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the potential mechanism of PC acti
Patients and Methods: Aft

analysis of the inflammatory cytokines. The pathway
uate the involvement of toll-like receptor 4/nuclear factor
er of activated B cells (TLR4/NF-kB) pathway.

e LPS-primed cell viability in a dose-dependent manner. After PC
and invasion were inhibited, cell number at the G2/M phase was

he CC ¢
Bax and downregulating the level of B-cell lymphoma 2 protein. A significant

11 apoptosis was triggered through upregulating levels of cleaved cas-

B shown in the levels of interleukin (IL)-6, IL-1B and tumor necrosis factor
F)-a. Furthermore, a remarkable reduction in the ratio of TLR4 and the p-P65/t-P65 and in
gression of P65 translocation into the nucleus was observed.

Conclusion: Our results revealed that the inhibitory effect of PC on CC cell proliferation
relies on the induction of apoptosis and inhibition of inflammatory cytokines.

Keywords: apoptosis, cell cycle, inflammatory cytokines, P65-NF-«B translocation

Introduction

Cervical cancer (CC), which is one of three most common malignancies, has been
the fourth leading cause to cancer-associated death among women in the world.'-?
The average age of patients diagnosed with CC was mainly between 30 and 55
years old, however, the incidence of the disease among young women increases in
the recent year, with estimated 527,600 cases and 265,700 deaths worldwide in
2012.3* According to the statistics in 2012, the number of confirmed cases and
CC-related deaths were roughly 528,000 and 266,000, respectively. In addition,
approximately 85% of CC cases came from developing countries, and nearly half
of the patients faced death threats due to the poor medical system and the lack of
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appropriate screening and therapeutic facilities and
drugs.” Currently, the molecular mechanism of CC patho-
genesis has attracted much attention. Recently, a high
association between the progression of CC and toll-like
receptor 4 (TLR4) has been proved.® TLR4 belongs to
the toll-like receptor family and is well known for recog-
nizing exogenous ligands such as lipopolysaccharide
(LPS).” TLR4 was also reported to participate in shaping
tumor microenvironment and in promoting carcinogenesis
and tumor progression.® A previous study has demon-
strated a remarkably high level of TLR4 in human
CCHeLa cells.” LPS can promote the activation of
TLR4/NF-xB, which connects inflammation with cancer
progression in CC cells.'® To be more specific, after the
stimulation of LPS, activated TLR4 triggers the myeloid
differentiation primary response gene 88 (MyD88), which
induces the IkB and IKK phosphorylation. Then, IKK-
mediated signal pathway could promote nuclear factor
kappa-light-chain-enhancer of activated B cells (P65-NF
-kB) translocate into nuclei, thus promoting the produc-
tion of pro-inflammatory cytokines to increase the inflam-
matory response.'' In addition, accumulating evidence
suggested that the activation of TLR4/NF-kB pathw,
could also enhance the resistance to chemotherapy
CC cells."* ' These findings indicated that the TLR4

for CC treatment.
Natural products play a critical r

autophagy and apoWsis, and subsequently suppressing
effectively the progression of human gastric cancer
cells.'® Meanwhile, Chen et al provided evidence about
the treatment effects of PC on the CC, which was related
to the activation of mitochondria apoptosis pathway.?
However, the role of TLR4 in positive effects of PC is
still obscure. Hence, this study aimed to further investigate
the underlying mechanism of the inhibitory effects of PC

on the CC progression.

Materials and Methods
Cell Culture

Human CC cell lines SiHa and HeLLa were purchased from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). All cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Thermo Scientific Hyclone,
Logan, Utah, USA) containing 10% FBS (Thermo Scientific
Hyclone) at 37°C in the presence of 5% CO,.

Cell Viability Detection

The SiHa and HeLa cell viabilities
Counting Kit-8 (CCK-8, Dojiy
respectively. The cells wer

s of PC (0, 20, 40, 60,
12, 24, and 48 hrs. It might be
itive control, which could be
study. After being detected by CCK-8
concentrations of PC were determined

treated wit

ontaining three different doses of PC.

In brief, SiHa cells were plated onto 96-well plates (5 x 10°
cells per well) for 24 hrs at 37°C in 5% CO,. After 24 hrs of
LPS induction, the cells were then cultured with PC at three
concentrations. Then, the cells were harvested at 12, 24, and
48 hrs and 10 pL. CCK-8 reagents were supplemented into each
well for another 1 hr incubation. Absorbance at 450 nm was
examined using a microplate reader (Bio-Rad Laboratories,
Inc. USA).

Cell Migration Detection

The treated HeLaor SiHa cells were embedded into 6-cm
culture dishes and maintained in 5% CO, at 37°C. After cell
reached 90% confluence, a cell-free line was created by
a sterile pipette tip. Twenty-four hours after scratch, the
condition of wound healing was photographed on
a microscope and the migration rates were calculated based

on the changes of the width of wound closure.

Cell Invasion Detection
The cell invasion of HeLa and SiHa was assessed using
Transwell chamber. Briefly, 3 x 10* treated cells were
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embedded into the 8-um pore size of the 6-well Matrigel
invasion chambers (BD Biosciences, San Jose, USA). The
top chamber contained 200 puL serum-free DMEM, and the
bottom chamber was supplemented with 600 phL. DMEM
with 20% FBS. After incubation at 37°C in 5% CO, for
24 hrs, the cells on the upper surface of the membrane
were wiped out, while the invaded cells onto the bottom
chamber were fixed with 4% paraformaldehyde for
15 mins and then stained with 0.1% crystal violet solution
for 20 mins. Five views were randomly chosen for count-
ing the number of cells attached to the lower side of the
membranes and calculating relative invasion rates.

Apoptosis Detection
The effects of PC on the apoptosis of HeLa and SiHa cells
were analyzed by flow cytometry using the Annexin
V-FITC/propidium iodide (PI) Apoptosis Detection Kit
(KeyGEN, Nanjing, China). After induction by LPS for
24 hrs, the SiHa and Hela cells were cultured with dif-
ferent concentrations of PC for another 24 hrs and were
then harvested, washed with PBS and incubated with
binding buffer (10 mM HEPES pH 7.4, 140 mMNacCl,
2.5 mM CaCl2). Next, the cells were cultured with PI
and annexin V-FITC in the dark for 10 min at
Then, the stained cells were analyzed by a FACSC
flow cytometer (BD biosciences).

Cell Cycle Analysis
Cell cycle distributions were d
previously described.** Aft

Preparation of Cytosolic and Nuclear

Extracts
The SiHa and HeLa cell nuclear and cytoplasmic protein

isolations were prepared using a nuclear/cytosol fractiona-
tion kit (Moutain View, CA). Briefly, the cells were seeded
into tubes containing PBS by scraping with a cell scraper
and centrifuged at 600 % g for 5 mins at 4°C. The cell
pellet was gently resuspended with cytosolic extraction

buffer and maintained on ice for 15 mins and centrifuged
at 14,000 x g for 15 mins at 4°C. Then, the supernatant
(cytoplasmic fraction) was stored at 80°C for later use.
Next, the nuclear pellet was kept on ice with nuclear
extraction buffer for 30 mins and then centrifuged at
12,000 x g for 15 mins at 4°C. The supernatant extracted
from nuclear was also gently transferred to clean and pre-
chilled tubes and stored at 80°C.

Western Blot

The cell lysates of SiHa and HeLag vere prepared using

measured by
fter denatura-
ough SDS-

at room temperature before
antibodies overnight at 4°C.

re, Billerica, MA, USA). GAPDH served as the
| control and nucleoproteins were normalized by
HDACI gene. Antibodies used in this study were as follows:
cleavedcaspase-3 (1:500, #ab13847, Abcam), B-cell lym-
phoma 2 (Bcl-2, 1:1000, #ab32124, Abcam), Bax (1:1000,
#ab32503, Abcam), TLR4 (1:500, #ab13556, Abcam), p-P65
(1:1000, #ab86299, Abcam), t-P65 (1:1000, #ab237591,
Abcam) and Histone deacetylase 1 (HDAC1,1:300, #ab53091,
Abcam).

Real-Time Quantitative PCR (RT-qPCR)

Total RNA from SiHa or HeLa cells was isolated
byTRIzol reagent (Thermo Fisher Scientific, Waltham,
MA, USA). Total RNA 1 pg was used for cDNA
synthesisthroughiScript™ reverse transcription (Bio-Rad),
the reaction was performed in a three-step program (65°C
for 5 min, 30°C for 6 min and 50°C for 50 min). The
relative mRNA was analyzed using the SYBR Green real-
time PCR Master mix (Toyobo Co., Ltd., Osaka, Japan) on
the ABI7900HT machine (Applied Biosystems, Carlsbad,
CA, USA). The 20 pL reaction contained 10 uM of pri-
mers, 10uL SYBR fluorescent dye, 2 pL cDNA and RNase
Free dH20. The cycling programs were as follows: an
initial denaturation at 95°C for 10 min, followed by 45
cycles of 95°C for 15 s, 56°C for 30 s. The mRNA
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Table | Primers for RT-qPCR

Gene Name | Primer Sequences

IL-6 Forward: 5’-GAGCCCACCGGGAACGAAA-3’
Reverse: 5'- GGACCGAAGGCGCTTGTGGAG-3’

IL-18 Forward: 5’-AGGCTGCTCTGGGATTC-3’
Reverse: 5’-GCCACAACAACTGACGC-3’

TNF-a. Forward: 5’-TCAGTCAGTGGCCCAGAAGAC-3’
Reverse: 5’-GATACCCCTCACACTCCCCAT-3’

GAPDH Forward: 5’-CAATGACCCCTTCATTGACC-3’
Reverse: 5’-TGGAAGATGGTGATGGGATT-3

expression levels were calculated followed the

2 22Cmethod® and normalized against that of GAPDH.
All primers were listed in Table 1.

Statistical Analysis

Data were expressed as mean = S.E.M, and one-way ana-
lysis of variance or Student’s #-test was used for statistical
analysis. p<0.05 was considered as statistically significant.

Results
PC Treatment Could Inhibit LPS-Induc
SiHa and HelLaCell Proliferation

The SiHa and HelLa cells were cultured with

positive effects of LPS (1 pg/mL)
closer to the saturation point co

pg/mL) for 12, 24 an
found that both Sadshe

cell survival was close to zero under the
ment for 48 hrs. Therefore, 20 pg/mL
PC was set as low-d¥Se group, 40 and 80 pg/mL PC was
determined as the middle- and high-dose in order to study
the protective effect of PC (Figure 1B and C). The positive
effects of LPS on cell viabilities of SiHa and HeLa cells
were realized in a dose-dependent manner, and PC inhibited
cell viability in dose-and time-dependent manners.

After induction with 1 pg/mL LPS for 24 hrs, SiHa and
HeLa cells were then subjected with low, middle and high

doses of PC (20, 40 and 80 pg/mL). After incubation for

12, 24, and 48 hrs, the cells were collected for cell viabi-
lity detection (Figure 2A and B). We found that LPS
pretreatment could significantly increase the cell viabilities
of SiHa and HeLa cells (p<0.01). However, the increased
cell viabilities were all notably reduced (p<0.01) when the
cells were co-treated with 20 pg/mL in all groups. More
importantly, the inhibitory effects of PC on SiHa and HeLa
cell viability were increasingly obvious as the treatment
time prolonged. Taken together, the inhibitory effects of
PC treatment on the LPS-induced SiHa and HeLa cell
proliferation were realized in dose- i

e-dependent
manners.

PC Treatment Signj

the Migration a
SiHa and He

(»<0.01, Figure 3A and C). When
were treated with the low concentra-

igration ability, and the migration rate in 40pg/mL PC
oup was much lower than that in low-dose PC group,
hile the rate in high-dose PC group was lower than
middle-dose PC group (p<0.01). Furthermore, the ability
of PC in affecting cell invasion was similar to the migra-
tory capacity (Figure 3B and D). After 24 hrs of pre-
treatment of LPS, a significant increase in the number of
invaded cells was observed, compared with the control
group (p<0.01). PC treatment could also remarkably
decrease the number of invaded cells, and the number
has continued to decline as the dose of PC (p<0.01)
increased. Thus, PC treatment could effectively inhibit
the LPS-induced cell migration and invasion in SiHa
and HeLa cells.

PC Treatment Induced Cell Apoptosis
and Promoted Cell Cycle G2/M Phase
Arrest in SiHa and Hela Cells

To investigate whether the inhibition of PC on CC cell viabi-
lity was mediated through regulating cell apoptosis and cell
cycle progression, the apoptosis and cell cycle distribution
were analyzed by flow cytometry. As shown in Figure 4A
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concentrations of LPS from 0, 0.1, |,
and Hela cells were measured by

e the resistance of CC cells to
& treatment with PC, we observed that the low
JC was effective enough to abolish the LPS-
induced apoptosis resistance, and that the 40 pg/mL of PC
further enhanced the apoptosis at the basis of 20 pg/mL treat-
ment (p<0.01). When SiHa and HeLa cells were cultured with
a high concentration of PC, the apoptosis rates were increased

apoptosis. 2
concentration 0

markedly, which were more than two times of the rate in
control groups (p<0.01). In Figure 4B and D, the results of
cell cycle distribution analysis showed that after the induction
of LPS, the number of G0/G1 phase cell was obviously

increased (p<0.05) and decreased at the G2/M phase
(p<0.01), indicating that LPS treatment promoted the cell
cycle progression. However, we also observed that PC con-
centration was negatively associated with the cell cycle pro-
gression. The 20 pg/mL of PC could basically abolish the
positive effects of LPS on cell cycle progression. More impor-
tantly, the number of G2/M phase had a rapid increase as the
concentration of PC increased (p<0.01); however, the number
of GO/G1 phase cell was reduced, which may indicate that PC
treatment had the ability to inhibit the cell cycle progression
through inducing cell cycle G2/M phase arrest. Thus, our data
implied that the inhibitory effects of PC on the CC cell pro-
liferation were attributed to the induction of apoptosis and cell
cycle G2/M phase arrest.
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A HelLa B SiHa

2.5- -~ 12h 2.5- -e- 12h
- = 24h

OD values (450 nm)
OD values (450 nm)

£ Cell Counting Kit-8

(CCK-8). (B) The changes of SiHa cell viability were measured. Each value represented mean + SEM (n = 3). ¥p< vs LPS group; #p< 0.01

vs 20 + LPS group; %%p< 0.01 vs 40 + LPS group.

PC Treatment Participated in the Regulation d B, we found that LPS stimulation

of Apoptosis-Associated Proteins
To further verify the effects of PC on the CC cell apoptosis,
the expressions of apoptosis-associated proteins (cleaved

mor necrosis factor (TNF)-a, compared
p. Meanwhile, the elevated IL-6, IL-1f,

ent manner. Schematic diagram of proposed
n was proposed (Figure 6C). LPS may regulate
flammation response by promoting the expression of
LR4 and p65 activation. Taken together, PC could effec-
vely inhibit LPS-induced inflammatory cytokine expres-
sions in CC.

PC Inhibited the Activation TLR4/NF-xkB
Pathway in LPS-Stimulated SiHa and Hela
Cells

As mentioned earlier, TLR4 played a key role in the LPS-
mediated inflammatory cytokine expressions via regulat-
ing NF-«kB pathway. In our study, the protein level of
n CC cells, while PC could effectively TLR4 in the LPS-simulated HeLa and SiHa cells went
oy effects of LPS on these apoptosis- up significantly in comparison to the control group
related proteins. The®e results further verified that the pro-  (p<0.01, Figure 7A-D). The components of the NF-«xB
moting effects of PC on CC cell apoptosis. pathway were detected to further explore whether the

Bax protein &
reverse the regul¥

regulation of NF-kB pathways was involved in the

PC Treatment Could Abolish LPS-Induced mechanism of PC acting on the LPS-simulated SiHa and

) . ) HeLa cells. As shown in Figure 7A-D, LPS stimulation
Inflammatory CytOkmes Production in could significantly enhance the p-P65 protein level

SiHa and Hela Cells (»<0.01); however, no apparent change of t-P65 protein
The effects of PC on the production of inflammatory cyto-  level was observed among control, LPS stimulation and
kines from LPS-simulated SiHa and HeLa cells were PC treatment groups. The p-P65/t-P65 ratio was notably
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Figure 3 Procyanidin compound (PC) treatment significantly suppressed the lipopolysaccharide (LPS)-induced migration and invasion in SiHa and Hela cells. (A and C) The
effects of PC on the cell migration were measured by wound-healing assay in the LPS-stimulated SiHa and Hela cells. (B and D) The cell invasion was assessed by the
number of invaded cells. The effects of PC on the cell invasion were measured by Transwell assay. Each value represented mean + SEM (n = 3). *p< 0.0 vs Control group;
AMp< 0.01 vs LPS group; #p< 0.01 vs 20 + LPS group; #%p< 0.01 vs 40 + LPS group.
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Figure 4 Procyanidin compound (PC) treatment induced cell apoptosis and promoted cell cycle G2/M phase arrest in SiHa and Hela cells. To investigate the mechanism of PC function
to lipopolysaccharide (LPS)-induce cell viability, flow cytometry was used for determining the apoptosis rate and cell cycle distribution analysis. (A and C) The effects of PC treatment
on the apoptosis rate were examined in the LPC-stimulated SiHa and Hela cells. (B and D) After incubation with LPS, the effects of PC on the cell cycle distribution were detected by
flow cytometry. Each value represented mean * SEM (n = 3). *$< 0.0l vs Control group; Mp< 0.01 vs LPS group; ”p< 0.01 vs 20 + LPS group; %¥p< 0.01 vs 40 + LPS group.

inhibited by PC treatment in a dose-dependent manner to nuclear, according to the phenomena of the significant
(»p<0.01). Additionally, we also found that LPS stimulation increase occurred to cytoplasm P65 and decrease occurred
contributed to the translocation of P65 from the cytoplasm to nuclear P65 (p<0.01, Figure 7E-H). However, PC
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©
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Bax

GAPDH

<
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ost malignancies, drug side effects and
Sent of drug resistance significantly hinder
the efficacy of cl¥otherapy.”®>’” Hence, it is still necessary
to identify safer and more effective anti-cancer drugs. The
inhibitory effects of PC on the progression of CC have been
reported; however, the underlying mechanism remains
unclear. In this current study, we observed that the activation
of TLR4/NF-kB pathway could be effectively suppressed by
PC treatment in the LPS-stimulated SiHa and HeLa cells.
Firstly, previous study has shown that grape seed
proanthocyanidins (GSPs) could effectively reduce the

cell viability of SiHa and HeLa cells in a dose-dependent
manner.”® In our results, we also observed that the PC
treatment led to a dose-and time-dependent reduction in
cell viability. Secondly, it is well known that elevated
migratory and invasive capacities are essential for the
metastasis of tumor cells.”® GSPs were reported to signifi-
cantly suppress the migratory and invasive ability of ton-
gue squamous cell carcinoma (TSCC) cells through
blocking the secretion of matrix metalloproteinases.”
Similarly, the experiment of in vivo bioluminescence ima-
ging showed that dietary administration of GSPs could
suppress the migration of intravenously injected melanoma
cells through the activation of B-catenin and its down-
stream targets in the lungs of immune-compromised nude
mice.° In our results, the reduction of SiHa and HeLa
cells migration and invasion in our study indicated that the
treatment of PC could also markedly inhibit the metastasis
progression of CC by controlling tumor cell migration and
invasion. In addition, the results of cell cycle distribution
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previously, PC could inhibit the inflammatory response in cancer cells. (A) T
factor-a (TNF-a) were determined by real-time quantitative PCR (RT-qPCR) in
assessed by the changes of their mRNA levels in SiHa cells. Each value represente
inflammation response by promoting the expression of TLR4 and pé, i

a remarkable cell cycle arrest
such a cell cycle G2/M phase

from Uncaria species

ondrial pathway, to

31 and such

hrough apoptosis,
our data. Not studying the
expression of c&@cycle regulatory protein expression
. Although LPS stimulation further
strengthened the resistance of CC cells to apoptosis, PC
treatment could still abolish the functional effects of LPS

and promote CC cell apoptosis by modulating associated

might be a limitatid

protein levels via the mitochondrial pathway. The pro-
apoptotic effects of PC have also been revealed in many
other cancers, such as breast cancer,”® nasopharyngeal
carcinoma33, and ovarian cancer.>* Collectively, these
results indicated that PC could effectively restrain the

Inflammation
factors

LPS-induced CC cell proliferation and development
through promoting cell cycle arrest and activating mito-
chondrial apoptosis pathway. Certainly, it would be perfect
to perform the animal study, which would be done in the
future study.

In this present study, we found that the pretreatment of
SiHa and HeLa cells with LPS induced a significant increase
of TLR4 protein level, while PC inhibited CC cell progres-
sion that was accompanied by the down-regulation of TLR4.
TLR4 played an essential role in the LPS-mediated inflam-
matory response in CC cells.” After LPS stimulation, TLR4
triggered the myeloid differentiation primary response gene
88 (MyD88), which has been proved to participate in the
activation of IL-1 receptor-associated kinases (IRAKs) and
the adaptor molecules TNF Receptor-Associated Factor 6
(TRAF6). Subsequently, TRAF6 activation stimulated the
autophosphorylation of TAK1 to activate the IkB Kinase
(IKK). The activated IKK complex phosphorylated IxB and
induced its ubiquitylation and degradation, which could
allow P65-NF-kB translocate into the nucleus, therefore
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Figure 7 Procyanidin compound (PC) inhibited the activation of toll-like receptor 4/nuclear factor kappa-light-chain-enhancer of activated B cells (TLR4/NF-kB) pathway in
lipopolysaccharide (LPS)-stimulated SiHa and Hela cells. (A-D) To study whether TLR4/NF-kB pathway was involved in the functional effects of PC on the LPS-stimulated
Hela and SiHa cells, the protein levels of TLR4, p-P65, and t-P65 were measured by Western blot. (E-H) The effects of PC on the P65-NF-kB translocation into nucleus
were assessed by the protein levels of nuclear P65 and cytoplasm P65 in LPS-induced Hela and SiHa cells. Each value represented mean + SEM (n = 3). DAPDH was
considered as an internal control and HDAC| served as the control for nuclear P65. *p< 0.0 vs Control group; p< 0.01 vs LPS group; *p< 0.01 vs 20 + LPS group; &p<
0.01 vs 40 + LPS group.
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promoting the production of pro-inflammatory cytokines.'!
Meanwhile, the results of clinical studies also found the
overexpression of TLR4 and NF-«B in the CC in comparison
to the surrounding tissues.'® Combined with these studies,
we further detected the protein levels of NF-«kB signal and
found that PC could significantly inhibit the LPS-induced
phosphorylation of P65 and block the P65-NF-«B transloca-
tion into nuclei. Therefore, we speculated that the anti-
inflammatory effect of PC on CC cells was attributed to the
inhibition of the TLR4/NF-kB activation.

Conclusion
In summary, our results revealed that the inhibition of the
CC cell proliferation by PC was mediated through the
induction of tumor cell apoptosis and inhibition of inflam-
matory cytokine secretion in CC. In this study, LPS stimu-
lation enhanced CC cell migratory and invasive capacity
and promoted the cell cycle progression and resistance to
apoptosis. Moreover, TLR4 activation by LPS could induce
the inflammatory response via the NF-kB pathway.
However, PC could not only trigger the mitochondrial
apoptosis pathway and induce the apoptosis of CC cells,
but also block the TLR4/NF-kB inflammation pathway.
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