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Background: Inflammation is considered as one of the hallmarks of cancer development
and progression. Ursolic acid (UA) showed strong effects as an anti-inflammatory and
antioxidant. However, the anti-cancer effects of ursolic acid require further study.
Methods: This study aimed to investigate the role of ursolic acid in a lipopolysaccharide
(LPS)-treated gastric tumour mouse model and in a human gastric carcinoma cell line (BGC-
823 cells). This study also aimed to confirm whether ursolic acid can protect against
proliferation and the inflammatory response induced by LPS, by inhibiting the activation
of the NLRP3 inflammasome via the NF-kB pathway.

Results: The present study demonstrated that ursolic acid significantly attenuated LPS-
treated proliferation in a gastric tumour mouse model and the human gastric carcinoma
BGC-823 cell line, reduced the expression of the NLRP3 inflammasome and suppressed the
release of pro-inflammatory cytokines. In addition, ursolic acid inhibited the LPS-induced
activation of NF-«kB. Furthermore, the NF-kB pathway regulated the activation of the NLRP3
inflammasome.

Conclusion: In conclusion, these results demonstrated that ursolic acid could suppress
proliferation and the inflammatory response in an LPS-induced mouse gastric tumour
model and human BGC-823 cells by inhibiting the activation of the NLRP3 inflammasome
via the NF-kB pathway. This indicates that ursolic acid can be a potential therapeutic agent
for the treatment of gastric cancer.

Keywords: ursolic acid, gastric carcinoma, NLRP3 inflammasome, proliferation,
inflammatory, NF-kB pathway

Introduction

Gastric cancer is one of the most common malignant tumours in the world.'?
According to the latest cancer data, the morbidity and mortality of gastric cancer
have risen to second place among malignant tumours in China.” This is largely due
to the lack of an effective clinical treatment.

Inflammation is considered a key hallmark of cancer. In the mid-19th century,
Rudolph Virchow discovered a link between inflammation and cancer.** In addition,
previous studies found that more than 25% of malignant tumours are associated with
chronic inflammation, infection, or both.®® Furthermore, other studies suggested that

inflammation facilitates tumour development, progression, metastatic dissemination, as
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well as treatment resistance.” Inflammation is a hallmark of
innate immunity, which is triggered by pathogen-associated
molecular patterns (PAMPs) and damage-associated molecu-
lar patterns (DAMPs). Both of these are recognised by pat-
tern-recognition receptors (PRRs), which include members
of the Toll-like receptors (TLRs), and nucleotide-binding and
oligomerisation domain containing receptors (NOD-like
receptors, NLRs).'® Once activated, several innate immune
cells such as monocytes/macrophages are upregulated and
secrete numerous inflammatory chemokines and cytokines,
as well as activate a number of transcription factors such as
NF-kB.'"""'? Since dysregulation of the inflammatory
immune response can lead to cancer, elucidating the inflam-
mation reaction is of great significance to the development of
effective therapies for cancer.

In recent years, Traditional Chinese medicine (TCM),
as the common alternative and complementary treatment,
has established numerous treatments for cancer, indicat-
ing that TCM may be a promising alternative treatment
for cancer in the future. Ursolic acid (UA), a triterpenoid
compound widely found in nature, has a variety of rich
biological activities including as an anti-inflammatory,
anti-tumour etc.'3 Thus, the anti-cancer effects of UA
have attracted increasing worldwide interest. Studies
have reported that UA inhibits the growth of cells in
multiple types of cancer, such as hepatocellular carci-

14-16

noma cells, breast cancer cells etc.!” The anti-

cancer effect of UA is related to a variety of biological

1820 and inhi-

activities, including tumour cell apoptosis,
biting tumour cell proliferation.'*'” In addition, UA
plays an anti-cancer role through its tumour-specific
immunoregulation. UA decreased the production and
expression of VEGF and IL-8 in a dose-dependent man-
ner, decreased ROS and NO levels, and decreased the
migration and invasion of liver cancer cells.'® UA also
suppressed lung cancer via decreasing the activity of NF-
kB and inhibiting the proliferation of cancer cells.?'
Together, these results suggest that UA has an immunor-
egulatory effect.

NOD-Like Receptors, especially the pyrin domain-
containing 3 (NLRP3) inflammasome, which is composed
of NLRP3, ASC and caspase-1,* play a key role in
mediating inflammatory responses by regulating produc-
tion of the pro-inflammatory cytokines IL-1p, and IL-18 in
various tissues.”> In fact, induction of NF-kB subunit P65
phosphorylation leads to activation of NF-kB signalling,

3 24

and transcriptional activation of NLPR However, it is

unknown if the NF-kB-NLRP3 pathway is involved in the
LPS-induced inflammatory response in gastric cells.

The objective of this study was to investigate if ursolic
acid exhibits protection against LPS-induced inflamma-
tion, which promotes tumours, and explore the underlying
mechanism (s).

Materials and Methods
Culture of BGC-823 Cells

The human gastric carcinoma cell line BGC823 was pur-
chased from the Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). The cells were
maintained in endotoxin-free RPMI 1640 medium
(Invitrogen, Carlsbad, CA, USA) with 10% (vol/vol) fetal
bovine serum (Invitrogen-Gibco, Thermo Fisher Scientific,
Waltham, MA, USA), 100 p/mL penicillin, and 100 mg/mL
streptomycin at 37 °C in a 5% CO, incubator. Once the BGC-
823 cells reached 70%—-80% confluence, they were trans-
ferred to 6-well plates (Corning, Inc., Corning, NY, USA)
at a density of 3 x 10° cells per well and incubated in 10%
FBS medium at 37 °C in a 5% CO, incubator overnight.
Cells were treated with 50 umol/L concentrations of UA, or
50 umol/L NLRP3 inflammasome inhibitor MCC950 or 25
umol/L NF-kB inhibitor BAY-117082, accompanied with
LPS (100 ng/mL) and then incubated at 37 °C for 48 h. UA
(purity > 98%) and LPS were purchased from Sigma Aldrich
(St. Louis, MO, USA), while MCC950 and BAY11-7082
were purchased from Selleck Chemicals LLC (Houston,
TX, USA). All drugs were dissolved in DMSO.

Cell Proliferation Assays

Once BGC-823 cells reached 70% confluence, they were
transferred to 96-well plates (Corning, Inc., Corning, NY,
USA) at a density of 3 x 10° cells per well and incubated
in 10% FBS medium at 37 °C in a 5% CO, incubator
overnight. Cells were treated with different concentrations
of UA (10, 20, 30, 40, 50, 60, 70, and 80 pmol/L) or the
NLRP3 inflammasome inhibitor MCC950 (10, 20, 30, 40,
50, 60, 70, 80, and 90 pmol/L) accompanied with LPS
(100 ng/mL) and then incubated at 37 °C for different
durations (12, 24, 48, and 72 h). Cell proliferation was
assessed using a cell counting kit-8 (CCK-8, Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) as
described in the manufacturer’s recommendations. The
absorbance at 450 nm was measured with an enzyme

marker. Results were expressed as the mean + SD.
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Mouse Gastric Tumour Model

Six to eight-week-old female BALBc/c nu/nu mice (18-20
g body weight) were purchased from the Shanghai SLAC
Laboratory Animal Co. Ltd. (Shanghai, China) and were
housed in the Laboratory Animal Centre of Putuo Hospital,
Shanghai University of Traditional Chinese Medicine. Mice
were maintained under a specific pathogen-free environment
with the following conditions: 12 h light/dark cycles, tempera-
ture between 22-25 °C, and humidity of 50-60%. BGC-823
cells (1x107 cells/200 pL in PBS) were subcutaneously admi-
nistered into the left axilla of nude mice via a syringe. Seven
days later, the animals were randomly separated into one
control group and three experimental groups (n = 5 mice/
group). The control groups were treated with PBS (0.01 mol/
L), while the experiment groups were treated with UA (10 mg/
kg in 0.01 mol/L PBS), LPS (250 pg/kg in 0.01 mol/L PBS),
or a mixture of LPS and UA (250 pg/kg LPS and 10 mg/kg
UA in 0.01 mol/L PBS). After 14 days of drug administration,
all nude mice were sacrificed by cervical dislocation and
tumour tissue samples from each group were removed and
weighed, then cut into suitable pieces for Western blotting, RT-
PCR and ELISA. Tumour volume (TV) was calculated by the
formula, TV (mm?) = (Lxw?)/2, where L is the longest dimen-
sion of the tumour (in mm) and W is the shortest dimension of
the tumour (in mm). All animal experiments were approved
and carried out in accordance with the Institutional Animal
Care and Use Committee of Putuo hospital, affiliated with the
Shanghai University of Chinese Medicine.

Western Blotting Analysis

Protein samples were extracted from tumour tissues and cells
using RIPA buffer (Beyotime Institute of Biotechnology,
Shanghai, China). Protein quantification of each sample
was measured using a BCA kit (Beyotime Institute of
Biotechnology, Shanghai, China). Fifty pg of total protein
was separated by 10% SDS-PAGE and subsequently trans-
ferred to nitrocellulose membranes (EMD Millipore,
Billerica, MA, USA). After incubation for 2 h at room
temperature with 5% fat-free dry milk, the membranes
were incubated with specific primary antibodies: NLRP3
(#15101,1:1000), ASC (#67824,1:1000), phospho-p65
(#3033,1:1000), totalp65 (#8242,1:1000), Cleaved caspase-
3 (#9661,1:1000), GAPDH (#2118,1:10000, purchased from
Cell Signaling Technology, Beverly, MA, USA), IL-1p (sc-
32294, purchased from Santa Cruz Biotechnology, Dallas,
TX, USA) overnight at 4 °C. The membranes were washed
three times with TBST (Tris-buffered saline-0.1% Tween-20,

10 min/wash) and were incubated with a horseradish perox-
idase (HRP)-conjugated secondary antibody at 1:5000 dilu-
tion for 1 h at room temperature. The image software
(Quantity One, Bio-Rad, Hercules, CA, USA) was used to
analysis the densitometry of bands.

RT-PCR Analysis

Total RNA was extracted from tumour tissues and cells using
the TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer’s protocols. The
PrimeScript® RT Reagent kit (Takara Biotechnology Co.,
Ltd., Dalian, China) was used to transcribe RNA into cDNA
at 37 °C for 15 min, 85 °C for 5 sec, and held at 4 °C,
according to the manufacturer’s protocol. qPCR was per-
formed with ¢cDNA, SYBR (Takara Biotechnology Co.,
Ltd.), forward/reverse primers and sterile water on a Real-
Time PCR Detection system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The real-time PCR conditions included
denaturation at 95 °C for 30 sec, and 40 cycles of denatura-
tion and annealing/extension at 60 °C for 1 min. The levels of
mRNA expression were quantified using the 2-AACq
method.” Specific primers of IL-1p, IL-6, TNF-qa, and
CCL-2 are listed as follows:

IL-1B:  A:5-GTGGCAATGAGGATGACTT-3" S:5'-TG
GGCTTATCATCTTTCAA-3', IL-6: A:5'-CCTTCCAAAG
ATGGCTGAAA-3" S:5°-AGCTCTGGCTTGTTCCTCAC-
3", TNF-a: A:5'-GCCCCCAGAGGGAAGAGTTCCCCA-3'
S:5-GCTTGAGGGTTTGCTACAACATGGGC-3', CCL-2:
A:5-CTTCTGTGCCTGCTGCTCAT-3' S:5°-GCTTGTCCA
GGTGGTCCAT-3', B-actin: A:5'-TGTTACCAACTGGGAC
GACA-3' S:5-CTGGGTCATCTTTTCACGGT-3".

Enzyme-Linked Immunosorbent Assay
(ELISA) Analysis

Concentrations of IL-1f in culture supernatant of cells and
tumour tissues were determined with a specific ELISA
(R&D System, Minneapolis, MN, USA) according to the
manufacturer’s instruction.

Caspase-| Activity Analysis

Caspase-1 activity was determined using the specific Caspase-
1 Activity Assay Kit (#C1101) purchased from Beyotime
according to the manufacturer’s instruction.

Statistical Analysis
All statistical analyses were performed using SPSS 21.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Data are presented as
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the mean + standard deviation (SD). Individual comparisons
were performed using one-way ANOVA and the Student-
Newman-Keuls test. P <0.05 was considered to be statistically
significant.

Results
Effects of UA on the Proliferation and
Inflammatory Response of an LPS-Treated

Mouse Gastric Tumour Model

Previous studies have shown that LPS is able to stimulate
tumour growth.”*! Consistent with these studies, LPS-
treated mice observed significant tumour growth compared
to the control group (Figure 1A-D). In this study, we first
investigated the anti-growth effect of UA on a LPS-
induced gastric cancer mouse model in vivo. As expected,
UA significantly attenuated the weight, and volume of
tumours in the UA+LPS injection group compared with
the LPS-treated group (Figure 1A-D, **P<0.01). These
data indicated that UA inhibited LPS-induced tumour pro-
liferation in a mouse gastric tumour model.

LPS-induced pro-
inflammatory cytokines release could be inhibited by
UA, we tested the mRNA levels of IL-1f, IL-6, TNF-a
and CCL-2 by RT-PCR. The RT-PCR results showed that
the mRNA levels of IL-1B (Figure 1E), IL-6 (Figure 1F),
TNF-a (Figure 1G) and CCL-2 (Figure 1H) were signifi-
cantly increased in the LPS-induced mouse gastric tumour

In order to verify whether

model compared with the control group (#P<0.01).
Conversely, the level of these markers was attenuated
after UA treatment (Figure 1E-H **P<0.01). These data
indicated that UA inhibited the LPS-induced inflammatory
response in a mouse gastric tumour model.

UA Inhibits the LPS-Induced Activation of
the NLRP3 Inflammasome in a Mouse

Gastric Tumour Model

The NLRP3 inflammasome plays a critical role in the LPS-
induced inflammation model.>* Consistent with that study, the
expression of NLRP3, ASC, and the levels of activated cas-
pase-1 in this study were significantly upregulated in LPS-
treated groups compared with the control groups (Figure 2A—
D #P<0.01). In addition, the expression of Pro-IL-1j
(Figure 2E), IL-1B (Figure 2F) and the production of IL-1§
(Figure 2G) by ELISA were increased in the LPS-treated
group compared with control groups (#P<0.01). However,
the expression of NLRP3, ASC, caspase-1, and IL-1p, and
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Figure | Ursolic acid treatment attenuates the proliferation and inflammatory
response in a LPS-induced mouse tumours model. BGC-823 cells (I1x107 cells/200
uL in PBS) were subcutaneously administered into the left axilla of nude mice via
a syringe. Seven days later, the animals were randomly separated into one control
group and three experimental groups (n = 5 mice/group). The control groups were
treated with PBS (0.01 mol/L), while the experimental groups were treated with UA
(10 mg/kg in 0.01 mol/L PBS), LPS (250 pg/kg in 0.01 mol/L PBS), or a mixture of
LPS and UA (250 pg/kg LPS and 10 mg/kg UA in 0.01 mol/L PBS). After 14 days of
drug administration, all nude mice were sacrificed by cervical dislocation and
tumour tissue samples from each group were removed. Tumour volume (TV) was
calculated by the formula, TV (mm?) = (Lxw?)/2, where L is the longest dimension
of the tumour (in mm) and W is the shortest dimension of the tumour (in mm).
The tumour photos (A and B), volume (C) and weight (D) of the mice were
analysed using one-way ANOVA. mRNA levels of IL-1B (E), IL-6 (F), TNF-a (G) and
CCL-2 (H) were detected by quantitative real-time RT-PCR. All data are presented
as the mean £ SD (n = 5, *P<0.01 significantly different from the control group;
*#P<0.01 significantly different from the LPS-treated group).

the production of IL-1f in the LPS + UA group were signifi-
cantly reduced compared to the LPS group (Figure 2A-G,
*P<0.05, **P<0.01)). These data indicated that UA inhibited
the activation of the LPS-induced NLRP3 inflammasome.
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Figure 2 Ursolic acid inhibited the LPS-induced expression of the NLRP3 inflammasome in mice. (A) Protein levels of NLRP3, ASC, Pro-IL-1f and IL-1p were evaluated by

Western blot analysis. GAPDH was used as a loading control. Densitometry analysis of

the effects of UA on the expression of NLRP3 (B) and ASC (C). An activity detection

kit measured Caspase-| activity (D). The effect of UA on the protein expression of Pro-IL- 1§ (E) and IL- I (F) was examined by Western blot analysis. (G) Production of IL-
IB was measured using an ELISA kit. One-way ANOVA was used for statistical analysis. All data are presented as the mean # SD (n = 5, *P<0.01, significantly different from
the control group; *P<0.05, **P<0.01 significantly different from the LPS-treated group).

Effects of UA on the Proliferation of
LPS-Treated BGC-823 Cells

We first investigated the anti-proliferative effect of increasing
concentrations (10, 20, 30, 40, 50, 60, 70, and 80 umol/L) and
time points (12, 24, 48, 72 h) of UA on LPS-treated BGC-823
cells using the CCKS8 assay. As illustrated in Figure 3A-D,
with a dose-dependent pretreatment of UA for a 12-72
h incubation time, cell viability was gradually decreased and
maintained at the lowest levels with 50-80 pmol/L UA com-
pared to LPS-treated cells that were not pretreated with UA. As
illustrated in Figure 3E, consistent with the cell viability, pre-
treatment of 30—80 umol/L UA for a 48 h incubation time, UA
increased the protein level of cleaved caspase-3 compared to
LPS-treated cells that were not pretreated with UA. Moreover,
a significant decrease of cell viability was detected at 12—72
h with 50 umol/LL UA (Figure 3A-D, *P< 0.05; **P<0.01).

Therefore, 50 umol/L UA treatment for 48 h was used for most
of the subsequent experiments. These data indicated that UA
inhibited LPS-induced tumour cell proliferation.

Effect of UA on the Expression of
Inflammatory Cytokines in LPS-Induced
BGC-823 Cells

Furthermore, we investigated the effect of UA on the LPS-
induced inflammatory response in BGC-823 cells. We
detected mRNA levels of the pro-inflammatory cytokines
IL-1B, IL-6, TNF-a, and CCL-2 in the LPS +UA group. The
RT-PCR results indicated that the mRNA levels of IL-1P
(Figure 4A, #P< 0.01), IL-6 (Figure 4B, #P< 0.01), TNF-a
(Figure 4C, #P< 0.01) and CCL-2 (Figure 4D, #P< 0.01) were
highly expressed in LPS-induced BGC-823 cells. Conversely,
these markers were markedly decreased after 50 pmol/L UA
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Figure 3 The effects of UA on the proliferation of LPS-induced BGC-823 cells.
Dose-dependent (10, 20, 30, 40, 50, 60, 70 and 80 pymol/L) and time-dependent
effects of UA on cell proliferation of LPS (100 ng/mL) induced BGC-823 cells. Cell
proliferation was assayed by the CCK-8 Kit at 12 h (A), 24 h (B), 48 h (C), and 72
h (D). Western blot analysis was performed to assess the induction of cleaved
caspase-3 (E). All data are presented as the mean + SD (n = 6, $P<0.05, *P<0.01,
significantly different from the control group; *P<0.05, **P<0.01 significantly differ-
ent from the LPS-treated group).

pre-treatment (Figure 4A-D, **P<0.01). Therefore, these data
indicated that UA inhibited the LPS-induced inflammatory
response in BGC-823 cells.

UA Inhibits the LPS-Induced Activation of
the NLRP3 Inflammasome in LPS-Treated
BGC-823 Cells

In addition,
increased expression of NLRP3, and ASC induced by

in this study, we confirmed that the

LPS (Figure SA-C, #P< 0.01) was significantly attenu-
ated after 50 pumol/L UA pre-treatment (Figure SA-C,
**P<0.01). Since caspase-1 activation is a critical step
for activation of the NLRP3 inflammasome,”> we then
investigated the effect of UA on caspase-1 activity. The
results show that the high level of activated caspase-1
induced by LPS (Figure 5D, #P< 0.01) was markedly
decreased in the 50 pmol/L UA pre-treatment group
(Figure 5D, *P< 0.05). In addition, increased expression
of Pro-IL-1p (Figure SE, #P< 0.01), IL-1B (Figure S5F
and H, #P< 0.01), and activation of NF-kB (Figure 5G,
#P< 0.01) induced by LPS were also attenuated in the
50 pmol/L UA pre-treatment group (Figure SE-H, *P<
0.05; **P< 0.01). These data indicated that UA inhibited
the LPS-induced activation of the NLRP3 inflamma-
some in BGC-823 cells.

Tumour Cell Proliferation and the
Inflammatory Response to LPS are
Mediated by the NLRP3 Inflammasome

To evaluate the role of the NLRP3 inflammasome in LPS-
induced changes in proliferation and the inflammatory
response, we used the NLRP3 inflammasome inhibitor
MCC950 in BGC823 cells. We first investigated the contri-
bution of NLRP3 to LPS-induced cell proliferation with
increasing concentrations (10, 20, 30, 40, 50, 60, 70, 80,
and 90 umol/L) and time points (12, 24, 48, 72 h) of
MCC950 on LPS-treated BGC-823 cells using the CCKS8
assay. As illustrated in Figure 6A-D, with a dose-dependent
pretreatment of MCC950 for a 12-72 h incubation time, cell
proliferation was gradually decreased and maintained at the
lowest levels with 50-90 pmol/L MCC950 compared to
LPS-treated cells that were not pretreated with MCC950.
As illustrated in Figure 6E, consistent with the cell viability,
pretreatment of 30-90 pmol/lL MCC950 for a 48
h incubation time, increased the protein level of cleaved
caspase-3 compared to LPS-treated cells that were not pre-
treated with MCC950. Moreover, a significant decrease in
cell viability was detected at 12-72 h with 50 pmol/L
MCC950 (Figure 6A-D, **P<0.01). Therefore, a 50 umol/
L MCC950 treatment for 48 h was used for most of the
subsequent experiments. The increased level of NLRP3,
ASC, IL-1pB and activated caspase-1 induced by LPS were
significantly attenuated in the MCC950 pretreatment group
(Figure 7A—F, **P< 0.01). Thus, the data showed that LPS-
induced tumour cell proliferation and the inflammatory
response were mediated by the NLRP3 inflammasome.
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Figure 4 The effects of UA on the expression of LPS-induced inflammatory cytokines in BGC-823 cells. BGC-823 cells were treated with LPS (100 ng/mL) for 48 h in the presence
or absence of pre-treatment with UA (50 pmol/L) for 60 min. mRNA levels of IL-I (A), IL-6 (B), TNF-a (C) and CCL-2 (D) were detected by quantitative real-time RT-PCR. All
data are presented as the mean % SD (n = 6, "P<0.01, significantly different from the control group; **P<0.01 significantly different from the LPS-treated group).

The LPS-Induced Activation of the NLRP3
Inflammasome is Mediated by NF-xB

Previous studies have shown that NF-kB binding sites are
present in the NLRP3 promoter.>*** We further investigated
the connection between NF-«kB and the NLRP3 inflammasome
in LPS-treated BGC-823 cells. We found that the expression of
NLRP3 and NF-«B activity were markedly increased in LPS-
treated cells (Figure 5A and B and G, **P<(0.01). We then used
the NF-«B inhibitor BAY11-7082 to inhibit the expression of
NF-«xB, and the results indicated that BAY11-7082 could
reduce NLRP3 protein expression (Figure 8A and B,
**P<(0.01). Thus, the data conclusively showed that the NF-
kB pathway is potentially inducing the activation of the
NLRP3 inflammasome following LPS treatment.

Discussion
The present study demonstrated that LPS-induced
inflammation plays a critical role in mediating gastric

cancer tumour initiation and development, and that the
NLRP3 inflammasome is localised in gastric cancer
tissues. NLRP3 and ASC expression and Caspase-1
activity are upregulated in LPS-treated gastric cancer
cells and tumour tissues. The activation of the NLRP3
inflammasome is closely associated with the NF-xB
pathway following LPS treatment. Previous publica-
tions have reported that UA has anti-inflammatory
and anti-tumour functions.”>>® Our results demon-
strated that ursolic acid could suppress the inflamma-
tory response and tumour proliferation in a LPS-treated
mouse gastric tumour model and human BGC-823 cells
by inhibiting the activation of the NLRP3 inflamma-
some via the NF-kB pathway. Recently, remarkable
advancements have increased our understanding of
how inflammation plays a critical role in mediating
tumour initiation and development.”'**” Inflammatory

cytokines, which are associated with the tumour
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Figure 5 LPS-induced induction of the NLRP3 inflammasome and NF-«B in BGC-823 cells is attenuated by UA treatment. BGC-823 cells were treated with LPS (100 ng/mL)
for 48 h in the presence or absence of pre-treatment with UA (50 pmol/L) for 60 min. (A) Protein levels of NLRP3, ASC, Pro-IL-1, IL-1B, and NF-kB were evaluated by
Western blot analysis. GAPDH was used as a loading control. Densitometry analysis of the effects of UA on expression of NLRP3 (B) and ASC (C). An activity detection kit
measured Caspase-| activity (D). The effect of UA on the protein expression of Pro-IL-1f (E), IL-IB (F), and NF-kB (G) was examined by Western blot analysis. (H) The
production of IL-1B was measured using an ELISA kit. One-way ANOVA was used for statistical analysis. All data are presented as the mean * SD (n = 6, "P<0.0l,
significantly different from the control group; *P<0.05, **P<0.01 significantly different from the LPS-treated group).

microenvironment, play an important role in the occur-
rence, progression, and promotion of cancer. LPS is the
main pathogenic factor of gram-negative bacteria,
which are commonly observed in patients with gastric
and lung cancer. In addition, previous research reported
that LPS effectively stimulates tumour growth in
experimental models of NSCLC.? In the present
study, LPS-induced the inflammatory response, which
promotes tumour progression in a gastric cancer mouse
model and human BGC-823 cells.

UA, a natural pentacyclic triterpenoid carboxylic
acid, is the major component of some traditional herbal

medicines. Previous publications have reported that UA
has anti-inflammatory, anti-oxidative, and anti-diabetic
3336 Studies shown that UA
induces apoptosis of gastric cancer cells by inhibiting
the expression of COX-2.!” Moreover, an in vivo

functions. have also

mouse model of gastric cancer confirmed the anti-
tumour effect of UA. In our study, UA attenuated the
LPS-induced inflammatory response and tumour pro-
gression, and suppressed the LPS-induced NLRP3
inflammasome and NF-«kB activity.

Inflammatory cytokines, such as TNF-o, IL-6, IL-
1B, form a positive feedback loop to induce cell and
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Figure 6 LPS-induced proliferation in BGC-823 cells is mediated by the NLRP3
inflammasome. Dose-dependent (10, 20, 30, 40, 50, 60, 70, 80 and 90 pymol/L) and
time-dependent effects of the NLRP3 inflammasome inhibitor MCC950 on cell
proliferation of LPS (100 ng/mL) induced BGC-823 cells. Cell proliferation was
assayed by the CCK-8 Kit at 12 h (A), 24 h (B), 48 h (C), and 72 h (D). Western
blot analysis was performed to assess the induction of cleaved caspase-3 (E). All
data are presented as the mean * SD (n = 6, P < 0.01, significantly different from
the control group; **P<0.01 significantly different from the LPS-induced group).

DNA damage and accelerate cell proliferation and
transformation.>” Our results showed that the expres-
sion of the inflammatory factors IL-1B, TNF-qa, IL-6,
and CCL-2 increased in a LPS-treated mouse model
and BGC-823
decreased after UA treatment. These data suggest that

cells. Conversely, these mediators
UA inhibited the activation of the inflammatory cas-

cade in LPS-treated in vivo and in vitro experiments.

NF-kB is a significant nuclear transcription factor,
which promotes transcription of genes related to
inflammation. NF-kB is activated in a variety of
tumour types, such as liver cancer, lung cancer, breast
cancer, etc. In our study, we found that NF-xB phos-
phorylation and NF-kB activity significantly increased
in LPS-treated BGC-823 cells. Furthermore, research
has shown that NF-kB regulates the expression of
genes associated with proliferation, invasion, as well
as metastasis of cancer.’® Thus, NF-xB is a key target
in the development of a cancer treatment.

Recently, significant advances have greatly improved
our understanding of NLR function. NLRs, including
inflammasomes, play a key role in the initiation and pro-
gression of cancer.'” The NLRP3 inflammasome is the
most extensively studied member of the NLR family.
Our data show that the protein expression level of
NLRP3 and ASC successfully increased in LPS-induced
in vivo and in vitro experiments. Furthermore, the results
show that activation of the NLRP3 inflammasome led to
the activation of caspase-1 and increased expression of IL-
1B. We also showed that inhibition of NLRP3 significantly
attenuated the LPS-induced cell proliferation and activa-
tion of IL-1B. Thus, these results show that the activation
of the NLRP3 inflammasome is a key factor in the devel-
opment of cancer in LPS-induced in vivo and in vitro
experiments.

NF-kB plays a critical role in regulating inflamma-
tion and serves as the first signal in the activation of
the NLRP3 1239741
demonstrated

inflammasome. Previous studies
that NF-xB inhibition led to
a remarkable reduction of NLRP3 expression.*> We
found that blocking NF-kB activation with the NF-«xB
inhibitor BAY-117082 could downregulate NLRP3
expression in BGC-823 cells.
results suggest that the activation of the NLRP3

inflammasome is closely associated with the NF-«xB

Cumulatively, these

pathway, following LPS treatment.

In conclusion, our study demonstrated that ursolic acid
could suppress proliferation and the inflammatory
response in a LPS-treated mouse gastric tumour model
and BGC-823 cells by inhibiting the activation of the
NLRP3 NF-xB pathway.

Therefore, ursolic acid is a potential therapeutic for pre-

inflammasome via the

venting cancer in the future.
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Figure 7 The NLRP3 inflammasome regulated the expression of LPS-induced inflammatory cytokines in BGC-823 cells. (A) Protein levels of NLRP3, ASC, Pro-IL-1p and IL-I1B
were evaluated by Western blot analysis. GAPDH was used as a loading control. Densitometry analysis of the effects of MCC950 on the expression of NLRP3 (B) and ASC (C). An
activity detection kit measured Caspase- | activity (D). The effect of MCC950 on the protein expression of Pro-IL- | (E), and IL-1 (F) was examined by Western blot analysis. All
data are presented as the mean * SD (n = 6, significantly different from the control group; **P<0.01 significantly different from the LPS-treated group).
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Figure 8 NF-kB induced the activation of the NLRP3 inflammasome in LPS-induced BGC-823 cells. BGC-823 cells were treated with LPS (100 ng/mL) for 48 h + BAY-
117082 (25 pmol/L) pre-treatment for 60 min. Protein levels of NLRP3 were evaluated by Western blot analysis (A). Protein levels of Ppé5 were evaluated by Western blot
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(n = 6, ¥*P<0.01 significantly different from the LPS-induced group).
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