Am J Transl Res 2019;11(6):3750-3760
www.ajtr.org /ISSN:1943-8141/AJTRO086408

Original Article

Triptolide enhances the sensitivity of pancreatic
cancer PANC-1 cells to gemcitabine by
inhibiting TLR4/NF-kB signaling
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Abstract: Background: This study aimed to investigate roles of Toll-like receptor 4 (TLR4)/nuclear factor (NF)-kB
signaling in triptolide (TPL)-induced sensitivity of pancreatic cancer cells to gemcitabine (GEM). Methods: In vitro,
pancreatic cancer PANC-1 cells were treated with lipopolysaccharide (LPS) to activate TLR4, TLR4-siRNA, GEM
alone, or GEM plus TPL. In vivo, nude mice bearing PANC-1 cell xenografts were treated with GEM, TPL, or both. Cell
proliferation was detected by MTT assay and Ki-67 staining. Apoptosis was assessed by flow cytometry and TUNEL
assay. A double luciferase reporter gene was used to detect NF-kB activity. Results: The sensitivity of PANC-1 cells
to GEM was reduced by LPS but enhanced by TLR4-siRNA. TPL inhibited expression of TLR4/NF-kB signaling com-
ponents, which was reversed by LPS. The TPL+GEM group showed more apoptosis than the LPS+TPL+GEM group.
Moreover, the activity of NF-kB and the expression of TLR4, p-p65 Survivin, CyclinD1 and Bcl-2 in the TPL+GEM
group were lower than in the LPS+TPL+GEM group, whereas Bax expression was higher. The volume of transplanted
tumors in the TPL+GEM group was lower than that in the TPL or GEM group. Phospho-p65, Survivin, CyclinD1 and
Bcl-2 expression in transplanted tumors was lower in TPL+GEM group than in either single drug group. The Ki-67
staining score of the TPL+GEM group was lower and tumor cells apoptosis rate was increased when compared with
TPL or GEM alone. Conclusions: TPL enhances the sensitivity of pancreatic cancer PANC-1 cells to GEM by inhibiting

TLR4/NF-kB signaling.
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Introduction

Pancreatic cancer is a type of malignant diges-
tive system tumors and associated with a medi-
an survival of about 6 months in patients of all
stages. Even with early resection, the five-year
survival rate was less than 20% [1]. Gemcita-
bine (GEM) is currently used as a first-line che-
motherapy for treatment of advanced pancre-
atic cancer; however, the overall outcome was
poor. Many drugs have been used in combina-
tion with GEM for the treatment of advanced
pancreatic cancer, but the overall survival rate
has not been significantly improved compared
with that achieved with GEM alone [2]. Th-
erefore, it is of great interest to study the mo-
lecular mechanisms of chemotherapy resis-
tance, to find new therapeutic targets and to

develop effective intervention measures in or-
der to improve the sensitivity of pancreatic can-
cer to chemotherapy.

Triptolide (TPL) is a diterpene lactone compo-
und isolated from plants such as Tripterygium
wilfordii. TPL has been shown to have a broad
spectrum of anti-tumor effects with multiple
targets [3]. TPL was shown to induce apoptosis
and S-phase arrest in Taxol-resistant A549 ce-
lls via modulation of the MAPK and PI3K/Akt
signaling pathways [4]. Moreover, it was report-
ed that TPL inhibits the invasion and tumorigen-
esis of hepatocellular carcinoma MHCC-97H
cells through NF-kB signaling [5]. Our previous
study showed that TPL inhibits the growth of
human pancreatic cancer PANC-1 cells and pro-
motes tumor cell apoptosis, and these effects
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were related to the down-regulation of cyclooxy-
genase (COX)-2 and vascular endothelial gro-
wth factor (VEGF) expression and inhibition of
tumor angiogenesis [6]. Recent studies have
shown that TPL enhances the sensitivity of
tumor cells to chemotherapeutic drugs, but the
exact mechanism remains to be further defined
[7-10].

Toll-like receptors (TLRs) are a family of trans-
membrane receptor proteins encoded by the
dToll gene found during the development of
Drosophila embryos. TLR4 was the first discov-
ered and now is the most extensively studied
TLR family member. In the TLR4 signaling path-
way, the immunostimulant lipopolysaccharide
(LPS) is an exogenous ligand of TLR4. LPS rec-
ognizes and binds TLR4, which in turn produces
a signal that induces the immune defense
response in the host. TLR4 is highly expressed
in tumor cells and is closely related to the
occurrence and development of a variety of
cancers including colon, breast, lung, and other
cancers [11-13]. In recent years, accumulating
evidence suggests that TLR4 is also involved in
the resistance of a variety of tumor cells to che-
motherapeutic drugs [14, 15]. It has been re-
ported that TLR4 can activate NF-«kB, induce a
variety of cytokines, and regulate the expres-
sion of Bcl-2, Bax, VEGF, and a series of tumor-
related genes, thereby promoting tumorigene-
sis, development, and chemotherapy resista-
nce [16-18]. However, the relationship between
TLR4/NF-kB signaling and pancreatic cancer
cell resistance to GEM chemotherapy remains
to be determined. In addition, whether TPL can
inhibit the TLR4/NF-kB signaling pathway to
increase the sensitivity of pancreatic cancer
cells to GEM has not been reported.

In this study, the role of TLR4/NF-«kB signaling
in the sensitivity of pancreatic cancer cells to
GEM was investigated; then the effect of TLR4/
NF-kB signaling on the ability of TPL was further
explored to increase the sensitivity of pancre-
atic cancer cells to GEM and examined the
expression of components of the TLR4/NF-kB
signaling pathway and apoptosis signaling.

Methods
Reagents and cells

The human pancreatic cancer cell line PANC-1
was purchased from ATCC (Manassas, VA, USA)
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and was cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Gibco, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA), 100 U/mL penicillin,
and 100 U/mL streptomycin at 37°C under 5%
CO,. Human TLR4-siRNA (sense: 5-CUUUAUC-
CAACCAGGUGCAUUUU-3’; antisense: 5-AAUG-
CACCUGGUUGGAUAAAGUU-3’) was synthesiz-
ed by Gene Pharma Company, Shanghai, China)
and transected into cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instruction. LPS derived
from O55: B5 Escherichia Coli was purchased
from Sigma-Aldrich (St Louis, MO, USA). TLR4,
Bcl-2, Bax, and B-actin antibodies were pur-
chased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). p65, p-p65, Survivin, and Cy-
clinD1 antibodies were obtained from Cell
Signaling Technology (Danvers, MA, USA). The
double luciferase reporter gene system was
purchased from Promega (Madison, WI, USA).
Immunohistochemical SP and DAB color kits
were purchased from Fuzhou Manxing Biote-
chnology (Fuzhou, China). The TUNEL kit was
purchased from Calbiochem (San Diego, CA,
USA).

MTT assay

PANC-1 cells were seeded in 96-well plates at
a density of 5x10%/well. After adherence, the
cells were transfected with 100 nM TLR4-si-
RNA and cultured for 24 h. Then the cells were
treated with LPS, GEM, and/or TPL. After incu-
bation for 48 h, 20 yl MTT (Sigma-Aldrich) solu-
tion (5 mg/ml) was added to each well. After
incubation for 4 h, the culture medium was
aspirated and 150 pl DMSO was added to each
well to dissolve the crystals for 10 min. The
absorbance (A value) was measured at 570
nm with a microplate reader. Cell proliferation
rate = (experimental A value/blank control A
value) x100%. The formula for the co-ordina-
tion of the interaction between TPL and GEM
was used as reported [19]: Cl = D1/Dx1 + D2/
Dx2 + o (D1D2/Dx1DX2), where D1 and D2 are
the required concentrations of the two drugs in
combination to generate the x effect; Dx1, DX2
are the required concentrations of the two
drugs alone to generate the x effect; when ClI
< 1, the role of the two drugs is synergistic;
when Cl = 1, the role of the two drugs is addi-
tive; and when Cl > 1, the role of the two drugs
is antagonistic.
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Flow cytometry

Cell apoptosis among in vitro cultured cells was
assayed by flow cytometry (Beckman Coulter,
Brea, CA, USA). Cells were harvested and resus-
pended in phosphate-buffered saline contain-
ing 2% bovine serum albumin. After centrifuga-
tion at 1000 rpm for 5 min, the cells were re-
suspended in 100 pl binding buffer and mixed
with 5 pl Annexin V-FITC. After incubation at
room temperature for 15 min in the dark, the
cells were subjected to flow cytometry.

Double luciferase reporter assay

PANC-1 cells were seeded in 24-well plates at
1x10%/well and transfected with 0.5 pug pNF-
KkB-luc plasmid or 0.1 pg pRLTK luciferase
expression plasmid as a control using Lipofe-
ctamine 2000. After 24 h, the relative activity
of NF-kB was detected using a double lucifer-
ase reporter gene system according to the kit
instructions.

Western blot analysis

Total proteins from cultured PANC-1 cells or
transplanted tumors were extracted with radio-
immunoprecipitation assay buffer, and protein
concentration was measured by BCA protein
analysis (Bio-Rad Laboratories, Hercules, CA,
USA). Equal total protein was separated using
10-20% sodium dodecyl sulfate-polyacrylami-
de gel electrophoresis and transferred onto a
nitrocellulose membrane. After blocking with
5% skim milk in 1x Tris-buffered saline for 2 h,
the membranes were incubated with TLR4,
P65, p-P65, Survivin, CyclinD1, Bcl-2, or Bax an-
tibody overnight at 4°C. After the membranes
were washed with Tris-buffered saline, the cor-
responding horseradish peroxidase (HRP)-la-
beled secondary antibody was added and incu-
bated at room temperature for 2 h. Following
enhanced chemiluminescence development,
the films were scanned with a gel image analy-
sis system. The relative level of target protein
was compared with the reference B-actin.

Pancreatic cancer nude mouse xenografts

Twenty-four four- to six-week-old Balb/c nude
mice (male [n = 12] and female [n = 12], aver-
age weight of 18-22 g) were purchased from
the Chinese Academy of Medical Sciences Shan-
ghai Slake Animal Center. The mice were hou-
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sed in a temperature-controlled room (24°C) on
a 12-h/12-h light and dark cycle at the animal
experimental center. All the experimental pro-
cedures were approved by the Experimental
Animal Welfare and Ethics Committee of Fudan
University. All procedures performed in studies
involving human participants were in accor-
dance with the ethical standards of the institu-
tional and national research committee and
with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

PANC-1 cells in the logarithmic growth phase
were collected, and 1x107 cells were inoculat-
ed subcutaneously in the lateral abdomen of
Balb/c nude mice. After formation of trans-
planted tumors of about 0.5 cm in diameter,
the mice were randomly divided into control,
GEM, TPL, and GEM+TPL groups with six ani-
mals in each group. The control group was
given 100 yl DMSO; the GEM group was given
25 mg/kg GEM; the TPL group received 0.4
mg/kg TPL; and the GEM+TPL group was given
25 mg/kg GEM plus 0.4 mg/kg TPL. The mice
were treated via intraperitoneal injection every
other day for 15 times. The growth of subcuta-
neous tumor in nude mice was observed every
other day. The tumor volume was calculated as
V = axb?/2 (a is the long diameter and b is the
minor axis). Animals were sacrificed on the day
after the final administration, and subcutane-
ous transplanted tumors were removed, fixed
with 10% formaldehyde and embedded in pa-
raffin.

Immunohistochemistry

Formalin-fixed tissues were embedded in par-
affin blocks, and a series of sections (4 pum)
was made. The expression of Ki-67 was detect-
ed by immunohistochemical SP staining using
an SP immunohistochemistry kit following the
manufacturer’s instructions. Five random high
power fields (x200) were observed. Semi-qu-
antitative integration of Ki-67 expression was
performed according to the staining intensity of
positive cells and the positive cell rate. A posi-
tive cell rate <5% was given O points, 6%-29%
was given 1 point, 30%-59% was given 2 points,
and >60% was given 3 points. No color was
graded as O points, light yellow as 1 point,
brown as 2 points, and brown as 3 points.
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Figure 1. Activation of TLR4/NF-kB signaling suppressed the sensitivity of PANC-
1 cells to GEM. (A) PANC-1 cells were transfected with 100 nM TLR4-siRNA or
pretreated with 1 uyg/mL LPS for 4 h, followed by incubation with 0.01, 0.1, 1, or
10 pg/mL GEM for 48 h. Cell proliferation was assessed by MTT assay. (B) The
IC,, calculated from (A). (C) PANC-1 cells were transfected with 100 nM TLR4-siR-
NA or pretreated with 1 yg/mL LPS for 4 h, followed by incubation with 1 ug/mL
GEM for 24 h. Cell apoptosis was determined by Annexin V staining followed by
flow cytometry. (D) Quantitation of apoptotic cells in each group of (C). (E) PANC-
1 cells were transfected with 100 nM TLR4-siRNA or pretreated with 1 ug/mL
LPS for 4 h, followed by incubation with 1 yg/mL GEM for 24 h. The relative NF-
kB activity was detected using a double luciferase reporter gene. (F) Cells were
treated as in (E), and total proteins were extracted for immnoblotting of the
indicated proteins with B-actin as the loading control. *P < 0.05; **P < 0.01.

(number of apoptotic cells/
total number of tumor cells)
x100%.

Statistical analysis

Measurement data are pre-
sented as mean + standard
deviation (x + SD). Statistical
significance was determin-
ed by unpaired two-tailed t
tests or two-way analysis of
variance (ANOVA) with post-
hoc test carried out via Isd-t
test. All data were analyzed
using the SPSS 11.0 statis-
tical software package. P <
0.05 showed the difference
statistically significant.

Results

Activation of TLR4/NF-kB
signaling reduces the sen-
sitivity of PANC-1 cells to
GEM

Our previous studies dem-
onstrated that LPS activa-
tes the TLR4 pathway in PA-
NC-1 cells at 1 pyg/ml LPS
for PANC-1 cells. To assess
the role of TLR4 signaling in
the GEM sensitivity of PA-
NC-1 cells, we first pretreat-
ed PANC-1 cells with 1 pg/
ml LPS or TLR4-siRNA and
then added different con-
centrations of GEM. Comp-
ared with that in the GEM
group, the inhibition rate of
PANC-1 cells in the LPS+
GEM group was significant-
ly decreased as the GEM

TUNEL assay

The terminal deoxynucleotidyl transferase-me-
diated dUTP nick end labeling (TUNEL) assay
was used to detect apoptosis of transplanted
cells according to the manufacturer’s instruc-
tions (Roche, Indianapolis, IN, USA). Five high
power fields (x400) were randomly selected in
each slide. The apoptotic cells were stained
brown. The apoptotic rate was expressed by
calculating the apoptotic index (Al): Al (%) =
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concentration increased, and the inhibition ra-
te of PANC-1 cells was significantly increased
in the TLR4-siRNA+GEM group (Figure 1A). The
IC,, of the LPS+GEM group was significantly
higher than that of the GEM group (P < 0.05),
while the IC,, of the TLR4-siRNA+GEM group
was significantly lower than that of the GEM
group (P < 0.05; Figure 1B). In addition, com-
pared with that in the GEM group, the apoptotic
rate in the LPS+GEM group was significantly
decreased (P < 0.05), while that of the TLR4-
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Figure 2. TPL inhibited TLR4/NF-kB signaling in PANC-1 cells. (A) PANC-1 cells
were incubated with O, 10, 20, or 40 ng/mL TPL for 24 h. The relative activity
of NF-kB was detected using a double luciferase reporter gene. (B) Cells were
treated as in (A), and total proteins were extracted for immunoblotting of the
indicated proteins with B-actin as the loading control. (C) PANC-1 cells were
pretreated with 1 ug/mL LPS for 4 h, followed by incubation with 40 ng/mL TPL
for 24 h. The relative activity of NF-kB was detected using a double luciferase
reporter gene. (D) Cells were treated as in (C), and total proteins were extracted
for western blotting of the indicated proteins with B-actin as the loading control.

*P < 0.05; **P < 0.01.

siRNA+GEM group was significantly increased
(P < 0.01; Figure 1C and 1D). These results
indicate that abnormal activation of the TLR4
pathway may inhibit PANC-1 cell sensitivity to
GEM.

Further experiments showed that the activity of
NF-kB (P < 0.05) and the expression of p-p65,
Survivin, CyclinD1, and Bcl-2 in the LPS+GEM
group were higher and the expression of Bax
was lower than those in the GEM group. In con-
trast, the activity of NF-kB and the expression
of TLR4, p-p65, Survivin, CyclinD1, and Bcl-2 in
the TLR4-siRNA+GEM group were lower than
those in the GEM group, while the expression of
Bax was higher (Figure 1E and 1F). These re-
sults suggest that TLR4 activates NF-kB signal-
ing to promote the expression of Survivin, Cy-
clinD1, and Bcl-2 and inhibits the expression of
Bax, thereby reducing the sensitivity of PANC-1
cells to GEM.
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alone, NF-kB activity (P <
0.01, Figure 2C) and TLR4,
p-p65, Survivin, CyclinD1,
and Bcl-2 expression were
lower, whereas Bax expres-
sion was higher in the TPL+
LPS group (Figure 2D). The-
se results indicate that TPL
inhibits TLR4/NF-kB signal-
ing in PANC-1 cells.

TPL enhances the sensitivity of PANC-1 cells
to GEM

Our previous study showed that TPL inhibited
proliferation and promoted apoptosis of PANC-
1 cell, but whether TPL can enhance the sensi-
tivity of PANC-1 cells to GEM is unknown. Th-
erefore, we treated PANC-1 cells with different
concentrations of GEM in the presence of O,
10, 20, or 40 ng/mL TPL and analyzed cell pro-
liferation and apoptosis. We found that the inhi-
bition of PANC-1 cell proliferation by GEM was
enhanced by TPL in a concentration-dependent
manner (Figure 3A). Accordingly, the IC_  of
GEM was significantly reduced by TPL in a con-
centration-dependent manner (Figure 3B). The
combined index of TPL and GEM was less than
1.0, indicating that the two drugs had a syner-
gistic effect (Figure 3C). Then, the cells were
treated with 100 pg/mL GEM combined with
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Figure 3. TPL enhanced the sensitivity of PANC-1 cells to GEM by inhibiting TLR4/NF-kB signaling. (A) PANC-1 cells
were incubated with 0.01, 0.1, 1, or 10 yg/mL GEM and 0, 10, 20, or 40 ng/mL TPL for 48 h. Cell proliferation was
assessed by MTT assay. (B) The IC_, values of GEM were calculated from the data in (A). (C) The combination of GEM
and TPL was used to calculate the combined drug index (Cl). (D) PANC-1 cells were treated with 1 yg/mL GEM or 40
ng/mL TPL alone or in combination for 24 h. Cell apoptosis was determined by Annexin V staining followed by flow
cytometry. (E) Quantitation of apoptotic cells in each group in (D). *P < 0.05; **P < 0.01.

40 ng/mL TPL and measured cell apoptosis by
flow cytometry. The results showed that the
apoptotic rates were significantly higher than
that in the single drug group (Figure 3D and
3E).

TPL enhances the sensitivity of PANC-1 cells to
GEM by inhibiting TLR4/NF-«kB signaling

To explore whether TPL enhances the sensitivi-
ty of PANC-1 cells to GEM by inhibiting TLR4/
NF-kB signaling, PANC-1 cells were pretreated
with LPS followed by treatment with GEM in the
presence or absence of TPL. The results rev-
ealed that both the cell inhibition rate (Figure
4A) and the apoptotic rate (Figure 4B and 4C)
of the TPL+GEM group were significantly higher
than those of the group pretreated with LPS.
Further analysis showed that NF-kB activity in
the LPS+GEM+TRP group was significantly lo-
wer than that in TPL+GEM group (P < 0.05, Fig-
ure 4D). The protein levels of TLR4, p-p65, Su-
rvivin, CyclinD1, and Bcl-2 were lower, whereas
that of Bax was higher in the LPS+GEM+TRP
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group relative to those in the TPL+GEM group
(Figure 4E). These results suggest that inhibi-
tion of TLR4/NF-kB signaling plays an impor-
tant role in enhancing the sensitivity of PANC-1
cells to TPL.

TPL enhances the growth-inhibitory effects of
GEM in PANC-1 cell mouse xenografts

To further verify that TPL promotes the sensitiv-
ity of pancreatic cancer PANC-1 cells to GEM by
inhibiting TLR4/NF-kB signaling, we adminis-
tered TPL, GEM, or both in nude mouse models
of pancreatic cancer xenografts and monitored
tumor growth with time (Figure 5A). The tumor
volume of the TPL+GEM group was significantly
lower than that of the TPL or GEM single drug
group (Figure 5B) at the end of the treatment.
Compared with levels in the GEM monotherapy
group, the expression levels of p-p65, Survivin,
CyclinD1, and Bcl-2 were lower in the TPL+GEM
group, and the expression level of Bax was
higher (Figure 5C). In addition, Ki-67 expres-
sion and tumor cell apoptosis were detected by

Am J Transl Res 2019;11(6):3750-3760
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cells. The cell surface distri-
bution of TLR4 can make it
easier to identify extracel-
lular bacteria and their li-
gands and to induce a str-
ong inflammation response
[20]. Emerging data have
shown that TLR4 is expre-
ssed in immune cells as
well as in a variety of tumor
cells, and its expression is
closely related not only to
the tumor occurrence and
development, but also to
resistance to chemothera-
py drugs. Zhang et al. [21]
found that TLR4 activation
by LPS significantly decre-
ases the sensitivity of pros-
tate cancer PC-3 cells to
docetaxel, whereas down-
regulation of TLR4 expres-
sion via siRNA significantly
increases the sensitivity of
PC-3 cells to docetaxel.
Sun et al. [22] showed that
TLR4 is highly expressed in
human oral squamous cell
carcinoma and that high
expression of TLR4 is asso-

Figure 4. TPL enhanced GEM-mediated apoptosis of PANC-1 cells by inhibiting
TLR4/NF-kB signaling. (A) PANC-1 cells were incubated with 0.01, 0.1, 1, or
10 pg/mL GEM and 40 ng/mL TPL for 48 h or pretreated with 1 ug/mL of LPS
for 4 h, followed by incubation with TPL or GEM for 48 h. Cell proliferation was
assessed by MTT assay. (B) PANC-1 cells were incubated with 1 pg/mL GEM
and 40 ng/mL TPL for 24 h or pretreated with 1 pg/mL of LPS for 4 h, followed
by incubation with TPL or GEM for 24 h. Cell apoptosis was determined by An-
nexin V staining followed by flow cytometry. (C) Representative histograms for
the flow cyctometric data in (B). (D) Cells were treated as in (B), and the relative
activity of NF-kB was detected using a double luciferase reporter gene. (E) Cells
were treated as (B), and total proteins were extracted for western blotting of the
indicated proteins with B-actin as the loading control. *P < 0.05; **P < 0.01.

immunohistochemistry and TUNEL, respective-
ly (Figure 5D). The results showed that Ki-67
staining in the TPL+GEM group was significantly
lower than that in the TPL or GEM single drug
group (Figure 5E), whereas the apoptosis rate
of tumor cells was significantly greater in the
TPL+GEM group compared with that in the TPL
or GEM single drug group (Figure 5F).

Discussion

TLR4 is mainly expressed on the surface of the
host defense-related immune and endothelial
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ciated with oral squamous
cell carcinoma resistance
to cisplatin. In addition, stu-
dies have shown that pacli-
taxel is also an important
ligand for TLR4 and can in-
duce the expression of var-
ious cytokines and anti-ap-
optotic molecules by act-
ivating TLR4, thereby red-
ucing the chemosensitivity
of tumor cells to paclitaxel
[23, 24]. In the present st-
udy, it was found that activation of the TLR4
pathway by LPS reduced the sensitivity of PA-
NC-1 cells to GEM, while knockdown of TLR4-1
by siRNA significantly enhanced the sensitivity
of PANC-1 cells to GEM. Our findings suggest
that TLR4 signaling plays an important role in
the resistance of pancreatic cancer cells to
GEM.

NF-kB is widely expressed and is an important
nuclear transcription factor involved in a variety
of cellular biological processes including im-
mune, inflammation, apoptosis, and prolifera-
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Figure 5. TPL enhanced the growth-inhibitory effects of GEM in PANC-1 cell mouse xenografts. PANC-1 cell xe-
nograft-bearing mice were randomly divided into control (100 pl DMSO), GEM, TPL, and GEM+TPL groups with 6
animals in each group. The control group was given phosphate-buffered saline; the GEM group was given 25 mg/
kg GEM; the TPL group received 0.4 mg/kg TPL; and the GEM+TPL group was given 25 mg/kg GEM plus 0.4 mg/kg
TPL. The mice were treated via intraperitoneal injection every other day for 15 times. The growth of subcutaneous
tumors in nude mice was observed every other day. A. Comparison of tumor volume during the course of treat-
ments. B. Comparison of tumor volume at the end of treatments. C. Western blot detection of the indicated proteins
in transplanted tumors. D. Detection of Ki-67 by immunohistochemistry and apoptosis by TUNEL assay in tumor
cells. E. Comparison of Ki-67 staining points in each group. F. Comparison of the apoptotic index in each group. *P
< 0.05; **P < 0.01.

tion. In recent years, increasing numbers of tumor chemotherapy resistance, making NF-kB
studies suggest that NF-kB is closely linked to a new target for the treatment of cancers [25,

3757 Am J Transl Res 2019;11(6):3750-3760



Triptolide inhibits TLR4/NF-kB signaling

206]. It has been reported that TLR4 activates
NF-kB under the stimulation of the correspond-
ing ligands, which plays a role in promoting che-
motherapeutic drug resistance in tumor cells
[16-18]. Zhou et al. [26] found that inhibition of
the TLR4/NF-kB signaling pathway leads to re-
duced expression of COX-2, CyclinD1, Survivin,
clAP-1, XIAP, Bcl-2, and other genes that is ac-
companied by increased GEM sensitivity. Our
study also found that TLR4 activated NF-kB;
promoted the expression of Survivin, CyclinD1,
and Bcl-2; down-regulated Bax expression; and
played an important role in reducing PANC-1
cell sensitivity to GEM.

TPL is the main active ingredient of various
Tripterygium wilfordii preparations widely used
in China for the prevention and treatment of a
variety of diseases. TPL has been recently iden-
tified as a multi-target anti-tumor natural agent
in addition to being known for its anti-inflamma-
tory and immunosuppressive effects. Moreover,
TPL can also improve the effect of chemothera-
py drugs on tumor cells and reduce tumor cell
drug resistance [6-10]. It was reported that TPL
could enhance the growth inhibition of doxoru-
bicin in breast cancer cells [27]. It has also
been shown that the combination of TPL and
heat shock protein 90 inhibitor BIIBO21 has a
strong synergy, significantly enhancing the ef-
fectiveness of BIIBO21 for thyroid cancer cell
proliferation inhibition and apoptosis induction
[28]. Recent studies have shown that TPL can
enhance the sensitivity of pancreatic cancer
cells to GEM [29]. In agreement with these pre-
vious studies, it was found that TPL combined
with GEM can produce a synergistic effect and
enhance the effect of GEM on pancreatic can-
cer cell proliferation inhibition and apoptosis
induction, indicating that TPL can enhance the
sensitivity of pancreatic cancer cells to GEM
chemotherapy. Further animal experiments co-
nfirmed that TPL could enhance the inhibitory
effect of GEM on the growth of pancreatic can-
cer xenografts in nude mice and promote the
apoptosis of tumor cells in collaboration with
GEM.

Although it has been shown that TPL enhanc-
ed the sensitivity of pancreatic cancer cells to
GEM and other chemotherapeutic drugs, the
underlying mechanism remained to be deter-
mined. TPL has been shown to inhibit the TLR4/
NF-kB signaling pathway during immune res-
ponse and inflammation, suggesting that inhibi-
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tion of TLR4/NF-kB signaling pathway may play
a role in the TPL-based enhancement of PANC-
1 cell sensitivity to GEM [30]. In this study, it
was showed that TPL dose-dependently inhib-
ited the expression of TL4 and the downstream
targets of the TLR4/NF-kB signaling pathway in
PANC-1 cells, which was however abolished by
LPS. Besides, LPS pretreatment significantly
reduced the cell inhibition rate and apoptosis
rate that was induced by TPL combined with
GEM, and these effects were accompanied by
attenuation of NF-kB activity and TLR4, p-p65,
Survivin, CyclinD1, Bcl-2, and Bax expression.
The results of animal experiments further con-
firmed that TPL could inhibit the expression of
TLR4, p-p65, Survivin, CyclinD1, and Bcl-2 in
nude mice and promote the expression of Bax.
Our findings suggest that inhibition of TLR4/
NF-kB signaling is an important mechanism by
which TPL enhances PANC-1 cell sensitivity to
GEM. Nevertheless, though TPL has been sh-
own to have a broad spectrum of anti-tumor
effects with multiple targets [3], including our
present finding of TPL inhibition of TLR4/NF-«kB
signaling pathway, the molecular mechanisms
of the regulation the specific targets by TPL is
unknown, which needs further exploration. In
addition, whether TPL reduces TLR4 expressi-
on at transcriptional, post transcriptional, or
post translational levels warrants future inve-
stigation.

Conclusions

Taken together, our results obtained using both
in vitro and in vivo models showed that TPL, an
active ingredient of Tripterygium wilfordii, en-
hanced the sensitivity of human pancreatic
cancer PANC-1 cells to GEM by inhibiting TLR4/
NF-kB signaling. Nevertheless, the abnormal
activation of TLR4/NF-kB signaling may be only
one mechanism of the resistance of pancreatic
cancer cells to chemotherapy such as GEM.
Other possible mechanisms by which TPL en-
hances the sensitivity of PANC-1 cells to GEM
warrant further investigation.
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