broaden our
understanding of relevant molecular pathways in aggressive P.
gingivalis-infected oral cancer cells.

In summary, we present data to further confirm the
hypothesis that P. gingivalis, a major pathogen responsible for
chronic periodontitis, induces the development of aggressive
behaviors in host YD10B oral cancer cells via the IL-8
dependent release of MMPs. More importantly, acetylshikonin,
a flavonoid with an anti-inflammatory potential, effectively
prevented P. gingivalis-infected YD10B OSCC cells from
transforming into more aggressive populations, presumably
via the suppression of IL-8 and MMP release. Our results may
help to provide a useful platform for developing pharmaceutical
adjuvants that will aid traditional therapeutic agents in curing
chronic inflammation-associated oral cancer as well as in
chemoprevention.
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