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Hepatocellular carcinoma (HCC) is one of the most prevalent malignant tumors worldwide, and it is always the
consequence of chronic hepatitis and liver cirrhosis. The nucleotide-binding domain, leucine-rich family (NLR),
pyrin-containing 3 (NLRP3) inflammasome has been shown to orchestrate multiple innate and adaptive immune
responses. However, little is known about its role in cancer. This study was performed to investigate the role of the NLRP3
inflammasome in the development and progression of HCC. The expression of NLRP3 inflammasome components was
analyzed in HCC tissues and corresponding non-cancerous liver tissues at both the mRNA and protein levels. Our
data demonstrate that the expression of all of the NLRP3 inflammasome components was either completely lost or
significantly downregulated in human HCC, and that the deficiency correlated significantly with advanced stages and
poor pathological differentiation. In addition, our data provide an overview of the expression of NLRP3 inflammasome
components in the multi-stage development of HCC and indicate a surprising link between deregulation of the
NLRP3 inflammasome molecular platform and HCC progression. In conclusion, this study presents a dynamic expression
pattern of NLRP3 inflammasome components in multi-stage hepatocarcinogenesis and demonstrates that deregulated
expression of the inflammasome is involved in HCC progression.
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Inflammasomes are intracellular multiprotein complexes that
act as platforms for the maturation and secretion of the
proinflammatory cytokines interleukin (IL)-1b and IL-18.
The nucleotide-binding domain, leucine-rich family (NLR),
pyrin-containing 3 (NLRP3) inflammasome is currently
the most characterized inflammasome, and it consists of a
scaffold protein (NLRP3), an apoptosis-associated speck-like
protein containing a caspase-recruitment domain (ASC)
adaptor, and caspase 1. Upon activation of the NLRP3
inflammasome, pro-caspase 1 is recruited to the platform
and then autocatalytically cleaved to its active form, which
subsequently cleaves pro-IL-1b in the cytoplasm into mature
IL-1b and allows its secretion, finally resulting in inflam-
mation.1,2 Therefore, the primary role of the inflammasome
is to direct inflammation when the host is in danger.2–5 Over
the past decades, many studies have focused on the role that

the NLRP3 inflammasome has in the innate immune system
as a sensor of pathogens and danger signals, and its activation
mechanism has been widely investigated. However, whether
the NLRP3 inflammasome is involved in cancer progression
has not been well studied. Hepatocellular carcinoma (HCC)
is the most common primary malignant tumor of the liver,
and it is the third leading cause of cancer death worldwide.6

In this study, we investigated the role that the NLRP3
inflammasome has in the progression of HCC.

The formation and function of the NLRP3 inflammasome
in myeloid immune cells in normal and pathogenic states have
been well characterized. However, increasing evidence shows
that inflammasomes also assemble in non-myeloid cells and
have roles in many diseases.7,8 As hepatic parenchymal cells are
essential functional elements and constitute the dominant
population of the liver, they contribute significantly to the
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pathogenesis of chronic liver diseases such as liver cancer.9,10

Given the growing body of evidence of a diverse, multifaceted
role of the NLRP3 inflammasome in non-myeloid epithelial
cells,7,8,11 it is plausible that it is involved in hepatic malignant
transformation and HCC progression. It remains unclear
whether the NLRP3 inflammasome functions detrimentally or
beneficially in hepatic parenchymal cells during liver cancer
progression, and in this study, we therefore investigated its
involvement.

A review of the literature showed that most studies that
have attempted to determine the role of the inflammasome in
disease progression were conducted using specific gene
knockout animal models11,12 that could mimic the
pathological situation to a certain degree; however, these
models may not precisely reflect the situation in patients. To
our knowledge, this is the first study assessing the role of the
NLRP3 inflammasome in the clinic in liver cancer patients.
Our data surprisingly suggest that the NLRP3 inflammasome
is significantly downregulated in liver cancer tissues when
compared with non-cancerous liver tissues and that patients
with more advanced HCC have lower expression levels of the
NLRP3 inflammasome components, indicating that the
downregulation of the multiprotein NLRP3 inflammasome
platform is involved in HCC progression. These findings
suggest that in addition to its well-recognized role as an
inducer of immunity and inflammation, the NLRP3
inflammasome has a role in cancer development.

MATERIALS AND METHODS
Patients, Specimens, and Tissue Microarray
Construction
Matched pairs of primary HCC samples and adjacent non-
cancerous liver tissues were used to construct a tissue
microarray (Shanghai Biochip Co., Ltd., Shanghai, China).
Two cores were taken from each formalin-fixed, paraffin-
embedded sample using punches (1.5mm in dimension)
from the non-necrotic areas of cancer foci and corresponding
peritumoral non-cancerous liver tissues. In total, 128 HCC
patients, including 111 males and 17 females, with cores
containing cancerous and corresponding non-cancerous
tissue, were included for immunohistochemistry (IHC)
analysis (Table 1). To further elucidate alterations in the
expression of NLRP3 inflammasome components in HCC
patients, 9 normal liver tissues were also used for IHC ana-
lysis as controls. The normal liver controls were obtained
from surgical specimens obtained from patients undergoing
liver resection, in whom all causes of liver disease had been
excluded (ie, medication, alcohol, chronic viral hepatitis,
autoimmune processes, and metabolic disease). The normal
liver controls were carefully reviewed by two liver patho-
logists and considered normal: no portal or lobular
inflammation, absence of necrosis and fibrosis, no balloon-
ing, and no cholestasis or bile duct lesions.

To validate the results of the IHC analysis of the cancerous
liver tissues, paired pathology-proven fresh HCC tissues with

corresponding non-cancerous liver tissues were obtained from
another cohort of 24 HCC patients, who underwent curative
resection in the Department of Hepatobiliary Surgery of the
Provincial Hospital Affiliated with Shandong University. No
patients received chemotherapy or radiotherapy before sur-
gical resection. Cell differentiation based on tumor grading
was determined by the Edmondson Grading System, and
clinical stages were classified according to the International
Union against Cancer TNM classification system.

The third cohort of chronic hepatitis patients was recruited
from the Department of Gastroenterology of the Provincial
Hospital Affiliated with Shandong University. Liver biopsy
specimens (B1.5mm in diameter and nearly 1.5 cm long)
were obtained using a percutaneous 14-gauge Silverman’s
needle. Each of the liver specimens included two consecutive
sections; one was embedded in paraffin for hematoxylin and
eosin staining, and the other was immediately preserved in
liquid nitrogen until required for analysis. Only the 23 biopsy
specimens confirmed to be hepatitis without dysplasia by
histological examination were included in the hepatitis cohort.

Written approval was obtained from all patients before the
initiation of this study. All protocols dealing with the patients
conformed to the ethical guidelines of the Helsinki
Declaration and were approved by Shandong University
Research Ethics Committee.

Immunohistochemical Staining
Immunohistochemical studies were performed on serial
paraffin sections encompassing both HCC and adjacent non-
cancerous liver tissue from each patient. The sections were
deparaffinized and subjected to antigen retrieval by micro-
waving (675w) in 0.01M citrate buffer (pH 6.0) for 5min,
followed by incubation in 3% H2O2 for 10min to quench
endogenous peroxidases. Non-specific binding was blocked by
incubating the sections in a blocking solution for 60min.
Primary antibodies for IHC included specific antibodies
against NLRP3 (no. ab17267, Abcam, Cambridge, MA, USA),
ASC (no. ADI-905-173, Enzo life sciences, San Diego, CA,
USA), IL-1b (no. ab2105, Abcam) and caspase 1 (no.
AP6703c, Abgent, Shanghai, China). The sections were
incubated overnight at 4 1C with primary antibodies diluted
in 1% (wt/vol) BSA. Substitution of the primary antibody
with 1% BSA served as a negative control. The slides were
washed with PBS three times and incubated with biotinylated
secondary antibody at room temperature for 1 h. The sections
were stained by incubating the slides in 3,30-diaminobenzi-
dine, followed by counterstaining with hematoxylin. The
sections were then dehydrated in alcohol and xylene, mounted
in neutral gum, and analyzed using a bright field microscope.

Evaluation of Immunohistochemical Staining
Immunoreactivity was evaluated independently by two pa-
thologists who were blinded with regard to the patient’s
clinical and pathological data. Six non-overlapping fields
(� 400) of view per biopsy were examined in a systematic
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random sampling pattern. The intensity of staining was
scored and graded on a 0–3 scale, with no staining¼ 0, weak
staining ¼ 1, moderate staining¼ 2, and strong staining¼ 3.
All of the cores were evaluated twice to confirm the re-
producibility of the results. This initial score was measured as
0, 1, 2, or 3 and further classified as low expression (0–1) or
high expression (2–3). In parallel, immunohistochemical
staining was also evaluated using Image-Pro Plus v6.2 soft-
ware (Media Cybernetics, Inc., Bethesda, MD, USA) as pre-
viously described.13 For accurate reading of the staining
results for each antibody, we used the same setting for all the
analyzed fields. Integrated optical density (IOD) was
measured in each field, and positive staining density was
formulated as IOD/the total area of each field.

RT-PCR and Quantitative Real-Time PCR (qRT-PCR)
Total RNAwas extracted from HCC cells or fresh liver tissues
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. cDNA was
synthesized from 2 mg of total RNA using a Reverse Trans-
cription Kit (Toyobo Co. Ltd., Osaka, Japan). Equal amounts
of cDNA were subjected to PCR using the corresponding
primers. The forward and reverse sequences of the primers
can be provided upon request. PCR conditions included an

initial denaturation at 94 1C for 5min, followed by 32 cycles
of 94 1C for 30 s, 54 1C for 30 s, 72 1C for 30 s, and a terminal
extension at 72 1C for 5min. After the reaction, 10 ml of each
PCR product was used for agarose gel electrophoresis. The
gels were stained with ethidium bromide and visualized by
UV transillumination. The qRT-PCR reaction was carried
out using a Light Cycler (Bio-Rad, CFX96, USA) according
to the manufacturer’s instructions. The qRT-PCR amplifi-
cation cycling conditions comprised an initial denaturation
step at 95 1C for 10min and 40 PCR cycles of 95 1C for 10 s,
60 1C for 20 s, and 72 1C for 15 s. For each primer pair, we
included a no-template control and a no-RT control (RT-
negative) to verify that primer–dimer formation and geno-
mic DNA contamination effects were negligible. Each sample
was examined in triplicate, and b-actin was used as an in-
ternal control. PCR products were loaded in agarose gels
and, in all cases, were confined to a single band of the
expected size. A melting-curve analysis was performed
to ensure the specificity of the products. The relative
mRNA expression was determined using the comparative
(2�DDCT) method. GraphPad Prism v5 (GraphPad Software,
Inc., San Diego, CA, USA) was used to create scatter
plots. The data are representative of three independent
experiments.

Figure 1 Expression of NLRP3 inflammasome components in HCC tissues and corresponding non-cancerous tissues by immunohistochemistry.

(a) Staining of NLRP3, ASC, caspase 1, and interleukin (IL)-1b in hepatocellular carcinoma (HCC) tissues (A for NLRP3, B for ASC, C for caspase 1, and D

for IL-1b) and corresponding peritumoral liver tissues (E for NLRP3, F for ASC, G for caspase 1, and H for IL-1b). (b) immunohistochemistry (IHC) staining

of NLRP3, ASC, caspase 1, and IL-1b in a representative tissue core including both HCC tissues (A for NLRP3, B for ASC, C for caspase 1, and D for IL-1b)
and peritumoral non-cancerous liver tissues (E for NLRP3, F for ASC, G for caspase 1, and H for IL-1b).
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Western Blot Analysis
Total proteins were extracted from HCC cells or fresh liver
tissues and lysed in RIPA buffer. Thereafter, 60 mg of cell
lysate was fractionated on 12% SDS-PAGE gels and trans-
ferred to polyvinylidene difluoride membranes. The mem-
branes were probed with specific antibodies against NLRP3
(no. ALX-804-818-C100) and ASC (no. ADI-905-173) from

Enzo Life Sciences and antibodies against caspase 1 (no.
S3866) and IL-1b (no. S2022) from Cell Signaling Technol-
ogy (Danvers, MA, USA). Expression of the b-actin protein
was assessed as an internal control using anti-b-actin anti-
body (no. ab6276, Abcam).

Statistical Analysis
Data were analyzed using SPSS 16.0 (SPSS Inc., IL, USA) and
expressed as the mean±s.e.m. w2-tests were applied to
compare categorical variables, and continuous variables were
analyzed using the t-test. Spearman’s rank correlation test
was used to evaluate correlations between variables. A two-
tailed P-value was used in all analyses, and a P-value o0.05
was considered statistically significant.

RESULTS
NLRP3 Inflammasome Components were
DownRegulated in Hepatic Parenchymal Cells in HCC
Compared with Peritumoral Non-Cancerous Liver
Tissues
Expression of NLRP3 inflammasome components was stu-
died using IHC on 128 matched pairs of HCC tissues and
corresponding peritumoral liver tissues. Positive staining for
NLRP3, ASC, caspase 1, and IL-1b was observed pre-

Table 1 Clinicopathological characteristics of 128 patients
with HCC

Characteristics No. of patients (%)

Gender

Male 111 (87.4%)

Female 17 (13.4%)

Age

o54 Years 59 (46.8%)

X54 Years 67 (53.2%)

Tumor size

o421 cm3 101 (79.5%)

X421 cm3 26 (20.5%)

Liver cirrhosis history

Yes 88 (68.8%)

No 40 (31.2%)

TNM stage

I 61 (48.0%)

II 32 (25.2%)

III 25 (19.7%)

IV 9 (7.1%)

Edmondson Grade

I 17 (13.4%)

II 81 (63.8%)

III 36 (28.3%)

Regional lymph nodes

N0 125 (97.7%)

N1 2 (2.3%)

Distant metastasis

M0 123 (98.4%)

M1 4 (1.6%)

Abbreviation: HCC, hepatocellular carcinoma.

Table 2 Expression of the NLRP3 inflammasome components
in HCC tissues and non-cancerous tissues

Feature No. of patients (%)

Cancerous tissues Non-cancerous tissues

n % n % w2 P

NLRP3

Low 39 39.4 2 2.0

High 60 60.6 97 98.0 42.000 0.000a

ASC

Low 48 49.5 13 13.4

High 49 50.5 84 86.6 31.117 0.000a

Caspase 1

Low 59 46.5 9 7.1

High 68 53.5 118 92.9 39.973 0.000a

IL-1b

Low 57 61.3 4 4.3

High 36 38.7 89 95.7 74.051 0.000a

Abbreviations: HCC, hepatocellular carcinoma; IL, interleukin.
aPo0.001 by statistical analysis using Pearson’s w2-test.
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dominantly in the cytoplasms of hepatocytes, HCC cells, bile
duct epithelial cells, and macrophages, whereas specific
immunoreactivity was negative in all infiltrating lymphocytes
and neutrophils (Figure 1a). The negative control did not
have any positive signal (data not shown), which confirmed
that the positive staining resulted from staining with the
specific antibody.

Immunoreactivity for the NLRP3 protein was significantly
downregulated in HCC tissues compared with that of cor-
responding non-cancerous liver tissues (Po0.001, Table 2).
Moreover, consistent with the trend of NLRP3, the expres-
sion of other NLRP3 inflammasome components, including
ASC, caspase 1, and IL-1b also showed deficient expression in
HCC tissues compared with non-cancerous liver tissues
(Po0.001, Table 2).

Typically, there were several cores including both the HCC
and non-cancerous tissues within the same core, which
showed contrasting expression of NLRP3, ASC, caspase 1,
and IL-1b in the cancer and non-cancerous tissues. One of
such typical cores is presented in Figure 1b.

To further confirm the downregulated expression of
NLRP3 inflammasome components in HCC tissues, Image-
Pro Plus v6.2 was used to analyze immunoreactivity after
staining the cancerous and non-cancerous tissues, and the
data are shown in Figure 2a. The results further confirmed
the significant downregulation of NLRP3 inflammasome
components in HCC tissues.

Validation of the expression tendency of NLRP3 inflam-
masome components was further performed by RT-PCR,
qRT-PCR, and western blot analyses to detect the mRNA and
protein levels of NLRP3 inflammasome components in fresh
HCC tissues and corresponding non-cancerous liver tissues
from another cohort of 24 HCC patients. Western blot ana-
lysis confirmed the decreased expression of NLRP3
inflammasome proteins in cancerous tissues compared
with that in the corresponding non-cancerous tissues.
Representative immunoblot bands from three HCC patients
are shown in Figure 2b. The mRNA expression of NLRP3
inflammasome components was examined by RT-PCR and
qRT-PCR. The qRT-PCR and RT-PCR analyses confirmed

Figure 2 Quantitative analysis of NLRP3 inflammasome components expression in hepatocellular carcinoma (HCC) and peritumoral liver tissues.

(a) Quantitative analysis of NLRP3 inflammasome expression in cancerous and non-cancerous liver tissues by Image-Pro Plus v6.2 software. (b) The

protein expression levels of NLRP3, ASC, caspase 1, and interleukin (IL)-1b in HCC tissues and corresponding non-cancerous liver tissues were examined

by western blot. The figures shown are the western blot bands from three representative cases. (c) mRNA expression levels of NLRP3, ASC, and caspase

1 were quantified by qRT-PCR in HCC tissues and paired non-cancerous liver tissues from 24 patients. (d) The mRNA expression levels of NLRP3

inflammasome components including NLRP3, ASC, caspase 1, and IL-1b in HCC tissues and corresponding non-cancerous liver tissues were examined

by RT-PCR. The presented bands are the RT-PCR products obtained from three representative cases. (***Po0.001 for all comparisons, HCC tissues vs

peritumoral non-cancerous liver tissues).
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Table 3 Correlations among the NLRP3 inflammasome components in HCC tissues

NLRP3 ASC Caspase 1

IL-1b � þ þ þ þ þ þ R P � þ þ þ R P � þ þ þ þ þ þ R P

� 32 8 8 0 34 8 6 28 16 3 1

þ 4 40 6 0 15 30 6 20 15 14 2

þ þ 4 1 4 1 1 5 3 4 4 1 0

þ þ þ 0 4 0 0 0.398 0.000a 0 0 4 0.455 0.000a 1 1 2 0 0.224 0.017b

NLRP3 ASC NLRP3

Caspase 1 � þ þ þ þ þ þ R P � þ þ þ R P ASC � þ þ þ þ þ þ R P

� 27 21 5 0 31 20 2 � 31 16 3 0

þ 12 15 9 0 11 15 10 þ 5 28 10 0

þ þ 1 16 3 0 8 7 5 þ þ 4 9 5 1

þ þ þ 0 1 1 1 0.354 0.000a 0 1 2 0.318 0.001b þ þ þ 40 53 18 1 0.454 0.000a

Abbreviation: HCC, hepatocellular carcinoma.
R: Spearman’s correlation coefficient.
aPo0.001 by statistical analysis using Spearman’s rank correlation test.
bPo0.05. T
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that NLRP3 inflammasome components had significantly
decreased mRNA expression in liver cancer tissues when
compared with the corresponding non-cancerous tissues
(Figures 2c and d). The representative bands of the RT-PCR
products of the cancerous and corresponding non-cancerous
liver tissues were obtained from three HCC patients. All of
these data validated the results of the IHC analysis and fur-
ther confirmed the decreased expression tendency in liver
cancer tissues compared with non-cancerous tissues.

The Expression Levels of the NLRP3 Inflammasome
Components had Significantly Positive Correlations with
One Another
Statistical analysis of the IHC scores showed that the ex-
pression levels of NLRP3, ASC, caspase 1, and IL-1b had
well-defined positive correlations with one another (Po0.05,
Table 3). These results suggested that NLRP3, ASC, caspase 1,
and IL-1b constituted a multiprotein NLRP3 inflam-
masome platform and cooperated to participate in HCC
development.

The Expression Pattern of the NLRP3 Inflammasome
was Further Investigated in Multi-Stage
Hepatocarcinogenesis
HCC nearly always develops in the setting of chronic hepa-
titis or cirrhosis. To elucidate the role of the multiprotein
NLRP3 inflammasome platform in the process of hepato-
carcinogenesis, we analyzed its expression in normal liver
tissues, peritumoral hepatitis and cirrhotic tissues, and cor-
responding HCC tissues, which represented multi-stage
hepatocarcinogenesis. Images of the typical IHC staining
patterns of the NLRP3 inflammasome components in this
process are presented in Figure 3a. Statistical analysis revealed
that expression of all of the NLRP3 inflammasome compo-
nents was significantly downregulated in HCC tissues com-
pared with the surrounding hepatitis and cirrhotic tissues
(Po0.001, Table 4). However, there was no significant dif-
ference between the normal liver tissue and the liver cancer
tissue. These data suggested that NLRP3 inflammasome
expression in normal liver tissue was low; that expression
during liver injury, including hepatitis and cirrhosis, was
upregulated; and that expression was significantly down-

Figure 3 Expression of NLRP3 inflammasome components during multistage carcinogenesis. (a) Expression of NLRP3, ASC, caspase 1, and interleukin

(IL)-1b in normal liver, peritumoral hepatitis and cirrhotic tissues, and hepatocellular carcinoma (HCC) tissues was detected by immunohistochemistry

(IHC) staining. (b, c) Expression of the NLRP3 inflammasome components in normal liver tissues, cirrhotic tissues, and HCC tissues was done by western

blot. The presented figure includes representative blots showing the expression levels in different specimens (b). The band intensity analysis is shown

in the histogram and was statistically analyzed (c). (d–g) The mRNA expression levels of NLRP3 (d), ASC (e), caspase 1 (f), and IL-1b (g) in fresh normal

liver, hepatitis, cirrhosis, and HCC tissues were examined by qRT-PCR. (*Po0.05, **Po0.01, ***Po0.001).
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regulated when hepatocarcinoma developed. The expression
tendency of the inflammasome components at the protein
level was confirmed by western blot analysis of fresh liver
tissues. Because of the limited amount of hepatitis specimens,
the western blot analysis was performed using normal liver
tissues, cirrhotic tissues and liver cancer tissues, and re-
presentative blot bands are presented and analyzed (Figures
3b and c). The results confirmed that NLRP3 inflammasome
expression was low in normal liver tissues, upregulated in
cirrhotic liver tissues, and significantly downregulated in liver
cancer tissues.

To determine whether the expression tendency was
also present in the mRNA levels of the NLRP3 inflamma-
some components, we performed qRT-PCR analysis on
four panels of liver tissues, including 9 normal liver controls,
23 hepatitis biopsy tissues, 24 cirrhotic tissues, and 24 HCC
tissues. As shown in Figures 3d–g, qRT-PCR analysis
confirmed the tendency of these NLRP3 inflammasome
components to change during multi-stage carcinogenesis;
compared with the basal levels of expression in normal
liver tissues, expression was upregulated in inflammatory
liver diseases, including hepatitis and cirrhosis, and was
significantly downregulated in liver cancer tissues. Alto-
gether, these data further confirmed our previously observed
NLRP3 inflammasome expression pattern in hepatocarcino-
genesis.

Table 4 Expression of NLRP3 inflammasome components in
HCC and peritumoral hepatitis/cirrhosis tissues

Liver tissues Liver tissues

Hepatitis HCC P Cirrhosis HCC P

NLRP3

Negative 6 92 9 92

Positive 50 20 0.000a 47 20 0.000a

ASC

Negative 27 86 30 86

Positive 28 27 0.000a 23 27 0.000a

Caspase 1

Negative 19 92 25 92

Positive 41 35 0.000a 44 35 0.000a

IL-1b

Negative 24 91 13 91

Positive 30 21 0.000a 37 21 0.000a

Abbreviations: HCC, hepatocellular carcinoma; IL, interleukin.
aPo0.001 by statistical analysis using Pearson’s w2-test.

Figure 4 Immunohistochemistry (IHC) and hematoxylin and eosin (H&E) staining for NLRP3, ASC, caspase 1, and interleukin (IL)-1b in hepatocellular

carcinoma (HCC) tissues with different Edmonson grades. (a) Photograph of IHC for NLRP3, ASC, caspase 1, and IL-1b in Edmonson Grade I (A for

NLRP3, B for ASC, C for caspase 1, and D for IL-1b), Grade II (E for NLRP3, F for ASC, G for caspase 1, and H for IL-1b), and Grade III (I for NLRP3, J for

ASC, K for caspase 1, and L for IL-1b) liver cancer tissues. (b) HE staining of the same cores to identify Edmonson Grade I (A for NLRP3, B for ASC, C for

caspase 1, and D for IL-1b), Grade II (E for NLRP3, F for ASC, G for caspase 1, and H for IL-1b), and Grade III (I for NLRP3, J for ASC, K for caspase 1, and

L for IL-1b) HCC tissues.
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Loss of the NLRP3 Inflammasome was Correlated with a
Higher HCC Pathological Grade and More Advanced
Clinical Stages in HCC Patients
IHC indicated that patients with poorer pathological differ-
entiation of HCC were prone to have weaker immuno-
reactivity to the NLRP3 inflammasome components, whereas
patients with a more advanced disease stage were likely to
have lower NLRP3 inflammasome expression (Figure 4). To
further elucidate the potential link between expression of the
NLRP3 components and clinicopathological features, a cor-
relation analysis was applied to these data. The analysis

showed that the expression levels of the NLRP3 inflamma-
some components were inversely correlated with pathological
grades and clinical stages in the HCC patients (Po0.05,
Table 5). This indicated that loss of the NLRP3 inflamma-
some was involved in HCC progression, which indicated its
protective role in the development of cancer.

DISCUSSION
HCC is a primary malignancy of the liver and the third
leading cause of cancer death.6 It frequently develops in the
context of chronic hepatitis and cirrhosis, characterized by

Table 5 Correlations between NLRP3, ASC, caspase 1, and IL-1b expression levels in HCC tissues and clinicopathologic features

Gender Age (year) Tumor diameter (cm) Edmonson Grade TNM stage

Male Female o54 X54 o6.5 X6.5 I II III I II III IV

NLRP3

� 34 6 18 22 24 16 2 30 8 20 7 8 7

þ 47 6 23 20 36 17 9 36 8 26 13 11 3

þ þ 16 2 0 18 14 4 4 14 0 14 6 0 0

þ þ þ 0 1 0 1 1 0 0 1 0 1 1 0 0

R¼ � 0.005 R¼ 0.232 R¼ � 0.136 R¼ � 0.234 R¼ � 0.200

P¼ 0.959 P¼ 0.019 P¼ 0.151 P¼ 0.013a P¼ 0.030a

ASC

� 44 7 26 25 24 27 6 31 12 24 8 12 7

þ 37 16 16 27 34 9 6 37 3 22 17 3 1

þ þ 16 3 10 9 17 2 3 14 1 12 7 0 0

R¼ 0.017 R¼ 0.047 R¼ � 0.373 R¼ � 0.188 R¼ � 0.221

P¼ 0.859 P¼ 0.619 P¼ 0.000a P¼ 0.046a P¼ 0.019a

Caspase 1

� 47 12 25 34 32 27 4 44 11 21 16 14 8

þ 41 3 24 20 20 37 8 30 6 27 11 5 1

þ þ 20 1 10 11 11 12 4 15 2 11 4 6 0

þ þ þ 2 1 0 3 3 3 1 2 0 2 1 0 0

R¼ � 0.166 R¼ � 0.033 R¼ � 0.170 R¼ � 0.190 R¼ � 0.233

P¼ 0.062 P¼ 0.716 P¼ 0.056 P¼ 0.033a P¼ 0.008a

IL-1b

� 40 8 21 27 30 18 4 34 11 27 8 7 6

þ 45 6 23 28 33 18 10 35 5 26 13 10 2

þ þ 8 1 6 3 8 1 1 8 0 3 4 2 0

þ þ þ 4 0 1 3 4 0 0 4 0 2 2 0 0

R¼ � 0.092 R¼ � 0.042 R¼ � 0.138 R¼ � 0.207 R¼ 0.021

P¼ 0.333 P¼ 0.657 P¼ 0.147 P¼ 0.028a P¼ 0.825

Abbreviations: HCC, hepatocellular carcinoma; IL, interleukin.
aPo0.05 by statistical analysis using Spearman’s rank correlation test.
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hepatic inflammation, fibrosis, and apoptosis. In this study,
we conducted a comprehensive analysis of the expression of
NLRP3 inflammasome components in the parenchymal cells
of normal liver, non-cancerous inflammatory liver, and liver
cancer tissues, which represented the typical progression of
multi-stage hepatocarcinogenesis. Our data showed that
inflammasome expression was relatively low in normal
hepatocytes and that it was significantly upregulated in the
inflammatory hepatic setting and significantly downregulated
in malignantly transformed liver cancer tissues.

This dynamic expression pattern offered a clue for the full
understanding of the pathogenesis of chronic liver diseases,
and it may be explained by the functional role of the in-
flammasome as a guardian of the sanctity of the intracellular
cytosol. When the body is exposed to a pathogenic insult, the
NLRP3 inflammasome acts as a guard and is assembled and
activated to elicit hepatic inflammation and promote the
reestablishment of homeostasis. However, chronic persistent
inflammation and inflammasome activation induce massive
cell death, which are healed by fibrosis, compensatory he-
patocyte proliferation, and liver regeneration. Thus, hepato-
cytes proliferating under conditions of continuous liver
injury may accumulate mutations, leading to dysplasia and,
eventually, to tumor development. Once a hepatocarcinoma
formed, the expression of the NLRP3 inflammasome com-
ponents was significantly downregulated in liver cancer cells,
indicating that malignant parenchymal cells originate from
NLRP3 inflammasome-deficient precursor cells.

The significant downregulation of the NLRP3 inflamma-
some in malignantly transformed parenchymal cells indicated
the loss of the protective role of the NLRP3 inflammasome.
Our data revealed that HCC patients with lower expression of
NLRP3 inflammasome components were prone to have poorer
cancer cell differentiation and more advanced clinical stages,
indicating that downregulation of this NLRP3 inflammasome
molecular platform is involved in HCC progression. Although
the active involvement of the NLRP3 inflammasome in liver
injury has been reported,14,15 the involvement of its significant
downregulation in malignantly transformed liver cancer cells is
reported for the first time in this study. Our seemingly
counterintuitive data are logical considering the diverse roles of
the NLRP3 inflammasome.4,16 On one hand, in addition to the
classic function of the inflammasome in detecting danger
signals and causing inflammation, another alternative function
of the inflammasome is to dictate cell fate, as significant
activation of the inflammasome can lead to cell death.2,17,18

HCC typically originates from hepatic inflammation, and
intense and chronic inflammatory responses are almost
invariably accompanied by a massive loss of hepatocytes and
irreversible damage to the liver. Dying hepatocytes release
damage-associated molecular patterns, which aggravate
inflammation and further damage the liver.19 Thus, a positive
feedback loop is formed, amplifying the cycle of cell death
and compensatory liver regeneration, which further increases
the risk of liver cancer. On the other hand, the NLRP3

inflammasome is a danger sensor, and loss of its expression
may result in the ignorance of danger signals present in the
cytoplasm and compromise cell survival with mistakes.3,16,20,21

As a consequence, the accumulation of damage, mistakes, and
mutations results in cancer. Furthermore, cell immortality and
inappropriate cell survival resulting from NLRP3 inflam-
masome deregulation confers resistance to cancer therapy,
which may explain the resistance of HCC to a variety of
anticancer drugs used in liver cancer patients.

Our data, which demonstrated that a deficiency in in-
flammasome expression was correlated with cancer progres-
sion, parallel previous findings in colon cancer, which suggest
that the NLRP3 inflammasome has a protective role against
the development of cancer.12,20,22,23 However, the data are in
disagreement with several reports stating that high IL-1b
secretion in the tumor microenvironment is correlated with a
more malignant phenotype, indicating that these
inflammasome molecules may have a role in the promotion
of cancer development.24,25 However, these seemingly
opposite reports regarding the roles of the NLRP3
inflammasome in cancer are not controversial, considering
the pleiotropic and sometimes contrasting roles of the
NLRP3 inflammasome in the multiple facets of
oncogenesis. On one hand, inflammasome activation
operates at the cell-autonomous level to eliminate
malignant precursors through the induction of cell
death.2,17,18 On the other hand, the cleavage and release of
the inflammasome effector molecule IL-1b may fuel the
inflammatory cycle in the cancer microenvironment that
leads to sterile inflammation and carcinogenesis.26 Given the
complex nature of the NLRP3 inflammasome, its
complicated and even contrasting roles in cancer are
understandable. Nevertheless, these divergently reported
roles of the NLRP3 inflammasome in cancer may also be
the result of different experimental systems and different
methodologies. Most of the investigations of the
inflammasome have been conducted using genetically
modified animal models rather than clinical cohorts. To
our knowledge, this is the first study to investigate the role of
the NLRP3 inflammasome in carcinogenesis in the clinic in
cancer patients. These data, which were directly gathered
from clinical patients, represent actual pathological situations
in vivo and are more convincing than animal models.

In summary, this study provided a comprehensive in-
vestigation of the multiprotein NLRP3 inflammasome plat-
form in the parenchymal cells of HCC tissues. Our data
revealed a dynamic expression pattern of NLRP3 inflamma-
some components in the development of HCC and demon-
strated that a deficiency of this multiprotein platform was
involved in HCC progression.
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