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Increasing evidence suggests that malignant transformation can
result from chronic infection, and Toll-like receptors (TLRs) may
play an important role in this process. We have previously
reported that the increased expression of TLR-9 is associated with
tumor cell proliferation in oral cancer. However, the mechanisms
involved have not been elucidated. The aim of this study was to
investigate whether CpG-oligodeoxynucleotides (CpG-ODN), a
special TLR-9 agonist, is able to exert the proliferation-promoting
effect in human oral squamous cell carcinoma (OSCC), and to
explore the possible underlying molecular mechanism. Flow
cytometry, MTT, and colony formation assay were used to evalu-
ate cell proliferation and cell cycle distribution. The mRNA and
protein levels were analyzed by quantitative RT-PCR and Western
blot assay. Luciferase reporter gene, EMSA, and ChIP assays were
used to detect the activity of activator protein-1 (AP-1) and
nuclear factor-jB (NF-jB) in HB cells. Results showed that CpG-
ODN could stimulate proliferation of HB cells in a dose- and time-
dependent manner with a promoted G1/S cell cycle progression.
Increased cyclin D1 expression was detected in the nuclear region
after CpG-ODN treatment. Moreover, CpG-ODN promoted nuclear
translocation and activation of AP-1, which appeared to be
required for TLR-9-mediated cyclin D1 expression and subse-
quently cell proliferation, but seemed to have little impact on
NF-jB activity. Our results indicate that CpG-ODN stimulates
tumor cell proliferation through TLR-9-mediated AP-1-activated
cyclin D1 expression in OSCC HB cells. Pharmacologic inhibition
of the TLR-9/AP-1/cyclin D1 pathway may be a new therapeutic
approach for prevention as well as treatment of OSCC. (Cancer
Sci 2012; 103: 1938–1945)

O ral squamous cell carcinoma is the sixth most common
malignancy worldwide, with 264 000 new cases and

128 000 deaths reported annually.(1,2) Despite improved detec-
tion and local control with surgery and/or radiotherapy and
new chemotherapeutic regimens, survival rates over the last
several decades have not improved significantly.(3) This grim
prognosis underlines the urgent need for the early identification
of new approaches for the prevention and treatment of OSCC.
Although the cause of OSCC is multifactorial, it is likely

that chronic inflammation of the oral mucosa plays a key role
in the development of this disease.(4) Epidemiologic studies
also suggest that men with a history of inflammation-related
mucosa diseases, such as leukoplakia, have a higher incidence
of oral cancer than age-matched controls.(5–7)

Toll-like receptors are members of the interleukin-1 receptor
superfamily and play a crucial role in the activation of innate

immunity and the subsequent inflammatory process.(8,9) As the
only intracellular distributed TLR, TLR-9 can directly activate
antigen-presenting cells, B cells, and human neutrophils, lead-
ing to secretion of various cytokines through recognition of
special bacterial DNA sequences, which could enter the cell
through endocytosis.(9) In our previous study, a gradually
increasing expression of TLR-9 protein was found in inflam-
matory oral mucosa and OSCC tissues, which suggests that
TLR-9 may play a key role in malignant transformation of oral
mucosa with chronic inflammation.(10) However, little is
known about the molecular or cellular mechanisms involved in
TLR-9-mediated oral squamous cell carcinogenesis.
The purpose of this study is to investigate the effect of

TLR-9 agonist on cell proliferation during the carcinogenesis
of oral squamous cells in vitro, with special emphasis on cell
cycle regulation, and to investigate the possible molecular
mechanisms underlying TLR-9-mediated oral mucosa carcino-
genesis, with emphasis on the AP-1 signaling pathway.

Materials and Methods

Reagents and cell culture. Unmethylated phosphorothioate-
modified, human specific CpG-ODN 2006 (5′-TCGTCGTTTT
GTCGTTTTGTCGTT-3′) was purchased from InvivoGen (San
Diego, CA, USA) and dissolved into endotoxin-free sterile
distilled deionized H2O according to the manufacturer’s
instructions and used at the indicated concentrations. The anti-
TLR-9 antibody was purchased from Imgenex (San Diego,
CA, USA). Both AP-1-specific inhibitor curcumin and the
NF-jB-specific inhibitor PDTC were obtained from Calbiochem
(San Diego, CA, USA).
Human immortalized oral epithelial cells and cancerous HB

cells in the cellular carcinogenesis model of OSCC were used
as previous described.(11,12) The HIOECs were cultured in
defined keratinocyte-SFM (Gibco, Grand Island, NY, USA).
The HB cells were cultured in DMEM (Gibco) supplemented
with 10% FBS, 1% glutamine, and 1% penicillin–streptomy-
cin. Normal oral epithelial cells were obtained from surgical
resections of non-cancer patients and cultured routinely. All
cells were cultured in a humidified atmosphere of 5% CO2 at
37°C.

Cell growth assay. The normal oral epithelial cells, HIOEC
cells, and HB cells, were seeded in a 96-well plate (Corning,
Tokyo, Japan) with 1.0 9 103 cells per well in 200 lL
medium (defined keratinocyte-SFM for HIOEC cells; and 10%
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FBS-DMEM for HB cells). The cells were subcultured at 37°C
in a 5% CO2 incubator for 12, 24, 48, and 72 h with different
concentrations of CpG-ODN. At the end of subculture, 20 lL
MTT solution (5 mg/mL in PBS) was added to each well, and
the cells were incubated for a further 4 h. Then the supernatant
was removed and 200 lL DMSO was added to each well. The
plate was shaken at room temperature for 10 min. Cellular via-
bility was determined by measuring the absorbance of each
well at a wavelength of 570 nm. In parallel with the MTT
assay, the phase-contrast images of the cells were acquired
with an automatic inverse microscope (Leica, Solms, Ger-
many). All experiments were repeated independently at least
three times.

Cell cycle analysis. The HB cells were treated with CpG-
ODN for 12, 24, 36, and 48 h, dispersed by trypsinization, and
suspended in PBS. The cells were then stained with propidium
iodide using the Cycletest Plus DNA reagent kit (BD
Biosciences, Franklin Lakes, NJ, USA). The fluorescence of
DNA was measured using a flow cytometer (FACSCalibur;
BD Biosciences), and the cell cycle distribution was analyzed
by computer software (ModFit LT; BD Biosciences). The
procedure was carried out according to the manufacturer’s
protocol. Each experiment was done three times and the
average values were reported.

Colony formation assay. Anchorage-independent growth was
evaluated by the colony formation assay according to the
method previously reported.(13) Cells were first preincubated
with or without CpG-ODN for 24 h, then seeded into 6-well
dishes in 2 mL medium and cultured for 2 weeks to allow col-
onies to form. Colonies (>50 cells) were observed and photo-
graphed using a light microscope, and the number of colonies
in each well was measured. Each data point represents the
mean of at least three independent experiments.

Quantitative real-time RT-PCR. The method for qRT-PCR has
been described.(14) The total RNA of the cells was isolated
using the Isogen RNA extraction reagent (Nippon Gene,
Tokyo, Japan). Synthesis of cDNA was done with 5 lg total
RNA, 1 lg oligo(dT) primer, and 0.2 lmol dNTP, and 10 U
RNase inhibitor using M-MLV Reverse Transcriptase (Invitro-
gen, Carlsbad, CA, USA). Quantitative PCR was carried out
using the QuantiTect SYBR Green PCR kit (Qiagen, Valencia,
CA, USA) and analyzed on an iCycler iQ Real-Time PCR
Detection System (Bio-Rad Laboratories, Hercules, CA, USA).
Primer sequences were: cyclin D1 sense primer, 5′-TACTACC
GCCTCACACGCTTC-3′; cyclin D1 antisense primer, 5′-TTC
GATCTGCTCCTGGCAG-3′; probe, 5′-(6-FAM)-ATCAAGTG
TGACCCAGACTGCCTCCG-(TAMARA)-3′. Standard curves
were generated by a serial dilution of cDNA and relative
mRNA levels were measured. Expression levels were normalized
against b-actin. Results shown are representative of at least
three independent experiments.

Western blot analysis. The procedure was carried out as pre-
viously described.(15) Briefly, cells treated with 0.8 lM CpG-
ODN for the indicated time periods (0–24 h) were washed
with PBS and incubated with lysis buffer (50 mM Tris-HCl
[pH 8.0], 150 mM NaCl, 0.1% SDS, 1% Nonidet P-40, 0.5%
sodium deoxycholate, 100 mg/mL PMSF, 1 mg/mL aprotinin)
for 1 h on ice. Cell lysates were then centrifuged at 14 000g
for 10 min at 4°C. The protein concentrations were determined
using Bio-Rad protein analysis (Bio-Rad Laboratories). After
SDS-PAGE, proteins were transferred to PVDF membranes for
2 h at 80 mA. The membrane was blocked in 5% non-fat dry
milk overnight at 4°C then incubated with primary antibody
for 2 h with constant shaking. The blots were washed three
times with TBST followed by treatment with alkaline phospha-
tase-conjugated anti-mouse IgG (1:2000 dilutions in PBST) at
room temperature for 1 h. Protein bands were detected by
chemiluminescence with ECL Plus Western Blotting Detection

Reagents (GE Healthcare, Piscataway, NJ, USA). b-actin was
used as the internal control protein. Experiments were repeated
at least three times. The following antibodies were used: anti-
cyclin D1 antibody (dilution 1:200), anti-cyclin E antibody
(dilution 1:200), anti-cdk2 antibody (dilution 1:300), anti-cdk4
antibody (dilution 1:200), anti-cdk6 antibody (dilution 1:300),
anti-c-Jun antibody (dilution 1:200), anti-Jun-B antibody (dilu-
tion 1:150), anti-Jun-D antibody (dilution 1:200; all Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-c-Fos antibody
(dilution 1:200), anti-Fos-B antibody (dilution 1:250; both
Oncogene Science, Cambridge, MA, USA), anti-phosphoryla-
tion of pRB antibody (dilution 1:250; Epitomics, Burlingame,
CA, USA) and anti-b-actin antibody (dilution 1:10 000; Sigma,
St. Louis, MO, USA).

Small interfering RNA preparation and cell transfection. Based
on our previous research,(16) cyclin D1 Mission shRNA Lentiv-
iral Transduction Particles were purchased from Sigma, which
included shRNA-pLKO.1-puro-38. The insert sequence was
CCGGGCCAGGATGATAAGTTCCTTTCTCGAGAAAGGAA
CTTATCATCCTGGCTTTTTG. Mission shRNA-pLKO.1-puro
Control Transduction Particles were used as negative controls.
Cell transfection was carried out on HB cells according to the
manufacturer’s protocol. Chemically synthesized human TLR-
9-specific siRNAs (sense, CUGUCCUUCAAUUACCAAAtt;
antisense, GUAAUUGAAGGACAGgt) and the control non-
silencing siRNA (sense, UUCUCCGAACGUGUCACGUtt;
antisense, ACGUGACACGUUCGGAGAA) were purchased
from MWG (Ebersberg, Germany). For siRNA transfection,
3 9 105 HB cells/well were plated in 6-well plates and trans-
fected using Amaxa Nucleofector (Amaxa, Cologne, Germany)
according to the manufacturer’s protocol (Nucleofector Solu-
tion V, Nucleofector program G-16) with 2 lg siRNA per 106

cells. After 48 h of transfection, TLR-9 expression was tested
by Western blot and further experiments were carried out.

Luciferase reporter gene assay. The AP-1 luciferase assay
was carried out as previously described.(17) The HB cells were
transfected with the pAP-1-Luciferase reporter construct using
Lipofectamine 2000 (Invitrogen). After transfection, the med-
ium was replaced and cells were cultured for 24 h. Cells were
plated in 24-well plates and treated with 0.8 lM CpG-ODN
for 0–24 h. Luciferase activities were measured by a lumino-
meter (Berthold Detection Systems, Oak Ridge, TN, USA)
using the Dual-Luciferase Reporter Assay (Promega, Madison,
WI, USA) according to the manufacturer’s instructions. The
transfected efficiency was normalized by cotransfection with
phRL-TK as an internal control, and all transient transfections
were repeated in three independent experiments.

Confocal microscopy. The HB cells were cultured on cover-
slips for 24 h, then fixed in 4% paraformaldehyde for 15 min,
washed in PBS, and treated for 15 min with PBS containing
0.1% TritonX-100. The cells were then washed, blocked with
10% BSA for 1 h at room temperature and incubated at 4°C
overnight with anti-cyclin D1 mAb (dilution 1:150; Santa Cruz
Biotechnology) diluted in 0.1% BSA. After extensive washing,
a 1:200 dilution of FITC-conjugated goat anti-mouse IgG was
applied as the secondary antibody for 1 h at room temperature.
The slides were then washed and photographed with a laser
scanning confocal microscope (TCS SP2; Leica). The negative
control was treated with PBS instead of TLR-9 antibody.

Nuclear extract and EMSA. The HB cells were treated with
0.8 lM CpG-ODN for the indicated time period (0–24 h), and
nuclear extracts were prepared as described previously.(18)

Synthetic complementary oligonucleotides were 3′-biotinylated
using the biotin 3′-end DNA labeling kit (Pierce, Rockford,
IL, USA), according to the manufacturer’s instructions, and
annealed for 2 h at room temperature. The sequences of the
oligonucleotides used were 5′-CGCTTGATGAGTCAGCCGG
AA-3′ and 5′-AGTTGAGGGGACTTTCCCAGG-3′ for AP-1
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and NF-jB, respectively. Binding reactions were carried out
for 20 min at room temperature in the presence of 50 ng/lL
poly(dI-dC), 0.05% Nonidet P-40, 5 mM MgCl2, 10 mM
EDTA, and 2.5% glycerol in 19 binding buffer (LightShift
Chemiluminescent EMSA Kit; Pierce) using 20 lmol biotin
end-labeled target DNA and 5 lg nuclear extract. Unlabeled
target DNA (4 pmol) or 2 lL anti-CREB or anti-ATF-1 anti-
body (TransCruz; Santa Cruz Biotechnology) was added per
20 lL binding reaction where indicated. Assays were loaded
onto native 4% polyacrylamide gels pre-electrophoresed for
60 min in 0.59 Tris borate/EDTA and electrophoresed at
100 V before being transferred onto a positively charged nylon
membrane (Hybond-N+; GE Lifesciences) in 0.59 Tris borate/
EDTA at 100 V for 30 min. Transferred DNAs were cross-
linked to the membrane at 120 mJ/cm2 and detected using
HRP-conjugated streptavidin (LightShift Chemiluminescent
EMSA Kit, Pierce) according to the manufacturer’s instruc-
tions. Specific binding was controlled by competition with a
100-fold excess of non-labeled AP-1 or NF-jB oligonucleotide
probes.

Chromatin immunoprecipitation assays. The ChIP assays and
subsequent real-time PCR analysis were carried out as
described.(19) Briefly, cells were washed twice with PBS and
cross-linked with 1% formaldehyde at room temperature for
10 min. Cells were rinsed with ice-cold PBS twice and resus-
pended into 100 mmol/L Tris-HCl (pH 9.4) and 10 mmol/L
DTT, and incubated for 15 min at 30°C. Cells were washed
and resuspended in lysis buffer (1% SDS, 10 mmol/L EDTA,
50 mmol/L Tris-HCl [pH 8.1], 19 protease inhibitor cocktail
[Roche Diagnostics, Mannheim, Germany]) and sonicated three
times for 10 s each pulse at the maximum setting (Model 300
Sonic Dismembrator; Fisher Scientific, Pittsburgh, PA, USA),
followed by centrifugation for 10 min. Immunoprecipitations
were carried out overnight at 4°C with anti-c-Fos, anti-Jun-D,
anti-p50, or anti-p65 (Santa Cruz Biotechnology). Precipitates
were washed and heated at 65°C to reverse cross-linking and
DNA fragments purified using the QIAquick Spin Kit (Qiagen)
for subsequent PCR. The PCR primers specific to the AP-1
binding region of the human cyclin D1 promoter were:
5′-ATTCAGTCCCAGGGCAAATTCTAAA-3′ and 5′-CCTTC
ATCTTGT-CCTTCTAGCCTGG-3′. The PCR primers specific
to the NF-jB binding region of cyclin D1 promoter were:
5′-AGTCCGTGTGACGTTACTGTTGT-3′ and 5′-CTCCCGCT
CCCATTCTCT-3′.

Statistics. Data are presented as the mean ± standard errors
from at least three independent experiments. The ANOVA test
was used to evaluate the differences among the groups treated
with each concentration of CpG-ODN, and the differences
between two groups were assessed using Student’s t-test.
Statistical significance was defined as P < 0.05 for all tests.

Results

Increased growth of HIOEC and HB cells. To determine the
effect of CpG-ODN on the growth of normal oral epithelial
cells, HIOEC cells and HB cells, the cell viability was
assessed by MTT assay. As shown in Figure 1(a,b), CpG-ODN
only slightly promotes normal oral epithelial cell proliferation,
but CpG-ODN treatment could significantly stimulate cell pro-
liferation in HIOEC and HB cells in a dose-dependent manner,
with a 30% and 50% increase, respectively, in cells treated
with 0.8 lM CpG-ODN for 48 h. The effect was further con-
firmed by a time course study (Fig. 1c). In addition, the typical
phase-contrast images of HB cells (Fig. 2) revealed a remark-
able proliferation-promoting effect of CpG-ODN treatment.

Promotion of G1/S cell cycle progression in HB cells. To gain
insights into the mechanisms of CpG-ODN-promoted cell
growth, the cell cycle distribution of HB cells was analyzed

by flow cytometry. Representative flow histograms depicting
cell cycle distribution in HB cultures following a 48 h expo-
sure to non-CpG-ODN or CpG-ODN (0.2–0.8 lM) are shown
in Figure 3(a). Exposure of HB cells to CpG-ODN resulted in
the promotion of G1/S cell cycle progression, which was

(a)

(b)

(c)

Fig. 1. Effect of CpG-oligonucleotides (CpG-ODN) on growth of
human immortalized oral epithelial cells (HIOEC) and cancerous HB
cells. (a) CpG-ODN treatment led to enhanced proliferation of HIOEC
and HB cells compared with the non-CpG-ODN group. *P < 0.05;
**P < 0.01. (b) Exponentially growing HIOEC/HB cells were treated
with various concentrations of CpG-ODN for 24 h and analyzed by
MTT assay. *P < 0.05; **P < 0.01, compared with panel 1 (0 lM CpG-
ODN). *P < 0.05; **P < 0.01, compared with panel 4 (0.8 lM CpG-
ODN). (c) Time-dependent effects on cell viability in the presence of
0.8 lM CpG-ODN by MTT assay. *P < 0.05; **P < 0.01, compared with
panel 1 (0 h group). *P < 0.05; **P < 0.01, compared with panel 3
(48 h group). The data shown are the mean ± SD of three indepen-
dent experiments. TLR-9, Toll-like receptor-9.
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accompanied by a decrease in G1 phase and a subsequent
increase in S phase (Fig. 3b). These results suggested that
CpG-ODN-mediated growth stimulation of HB cells had a
close relationship with G1/S phase cell cycle promotion.

Cyclin D1/CDK4 and phospho-pRB expression upregulated by
CpG-ODN. To further investigate the possible mechanism of
CpG-ODN-induced cell cycle promotion in HB cells, the pro-
tein levels of G1/S-specific cyclins and CDKs were tested by
Western blot, including cyclin D1, cyclin E, CDK2, CDK4,
and CDK6, and quantified using densitometric analysis.
Results show that CpG-ODN-treated HB cells showed an
increase in protein levels of cyclin D1, whereas constitutive
expression of cyclin E was not changed in this cell line. In
addition, a marked increase in protein levels of CDK4 as well
as phospho-pRb were observed in CpG-ODN-treated HB cells
(Fig. 4a,b). Furthermore, qRT-PCR analysis showed that CpG-
ODN treatment could increase cyclin D1 expression from the
transcription level in line with the protein level (Fig. 4c).

Evaluated expression of cyclin D1 was found mainly distrib-
uted in the nuclear region of HB cells treated with 0.8 lM
CpG-ODN by confocal detection, especially 24 h after
treatment. Further densitometric analysis shows a significant
difference between the experimental and control group
(Fig. 4e). In addition to the increased expression of cyclin D1,
CpG-ODN treatment could also significantly promote colony
formation of HB cells in vitro, and this effect could partly be
inhibited by the addition of anti-TLR-9 mAb (Fig. 4f). We
also showed that the blockage of cyclin D1 expression by
shRNA can abolish the effects of CpG-ODN treatment in HB
cells (Fig. 4d).

Cyclin D1 expression enhanced by CpG-ODN through AP-1
pathway. In order to examine the transcription factors mediating
CpG-ODN-induced cyclin D1 expression, we used the AP-1
luciferase gene reporter assay. Results showed that treatment
with CpG-ODN significantly increased the relative promoter
activities of the HB cells, which were almost 2.75-fold higher

(a) (b) (c)

(d) (e) (f)

Fig. 2. Typical phase-contrast images of cancerous HB cells treated with 0.8 lM CpG-oligonucleotide for 24–72 h, taken using a light micro-
scope. Images taken at 24 h (d), 48 h (e), and 72 h (f). Original magnification, 9100. Images of untreated HB cells at 24 h (a), 48 h (b), and 72 h
(c) were used as the control. Original magnification, 9100.

(a) (b)

Fig. 3. Effects of CpG-oligonucleotides (CPG-ODN) on HB cell cycle progression. (a) Representative flow histograms depicting cell cycle distribu-
tion in HB cells treated for 48 h with non-CpG-ODN (control) or CpG-ODN (0.2–0.8 lM). (b) Cell cycle distribution in HB cells shows a decreased
G1 phase accompanied with the increased S phase after CpG-ODN treatment. Results shown are the mean ± SD from three independent
experiments. The fraction of cells in the G0/G1, S, and G2/M phases are indicated.
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compared to the same vector-transfected cells without CpG-
ODN treatment (Fig. 5a). The EMSA assay also showed
increased AP-1 activity in CpG-ODN-treated HB cells, espe-
cially at 24 h after treatment, and this effect could be signifi-
cantly decreased by anti-TLR-9 protein or special siRNA
against TLR-9 (Fig. 5b,c). To find the exact subunits changed in
this procedure, Western blot analysis was used with antibodies
against c-Jun, Jun-B, Jun-D, c-Fos, and Fos-B using proteins
from nuclear extracts. Results showed that treatment with CpG-
ODN significantly increased the expression of c-Fos and Jun-D,
indicating that complexes composed of these two proteins may
play a more important role in CpG-ODN-induced AP-1 activa-
tion in HB cells (Fig. 5d). Further ChIP analysis also showed
that CpG-ODN treatment enhanced the DNA-binding activity of
AP-1 (c-Fos/Jun-D) to the promoter of cyclin D1 in a time-
dependent manner (Fig. 5e). Moreover, the increased cyclin D1
expression induced by CpG-ODN, as well as cell growth, was
significantly suppressed by treatment with curcumin (an AP-1
inhibitor). Blockade of TLR-9 with RNA interference could sig-
nificantly decrease CpG-ODN-stimulated cyclin D1 expression
as well as cell growth, which further confirmed that AP-1 activa-
tion was involved in CpG-ODN-induced cyclin D1 expression
and subsequent cell proliferation (Fig. 5f).

Nuclear factor-jB contributes little to CpG-ODN-stimulated
cyclin D1 expression. To further determine whether the NF-jB
pathway contributes to CpG-ODN-stimulated cyclin D1
expression in HB cells, EMSA and ChIP assay on NF-jB
activity were carried out. As shown in Figure 6(a,b), treatment
with 0.8 lM CpG-ODN did not result in an increase in NF-jB
DNA-binding activity in HB cells for almost 48 h when

compared with the non-treatment group. In contrast, use of
PDTC (a special NF-jB inhibitor) could significantly decrease
the NF-jB activity in HB cells. Moreover, the results of MTT
and subsequent Western blot assays showed that CpG-ODN-
stimulated cyclin D1 expression as well as cell proliferation
could not be downregulated by special NF-jB inhibitor, which
suggests that the NF-jB pathway contributes little to CpG-
ODN-stimulated cyclin D1 expression (Fig. 6c).

Discussion

Our previous studies have shown a gradually increasing
expression of TLR-9 protein in inflammatory oral mucosa and
OSCC tissues, which suggest that TLR-9 could play a key role
in malignant transformation of oral mucosa.(10) However, the
exact molecular mechanism by which TLR-9 contributes to
this process has not been defined. In the present study, based
on our previously established HIOEC and HB cells,(11,12) we
had the opportunity to further investigate the role TLR-9 plays
in oral mucosa carcinogenesis in vitro.
The present study clearly showed that proliferation of both

HIOEC and HB cells was significantly stimulated by TLR-9
agonist CpG-ODN, which was accompanied by G1/S phase
cell cycle promotion, especially in HB cells. Given the fact
that uncontrolled cell proliferation is always the hallmark of
malignant transformation of normal tissue, and inhibition of
such action may be taken as a mechanism to suppress carcino-
genesis,(20) the present study indicates that TLR-9 could be
recognized as a potential biomarker for OSCC prevention and
treatment.

(a) (b) (c)

(d)
(e) (f)

Fig. 4. CpG-oligonucleotides (CpG-ODN) increase cyclin D1 expression as well as colony formation in HB cells. (a) Western blot for cyclin D1,
cyclin E, cyclin-dependent kinase (CDK)2, CDK4, CDK6, and phospho-pRB using lysates from HB cells treated with 0.8 lM CpG-ODN for the indi-
cated time periods (0–24 h). Immunoblotting for each protein was done three times or more using independently prepared lysates, with similar
results. (b) Changes in protein levels compared with control as determined by densitometric scanning of the immunoreactive bands. *P < 0.05;
**P < 0.01. (c) Detection of cyclin D1 mRNA by quantitative RT-PCR in CpG-ODN-treated HB cells. Result shows CpG-ODN treatment increased
the cyclin D1 transcriptive level in a time-dependent manner. *P < 0.05; **P < 0.01, compared to the non-treatment group. (d) Blockage of cyclin
D1 expression by RNA interference can significantly abolish the effects of CpG-ODN treatment in HB cells. *P < 0.05; **P < 0.01. NS, not signifi-
cant. (e) Detection of cyclin D1 protein in HB cells nuclear by confocal microscope. Semiquantitative analysis based on optical density shows sig-
nificantly increased cyclin D1 in CpG-ODN-treated HB cells than in the non-treatment group. *P < 0.05; **P < 0.01. (f) Colony formation of HB
cells treated with various concentrations of CpG-ODN (0–0.8 lM) for 24 h. Results shown are the mean ± SD from three independent experi-
ments. TLR-9, Toll-like receptor-9. *P < 0.05; **P < 0.01, compared with panel 1 (0 lM CpG-ODN). *P < 0.05; **P < 0.01, compared with panel 4
(0.8 lM CpG-ODN).
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(a) (b) (c)

(d) (e) (f)

Fig. 5. Effect of CpG-oligonucleotides (CpG-ODN) on activator protein-1 (AP-1) activity in HB cells. (a) CpG-ODN increased the AP-1 activity in a
dose-dependent manner in HB cells by luciferase gene report assay. The graphs represent the means and standard deviations from three individ-
ual experiments. Statistically significant difference: *P < 0.05; **P < 0.01. (b) EMSA analysis of AP-1 in HB cell lines before and after treatment
with 0.8 lM CpG-ODN for the indicated time period (0–24 h). *P < 0.05; **P < 0.01, compared with panel 1 (0 h group). **P < 0.01, compared
with panel 5 (24 h group). (c) CpG-ODN treatment did not enhance AP-1 activity in HB cells transfected with special siRNA against Toll-like
receptor-9 (TLR-9). *P < 0.05; **P < 0.01. NS, not significant. (d) Effects of CpG-ODN on the expression of AP-1 subunit. HB cells were treated
with 0.8 lM CpG-ODN for the indicated time period (0–24 h) and the protein levels were determined using Western blot. b-actin served as an
internal control. (e) ChIP analysis showing that CpG-ODN treatment enhances the DNA binding activity of AP-1 (c-Fos/Jun-D) to the promoter of
cyclin D1 in a time-dependent manner. (f) Interferon effect of AP-1 inhibitor and/or special siRNA against TLR-9 on the CpG-ODN-induced cyclin
D1 expression as well as cell growth in HB cells. **P < 0.01, compared with panel 1 (first column); **P < 0.01, compared with panel 2 (second
column). All data are the mean ± SD of three repeats from one independent study.

(a) (b) (c)

Fig. 6. Effect of CpG-oligonucleotides (CpG-ODN) on nuclear factor-jB (NF-jB) activity in HB cells. (a) EMSA analysis of NF-jB in HB cells before
and after treatment with 0.8 lM CpG-ODN or pyrrolidinedithiocarbamate for the indicated time period (0–48 h). **P < 0.01, compared with
panel 4 (48 h group). (b) ChIP analysis showing that CpG-ODN treatment does not enhance the DNA binding activity of NF-jB (p65/p50) to the
promoter of cyclin D1 in HB cells. (c) Interferon effect of NF-jB inhibitor on CpG-ODN-induced cyclin D1 expression as well as cell growth in HB
cells. **P < 0.01, compared with panel 1 (first column). **P < 0.01, compared with panel 2 (second column). All data presented are the
mean ± SD of three repeats from one independent study.
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Cyclin D1 is an important protein in cell cycle regulation. It
binds to and activates its kinase partners CDK4 and CDK6,
resulting in effecting transcription of genes that promote pro-
gression to cyclin D1.(21) In the 1990s, Bartkova and Akervall
first reported the abnormal expression of cyclin D1 in head
and neck squamous cell carcinoma (HNSCC) and its close
relationship with patient survival. (22,23) In 2001, Rousseau and
Shintani found that these aberrations are not only present in
OSCC but also in precancerous oral epithelial dysplastic
lesions, which suggested that cyclin D1 deregulation is an
early event in the neoplastic process.(24,25) Consistent with
their study, at the cellular level, we showed that cyclin D1
was significantly overexpressed in HB cells, especially after
CpG-ODN stimulation. We also found that the CpG-ODN-
mediated promotion of the G1/S fraction is accompanied by
increased CDK4 and phospho-pRB expression, and anti-TLR-9
protein could inhibit this effect. Thus, we draw the conclusion
that increased HB cell proliferation by CpG-ODN was most
likely caused by the TLR-9-mediated activation of the CDK4/
cyclin D1 kinase complex.
The cyclin D1 promoter contains two important transcrip-

tional elements, which are the binding sites of AP-1 and
NF-jB.(26,27) As the most frequently involved inflammatory
signal transduction pathways, both NF-jB and AP-1 were
shown to participate in the development of OSCC.(28,29) In the
present work, CpG-ODN was found to induce AP-1 DNA
binding activity, which is a potential activator of cyclin D1 in
HB cells. Use of anti-TLR-9 antibody could reduce the CpG-
ODN-stimulated increase in cyclin D1 expression as well as
AP-1 DNA binding activity. Moreover, blockade of AP-1
activity with a special inhibitor significantly reduced CpG-
ODN-stimulated TLR-9-mediated cyclin D1 expression and
subsequent cell proliferation. These results are consistent with
previous reports, in that special stimulators can upregulate the
cyclin D1 protein level and promote tumor cell cycle transit
through activation of the AP-1 signal transduction pathway in
human glioblastoma cells.(30) In fact, accumulating evidence
suggests a close relationship between AP-1 activity and oral
mucosa carcinogenesis. Constitutive AP-1 activation by trans-
fection or induction of c-Jun and c-Fos has been shown to
induce malignant conversion of squamous cell carcinoma in
murine models.(31,32) Conversely, transfection of a competitive
dominant negative c-Jun or treatment with inhibitors of AP-1
activation can block the malignant conversion of promotion-
sensitive cell lines.(33,34) Thus, it is noteworthy that TLR-9
might play a key role in this procedure and TLR-9 targeted
molecular therapy could provide a new approach in OSCC
prevention among high risk populations, such as people with
leukoplakia or lichen planus.

Nuclear factor-jB is another important regulator for cyclin
D1 expression and is widely accepted to have a close relation
with OSCC.(35–37) In human prostate cancer, Kundu et al.
reported that the NF-jB pathway was significantly activated
after treatment with TLR-9 agonist CpG-ODN.(38) Di et al.
also found that CpG-ODN could stimulate prostate cancer
invasion through the activation of NF-jB-mediated cyclooxy-
genase-2 expression.(39) However, contrary to these reports, the
present study shows that CpG-ODN only led to a tenuous
change in NF-jB activity in HB cells, with no statistical sig-
nificance. Also, inhibition of NF-jB activity with PDTC did
not significantly decrease CpG-ODN-stimulated cyclin D1
expression or subsequent cell proliferation, indicating that the
NF-jB pathway contributes little to CpG-ODN-stimulated
cyclin D1 expression in OSCC HB cells.
In summary, our results show that CpG-ODN stimulates

tumor cell proliferation through TLR-9-mediated AP-1-acti-
vated cyclin D1 expression in oral squamous cell carcinoma
HB cells (Fig. 7). The results presented here provide not
only a new insight into the molecular mechanism underlying
CpG-ODN-stimulated OSCC cell proliferation but also a
new therapeutic approach for targeting the TLR-9/AP-1/cy-
clin D1 pathway in the prevention as well as treatment of
OSCC.
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Abbreviations

AP-1 activator protein-1
CDK cyclin-dependent kinase
CpG-ODN CpG-oligonucleotides
HIOEC human immortalized oral epithelial cells
NF-jB nuclear factor-jB
OSCC oral squamous cell carcinoma
PDTC pyrrolidine dithiocarbamate
phospho-pRB phosphorylated-retinoblastoma protein
qRT-PCR quantitative RT-PCR
TLR-9 Toll-like receptor-9

Fig. 7. Schematic diagram of the role of Toll-like receptor-9 (TLR-9) on CpG-oligonucleotide (CpG-ODN)-stimulated proliferation of oral
squamous cell carcinoma cells. AP-1, activator protein-1; CDK, cyclin-dependent kinase.
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