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The NLRP3 (nucleotide-binding domain, leucine-rich repeat family pyrin domain containing 3) inflammasome plays an important role in the initiation of inflammatory responses, through the recognition of
pathogen-associated molecular patterns and tumor progression, including tumor growth and metastasis.
In this study, we examined the effects of defective NLRP3 on the growth, migration, and invasiveness of
hepatocellular carcinoma (HCC) SK-Hep1 cell. First, HCC SK-Hep1 cells were transfected with human
NLRP3 targeting LentiCRISPRv2 vector using the CRISPR-Cas9 system, and NLRP3 deficiency was confirmed by RT-qPCR and western blotting. NLRP3 deficient SK-Hep1 cells showed delayed cell growth and
decreased protein expression of PI3K, p-AKT, and pNF-κB when compared to NLRP3 complete SK-Hep1
cells. In addition, NLRP3 deficiency arrested the cell cycle at G1 phase through an increase in p21 and a
reduction in CDK6. NLRP3 deficient SK-Hep1 cells also showed significantly delayed cell migration, invasion, and wound healing. The expression of epithelial-mesenchymal transition signaling molecules, such as
N-cadherin and MMP-9, was found to be dramatically decreased in NLRP3 deficient SK-Hep1 cells compared to NLRP3 complete SK-Hep1 cells.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most
common primary carcinoma with ranked to third following lung cancer and stomach cancer in terms of mortality
[1]. HCC is known to be a highly aggressive and invasive
tumor type compared to others [2, 3]. SK-Hep1 is wellstudied human cell line that derived from a liver adenocarcinoma and has shown to have mesenchymal characteristics such as invasiveness and metastasis which are
important features in cancer development [4].
NLRP3 belongs to the NOD-like receptors (NLR)
family and NLRP3 with the adaptor ASC consists of a
caspase-1 activating complex known as the NLRP3
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inflammasome [5]. NLRP3 inflammasome is activated
by extracellular stimulant or intracellular damagerelated molecular pattern and induces the maturation of
inflammatory cytokines such as IL-1β and IL-18 [5]. The
contribution of NLRP3 inflammasome to the inflammatory responses and inflammation in cancer initiation,
development, and invasion have been extensively
studied [6]. However, the role of NLRP3 inflammasome
in cancer progress is not clearly understood yet [7]. Wei
et al. reported the downregulated expression of NLRP3
inflammasome in human hepatocellular carcinoma [8].
However, NLRP3 inflammasome activated by chronic
hepatitis was shown to induce hepatic fibrosis, which is
positively linked with HCC [9].
The growth of cancer cell is controlled by complex processes including cell cycle and intracellular signaling
molecules such as phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K), protein kinase B (AKT) and nuclear
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factor kappa-light-chain-enhancer of activated B cells
(NF-κB) [10, 11]. p21 is one of the cell cycle regulating
proteins, which binds to cyclin- cyclin-dependent kinases
(CDKs) complexes and inhibits the activity of CDKs [10].
Epithelial-mesenchymal transition (EMT) is a transitional process that epithelial tumor cells switch their
phenotype into mesenchymal state, which changes from
a proliferative to a migratory and invasive state [12, 13].
EMT has been reported to occur at the beginning of
organ fibrosis, wound healing and tumor metastasis
[14]. The EMT process of tumor cells is known to show
increased expression of N-cadherin, vimentin, fibronectin,
snail and downregulated expression of E-cadherin [15].
Also, several matrix metalloproteinases such as MMP2
and MMP9 are reported to support tumor invasiveness
and metastasis [16].
In present study, we investigated the effect of defective NLRP3 on HCC SK-Hep1 cell growth, migration
and invasiveness and we also explored the intracellular
signaling molecules participating in the effect of NLRP3
deficiency in SK-Hep1.

Materials and Methods
Cell line and cell culture
Human hepatocellular carcinoma SK-Hep1 was purchased from Korea cell line bank (SNU, Seoul, Korea).
SK-Hep1 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM, Gibco, USA). Cells were
treated with 10% heat-inactivated fatal bovine serum
(FBS, Gibco), 100 U/ml penicillin and streptomycin
(Gibco) and incubated at 37℃ in an incubator in humidified atmosphere with 5% CO2.
Cell transfection
The sgRNA sequence was designed using the web tool
of the Centre for Organismal Studies, Heidelberg
University (CCTop, https://crispr.cos.uni-heidelberg.de/).
The following oligo set was used to target the NLRP3
gene: forward oligo 5'-AAA GAA AAC AGC TGC
AGATGA AGC-3', reverse oligo 5'-CAC CCA GCT GTT
TTC AGG GTC CTT-3'. The sgRNA targeting human
NLRP3 (NM_001127461.2) was designed and cloned
into the LentiCRISPRv2 vector (Addgene number
52961). The LentiCRISPRv2 vector was co-transfected
with the lentivirus packaging plasmids (psPAX2,
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pMD2.G) into SK-Hep1 for 72 h. The viral supernatants
were then harvested, filtered, and used to infect SKHep1 for 24 h. Thereafter, the viral supernatants were
replaced with fresh DMEM medium and treated with
0.25 μg/ml puromycin every 2 to 3 days.
Real-time quantitative polymerase chain reaction (RTqPCR)
Total RNA was measured using RT-qPCR technique.
Total RNA and cDNA were extracted by TaKaRa Mini
BEST Universal RNA Extraction Kit #9767 (TaKaRa,
Japan) and PrimeScript TM 1st Strand cDNA Synthesis
Kit #6110A (TaKaRa), respectively. All the processes
were carried out according to the manufacturer’s
instructions using SYBER Green (BioLine, UK) based
fluorescent DNA binding dye. Briefly, SK-Hep1 were
plated with a density of 5 × 105 cells per well in a 6-well
plate and incubated overnight. Thereafter, these cell
was harvested to determine the total cellular RNA.
Isolated RNA was quantitated by using nanodrop. Cycle
threshold (CT) value were analyzed with ΔΔCT quantification method. Following conditions were used for realtime qPCR; 20 sec at 94℃ for denaturation, 20 sec at
60℃ for annealing, 1 min at 72℃ for extension for 40
cycles. Forward and Reverse primer sequences were as
follows:
1. Human NLRP3
Forward (5'-TGA GTG CTG CTT CGA CAT CTC CTT-3')
Reverse (5'-ATT GCA CAA CAG GTG CTT CAG TCC-3')
2. GAPDH
Forward (5'-TCT CCT CTG ACT TCA ACA GCG ACA-3')
Reverse (5'-CCA CCC TGT TGC TGT AGC CAA ATT-3').
Cell growth assay
Cell growth was determined using Cell Counting Kit-8
(Dojindo, USA). Briefly, Hepatocellular carcinoma SKHep1 cells were plated in 96-well plate overnight. After
24, 48 or 72 h, the cells were treated with CCK-8 reagent
for 3 h, and measured at 450 nm by microplate reader.
Cell cycle analysis
Cells were seeded at a density of 1 × 106 cells/well in 6well plates for 24 h. Cells were harvested by trypsinization and fixed with 70% ethanol for 20 min at 4℃. After,
cells were resuspended in PBS buffer containing 0.2 mg/
ml RNase A (Qiagen, Germany) and incubated for 1 h at
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37℃. Cells were then stained with propidium iodide for
30 min in the dark. Stained cells were analyzed using a
flow cytometer (Merck Millipore, USA).
Western blot analysis
SK-Hep1cells were seeded at a density of 5 × 105 cells
per well in 6-well plate for 24 h. Proteins were lysed
using protein extraction buffer supplemented with phosphatase inhibitor (Gendepot, USA). Proteins extracted
from cells were quantitated with Coomassie (Bradford)
Protein Assay, separated by electrophoresis, and
transferred onto membranes (0.45 μM pore size Merck
Millipore). The membranes were blotted with NLRP3
#15101 (Cell Signaling Technology, USA) antibody and
PI3K #4255 (Cell Signaling Technology), Phospho-AKT
#4060 (Cell Signaling Technology), AKT #9272 (Cell
Signaling Technology), E-Cadherin #SC-7870 (Santa
cruz biotechnology, USA), MMP-9 #SC-13520 (San
tacruz biotechnology), N-Cadherin #13116 (Cell Signaling
Technology), Phospho-NF-kB #3033 (Cell Signaling
Technology), NF-kB #ABE347 (Merck Millipore), p21
#2947 (Cell Signaling Technology, USA), Cyclin D1 #2978
(Cell Signaling Technology), CDK4 #12790 (Cell Signaling Technology), CDK6 #3136 (Cell Signaling Technology), CDC2 #77055 (Cell Signaling Technology), and
GAPDH, β-actin as 1st antibodies. After the blotting, the
membranes were blotted with proper 2nd antibodies,
visualized with enhanced chemiluminescent (ECL)
dection solution (Invitrogen, USA #16026).
Transwell assay
Invasive capability of SK-Hep1 cells were evaluated
with a transwell system (Corning Inc, USA). Briefly, the
surface of upper chamber of transwell insert was coated
with 0.5 mg/ml of Matrigel, and lower chamber was
coated with 0.5 mg/ml of collagen (Corning Inc.). Cells
were seeded into the upper chamber of the transwell in a
100-ml volume of medium with serum at a density of 4 ×
104 cells/Ml. The lower chamber was filled with medium
containing 10% serum. The cells were incubated for 12
or 24 h at 37℃. After incubation, the medium was aspirated and the cells were washed twice with DPBS. The
cells were fixed with 100% methanol for 1 min at room
temperature, followed by washing and staining with
0.5% crystal violet (Sigma-Aldrich,) diluted in DPBS for
20 min at room temperature in the dark. The invasive
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cells were counted under a light microscope ×40).
Scratch motility assay
Briefly, cells were plated at a density of 2 × 105 cells/
well in a 24-well plate and incubated overnight. A
wound was created by making a scratch (1 mm width).
The cells were washed twice with DPBS and incubated
with fresh medium. Cells were observed for different
time points (0, 24 h and 48 h). Images were captured
under a light microscope (×100).
Statistical analysis
Data were processed using Microsoft Excel, and the
results are presented as mean ± standard deviation
(SD). Comparison of means were performed with t-test
followed by Fisher’s Least Significant Difference as a
post hoc test. Difference among groups was considered
significant at a value of p < 0.05.

Results
Confirmation of NLRP3 deficiency in SK-Hep1 using
CRISPR/Cas9 system
NLRP3 deficient SK-Hep1 was constructed by transfection with LentiCRISPRv2 including sgRNA targeting
human NLRP3. To confirm the downregulation of
NLRP3, the mRNA and protein level of NLRP3 expression were measured in both NLRP3 complete SK-Hep1
(CRISPER-Con) and NLRP3 deficient SK-Hep1
(CRISPER-NLRP3). Fig. 1A shows that a transfection
efficiency is more than 90% (Fig. 1A). Western blot analysis also confirms that there is a significant decrease of
NLRP3 protein in CRISPR-NLRP3 compared to CRISPRCon (Figs. 1B and 1C).
Effect of NLRP3 deficiency on the growth of SK-Hep1
First, we investigated the effect of NLRP3 deficiency
on the growth of SK-Hep1 using CCK-8 assay. Fig. 2A
shows that the growth of CRISPR-NLRP3 is significantly delayed compared to CRISPR-Con (Fig. 2A). As
expected, there is dramatic decrease in the protein
expressions of PI3K, AKT and NF-κB in CRISPRNLRP3, which are important signaling molecules for
tumor growth (Figs. 2B and 2C). Therefore, we suggest
that NLRP3 deficiency substantially delays the growth
of SK-Hep1, which positively correlates with the expres-
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Fig. 1. Confirmation of NLRP3 deficiency in SK-Hep1 using CRISPR/Cas9 system. NLRP3 deficient SK-Hep1 was constructed by
transfection with LentiCRISPRv2 including sgRNA targeting human NLRP3. The mRNA and protein level of NLRP3 expression were
measured using q-PCR and western blot in both NLRP3 complete SK-Hep1 (CRISPER-Con) and NLRP3 deficient SK-Hep1 (CRISPERNLRP3). (A) Relative mRNA expression of NLRP3, (B) Expression of NLRP3 protein, and (C) Relative band intensity of NLRP3 protein.
Comparison of means were performed with t-test and significant difference is shown: * p < 0.05.

Fig. 2. Effect of NLRP3 deficiency on the growth of SK-Hep1. CRISPER-Con or CRISPER-NLRP3 was seeded in 96-well bottom plate
with a density of 1 × 104 cells per well and incubated for 24, 48, and 72 h. And then, the cell viability (%) was measured by CCK-8
assay and western blot analysis for proteins expression of PI3K, p-AKT, AKT, pNK--κB and NF-κB was performed. (A) Percentage of
cell growth (%), (B) Expression of PI3K, p-AKT, AKT, pNK--κB and NF-κB proteins, and (C) Relative band intensity of PI3K, p-AKT, AKT,
pNK--κB and NF-κB proteins. Comparison of means were performed with t-test and significant difference is shown: * p < 0.05.

http://dx.doi.org/10.48022/mbl.2107.07004

NLRP3 Downregulation Delays Hepatocellular Carcinoma SK-Hep1 Growth, Migration and Invasion

sion of PI3K, AKT and NF-κB.
Effect of NLRP3 deficiency on cell cycle regulation of SKHep1
Next, we examined if NLRP3 deficiency affects the cell
cycle of SK-Hep1. Both CRISPER-Con and CRISPERNLRP3 were stained with propidium iodide (PI) and
analyzed using flow cytometry. As shown in Fig. 3A and
3B, NLRP3 deficiency significantly increased the cell
cycle arrest at G1 phase (CRISPER-Con, 45.18%;
CRISPER-NLRP3, 49.93%). We further investigated
whether NLRP3 deficiency changes the expression of
cell cycle related proteins such as p21, CDK2,4,6 and
Cyclin D1. Figs. 3C and 3D shows that the expression of
p21 protein is significantly upregulated along with the
reduction of CDK 6 expression (Figs. 3C and 3D).
However, there is little difference in the protein expressions of CDK2,4 and Cyclin D1(Figs. 3C and 3D). These
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data indicate that NLRP3 deficiency may target G1
phase arrest through inhibiting the expressions of CDK6
in SK-Hep1.
Effect of NLRP3 deficiency on cell migration, invasion and
wound healing of SK-Hep1
To investigate the effect of NLRP3 deficiency on tumor
metastasis of SK-Hep1 in vitro, transwell assay with or
without collagen was applied to evaluate tumor cell
invasion or migration, respectively. Fig. 4A and 4B show
that the number of migrating or invading cells is
decreased in CRISPR-NLRP3 compared to CRISPR Con,
which is statistically significant (Figs. 4A and 4B).
Scratch motility assay also presents that wound healing
capability is considerably inhibited in CRISPR-NLRP3
compared to CRISPR Con at both 24 h and 48 h points
(Fig. 4C). These results suggest that NLRP3 deficiency
has a negative effect on cell migration, invasion and

Fig. 3. Effect of NLRP3 deficiency on cell cycle regulation of SK-Hep1. CRISPER-Con or CRISPER-NLRP3 was plated in 6-well
bottom plate with a density of 5 × 105 cells per well and cultured for 24 h. For cell cycle assay, cells were stained with propidium
iodide (PI), and analyzed using flow cytometry. And, cells were also lysed, and western blot analysis for proteins expression of p21,
Cyclin D1 and CDK 2,4,6 was performed. (A) Representative plots of cell cycle progress of CRISPER-Con or CRISPER-NLRP3, (B) The
percentage of individual cell cycle distribution from three independent experiments, (C) Expression of p21, Cyclin D1 and CDK 2,4,6
proteins, and (D) Relative band intensity of p21, Cyclin D1 and CDK 2,4,6 proteins compared to the loading control. Comparison of
means were performed with t-test and significant difference is shown: * p < 0.05.
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Fig. 4. Effect of NLRP3 deficiency on cell migration, invasion and wound healing of SK-Hep1. For migration assay (A), CRISPERCon or CRISPER-NLRP3 was seeded in the upper chamber of transwell at a density of 2–5 × 105 cells/ml, after 24 h of incubation,
cells were stained with crystal violet (scale value is 100px). For invasion assay (B), a transwell insert was coated with Matrigel. For
wound healing assay (C), Scratch motility method was used. Comparison of means were performed with t-test and significant differences are shown: * p < 0.05.

Fig. 5. Effect of NLRP3 deficiency on EMT signaling molecules of SK-Hep1. CRISPER-Con or CRISPER-NLRP3 was plated in 6-well
bottom plate with a density of 5 × 105 cells per well and cultured for 24 h, and western blot analysis for proteins expression of Ecadherin, N-cadherin and MMP-9 was performed. (A) Expression of E-cadherin, N-cadherin and MMP-9, and (B) Relative band intensity of E-cadherin, N-cadherin and MMP-9 proteins compared to the loading control. Comparison of means were performed with
t-test and significant differences are shown: * p < 0.05.

http://dx.doi.org/10.48022/mbl.2107.07004

NLRP3 Downregulation Delays Hepatocellular Carcinoma SK-Hep1 Growth, Migration and Invasion

wound healing of SK-Hep1.
Effect of NLRP3 deficiency on EMT signaling molecules of
SK-Hep1
EMT is known to correlate with increased cell migration and invasiveness in tumor development [17]. Therefore, we explored if NLRP3 deficiency inhibits the
expressions of EMT associated molecules such as N-cadherin, E-cadherin and MMP-9. Fig. 5A and 5B show that
there is a remarkable decrease in the expressions of Ncadherin and MMP-9 and increase in the expression of
E-cadherin, a representative epithelial marker in
CRISPR-NLRP3 compared to CRISPR-Con, which suggests that NLRP3 deficiency may inhibit the EMT process in tumor metastasis of SK-Hep1 (Figs. 5A and 5B).

Discussion
The role of NLRP3 inflammasome in tumor development and progression has been recently studied but
remains still controversial due to inconsistent observations. Interestingly, the clinical function of NLRP3
seems to be differ depending on various cancers [18]. In
case of HCC, the reduced expression of NLRP3 inflammasome components are associated with poor pathological presentations [8, 19]. On the other hand, inhibiting
the NLRP3 inflammasome seems to suppress the proliferation and metastasis of HCC, which suggests that
NLRP3 inflammasome could be a therapeutic target
against HCC [20]. NLRP3 blockade by miRNA-223-3p
inhibited the growth of hep3B and suppressing NLRP3
inflammasome-mediated pyroptosis delayed cell proliferation, migration, and invasion capacity of SMMC 7721
and Huh7 cells [21, 22]. In this study, we tried to
construct NLRP3 deficient SK-Hep1 using CRISPR/
Cas9 system and explored the effect of NLRP3 on the
cell growth, the regulation of cell cycle and metastatic
characteristics such as migration, invasion and wound
healing in SK-Hep1.
First, we observed that NLRP3 deficient SK-Hep1 significantly delayed a cell growth compared to NLRP3
complete SK-Hep1 (Fig. 2A). Wang et al., reported a positive correlation between the level of NLRP3 expression
and the proliferation of oral squamous cell carcinoma.
And, Zhang et al. demonstrated that Suppression of
NLRP3 increased the apoptosis and reduced the prolifer-
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ation of breast cancer cells. which agrees with our
results [23, 24]. In addition, Tian et al. reported that
Inhibition of NLRP3 by NLRP3 small interfering
RNA increased apoptosis of renal cell carcinoma [25].
Xue et al. suggested that the proliferative mechanism of
NLRP3 could be associated with IL-1β/NF-κB p65 in
glioma cell and we found that NLRP3 deficient SK-Hep1
presented a significant decrease of PI3K, pAKT and
pNF-κB protein expression (Fig. 2B) [26].
We also found that NLRP3 deficiency arrested cell
cycle at G1 phase through inhibiting CDK6 in SK-Hep1
(Fig. 3). Zhou et al. demonstrated that blocking NLRP3
decreased cells at the G0/G1 phase while increasing cells
at the S phase of microvascular endothelial cell [27],
which partly agrees with our data in Fig. 3. We speculate that this discrepancy may be due to the different cell
cycle regulation between normal cell and tumor cell.
High level of NLRP3 expression has been described to
link with metastasis in breast cancer as well as coclorectal cancer [28, 29]. Our results showed that NLRP3 deficiency inhibited the cell migration, invasion and wound
healing of SK-Hep1 (Fig. 4). Therefore, we suggest that
NLRP3 could positively contribute to tumor metastasis
in HCC progression. EMT is a fundamental event in
tumor migration and metastasis [30−32]. Migrating
tumor cells under EMT process is known to show upregulated expression of N-cadherin, vimentin, MMP-2 and
MMP-9 and downregulated expression of E-cadherin
[33]. We found that NLRP3 deficiency induced downregulation of N-cadherin and MMP-9, which are typically activating molecules for EMT process. Interestingly, the expression of E-cadherin, an epithelial
marker, was upregulated in NLRP3 deficient SK-Hep1
(Fig. 5). In fact, we recently found that tumor tissues
derived from NLRP3-deficient HCC were less metastatic
and showed a significant decrease in the N-cadherin
expression compared to those from NLRP3-complete
HCC in a xenograft mice model (unpublished data). In
addition, Shao et al. reported that NLRP3 promoted the
metastasis of colorectal cancer through controlling EMT
process [34], which agrees with our study. In summary,
we report that NLRP3 deficient SK-Hep1 was successfully constructed using CRISPR-Cas9 system in this
study. In fact, our study is the first report to demonstrate that NLRP3 deficiency delayed cell growth
through inhibiting the protein expressions of PI3K, p-
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AKT and pNF-κB and arrested cell cycle at G1 phase
through regulating the expression of CDK6 in SK-Hep1.
In addition, NLRP3 deficient SK-Hep1 showed the
impaired phenotypes in cell migration, invasion and
wound healing, which seems to be highly associated
with down-regulated expressions of N-cadherin and
MMP-9.
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