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Abstract Inflammation has been implicated in the ini-
tiation and progression of ovarian cancer (OC), the under-
lying mechanisms of which are still unclear. We hypoth-
esized that the abnormal expression of Toll-like receptors
(TLRs), which were potential activators of nuclear factor-
kappa B p65 (NF-kB p65), could promote inflammation
and tumorigenesis in OC. In this study, we characterized
the expression of TLRs in peripheral blood mononuclear
cells (PBMCs) and found TLR2 and TLR6 mRNAs lev-
els to be higher in PBMCs from OC patients than in those
from benign disease (BC) or healthy normal controls
(NC). Flow cytometry analysis showed that TLR1, TLR2
and TLR6 were highly expressed in monocytes from OC
patients, but not in those from control subjects. Consist-
ently, inflammatory cytokines interleukin (IL)-1p and
IL-6 were up-regulated in PBMCs from OC patients upon
stimulation with Pam3CSK4 (TLR1 ligand) and HKLM
(TLR2 ligand), compared with unstimulated PBMCs.
Stimulation of PBMCs with TLR ligands led to activa-
tion of downstream signaling molecules in TLRs (MyDS88,
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TRAF6, TANK, NF-kB p65 and p-NF-kB p65). We also
discovered that SK-OV-3-secreted factors were potent
PBMCs activators, leading to the production of IL-1p,
IL-6 and IL-8 through activation of TLRs and downstream
signaling molecules in PBMCs. Before coculturing with
SK-OV-3, pretreatment of THP-1 cells or PBMCs with
monoclonal antibodies against TLR1, TLR2 or TLR6
inhibited the production of IL-18 and IL-6 and activation
of MyD88, TRAF6, TANK, NF-kB p65 and p-NF-«kB
p65. Our results provided new evidence that TLR1, TLR2
and TLR6 signaling was linked with inflammation in OC
microenvironment.
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Inflammation - Cytokine

Abbreviations

BC Benign disease control

EOC Epithelial ovarian cancer

FBS Fetal bovine serum

HRP Horseradish peroxidase

IL Interleukin

MyD88  Myeloid differentiation factor 88

NC Healthy normal controls

NF-«B Nuclear factor-kappa B

oC Ovarian cancer

PAMPs  Pathogen-associated molecular patterns
PBMCs  Peripheral blood mononuclear cells

p-NF-kB  Phospho-Nuclear factor-kappa B

RT-PCR  Real-time PCR

TANK TRAF family member-associated NF-kB activator
TLRs Toll-like receptors

TNFa Tumor necrosis factora

TRAF6  Tumor necrosis factor receptor-associated factor 6
TRAIL  TNF-related apoptosis-inducing ligand
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Introduction

Epithelial ovarian cancer (EOC) accounts for 25 % of all
malignant tumors and has, for a long time, been the most
fatal gynecologic malignancy affecting female reproductive
health. Its high mortality rate is atypical, with only 45 % of
women who are diagnosed surviving beyond 5 years [1].

Chronic infection and inflammation are usually thought
to be two of the most important epigenetic and environmen-
tal factors leading to tumorigenesis and tumor progression
[2, 3]. Individuals with inflammation are more likely to
develop cancer progression [3, 4]. For instance, inflamma-
tory bowel disease has been connected to colon cancer [5],
infection with Helicobacter pylori is associated with gastric
carcinoma [6], chronic viral hepatitis is linked to liver can-
cer [7], infection with some strains of human papillomavi-
rus have been associated with cervical cancer, and infec-
tion with Epstein—Barr virus has been linked with Burkitt
lymphoma and nasopharyngeal carcinoma [8, 9]. Ovarian
endometriosis can promote and induce a proinflammatory
environment within the ovary on a cyclic basis, predispos-
ing the individual to tumorigenesis associated with specific
types of epithelial ovarian carcinoma [10, 11]. Such obser-
vations suggest that chronic inflammation is concerned
with tumor initiation, promotion and progression.

Toll-like receptors (TLRs) are pattern recognition recep-
tors that play a significant role in innate immunity [12,
13]. TLRs can recognize microbe- or pathogen-associated
molecular patterns (PAMPs) expressed by bacteria, viruses
and host-derived PAMPs such as stress proteins [14].
Stimulation and activation of TLRs can recruit different
signaling molecules, which contribute to the activation of
different downstream mediators and targets. TLRs signals
are generally transduced in a MyD88-dependent manner,
leading to a proinflammatory response. MyD88 signaling
is involved in the early activation of nuclear factor-k B (NF-
kB) p65, which leads to the expression of proinflammatory
cytokines [15, 16]. TLRs, as potential activators of NF-kB
p65, are considered to be the gateway to inflammation and
tumorigenesis.

The expression and function of TLRs in cancer cells and
their relationship with tumorigenesis and tumor progres-
sion have been widely researched in recent years [17, 18].
Through MyD88 signaling and potentially NF-kB p65 acti-
vation, TLR2/6 ligands induce cell proliferation and pro-
mote the expression of proinflammatory cytokines, includ-
ing interleukin (IL)-6, tumor necrosis factora (TNFa) and
IL-12 [19]. Kim isolated a factor that induced cytokine
production by macrophages [19], which was recognized
by both TLR2 and TLR6. Another recent study showed
that Listeria monocytogenes promoted tumor growth
through TLR2 [20]. Similarly, He et al., had a description
about the expression of TLR4 in human lung cancer cells.
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TLR4 ligand in the cancer cells could induce the secre-
tion of immunosuppressive cytokines and promote resist-
ance to TNFa- and TNF-related apoptosis-inducing ligand
(TRAIL)-induced apoptosis [21].

In the present study, we described the expression of
TLR1-9 in peripheral blood mononuclear cells (PBMCs)
and the function of TLR1, TLR2 and TLR6, which were
expressed prominently in the PBMCs of ovarian cancer
(OC) patients. We also found that up-regulated TLRI,
TLR2 and TLR6 constituted major signaling pathways in
the activation of proinflammatory cytokines, which gener-
ated an inflammatory microenvironment that was beneficial
to tumor growth. Our results demonstrated the link between
TLR1/2/6-MyD88 signaling, inflammation and tumor
immunology. Characterization of TLRs and their role in
OC may lead to the development of novel therapeutic tar-
gets for treatments that can reduce the high mortality rate
associated with OC.

Materials and methods
Preparation, isolation and culture of cells

PBMCs of OC patients were provided by the First Affili-
ated Hospital of Nanjing Medical University. Diagnosis
of OC was established according to the diagnostic criteria
of the Gynecologic Oncology Group. Blood donors were
healthy women aged between 41- and 51-year old and
women with uterine fibroids who tested negative for HIV,
hepatitis B and hepatitis C aged between 39- and 50-year
old. PBMCs were prepared from buffy coats using Ficoll-
Hypaque density gradient centrifugation (TBD, Tianjin,
China).

Human OC cell line (SK-OV-3) and human monocyte
cell line (THP-1) were purchased from ATCC (Manassas,
VA). Cells were grown in 5 % CO, at 37 °C in McCoy’s 5SA
(Invitrogen, Carlsbad, CA) or RPMI 1640 (Gibco, Gaith-
ersburg, MD) containing 10 % fetal bovine serum (FBS).

TLRs expression levels in PBMCs by RT-PCR

RNA was isolated using the miRNeasy Mini Kit (Qiagen,
Valencia, CA) in accordance with the manufacturer’s instruc-
tions. The RNA template was qualitatively assessed by UV
absorbance measurement at 260 and 280 nm (A260/280
ratio) and by gel electrophoresis. A fixed volume (3 wl) of
total RNA was added to 20 pl of reverse transcriptase reac-
tion mix (PrimeScript RT Master Mix Perfect Real Time)
(TaKaRa Bio, Japan) and incubated at 37 °C for 15 min in
ABI 2720 thermal cycler (Applied Biosystems/Life Tech-
nologies, Grand Island, NY), followed by a further 5 s at
85 °C to denature the enzyme. The resulting cDNA was used
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Table 1 PCR primers used for

the. detection of human TLRs Primers Sequence (5’ > < 3’) Length (bp) MW (bp)

and proinflammatory cytokines TLR1 Forward GGAGGCAATGCTGCTGTT 20 120
Reverse GCCCAATATGCCTTTGTT ATCCTG 24

TLR2 Forward TGTTGCAAGCAGGATCCAAAG 21 157
Reverse CACAAAGTATGTGGCATTGTCCAG 24

TLR3 Forward GGACTTTGAGGCGGGTGTT 19 141
Reverse TGTTGAACTGCATGATGTACCTTG A 25

TLR4 Forward AGGATGATGCCAGCATGATGTC 22 198
Reverse TCAGGTCCAGGTTCTTGGTTGAG 23

TLRS5 Forward AAGATGTCGGAGCCTCAGATG 21 181
Reverse GGGTCCCTGGTTGTTTAAAGACTTC 25

TLR6 Forward CAGAGTGAGTGGTGCCATTACGA 23 138
Reverse AGCCTTCAGCTTGTGGTACTTGTTG 25

TLR7 Forward TCTTCAACCAGACCTCTACATTCCA 25 172
Reverse GGAACATCCAGAGTGACATCACAG 24

TLR8 Forward GCGCTGCTGCAAGTTACGGA 20 203
Reverse TCGACGATTGCTGCACTCTG 20

TLR9 Forward GGGACCTCGAGTGTGAAGCA 20 258
Reverse CTGGAGCTCACAGGGTAGGAA 21

IL-18 Forward CACGATGCACCT GTACGATCA 21 120
Reverse GTTGCTCCATATCCTGTCCCT 21

IL-6 Forward AACCTGAACCTTCCAAAGATGG 22 865
Reverse TCTGGCTTGTTCCTCACTACT 21

IL-8 Forward GCCTTCCTGATTTCTGCAGCT 21 868
Reverse TGCACTGACATCTAAGTTCTTTAGCAC 27

TNFa Forward ATGAGCACTGAAAGCATGATCC 22 822
Reverse GAGGGCTGATTAGAGAGAGGTC 22

B- actin Forward TGGCACCCAGCACAATGAA 19 186
Reverse CTAAGTCATAGTCCGCCTAGAAGCA 25

for the subsequent PCR analysis. The mRNA for B-actin was
used as a normalization control in real-time PCR (RT-PCR)
analysis and as a loading control in conventional PCR anal-
ysis. RT-PCR was performed in ABI 7500 system (Applied
Biosystems/Life Technologies) using human TLRs primers
(Table 1) and SYBR Green. Each analysis was repeated at
least twice to ensure repeatability. To ensure a detailed analy-
sis, samples were run on 4 % agarose gels to confirm correct
band size, and melt curves were analyzed after each RT-PCR
assay. The relative quantitation of target gene expression was
carried out using the comparative C method as described by
Ross et al. [22].

TLRs expression levels in PBMCs subsets by flow
cytometry

As soon as whole bloods were obtained, the cells were incu-
bated away from light at room temperature with antihuman
CD281 (TLR1) PE, antihuman CD282 (TLR2) FITC, anti-
human CD286 (TLR6) PE and monoclonal antihuman CD4-
FITC/PE, CDS8-FITC/PE and CD14-APC/CD19-FITC/PE

antibodies for 30 min (BD PharMingen, San Diego, CA).
The incubated bloods were hemolyzed with FACS lysing
solution (PharMingen, San Diego, CA) and incubated at
room temperature away from light for another 15 min. After
this, the cells were washed and resuspended in phosphate-
buffered saline, and fluorescence labeling was measured by
FACSCalibur flow cytometry (BD Biosciences). Data were
analyzed using CellQuest software (BD Biosciences).

Simulation of TLRs with ligands

PBMC:s resuspended in RPMI 1640 medium (Gibco, Gaith-
ersburg, MD) with 10 % human AB serum were dispensed
into a 96-well plate (Greiner, Frickenhausen, Germany),
with 1 x 10° cells per well. The cells were incubated either
with or without TLR ligands. TLR ligands were added at
the concentration recommended by the manufacturer, which
were as follows: Pam3CSK4 (TLR1 ligand)—100 ng/ml,
heat-killed L. monocytogenes (HKLM; TLR2 ligand)—108
cells/ml, FSL-1 (TLR6/2 ligand)—100 ng/ml (Invivogen,
San Diego, CA). After 24 h stimulation, the cells were
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collected and detected for the mRNA expression of IL-18,
IL-6, IL-8 and TNFa by RT-PCR.

Coculture of PBMCs with SK-OV-3

Transwell culture experiments were performed in 24-well
plates which had an inner well pore size of 0.4 pm
(Greiner, Frickenhausen, Germany). SK-OV-3 were cul-
tured in the outer wells of the plates, with 1 x 10° cells per
well in 1.5 ml McCoy’s 5SA medium (Gibco, Gaithersburg,
MD) containing 10 % FBS (Gibco, Gaithersburg, MD).
Isolated human PBMCs were added into the inner wells, at
5 x 10 cells per well and in 500 ! of the same medium.
The density ratio of PBMCs to SK-OV-3 cells was 5:1.
After 24 h of incubation, the PBMCs were collected and
analyzed using RT-PCR and western blot.

Antibody blocking and cytokine assays

PBMCs and THP-1 cells were pretreated with either 10 ng/
ml control IgG1 antibody, anti-TLR1, anti-TLR2 or anti-
TLR6 monoclonal antibody in 24-well plates, at 5 x 10°
cells per well. They were treated for 1 h at 37 °C, before
being cocultured with SK-OV-3 cells for 24 h in a transwell
culture system at 1 x 10° cells per well. The PBMCs and
THP-1 cells were collected and analyzed using western
blot or RT-PCR. IL-18, IL-6, IL-8 and TNFa were tested
using PCR primers for the detection of human proinflam-
matory cytokines (Table 1).

Western blot analysis

PBMCs or THP-1 cells were harvested, and protein concen-
trations were determined for the samples using a BCA pro-
tein assay kit (Beyotime, Shanghai, China). Equal amounts
of protein per lane were separated by SDS-PAGE and trans-
ferred to PVDF membrane (Bio-Rad, Hercules, CA). Blot-
ting membranes were blocked and subsequently incubated
with antibodies against either MyD88, TRAF6, TANK, NF-
kB p65, p-NF-kB p65 or GAPDH (Cell Signaling Technol-
ogy, Danvers, MA). After being washed, the membranes
were reacted with horseradish peroxidase (HRP)—conjugated
goat anti-mouse or anti-rabbit IgG (Zhongshan Biological,
Beijing, China) as the secondary antibody and then analyzed
for protein expression using the enhanced chemilumines-
cence method (Millipore, Billerica, MA) on X-ray film.

Statistical analysis
Statistical analysis was performed using the independent
sample ¢ test or by one-way ANOVA on SPSS 16.0 statistics

software (SPSS Inc., Chicago, IL). All analyses were two-
sided with the level of statistical significance set to 0.05.
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Results

Increased expression of TLR1, TLR2 and TLR6
in monocytes of OC patients

We utilized semiquantitative RT-PCR to study the expression
of TLRs mRNA in PBMCs from OC patients, patients with
benign diseases and healthy subjects. As shown in Fig. la,
TLR1-9 all had varying degrees of expression in the PBMCs
from the three groups, and TLR2 and TLR6 mRNA had
higher expression levels in PBMCs from OC patients than in
those from healthy subjects (3.27-fold change and 2.21-fold
change, both P < 0.05). PBMCs from OC patients also showed
increased levels of TLR2 and TLR6 mRNA relative to those
from patients with benign diseases (3.24-fold change and
1.66-fold change, both P < 0.05). TLRS was expressed more
highly in benign disease group than in both OC and healthy
subject groups (14.71-fold change and 9.66-fold change, both
P < 0.05). TLRS expression, however, was significantly lower
in PBMCs from OC patients than in those from either the
benign disease group or the healthy subject group (0.18-fold
change and 0.36-fold change, both P < 0.05).

Although the expression levels of TLR2 and TLR6
mRNA were expressed more highly in PBMCs from OC
patients than in those from benign disease and healthy sub-
ject groups. TLR2 is generally considered that could form
heterodimers with either TLR1 or TLR6. Specifically, the
TLR2-TLR1 heterodimer can recognize triacylated lipo-
peptides from Gram-negative bacteria and mycoplasma,
whereas diacylated lipopeptides from Gram-positive bac-
teria and mycoplasma are recognized by the TLR2-TLR6
heterodimer [23-25]. We conducted further analysis of the
protein expression levels of TLR1, TLR2 and TLR6 in cel-
lular subsets of PBMCs from OC patients, benign disease
patients and healthy control subjects using flow cytom-
etry (Fig. 1b). We found that TLR1, TLR2 and TLR6 were
mainly expressed in monocytes. In addition to this, CD8"
T cells also expressed considerable levels of TLRI and
TLR6, but relatively low levels of TLR2. CD4" T cells
were characterized by intermediate expression levels of
TLR2 and moderate levels of TLR1 and TLR6. The expres-
sion of TLR1, TLR2 and TLR6 on B cells was very low,
but detectable (Fig. 1c). Whilst expression of TLR1, TLR2
and TLR6 in monocytes was higher in OC patients than in
benign disease and healthy subject groups, there was no
significant difference between benign disease and healthy
subject groups (Fig. 1c). However, there was no signifi-
cant difference in expression of TLR1, TLR2 and TLR6
on CD4™ T cells, CD8" T cells and B cells among OC
patients, benign disease and healthy controls (P > 0.05).
Additional flow cytometry and real-time gene expression
analysis revealed an up-regulation of TLRI1, TLR2 and
TLR6 expression in monocytes from OC patients.
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Fig. 1 Increased expression

of TLR1, TLR2 and TLR6 in
monocytes of ovarian can-

cer patients. a Expression of
TLR1-9 mRNA in PBMCs from
ovarian cancer patients (OC;

N = 24), benign disease patients
(BC; N = 22) and healthy sub-
jects (NC; N = 22). TLR2 and
TLR6 mRNA expression levels
were higher in PBMCs from
ovarian cancer patients than

in those from benign disease
patients or healthy subjects. b
The expression of TLR1, TLR2
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Increased proinflammatory cytokines in ovarian cancer
patient PBMCs in response to TLR1, TLR2 and TLR6
ligands

To evaluate the effects of up-regulated TLRs in OC
patient PBMCs, we assessed the ability of PBMCs from
OC patients, benign disease controls and healthy con-
trols to produce related cytokines upon stimulation with
TLR1, TLR2 and TLR6 ligands (Pam3CSK4, HKLM and
FSL-1, respectively). As shown in Fig. 2a, compared with
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unstimulated PBMCs, Pam3CSK4-stimulated PBMCs from
OC patients exhibited an observable increase in expression
of inflammatory cytokines IL-1p and IL-6 (P < 0.05), but
no significant difference in IL-8 and TNFa expression.
Similarly, HKLLM induced higher expression of IL-1p and
IL-6 in PBMCs from OC patients than in unstimulated cells
(P < 0.05). There was, however, no difference found in
IL-8 and TNFa expression. In addition, no significant up-
regulation of IL-18, IL-6, IL-8 and TNFa expression was
observed in OC patients PBMCs after FSL-1 stimulation.
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Fig. 2 Increased proinflam-
matory cytokines in ovarian
cancer patient PBMCs in
response to TLR1, TLR2 and
TLR6 ligands. a Induction of
IL-1B, IL-6, IL-8 and TNFa in
PBMCs upon stimulation with
Pam3CSK4 (TLR1 ligand),
HKLM (TLR2 ligand) and
FSL-1 (TLR6 ligand) in ovarian
cancer patients (n = 13), benign
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by one-way ANOVA. #P < 0.05
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In particular, PBMCs from benign disease and healthy sub-
ject groups showed no significant up-regulation of IL-1p,
IL-6, IL-8 or TNFa expression in response to Pam3CSK4,
HKLM or FSL-1 stimulation.

We also found that treating PBMCs with Pam3CSK4,
HKLM or FSL-1 increased expression of MyD88, TRAF6,
TANK, NF-kB p65 and p-NF-«kB p65 (Fig. 2b). These
results indicated that the up-regulation of TLRs in OC
patients may promote activation of NF-kB p65 signaling
pathway and induce the production of proinflammatory
cytokines.

Activation of TLRs signaling pathways and up-regulation
of proinflammatory cytokines in PBMCs induced

by ovarian cancer cells

To determine whether OC cells could activate TLRs sign-
aling pathways in PBMCs, resulting in the production of
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proinflammatory cytokines, PBMCs were cocultured with
SK-OV-3 cells in a transwell culture system. As shown
in Fig. 3a, PBMCs derived from OC patients exhibited
an increase in IL-1p and IL-6 mRNA levels after being
cocultured with SK-OV-3 for 24 h (1.74-fold change and
1.92-fold change, both P < 0.05). In contrast, PBMCs from
benign disease and healthy subject control groups exhibited
lower levels of IL-13 mRNA after being cocultured with
SK-OV-3 (0.71-fold change and 0.72-fold change, both
P < 0.05). There was no significant difference in either IL-8
or TNFa mRNA expression in PBMCs.

Following this, the expression of MyD88, TRAF®6,
TANK, NF-kB p65 and p-NF-kB p65 in TLRs signaling
pathways was evaluated using western blot (Fig. 3b). The
analysis revealed that levels of MyD88, TRAF6, TANK
and p-NF-kB p65 significantly increased in PBMCs from
OC patients after coculturing with SK-OV-3, though no
significant difference was observed in expression of TLRs
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signaling pathway proteins in PBMCs from benign dis-
ease or healthy controls. These results suggested that there
were some molecules in the growth environment of OC
cells that could induce the activation of TLRs signaling
pathways and promote the expression of proinflammation
cytokines.

The involvement of TLR1, TLR2 and TLR6 signaling
pathways in the production of proinflammatory cytokines
in ovarian cancer patients PBMCs

The results above suggested that TLRs signaling path-
ways may play an important role in the production of pro-
inflammatory cytokines in OC patients PBMCs. Because
TLR1, TLR2 and TLR6 were overexpressed in monocytes
from OC patients, we explored whether these TLR were
involved in proinflammatory cytokine production. THP-1,
a monocyte cell line of the mononuclear cell lineage, can

be induced to differentiate into mature mononuclear mac-
rophages and express TLR1-9 [26]. We used THP-1 cells
as model system to examine proinflammatory cytokines
production after incubation with TLR1, TLR2 and TLR6
antibodies.

In this experiment, THP-1 cells were cultured with SK-
OV-3 cells in a transwell culture system. THP-1 cells exhib-
ited an increased expression of proinflammatory cytokines
and TLRs signaling proteins. Pretreatment of THP-1 cells
with TLR1, TLR2 or TLR6 antibodies (anti-hTLR1-IgG,
anti-hTLR2-IgG and anti-hTLR6-IgG, respectively) led to
a significant reduction of IL-18, IL-8 and TNFa produc-
tion, but did not significantly inhibit IL-6 production. Pre-
treatment with the control antibody, however, did not affect
IL-1B, IL-8, IL-6, nor TNFa expression (Fig. 4a). These
blocking antibodies also blocked the activation and expres-
sion of MyD88, TRAF6, TANK, NF-kB p65 and p-NF-«B
p65. Pretreatment of THP-1 with control antibody did not
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Fig. 4 The involvement of A
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affect the expression of MyD88, TRAF6, TANK, NF-«kB
p65 and p-NF-kB p65 (Fig. 4b). These results revealed that
these blocking antibodies could block the potential ligands
interaction with these TLRs. It also suggested that TLR1,
TLR2 and TLR6 signaling pathways were involved with
proinflammatory cytokine production in THP-1 cells.
Following this, we performed the same assay with
PBMCs from OC patients and found that pretreatment of
PBMCs with anti-TLR1, anti-TLR2 or anti-TLR6 anti-
bodies led to a significant decrease in IL-13 and IL-6 pro-
duction when they were stimulated by SK-OV-3. There
was, however, no significant decrease in IL-8 and TNFu
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production in PBMCs pretreated with blocking antibod-
ies. Pretreatment of PBMCs with control antibody did not
affect the IL-18, IL-8, IL-6 or TNFa production (Fig. 5a).
All three blocking antibodies exhibited inhibitory activity
on TLRs signaling proteins MyD88, TRAF6, TANK, NF-
kB p65 and p-NF-kB p65 in PBMCs. The pretreatment of
PBMCs with control antibody did not affect the expression
of MyD88, TRAF6, TANK, NF-kB p65 and p-NF-kB p65
(Fig. 5b). These results revealed that these blocking anti-
bodies could really block the potential ligands interaction
with these TLRs. They also suggested that the up-regulated
TLR1, TLR2 and TLR6 in OC patients PBMCs was related
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to recognition of SK-OV-3 secreted factors in the tumor cell
culture environment. As such, activation of TLR1, TLR2
and TLR6 signaling pathways was correlated with proin-
flammatory cytokine production in OC patient PBMCs.

Discussion
Infection, chronic irritation and inflammation are among

the main causes for the initiation of different types of
cancer [27]. TLRs, as potential activators of NF-«kB, are

considered to be the gateway to inflammation and tumori-
genesis [25, 28].

This study provided the first comprehensive charac-
terization of TLRs expression in PBMCs and their sub-
sets from OC patients, benign disease patients and healthy
subjects. Our study demonstrated that TLR1, TLR2 and
TLR6 expression was significantly increased in subsets of
PBMCs from OC patients, when compared with those from
benign disease and healthy subject control groups. TLR1,
TLR2 and TLR6 were expressed most highly in monocytes
from OC patients, and to approximately, the same degree
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in subsets of PBMCs from benign disease and healthy
subject groups. However, recent evidence has shown that
activation of TLRS by its ligand flagellin elicits potent
antitumor activity and thus inhibits growth and cell prolif-
eration of colon tumor and breast cancer in vivo [29, 30].
This antitumor role of TLR5 may be the answer to why it
was expressed so highly in the PBMCs of benign disease
patients. It thus became very important to explore further
the functions of TLRI1, TLR2 and TLR6 in OC patient
PBMC:s.

Subsequently, we studied the functions of TLR1, TLR2
and TLR6, which were overexpressed in PBMCs from OC
patients. We observed differential responses to TLR ligands
by PBMCs, which could be attributed to this overexpres-
sion. Our results showed increased production of several
proinflammatory cytokines, including IL-1f and IL-6,
in OC patient PBMCs in response to TLR1, TLR2 and
TLR6 ligands. Meanwhile, we also found that the ligands
(Pam3CSK4, HKLM and FSL-1) elevated the expres-
sion of MyD88, TRAF6, TANK, NF-kB p65 and p-NF-kB
p65 in PBMCs. Our results suggested that overexpressed
TLRs were functional and had the potential to influence
tumor progression through production of proinflammatory
cytokines and activation of NF-kB p65.

The cytokine profile of the tumor microenvironment is
largely a result of factors produced by tumor cells them-
selves, nearby cells and infiltration of white blood cells, all
of which can have a profound effect upon tumor progres-
sion [11, 31]. Known to mediate acute immune responses,
IL-1p is one of the main pleiotropic proinflammatory
cytokines produced by antigen-presenting cells and is
connected to innate and adaptive immune responses [32].
Excessive IL-1f production has been implicated in the
development of chronic inflammatory diseases and malig-
nancies [33, 34]. IL-1f can promote myeloid-derived sup-
pressor cells recruiting to the tumor position to inhibit
the antitumor response [35, 36]. Furthermore, IL-1p can
involve in the process of angiogenesis and facilitate tumor
cell growth [37-39]. Generally speaking, IL-6 is secreted
by OC cells, tumor-associated macrophages and peritoneal
mesothelial cells that exist in ascites [40]. The role that IL-6
plays in the autocrine growth of OC cells has been demon-
strated. Cell signaling pathway related-IL-6 in OC cells can
regulate tumor cell proliferation, invasion and metastasis,
which results in shorter progression-free survival [41].

In order to further explore the causes of the high TLR1,
TLR2 and TLR6 expression in OC patients PBMCs, we
first determined whether or not OC cells could activate
TLRs signaling pathways to produce proinflammatory
cytokines in PBMCs when cultured with SK-OV-3 in a
transwell coculture system. We found that PBMCs taken
from OC patients exhibited increased IL-1p and IL-6
mRNA levels after being cocultured with SK-OV-3, as
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compared to PBMCs cultured in the absence of SK-OV-3.
Furthermore, expression of MyD88, TRAF6, TANK, NF-
kB p65 and p-NF-kB p65 also increased significantly. Our
results suggested that the presence of natural TLR ligands
(e.g., apoptotic bodies and cellular debris from necrotic
cells) could exert a role in activating TLRs signaling path-
ways. Furthermore, the results also pointed out the impor-
tance of natural TLR ligands in tumor microenvironment,
as they could induce proinflammatory cytokine secretion
through activation of TLRs signaling pathways.

Following this, we used the transwell coculture system
to explore which TLRs were involved in proinflammatory
cytokine secretion. Antibody blocking analysis revealed that
TLR1, TLR2 and TLR6 recognized natural TLR ligands
and played a crucial role in activating TLRs signaling path-
ways which promote proinflammatory cytokine secretion.
The pretreatment of THP-1 and PBMCs with antibodies
against TLR1, TLR2 and TLR6 led to significant inhibi-
tion of IL-1P, IL-6, IL-8 and TNFa production. It has been
well demonstrated that recruiting leukocytes could enhance
the formation ability of the inflammatory environment and
cytokines released from leukocytes can dramatically alter
the neoplastic development [42]. The promotion of these
cytokines through TLR1, TLR2 and TLR6 activation may
therefore contribute to the recruitment of inflammatory
cells, as well as increased tumor growth and neoplastic pro-
gression. In addition, antibodies against TLR1, TLR2 and
TLR6 blocked the natural ligands and further prevented
activation of TLRs signaling pathways in OC cells cocul-
ture system. Our results indicated that the overexpression of
TLR1, TLR2 and TLR6 in OC patients PBMCs may be cru-
cial for disease maintenance and progression, although it is
still unknown what the relevant natural ligands are.

Our study demonstrated a significant increase of TLR1,
TLR2 and TLR6 in the PBMCs of OC patients, but not in
those of benign disease and healthy subjects. Those TLR
levels were mostly elevated in monocytes. After stimulation
with TLR2/TLR6 ligands, an increase in IL-18 and IL-6
was detected in OC patients PBMCs. The factors presented
in tumor microenvironment also appeared to develop their
functions through activating TLRs signaling proteins
(MyD88, TRAF6, TANK and p-NF-kB p65 pathway),
resulting in increased expression of IL-1f, IL-6 and IL-8.
That is to say, the TLR1, TLR2 and TLR6 expressed in
OC patients PBMCs appeared to participate in the recogni-
tion of the factors and the activation of TLR1/TLR2/TLR6
brought about increased expression of TLRs signaling
pathway proteins and increased secretion of IL-1f8, IL-6
and IL-8. These results supported the idea that up-regulated
TLR1, TLR2 and TLR6 in OC patient PBMCs was signifi-
cant, as it had the potential to influence the production of
proinflammatory cytokines, which were necessary for the
maintenance and progression of OC.
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