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Because of the characteristics of high invasiveness, relapse, and poor prognosis, the management of malignant
gliomas has always been a great challenge. Nod-like receptor (NLR) family pyrin domain containing 3 (NLRP3) is
a crucial component of the NLRP3 inflammasome, a multiprotein complex that can trigger caspase 1/interleukin-1
(IL-1)-mediated inflammatory response once activated and participates in the pathogeny of diverse inflammatory
diseases as well as cancers. We examined the function of NLRP3 in the development of glioma. Glioma cells were
treated with NLRP3 interference or overexpression vectors, recombinant IL-1b, IL-1b antibody, and NF-kB inhibi-
tor. Cell proliferation and invasion were assessed by CCK-8 and Transwell assays. Gene expression was detected
by PCR, Western blot, and ELISA. NLRP3 and NF-kB p65 increased and were positively correlated in glioma
tissues. NLRP3 knockdown suppressed glioma cell growth and invasion with the decrease of IL-1b and NF-kB
p65. Conversely, forced expression of NLRP3 promoted cell growth. NLRP3 silencing suppressed ectogenous
IL-1b-elevated cell proliferation and invasion, whereas IL-1b elimination impaired the proproliferation effect of
NLRP3 hyperexpression. Furthermore, NF-kB blockage abrogated IL-1b and NLRP3 hyperexpression increased
cell growth and invasion. NLRP3 promoted the growth and invasion of gliomas via the IL-1b/NF-kB p65 signals.
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INTRODUCTION

Malignant gliomas are lethal primary brain tumors
and have the characteristics of high invasiveness, relapse,
and poor prognosis’. Considering the difficulty of com-
plete resection resulting from the diffuse infiltration,
adjuvant therapies, such as radiotherapy, cytotoxic che-
motherapy, and immunological and targeted therapies,
are frequently applied following surgery®. Even so, the
benefits are still unoptimistic, especially for glioblastoma,
only 5.5% of which can survival for 5 years after diagno-
sis*. Therefore, it is important to explore the underlying
mechanisms of glioma metastasis.

Numerous studies have paid attention to the effect of
inflammasome, a multiprotein complex that can trigger
caspase 1/interleukin-1 (IL-1)/1L-18-mediated inflamma-
tory response once activated by the stimuli of microbes
or intracellular noxious substances®®. According to the
difference of a pivotal component, including AIM2,
NLRP1, NLRP3, NLRC4, and NLRP6, inflammasomes
are divided into different subtypes’. Nod-like receptor
family pyrin domain containing 3 (NLRP3) is a member

of pattern recognition receptors. It is a pivotal component
of the NLRP3 inflammasome and is implicated in the
occurrence of many diseases®™°. Moreover, some stud-
ies reveal the important role of NLRP3 inflammasome
in human cancers. For example, suppression of the ele-
vated NLRP3 inflammasome with a specific inhibitor
impaired the survival and invasion capacities of A253
cells™. Excessive NLRP3 inflammasome activation ac-
counted for the development of 5-fluorouracil resistance
in oral squamous cell carcinoma'.

However, the function of NLRP3 in gliomas is still
elusive. To better understand the pathogenesis of gliomas,
we performed this research to investigate the adjustment
mechanisms of NLRP3.

MATERIALSAND METHODS
Antibodies and Reagents

The antibodies and reagents used were as follows:
NLRP3 (Ab210491; Abcam, Cambridge, MA, USA),
nuclear factor kB (NF-kB) p65 [#8242; Cell Signaling
Technology (CST), Danvers, MA, USA], IL-1b (Ab156791,;
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Abcam); GAPDH (#5174; CST), anti-IL-1b (AB8320;
Abcam), recombinant human IL-1b (201-LB ; RD), PDTC
(P8765; Sigma-Aldrich, St. Louis, MO, USA).

Tissue Samples and Cells

Tumor tissues and adjacent normal tissues were col-
lected from glioma patients who underwent surgery in The
First Affiliated Hospital of Kunming Medical University.
Informed consent from the all patients was obtained in
advance. U251 and U87 cells were purchased from the
American Type Culture Collection (ATCC; Manassas, VA,
USA). Dulbecco’s modified Eagle’s medium (DMEM) was
purchased from HyClone (SH30243.01; Logan, UT, USA).
Fetal bovine serum (FBS) was purchased from Gibco
(16000-044; Grand Island, N, USA). The cells were cul-
tured in DMEM containing 10% FBS and 1% penicillin—
streptomycin (PS) in a 37°C incubator with 5% CO,.

Cell Transfection

Interference sequence that targets NLRP3 (GCTGT
AACATTCGGAGATT, position 3052) was synthe-
sized and integrated into pLKO.1 plasmid (Addgene,
Cambridge, MA, USA). Then the expression vectors were
transformed into competent cells of DH5a (TransGen,
Beijing, P.R. China). The bacteria solution was coated on
LB agar plates and cultured. The transformants that con-
tained pLKO.1-shNLRP3 plasmids were authenticated
by polymerase chain reaction (PCR) and gene sequenc-
ing. Finally, pLKO.1-shNLRP3, psPAX2, and pMD2G
plasmids were isolated and cotransfected into 293T cells
for the packaging of recombinant lentiviral vectors. The
culture supernatants were collected. For the construction
of NLRP3 hyperexpression vectors, the coding sequence
of NLRP3 was integrated into pLVX-Puro plasmids. The
remaining procedures were similar with those mentioned
above. Glioma cells were divided in different groups and
transfected with different recombinant lentiviral vectors.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was isolated from samples by TRIzol
(1596-026; Invitrogen Life Technologies, Carlsbad, CA,
USA), and cDNA was synthesized using the RevertAid
First Strand cDNA Synthesis Kit (#K1622; Thermo
Fisher Scientific Inc., Rockford, IL, USA). Reaction
was performed on the ABI 7300 Real-Time PCR System
(Applied Biosystems Life Technologies, Foster City,
CA, USA) with the SYBR Green gPCR Master Mixes
(#K0223; Thermo Fisher Scientific Inc.). Relative mMRNA
quantity was calculated by the 27" method. The prim-
ers used were as follows: NLRP3 (NM_001079821.2),
5¢CTGGAGGATGTGGACTTG-3¢ (forward) and 5¢G
TCTGCCTTCTCTGTCTG-3¢ (reverse); NF-kB p65
(NM_001145138.1), 5¢GAATGGCTCGTCTGTAGTG-
3¢ (forward) and 5¢TGGTATCTGTGCTCCTCTC-3¢
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(reverse); GAPDH (NM_001256799.1), 56CACCCAC
TCCTCCACCTTTG-3¢ (forward) and 56CCACCACC
CTGTTGCTGTAG-3¢(reverse).

Western Blotting

Samples were treated with RIPA Lysis Buffer
(Solarbio, Beijing, P.R. China) to extract the total protein.
The proteins were quantified and stored at —20°C before
use, and 10% sodium dodecyl sulfate polyacrylamide gel
was prepared to isolate the proteins. After transferring
to the nitrocellulose membrane, the bands were blocked
with 5% nonfat milk. Then the corresponding primary
and secondary antibodies were diluted to appropriate
concentrations and added to the protein bands, respec-
tively. Finally, the protein bands were scanned with Tanon
5200 (Tanon, Shanghai, P.R. China). Integrated density
value was used to calculate the relative protein quantity.

Enzyme-Linked Immunosorbent Assay (ELISA)

IL-1b concentrations were detected with the human
IL-1b ELISA Kit by reference to the manufacturer’s
instructions. Briefly, cell culture supernatant was col-
lected for use. Blank and sample wells were set on the
ELISA plate. Sample dilution (40 pl) and 10 pl of cell
culture supernatant were added to the sample wells. After
incubating for 30 min at 37°C, the wells were washed
with washing buffer and filled with 50 pl of horseradish
peroxidase (HRP)-conjugated reagent. After incubating
and washing as above, chromogen solution was added to
each well. Finally, stop solution was used to halt the reac-
tion and the absorbance at 450 nm was detected. IL-1b
concentrations were calculated according to the standard
curve.

Cell Counting Kit-8 (CCK-8) Assay

U87 and U251 cells were seeded into 96-well plates
(3" 10°%well) and cultured overnight. Then the cells
were divided into different groups and exposed to differ-
ent treatments. After incubating for 0, 24, 48, and 72 h,
CCK-8 solution was added to each well. The absorbance
at 450 nm was detected to evaluate cell viability.

Transwell Assay

U87 and U251 cells were seeded into six-well plates
and divided into different groups. After treatment for
48 h, cells were digested and added to the chambers
coated with Matrigel (9~ 10%well). Forty-eight hours
later, the chambers were immersed in 4% paraformalde-
hyde and 0.5% crystal violet solution consecutively. Cell
counting was performed under a microscope.

Satistical Analysis

All the experiments were performed at least three times.
Results were presented as mean=standard deviation (SD)
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and were analyzed with GraphPad Prism 6 software
(GraphPad Software, Inc., La Jolla, CA, USA). Student’s
t-test and one-way analysis of variance (ANOVA) were
applied to the analysis. The correlation of NLRP3 and
NF-kB p65 expression in tissue samples was examined
by Bravais—Pearson correlation coefficient. A value of
p<0.05 was regarded as statistically significant.

RESULTS

NLRP3 and NF-«B p65 Were Upregulated and
Positively Correlated in Glioma Tumor Tissues

It has been reported that the NF-kB pathway is impli-
cated in inflammatory response and tumorigenesis™*. To
investigate the expression of NLRP3 and NF-kB p65 in
gliomas, 40 glioma tumor tissues and 18 adjacent normal
tissues from glioma patients were collected for gRT-PCR
and Western blot analysis. As shown in Figure 1A and B,
NLRP3 and NF-kB p65 transcription increased in glioma
tumor tissues compared with normal tissues. Moreover, the
MRNA level of NLRP3 was positively correlated with that
of NF-kB p65 (r=0.7333, two-tailed p<0.0001) (Fig. 1C).
Consistent with the elevated transcription, NLRP3 and
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NF-kB p65 protein levels also increased (Fig. 1D and E).
In summary, upregulated NLRP3 might promote glioma
formation and progression by activating NF-kB signaling.

NLRP3 Knockdown SQuppressed Glioma Cell Growth and
Invasion Through the Decrease of IL-1 and NF-xB p65

Next, we examined the biological function of NLRP3
in sShRNA-mediated NLRP3-silenced glioma cell lines.
NLRP3-shRNA was transferred into U87 and U251 cells
by lentiviral vectors to block the expression of NLRP3.
Transfection efficiency was verified by gRT-PCR and
Western blot (Fig. 2A and B). As shown in Figure 2C and
D, cell proliferation and invasion were significantly sup-
pressed with NLRP3 silencing. Because of the regulation
of NLRP3 inflammasome on the generation and secre-
tion of bioactive IL-1b, we performed ELISA to detect
the extracellular IL-1b. As expected, NLRP3 knockdown
reduced IL-1b concentration in cell culture supernatants
(Fig. 2E). Western blot further revealed the downregula-
tion of intracellular IL-1b. These results partly indicated
the attenuation of NLRP3 inflammasome activation. In
addition, NF-kB p65 reduced with NLRP3 silencing.
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Figurel. NLRP3 and nuclear factor kB (NF-kB) p65 were upregulated and positively correlated in glioma tumor tissues. The mMRNA
levels of NLRP3 and NF-kB p65 were detected by quantitative real-time polymerase chain reaction (QRT-PCR) in glioma tumor tis-
sues (n=40) and adjacent normal tissues (n=18). The protein levels were detected by Western blot in 12 pairs of tissue specimens.
(A) Relative mRNA levels of NLRP3. (B) Relative mRNA levels of NF-kB p65. (C) Correlation analysis of NLRP3 and NF-kB p65
expression in glioma tumor tissues. (D) Western blot results of NLRP3 and NF-kB p65 expression. (E) Quantification of NLRP3 and

NF-kB p65 expression. ***p<0.001.
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Figure 2. NLRP3 knockdown suppressed glioma cell growth and invasion through the decrease of interleukin-1b (IL-1b) and NF-kB
p65. NLRP3 expression was transferred with shRNA in U87 and U251 cells to investigate the function of NLRP3 on cellular processes
and the signal pathways involved. (A) The results of gRT-PCR to identify the silencing of NLRP3. (B) The results of Western blot to
identify the silencing of NLRP3. (C) Cell counting kit-8 (CCK-8) assay for cell proliferation after NLRP3 silencing. (D) Transwell
assay for cell invasion after NLRP3 silencing. All the pictures were obtained from the visual fields under a microscope (200").
(E) 1L-1b secretion detected by enzyme-linked immunosorbent assay (ELISA). (F) Western blot results of IL-1b and NF-kB p65
expression. WT: normal cultured glioma cells; NC: glioma cells transfected with empty vectors; shNLRP3: glioma cells transfected
with NLRP3-shRNA; ns: no significant difference. **p<0.01. ***p<0.001.
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In conclusion, NLRP3 silencing might suppress glioma
cell growth and invasion via the NLRP3 inflammasome
pathway-mediated NF-kB p65 decrease.

NLRP3 Slencing or NF-kB Blockage Abrogated
IL-1f-Increased Cell Proliferation and Invasion

Recent studies reported that IL-1b stimulated cell pro-
liferation and migration'>*®. In addition, NLRP3 inflam-
masome activation could stimulate IL-1b secretion. We
added exogenous IL-1b to glioma cells to simulate the
excessive activation of NLRP3 inflammasome and fur-
ther investigated the impact of NLRP3 on glioma cell sur-
vival and invasion. U87 cells were pretreated with 5 ng/
ml of recombinant human IL-1b before transfection with
NLRP3-shRNA or treatment with PDTC. CCK-8 assay
demonstrated that IL-1b promoted cell growth. Moreover,
the proproliferation effect was significantly inhibited
in the presence of NLRP3-shRNA or PDTC (Fig. 3A).
Similarly, IL-1b-increased U87 invasion and NF-kB p65
expression were suppressed with NLRP3 knockdown
or NF-kB blockage (Fig. 3B and C). Collectively, both
NLRP3 silencing and NF-kB blockage could suppress
IL-1b-elevated proliferation and invasion capacities of
glioma cells.
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IL-18 Elimination or NF-xB Blockage Abrogated NLRP3
Hyperexpression-Increased Cell Proliferation

NLRP3-hyperexpressed U87 cells were used to
examine the effect of NLRP3 from another perspective.
Figure 4A and B demonstrates that NLRP3 transcrip-
tion and translation were enhanced by pLVX-NLRP3,
suggesting the hyperexpression of NLRP3. To examine
whether the pro-IL-1b amount is enough after NLRP3
overexpression and the effect of NF-kB blocking on
pro-IL-1b levels, the pro-IL-1b expression response
to NLRP3-pLVX transfection and/or PDTC treatment
was measured by Western blot. As shown in Figure 4C,
NLRP3 overexpression significantly increased the pro-
IL-1b level and PDTC treatment decreased the pro-IL-1b
level in U87 cells. Thus, depletion of endogenous IL-1b
with neutralizing antibody was performed to simu-
late the blockage of NLRP3 inflammasome activation.
According to the CCK-8 assay (Fig. 4D), forced expres-
sion of NLRP3 promoted cell growth, whereas IL-1b
depletion could partly attenuate the promotion effect.
Analogously, PDTC inhibited NLRP3 hyperexpression-
accelerated cell growth. Taken together, NLRP3 could
promote glioma cell proliferation via the IL-1b/NF-kB
p65 signals.
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Figure 3. NLRP3 silencing or NF-kB blockage abrogated IL-1b-increased cell proliferation and invasion. U87 cells were pretreated
with IL-1b and then transfected with NLRP3-shRNA or treated with PDTC. (A) Cell growth detected by CCK-8 assay. (B) Cell inva-
sion detected by Transwell assay. (C) NF-kB p65 expression detected by Western blot. Control: normal cultured U87 cells; IL-1b+NC:
U87 cells treated with IL-1b and transfected with empty vectors; IL-1b+shNLRP3: U87 cells treated with IL-1b and transfected with
NLRP3-shRNA; IL-1b+PDTC: U87 cells treated with IL-1b and PDTC. *p<0.05, **p<0.01, ***p<0.001.
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Figure 4. IL-1b elimination or NF-kB blockage abrogated NLRP3 hyperexpression and increased cell proliferation. U87 cells were
transfected with NLRP3-pLVX and then treated with IL-1b neutralizing antibody or PDTC. (A) Forced expression of NLRP3 detected
by qRT-PCR. (B) Forced expression of NLRP3 detected by Western blot. U87 cells were transfected with NLRP3-pLV X and/or treated
with PDTC. (C) The expression of pro-IL-1b was measured by Western blot. (D) Cell growth detected by CCK-8 assay. WT: normal
cultured U87 cells; NC: U87 cells transfected with empty vectors; pLVX-NLRP3: U87 cells transfected with NLRP3-pLVX; pLVX-
NLRP3+anti-1L-1b: U87 cells transfected with NLRP3-pLVX and treated with IL-1b neutralizing antibody; pLVX-NLRP3+PDTC:
U87 cells transfected with NLRP3-pLVX and treated with PDTC. ***p<0.001.

DISCUSSION

Inflammation is an essential defense response relying
on innate immunity. Transitory inflammatory reaction can
protect host cells against harmful factors, such as infection
and tissue damage. However, prolonged inflammatory
reaction is important for the pathogenesis of numerous
diseases, including cancers'"™*°. On the one hand, chronic
inflammation-mediated cytokine secretion constitutes the
inflammatory microenvironment, which impacts the bio-
logical processes of cells. For example, IL-1 altered the
secretome associated with tumor progression in glioma®.
On the other hand, tumor microenvironment-recruited
immune cells can facilitate tumor metastasis through
cytokine-mediated signaling cascades. For instance, B

cells promoted bladder cancer metastasis though the reg-
ulation of 1L-8 on the downstream androgen receptor and
MMP signals?. Pattern recognition receptors are needed
for inflammation initiation. Consequently, NLRP3 may
play a crucial role in tumorigenesis and metastasis.

In the present study, NLRP3 knockdown and hyper-
expression were used to identify whether NLRP3 could
alert the malignant phenotypes of glioma cell lines.
Previous studies demonstrated the regulatory effects of
the NF-kB pathway on innate immune and inflamma-
tion. Dysregulation of NF-kB is implicated in diverse
autoimmune and inflammatory diseases'**. According
to the detection in clinical samples, NLRP3 and NF-kB
p65 increased in glioma tissues compared with adjacent
normal tissues, and the mRNA levels were positively
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correlated. NLRP3 silencing remarkably suppressed the
growth and invasion of glioma cell lines with the decrease
of IL-1b and NF-kB p65 expression. Conversely, forced
expression of NLRP3 promoted glioma cell growth.
According to a previous study, IL-1b could stimulate
glioma cell proliferation, migration, and invasion'®. Our
research confirmed the facilitation effects with the appli-
cation of recombinant human IL-1b. Moreover, NLRP3
knockdown could reverse IL-1b-elevated proliferation
and invasion. IL-1b neutralizing antibody also weakened
the proproliferation effect of NLRP3 hyperexpression.
Furthermore, PDTC-induced NF-kB blockage antago-
nized the impacts of IL-1b and NLRP3 hyperexpression.
All of these suggest that NLRP3 affects glioma formation
and progression via the 1L-1b/NF-kB p65 signals.

Tarassishin etal. investigated the role of IL-1b in malig-
nant gliomas®. Results showed that IL-1b expression and
secretion increased in glioma cells compared with human
astrocytes and were regulated by annexin A2. The secre-
tome of glioma cells induced by IL-1b could promote
angiogenesis. Furthermore, NLRP3 inflammasome was
implicated in the processing of IL-1b. Another research
study showed that NLRP3 silencing with shRNA sup-
pressed the expression of caspase 1 and IL-1b and decel-
erated tumor growth in U87 xenograft mouse model®,
which revealed the anticancer effect of NLRP3 silencing
in vivo. Different from these studies, our present study
emphasized the specific effect of NLRP3 on glioma for-
mation and progression through NLRP3 knockdown or
overexpression. In addition, we investigated the function
of NLRP3 on several cellular processes in glioma cell
lines, such as cell proliferation and invasion. Except for
the momentous discoveries, there are also some limita-
tions of this study. The expression of other components of
NLRP3 inflammasome, such as caspase 1, is not detected
after NLRP3 silencing or hyperexpression. In addition,
the relevant downstream molecules of the NF-k B pathway
are still unknown, which needs further investigation.

Not only NF-kB but also JAK/STAT and MAPK
signaling pathways are required for innate immunity®?.
Whether they are correlated with NLRP3 inflammasome
in cancers is worthy of exploration. It has been reported
that some agents exert pharmacological activities though
the inhibition of NLRP3 inflammasome and NF-kB sig-
naling, such as the anti-inflammatory effect of rhein in
vitro and in vivo®, suppression of lung injury by sily-
bin in mice®, and the treatment for imiquimod-induced
psoriasis by BAY 11-7082%. Therefore, the application
of targeting NLRP3 in cancer therapy needs to be further
validated.

In conclusion, as a pivotal component of the NLRP3
inflammasome, NLRP3 exerts carcinogenesis in gliomas
through the proinflammatory I1L-1b/NF-kB signaling. Anti-
NLRP3 may be a promising therapy option for gliomas.
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