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Ursolic acid inhibits the invasiveness of
A498 cells via NLRP3 inflammasome activation
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Abstract. Renal cell cancer is a common malignant tumor
of the urinary system. Ursolic acid (UA) serves an important
antitumor role in certain types of cancer, such as lung cancer,
breast cancer and hepatocellular carcinoma; however, to the
best of our knowledge, the effect of UA on renal cancer has
not yet been investigated. In the present study, A498 cells were
treated with different concentrations of UA for 12, 24 and
48 h, and then MCC950, an inhibitor of the NLR family pyrin
domain-containing 3 (NLRP3) receptor, was added to block
NLRP3 signaling. The proliferation of A498 cells was analyzed
using an MTS assay and invasiveness was analyzed using a
Transwell assay. The expression levels of NLRP3, cleaved
caspase-1, IL-1p and MMP-2 were detected using western
blotting. The present results demonstrated that the invasive-
ness of A498 cells was significantly decreased following
UA treatment (P<0.05), while expression levels of NLRP3,
cleaved caspase-1 and IL-13 were significantly increased, and
MMP-2 expression was decreased following UA stimulation
(P<0.05). This was reversed by MCC950 treatment (P<0.05),
with the exception of NLRP3. In conclusion, the present
results indicated that UA exposure decreased the proliferation
and invasiveness of A498 cells. Additionally, UA exposure
significantly decreased MMP-2 production and induced the
activation of NLRP3 inflammasome, which was reversed by
MCC950 treatment, indicating that NLRP3 activation may be
involved in UA inhibition of A498 cell invasiveness.

Introduction

Worldwide, renal cell carcinoma (RCC) represents the sixth
most frequently diagnosed cancer in men and the 10th in
women, accounting for 5 and 3% of all oncological diagnoses,
respectively, and there >140,000 RCC-associated deaths
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yearly (1). Although kidney cancer is often treated by chemo-
therapy, the side effects of chemotherapy are not well tolerated
by a number of patients (2). Therefore, novel antitumor drugs
with low toxicity and high efficiency are urgently required.

Ursolic acid (UA) is a pentacyclic triterpenoid carboxylic
acid (3) known to have antitumor effects on various types
of malignant tumors, such as lung cancer, breast cancer and
hepatocellular carcinoma (4-6). One of the most important
antitumor functions of UA is the inhibition of the invasiveness
of numerous types of cancer cells. UA has been demonstrated
to significantly suppress the invasive phenotype of human
gastric cancer cells (7,8) and inhibit cell migration, inva-
sion and activity of MMP-2 and -9 in non-small cell lung
cancer cells (9,10). Additionally, UA has inhibitory effects
on the growth and metastatic ability of osteosarcoma cells
by suppressing epidermal growth factor receptor (11,12).
However, to the best of our knowledge, no previous studies
have examined the effects of UA on the invasiveness of renal
cancer cells.

NLR family pyrin domain-containing 3 (NLRP3) inflam-
masomes are multi-protein complexes composed of the
intrinsic intracellular immune receptor NLRP3, the adaptor
protein apoptosis-associated speck-like protein containing
a CARD (ASC) and protease caspase-1 (13). The assembly
of this complex can induce the maturation and secretion of
pro-inflammatory factors, such as IL-1p and IL-18, thus
promoting the development of an inflammatory response (14).
Additionally, NLRP3 is associated with tumor development
NLRP3 signaling activation in macrophages can contribute
to colorectal cancer cell migration and invasion (15). NLRP3
inflammasomes serve a vital role in the regulation of the
proliferation and migration of lung cancer A549 cells (16).
Furthermore, it has been reported that liver X receptor a
promotes the metastasis of renal cell cancer via suppression of
the expression levels of NLRP3 inflammasomes (17). Whether
UA has a role in regulation of the NLRP3 inflammasome
remains to be investigated.

The present study aimed to explore the effects of UA on
A498 cells and resolve the underlying mechanisms to identify
a potential therapeutic agent for renal cancer treatment. The
cell viability assay and cell invasion assay were performed to
demonstrate that the cell viability and invasiveness of renal
cancer cells were decreased following UA exposure. Western
blotting was performed to detect the activation of the NLRP3
inflammasome and expression of MMP-2. MCC950 was
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used to inhibit the activation of NLRP3. Furthermore, it was
concluded that UA inhibited the invasiveness of A498 cells via
NLRP3 activation.

Materials and methods

Cell culture and regents. A498 cells were purchased from
the American Type Culture Collection. Cells were cultured
in DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C with
5% CO,. The medium was changed every 2 days. Cells were
used for experiments in their logarithmic growth phase. The
MTS reagent kit was obtained from Promega Corporation.
Primary antibodies for NLRP3 (cat. no. ab263899;
1:1,000), caspase-1 (cat. no. ab207802; 1:1,000), IL-1p (cat.
no. ab216995; 1:1,000), cleaved IL-1p p15 (cat. no. ab33774;
1:1,000), MMP-2 (cat. no. ab181286; 1:1,000) and GAPDH
(cat. no. ab181602; 1:1,000) were purchased from Abcam.
Secondary HRP-conjugated goat anti-rabbit IgG antibodies
were purchased from Beyotime Company, Shanghai, China.
(cat. no. A0208; 1:10,000). UA was purchased from Tianjin
Jinyao Amino Acid Co., Ltd., and MCC950 was purchased
from MedChemExpress.

Cell cytotoxicity assay. A498 cells were seeded into a
96-well microplate and cultured until the cells reached 70%
confluency. Cells were cultured with medium containing UA
(0,0.05,0.5 and 5 M) for different periods of time (12, 24 and
48 h). Subsequently, 10 1 MTS was added and incubated at
37°C for 2 h. The absorbance value of each well was detected
at 490 nm using a microplate reader (BioTek Instruments, Inc).

Cell invasion assay. Cell invasion was assessed using a
Transwell assay (pore size, 8 pm; Corning Inc.). Briefly, cells
were treated with 0.5 uM UA or 50 nM MCC950 at 37°C
for 24 h. Then, 5x10* treated cells were seeded in the upper
chamber with serum-free medium. The cells were attached
to porous polycarbonate membranes, which were previously
coated with Matrigel basement membrane matrix at 37°C for
30 min. The lower chamber was filled with DMEM with 15%
FBS. Cells that failed to attach to the polycarbonate membranes
were removed with a cotton swab. Subsequently, cells were
incubated for 30 h at 37°C, and the invading cells were fixed
with 4% paraformaldehyde at room temperature for 30 min.
Subsequently, cells were stained with crystal violet dissolved
in 1% SDS for 30 min at 20°C. The number of cells visible in
three randomly selected visual fields under an Olympus CX23
light microscope (magnification, x200; Olympus Corporation)
was recorded.

Western blot analysis. A498 cells were lysed using lysis buffer
containing protease and phosphate inhibitors (Beyotime
Institute of Biotechnology) on ice for 30 min, and then the
cell lysis products were centrifuged at speed in 12,700 x g at
4°C for 10 min and the supernatant was collected. The total
concentration was measured using a BCA protein assay kit
(Thermo Fisher Scientific, Inc.) and total protein was boiled
for 5 min. Next, 30 ug protein/lane was loaded onto a 10%
gel, resolved using SDS-PAGE and transferred onto PVDF
membranes. The membranes were blocked with 5% bovine

serum albumin (Beyotime Institute of Biotechnology) at room
temperature for 2 h, incubated with primary antibodies at 4°C
overnight, washed with TBS containing 0.1% Tween 20 and
incubated with secondary antibody at room temperature for
2 h. The immunoreactivity was visualized by chemilumines-
cence agent (EMD Millipore) and quantified using Quantity
One software version 6.0 (Bio-Rad Laboratories Inc.).

Statistical analysis. All experiments were performed in
triplicate and data are presented as the mean + SD. Statistical
significance was analyzed using one-way ANOVA followed
by Dunnett's test when comparing differences between the UA
and control groups and Tukey's test was performed to compare
differences among all groups. All statistical analyses were
performed using GraphPad Prism v5.01 (GraphPad Software,
Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

UA treatment decreases the proliferation and invasiveness
of A498 cells. The proliferation of A498 cells was assayed
following UA treatment at different concentrations (0, 0.05,
0.5 and 5 uM) for 12 h. Treatment with 5 yM UA, but not
0.05 and 0.5 uM UA, significantly decreased the prolifera-
tion of A498 cells compared with untreated cells (Fig. 1A).
Additionally, A498 cells were treated with 5 uM UA for 12,
24 and 48 h. The proliferation of A498 cells decreased in
a time-dependent manner compared with that of untreated
cells (Fig. 1B). To avoid the effect of proliferation on cell
invasiveness, the effect of UA on invasiveness was analyzed
at a concentration of 0.5 M. The results of the Transwell
invasion assay revealed that there were significantly fewer
invasive cells following UA treatment compared with no
treatment (Fig. 1C and D).

UA treatment significantly increases the expression levels of
NLRP3, -caspase-1 p20 and IL-18pl5 and decreases MMP-2
expression in A498 cells. Caspase-1 pro exists in the cytoplasm
as an inactive proenzyme and caspase-1 pro is cleaved to
caspase p20 when caspase-1 is activated, which subsequently
actives and cleaves the pro-IL-1f3 into IL-1f p15 (18). To inves-
tigate the effect of UA on the expression levels of NLRP3 and
MMP-2 in A498 cells, A498 cells were treated with 0.5 uM UA
for 12 h. The results revealed that UA treatment significantly
increased the levels of NLRP3, caspase-1p20 and IL-1ppl15
compared with the control (Fig. 2A-D). Additionally, UA treat-
ment significantly decreased MMP-2 expression compared
with the control (Fig. 2E and F).

Increased NLRP3, caspase-1p20 and IL-1Bpl5 expression
and decreased cell invasiveness in response to UA are
abrogated by MCC950 treatment. A498 cells were exposed to
MCC950, an NLRP3 receptor antagonist, to assess the role of
NLRP3 inflammasomes and MMP-2 following UA treatment.
A concentration of 50 nM MCC950 was used to block the
NLRP3 receptor (19). MCC950 treatment after UA treatment
had no impact on of NLRP3 expression; however, significantly
decreased caspase-1p20 and IL-1Bpl5 protein expression
and increased MMP-2 protein expression compared with
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Figure 1. UA exhibits anticancer effects in A498 cells. (A) A498 cells were exposed to UA (0.0-5.0 uM) for 12 h, and cell viability was assessed using the
MTS assay. (B) A498 cells were treated with 5 M UA for 12, 24 and 48 h, and then cell viability was assessed via MTS assay. (C) A498 cells were treated
with 0.5 uM UA for 12 h, and the invasiveness of the cells was tested using a Transwell assay, (D) the invasive cells were counted and analyzed. ““P<0.001 vs.
control. UA, ursolic acid.
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Figure 2. Protein expression levels of NLRP3, caspase-1p20, IL-18p15 and MMP-2 in A498 cells following UA exposure. (A) Western blotting revealed that the
levels of (B) NLRP3, (C) cleaved caspase-1 and (D) IL-1p were increased following 0.5 M UA treatment for 12 h. (E) MMP-2 expression was determined by
western blotting and (F) analyzed. The data are presented as the mean + SD of three independent experiments. “P<0.01; ““P<0.001. UA, ursolic acid; NLRP3,
NLR family pyrin domain-containing 3.

UA groups (Fig. 3A-E). In the Transwell invasion assay, the = Discussion

number of invasive UA-exposed A498 cells was significantly

increased following treatment with MCC950 when compared = The present study revealed that UA exposure decreased the
with UA groups (Fig. 3F and G). proliferation and invasiveness of A498 cells, and significantly
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Figure 3. Protein expression levels of NLRP3, cleaved caspase-1, IL-13 and MMP-2 are increased by UA and the effect is reversed by MCC950. A498 cells
were co-cultured with 0.5 uM UA with or without 50 nM MCC950 for 12 h. (A) Western blotting was used to analyze the expression levels of (B) NLRP3,
(C) cleaved caspase-1, (D) IL-1p and (E) MMP-2. (F) A498 cell invasiveness was tested using a Transwell assay and (G) analyzed. Scale bar, 50 ym. The
data are presented as the mean = SD of three independent experiments. ““P<0.001 vs. control; “P<0.05 vs. UA. UA, ursolic acid; NLRP3, NLR family pyrin

domain-containing 3.

decreased MMP-2 production and induced activation of
NLRP3 inflammasome, and this effect could be reversed by
MCC950 treatment.

UA is atype of triterpenoid extracted from natural herbs (3),
which has been reported to have antitumor effects (4-6).
Exposure to UA has been associated with decreased prolifera-
tion of cancer cells (20,21). Xavier et al (20) demonstrated that
UA has an antiproliferative effect in human colorectal cancer
cells. Zhang et al (21) reported that UA inhibits proliferation by
inactivating Wnt/B-catenin signaling in human osteosarcoma
cells. Li er al (22) revealed that UA suppresses renal cancer
cell viability. The present study revealed that UA decreased
the proliferation of A498 cells in a dose- and time-dependent
manner. Additionally, it has been reported that UA decreases
the invasiveness of breast cancer cells (5). The present study
revealed that UA inhibited the invasiveness of A498 cells.

Incidence rates of renal cell cancer, which accounts for
85% of kidney cancer cases in adults (23). Patients with renal
cell cancer usually lack obvious symptoms (24) and ~17% of
newly diagnosed patients already have local invasions or have
progressed to stage IV with distant metastases (25). Cancer
metastasis is one of the characteristics of malignant tumors,
and involves MMPs (26). Nam et al (8) reported that UA
significantly decreased MMP-2 expression in gastric cancer
and this may be responsible for the anti-invasive activity
of UA. MMP-2 is a proteolytic enzyme that is capable of
degrading structural components of the extracellular matrix
that contribute to tumor invasion (27). In the present study,
UA exposure decreased MMP-2 expression in A498 cells.

Therefore, UA may have decreased the invasiveness of carci-
noma cells via the suppression of MMP-2 expression.
NLRP3 inflammasomes are an activating platform of
caspases, consisting of NLRP3, ASC and caspase-1 (13). The
activation of NLRP3 inflammasomes is closely associated
with tumor formation (28). Inhibition of the NLRP3 inflam-
masome in the tumor microenvironment leads to suppression
of the metastatic potential of melanoma cells (29). Suppressing
the expression levels of the NLRP3 inflammasome promotes
metastasis of renal cell cancer cells (17). The activation of
the inflammasome is a critical step to secrete mature IL-13
through stepwise reactions to activate caspase-1 (30). The
present study demonstrated that UA treatment increased the
expression levels of NLRP3, cleaved caspase-1 and IL-1f,
indicating that UA may activate the NLRP3 inflammasome.

It reported that the combination of MCC950 and NLRP3
results in the conformational change of NLRP3, affecting the
function of the Walker B motif in the nucleotide-binding fold
and then inhibiting the NLRP3 pathway without affecting the
expression of NLRP3 (31). Studies of the effect of MCC950
on tumors have been previously conducted (19,32). MCC950
markedly attenuates cancer-induced bone pain (32). NLRP3
inflammasome blockade by MCC950 delays tumorigenesis of
head and neck squamous cell carcinoma (19). In the present
study, MCC950 significantly inhibited the expression levels
of caspase-1p20 and IL-1Pp15, and increased MMP-2 expres-
sion in UA-treated A498 cells. Additionally, the number of
invasive UA-exposed A498 cells was significantly increased
by MCC950.
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In summary, the present study demonstrated that UA
may decrease the invasiveness of renal cancer A498 cells via
the activation of the NLRP3 inflammasome to suppress the
expression levels of MMP-2. UA may be used as a potential
therapeutic agent for renal cancer treatment.
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