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Background: Cancer development and tumor immune microenvironment remodeling are closely linked to pyroptosis and inflamma-
some activation. However, little information is available in single nucleotide polymorphisms (SNPs) in pyroptosis and inflammasome- 
related genes in patients with lung cancer. This study aims to evaluate the associations between pyroptosis-related gene (NLRP3, 
NLRC4, and NLRP7) polymorphisms and the risk of lung cancer.
Methods: The MassARRAY platform was used to genotype six SNPs of the NLRP3, NLRC4, and NLRP7 genes in 660 lung cancer 
cases and 660 controls.
Results: Individuals with rs35829419-A, rs385076-C, and rs775882-T alleles exhibited a higher risk of lung cancer (p < 0.01), while 
rs212704-T appears protective (p = 0.006). The rs35829419-AA, rs385076-TC/CC, and rs775882-CT/TT genotypes were associated 
with various degrees of elevated risk of lung cancer (p<0.02), whereas rs212704-TT was associated with a reduced risk of the disease 
(p=0.014). Genetic models analysis showed that rs35829419, rs385076, and rs775882 was associated with an increased risk of lung 
cancer, while rs212704 was related to a reduced risk in all three models (p < 0.05). The four SNPs remained significant in smoker and 
nonsmoker subgroups (p < 0.05). However, rs35829419 was correlated with risk of adenocarcinoma and small cell lung cancer, and 
rs212704 was only protective for squamous cell carcinoma. The rs385076 and rs775882 were associated with all three pathological 
types (p < 0.01).
Conclusion: Besides providing candidate markers for identification of high-risk populations and early prevention of the disease, our 
research also provided new insight into anti-tumor strategies targeting inflammasomes and pyroptosis.
Keywords: lung cancer, single nucleotide polymorphisms, pyroptosis, inflammasome, case–control study

Introduction
Lung cancer is the most common malignant tumor in China, and its incidence and mortality rank first among all tumors.1 

Most patients with lung cancer were at an advanced stage by the time they noticed the symptoms of the disease.2 

Currently, lung cancer is treated mainly with surgical resection, radiotherapy, and chemotherapy, adjuvant to emerging 
molecular targeted therapy.3 Although treatment has improved significantly, survival rates for most advanced cancer 
patients are still difficult to improve. According to statistics, only 15% of lung cancer patients survive 5 years after 
diagnosis.4 Therefore, it is important to strengthen basic research in the field of lung cancer and find specific immune 
markers for improving the survival rate of the patients. Single nucleotide polymorphisms (SNPs) genotyping has the 
characteristics of being simple, quick, and efficient, making it a promising method for identification of high-risk 
populations and avoiding the onset of the disease to the maximum extent.

Pyroptosis is a form of cell death closely related to inflammatory response.5 It is manifested by the continuous expansion of 
cells until the integrity of the cell membrane is lost, followed by the release of cell contents and damage-associated molecular 
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patterns, finally leading to a strong inflammatory immune response in the body.6 In recent years, the importance of pyroptosis 
in various diseases and cancers has been gradually revealed, making it a research hotspot.7 Pyroptosis is mediated by the 
gasdermin (GSDM) family, including the caspase-1 classical pathway and the caspase4/5/11 and caspase3/8 nonclassical 
pathways.8 Inflammasomes are cytosolic polyprotein complexes that consist of NOD-like receptor (NLR), PYRIN domain, 
and HIN domain-containing family. It can mediate the lysis of a variety of inflammatory proteins such as GSDM family and 
are closely associated with pyroptosis.9 A NLRP3 inflammasome activation could affect pyroptosis or hyperactivity, resulting 
in cascade immunity or inflammatory response and affecting anti-tumor immunity.10 The formation and activation of NLRP3 
inflammasomes has been linked to various tumors including colorectal, gastric, and lung cancers.11 Moreover, activation of 
NLRC4 can recruit the apoptosis speck protein and further activate caspase-1, which ultimately triggers cleavage of 
interleukin precursor and GSDMD, thereby causing inflammation and pyroptosis.12 In addition, NLRP7 is also a member 
of NLR family that participates in inflammatory responses and apoptosis. Both NLRC4 and NLRP7 have been recently 
identified as playing an essential role in tumor immunity and associated with prognosis of lung squamous cell carcinoma.13 

However, few studies have focused on the SNPs of NLRP3, NLRC4, and NLRP7 in lung cancer.
On the basis of literature, six SNPs were selected in NLRP3, NLRC4, and NLRP7 genes. The rs35829419 and 

rs10754558 in NLPR3 were closely tied to bladder cancer risk.14 The NLRC4-rs212704 was a protective variant of 
pulmonary aspergillosis,15 NLRC4-rs455060 was correlated with lipid and glucose metabolism,16 and NLRC4-rs385076 
had effect on lung function in patients with tuberculosis.17 In addition, NLRP7-rs775882 has been investigated in 
infertility or recurrent pregnancy loss.18 However, little information has been found about these SNPs in lung cancer 
patients. Genotyping these SNPs in our study participants will hopefully lead to the discovery of novel markers and 
contribute to early detection and prevention of the disease.

Materials and Methods
Subjects
A case–control study was conducted with 660 lung cancer patients and 660 healthy controls. Each participant was 
a Chinese Han individual recruited from Tangdu Hospital. The patients were diagnosed with lung cancer by histopatho-
logical examination of biopsy specimens. Healthy individuals without a history of cancer were randomly selected for the 
control group. Consent was obtained from all participants in writing. This study was approved by the Ethics Committee 
of Tangdu Hospital and carried out in accordance with the World Medical Association Declaration of Helsinki: Ethical 
Principles for Medical Research Involving Human Subjects.

Genotyping
Five milliliters of whole blood was collected from each subject in tubes containing ethylenediamine tetraacetic acid. 
DNA was extracted using a QIAamp DNA Blood Midi Kit (QIAGEN, Germany). Spectrometry (DeNovix DS-11FX 
Ultramicro spectrophotometer, United States) was used to measure the DNA concentration. Primers were designed using 
Sequenom MassARRAY Assay Design 3.0 software. SNP genotyping was performed on a Mass ARRAY iPLEX 
platform (Sequenom, San Diego, CA, USA) according to the manufacturer’s instructions. Assay design and mass 
spectrometric genotyping were performed as previously described.19

Statistical Analysis
Statistical analysis was performed with SPSS package version 20.0 (SPSS, Chicago, IL, USA). The chi-square test was 
used to compare the gender and smoking status, and the Student’s t-test was used to compare the age between the cases 
and controls, respectively. A divergence from Hardy–Weinberg equilibrium was evaluated for Minor allele frequencies. 
SNPstats (https://www.snpstats.net/start.htm) was used to estimate the association between SNPs and lung cancer risk 
and expressed as odds ratios (ORs) and 95% confidence intervals (CIs) with adjustments for sex, age, and smoking status. 
Statistical significance was established when p < 0.05.
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Results
The demographic characteristics of the participants are presented in Table 1. A total of 660 lung cancer cases and 660 
healthy controls were included, and the sex and age were matched (p > 0.05). The distribution of smoking status was 
similar to sex, and the smoking status of the two groups did not differ significantly (p > 0.05). Among the lung cancer 
cases, 300 are adenocarcinomas, 213 are squamous cell carcinomas, 110 are small cell carcinomas, and 25 are rare types. 
In addition, 24.1% of the lung cancer cases were diagnosed with stage I or II, and 75.9% of the cases were stage III or IV.

The location information of SNPs and their MAFs in lung cancer cases and healthy controls are listed in Table 2. The 
NLRP3-rs35829419 and NLRP7-rs775882 are missense variants, NLRC4-rs455060 is a synonymous variant, and other 
SNPs were in 3’UTR or intron region. HWE was confirmed for all SNPs (p > 0.05). Comparing MAFs from two groups, 
we observed that three SNPs, NLRP3-rs35829419, NLRC4-rs385076 and NLRP7-rs775882, exhibited a higher disease 
risk (rs35829419: OR=1.361, 95% CI: 1.078–1.718, p=0.009; rs385076: OR=1.568, 95% CI: 1.306–1.882, p<0.0001; 
rs775882: OR=2.007, 95% CI: 1.704–2.532, p<0.0001), while NLRC4-rs212704 showed a protective role for the disease 
(OR=0.807, 95% CI: 0.692–0.941, p=0.006).

Table 3 displays the genotype frequency of SNPs. Compared with CC genotype, the AA genotype of NLRP3- 
rs35829419 was tied to a 3.08-fold higher disease risk (95% CI: 1.20–7.89, p = 0.018). By analogy, the TC/CC genotypes 
of NLRC4-rs385076 and CT/TT genotypes of NLRP7-rs775882 were associated with a 1.50, 2.92, 2.05, 4.59-fold 
elevated risk of the disease, respectively (p<0.0001). Conversely, individuals carrying the NLRC4-rs212704-TT genotype 
were significantly less likely to develop lung cancer (OR=0.6, 95% CI: 0.43–0.85, p=0.014).

Table 4 shows three genetic models used to better evaluate SNPs’ associations with lung cancer risk. The results are 
consistent with allele and genotype models. The NLRP3-rs35829419, NLRC4-rs385076 and NLRP7-rs775882 were 
associated with various degrees of increased risk of lung cancer in all genetic models, except that NLRC4-rs212704 
was associated with a reduced risk (p < 0.05).

Table 1 The Demographic Characteristics of the Participants

Characteristics Case (n=660) Control (n=660) χ2/t p

Sex (%)

Male 426 (64.5) 422 (63.9) 0.053 0.818

Female 234 (35.5) 238 (36.1)

Age 0.899 0.761

Mean ±SD 56.94±10.23 56.44±10.28

Smoking (%) 0.025 0.819

Yes 423 (64.1) 419 (63.5)

No 237 (35.9) 241 (36.5)

Pathological types

Adenocarcinoma 300 (45.5)

Squamous cell carcinoma 213 (32.3)

Small cell lung cancer 122 (18.5)

Others 25 (3.7)

Stage

I or II 159 (24.1)

III or IV 501 (75.9)
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Considering the effect of smoking on lung cancer risk and the differences of pathogenesis, we divided the participants 
into smoker and nonsmoker subgroups (Table 5) and evaluated the associations in each pathological type (Table 6). We 
observed that the four SNPs remained significant in smoker and nonsmoker subgroups (p < 0.05). However, in different 

Table 2 The MAF and HWE of Candidate SNPs Between Lung Cancer Cases and Healthy Controls

SNP Gene Position Allele Variants Type MAF- 
Case

MAF- 
Control

HWE 
p

OR (95% CI) p

rs35829419 NLRP3 chr1:247425556 C>A Missense variant 0.14 0.11 0.68 1.361 (1.078–1.718) 0.009*

rs10754558 NLRP3 chr1:247448734 C>G 3’UTR variant 0.26 0.30 0.85 0.850 (0.717–1.008) 0.062

rs212704 NLRC4 chr2:32225279 C>T Intron 0.42 0.47 0.64 0.807 (0.692–0.941) 0.006*

rs455060 NLRC4 chr2:32250040 G>A Synonymous variant 0.49 0.45 0.88 1.143 (0.981–1.332) 0.086

rs385076 NLRC4 chr2:32264782 T>C Intron 0.27 0.19 0.45 1.568 (1.306–1.882) <0.0001*

rs775882 NLRP7 chr19:54939864 C>T Missense variant 0.26 0.14 0.99 2.077 (1.704–2.532) <0.0001*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy–Weinberg equilibrium. OR, odds ratio; CI, confidence interval.

Table 3 Genotype Frequency Distributions Between Lung Cancer Cases and Healthy Controls

SNP Genotype Control Case OR (95% CI) p

rs35829419 CC 524 (79.4%) 491 (74.4%) 1 0.018*

CA 130 (19.7%) 152 (23%) 1.22 (0.93–1.60)

AA 6 (0.9%) 17 (2.6%) 3.08 (1.20–7.89)

rs10754558 CC 326 (49.4%) 360 (54.5%) 1 0.17

CG 278 (42.1%) 253 (38.3%) 0.83 (0.66–1.04)

GG 56 (8.5%) 47 (7.1%) 0.77 (0.51–1.16)

rs212704 CC 181 (27.4%) 216 (32.7%) 1 0.014*

TC 336 (50.9%) 336 (50.9%) 0.81 (0.62–1.06)

TT 143 (21.7%) 108 (16.4%) 0.60 (0.43–0.85)

rs455060 GG 195 (29.6%) 180 (27.3%) 1 0.16

AG 330 (50%) 316 (47.9%) 1.04 (0.81–1.34)

AA 135 (20.4%) 164 (24.9%) 1.31 (0.97–1.78)

rs385076 TT 427 (64.7%) 350 (53%) 1 <0.0001*

TC 212 (32.1%) 261 (39.5%) 1.50 (1.19–1.89)

CC 21 (3.2%) 49 (7.4%) 2.92 (1.71–4.97)

rs775882 CC 486 (73.6%) 368 (55.8%) 1 <0.0001*

CT 161 (24.4%) 247 (37.4%) 2.05 (1.61–2.62)

TT 13 (2%) 45 (6.8%) 4.59 (2.44–8.64)

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
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pathological type groups, NLRP3-rs35829419 was correlated with risk of adenocarcinoma and small cell lung cancer, but 
not squamous cell carcinoma; and NLRC4-rs212704 was only protective for squamous cell carcinoma. The NLRC4- 
rs385076 and NLRP7-rs775882 were associated with all three pathological types (p < 0.01).

Table 4 Association Between SNPs and Lung Cancer Risk in Genetic Models

SNP Model Genotype Control Case OR (95% CI) p

rs35829419 Dominant CC 524 (79.4%) 491 (74.4%) 1 0.043*

CA-AA 136 (20.6%) 169 (25.6%) 1.31 (1.01–1.70)

Recessive CC-CA 654 (99.1%) 643 (97.4%) 1 0.016*

AA 6 (0.9%) 17 (2.6%) 2.96 (1.16–7.58)

Log-additive — — — 1.34 (1.06–1.70) 0.013*

rs10754558 Dominant CC 326 (49.4%) 360 (54.5%) 1 0.066

CG-GG 334 (50.6%) 300 (45.5%) 0.82 (0.66–1.01)

Recessive CC-CG 604 (91.5%) 613 (92.9%) 1 0.380

GG 56 (8.5%) 47 (7.1%) 0.83 (0.56–1.25)

Log-additive — — — 0.85 (0.72–1.01) 0.068

rs212704 Dominant CC 181 (27.4%) 216 (32.7%) 1 0.031*

TC-TT 479 (72.6%) 444 (67.3%) 0.75 (0.58–0.98)

Recessive CC-TC 517 (78.3%) 552 (83.6%) 1 0.013*

TT 143 (21.7%) 108 (16.4%) 0.70 (0.53–0.93)

Log-additive — — — 0.78 (0.66–0.92) 0.004*

rs455060 Dominant GG 195 (29.6%) 180 (27.3%) 1 0.360

AG-AA 465 (70.5%) 480 (72.7%) 1.12 (0.88–1.42)

Recessive GG-AG 525 (79.5%) 496 (75.2%) 1 0.059

AA 135 (20.4%) 164 (24.9%) 1.28 (0.99–1.66)

Log-additive — — — 1.14 (0.98–1.33) 0.090

rs385076 Dominant TT 427 (64.7%) 350 (53%) 1 <0.0001*

TC-CC 233 (35.3%) 310 (47%) 1.63 (1.30–2.03)

Recessive TT-TC 639 (96.8%) 611 (92.6%) 1 0.0004*

CC 21 (3.2%) 49 (7.4%) 2.50 (1.48–4.23)

Log-additive — — — 1.59 (1.32–1.91) <0.0001*

rs775882 Dominant CC 486 (73.6%) 368 (55.8%) 1 <0.0001*

CT-TT 174 (26.4%) 292 (44.2%) 2.25 (1.78–2.83)

Recessive CC-CT 647 (98%) 615 (93.2%) 1 <0.0001*

TT 13 (2%) 45 (6.8%) 3.65 (1.95–6.83)

Log-additive — — — 2.08 (1.70–2.55) <0.0001*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
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Table 5 Associations of Candidate SNPs with Lung Cancer Risk in Smokers and Nonsmokers

SNP Model Genotype Smokers Nonsmokers

OR (95% CI) p OR (95% CI) p

rs35829419 Dominant CC 1 0.97 1 0.0013*

CA-AA 1.01 (0.71–1.42) 2.10 (1.33–3.32)

Recessive CC-CA 1 0.023* 1 0.17

AA 7.22 (1.88–59.08) 2.09 (0.70–6.21)

Log-additive — 1.09 (0.79–1.50) 0.6 1.83 (1.24–2.69) 0.0017*

rs212704 Dominant CC 1 <0.0001* 1 0.39

TC-TT 0.55 (0.42–0.73) 0.84 (0.56–1.25)

Recessive CC-TC 1 <0.0001* 1 <0.0001*

TT 0.38 (0.24–0.58) 0.03 (0.00–0.22)

Log-additive — 0.58 (0.48–0.72) <0.0001* 0.58 (0.42–0.82) 0.0019*

rs385076 Dominant TT 1 0.0001* 1 0.053

TC-CC 1.75 (1.32–2.32) 1.43 (0.99–2.06)

Recessive TT-TC 1 0.0015* 1 0.074

CC 2.96 (1.46–6.01) 2.02 (0.92–4.45)

Log-additive — 1.70 (1.34–2.16) <0.0001* 1.41 (1.05–1.91) 0.023*

rs775882 Dominant CC 1 <0.0001* 1 0.0058*

CT-TT 2.74 (2.02–3.71) 1.68 (1.16–2.42)

Recessive CC-CT 1 <0.0001* 1 0.059

TT 4.69 (2.04–10.77) 2.46 (0.93–6.54)

Log-additive — 2.46 (1.89–3.21) <0.0001* 1.62 (1.18–2.24) 0.0026*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

Table 6 Association Between Candidate SNPs and Risk of Adenocarcinoma, Squamous Cell Carcinoma, and Small Cell Lung Cancer

SNP Model Genotype Adenocarcinoma Squamous Cell Carcinoma Small Cell Lung Cancer

OR (95% CI) p OR (95% CI) p OR (95% CI) p

rs35829419 Dominant CC 1 0.062 1 0.93 1 0.0058*

CA-AA 1.37 (0.99–1.90) 1.02 (0.69–1.50) 1.91 (1.22–2.99)

Recessive CC-CA 1 0.16 1 0.2 1 0.016*

AA 2.22 (0.73–6.74) 2.42 (0.65–8.95) 4.95 (1.45–16.86)

Log-additive — 1.37 (1.02–1.84) 0.04* 1.08 (0.75–1.54) 0.69 1.91 (1.29–2.82) 0.0017*

(Continued)
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Discussion
Inflammasomes have a dual effect on tumorigenesis, and their effects on the tumor development changed with the type of 
tumor.20 Genetic mutations in the inflammasome component may increase the body’s susceptibility to tumor, and anti- 
tumor immune strategy targeting inflammasomes has become a research hotspot in the field of oncology.21 In the present 
study, we demonstrated that NLRP3-rs35829419, NLRC4-rs385076 and NLRP7-rs775882 were associated with different 
levels of increased lung cancer risk, while NLRC4 -rs212704 exhibited a reduced risk. Our data provide further insight 
into the effects of pyroptosis and inflammasomes in lung cancer.

NLRP3 inflammasome is the most characteristic and deeply investigated inflammasome, which is composed of NLRP3 
protein, apoptosis-associated spot-like protein containing a CARD (ASC) and pro-caspase-1.22 Studies have shown that 
tumor cells can escape from pyroptosis when their inflammasome components are silenced by epigenetic modifications.23 

For example, the caspase-1 protein was downregulated in prostate tumor cells,24 and methylation suppresses ASC 
expression in many cancers.25 Also, knock out of NLRP3, ASC, and Caspase-1 promoted tumor growth in colorectal 
cancer mice model, indicating that dysfunction of NLRP3 inflammasome increased tumor burden.26 In addition, according 
to Yuan et al, Cucurbitacin B can directly activate the NLRP3 inflammasome through binding to Toll-like receptor 4, and 
trigger pyroptosis to inhibit development of lung cancer.27 Liang et al found that lycorine can inhibit NLRP3 activation 
through interference with its interaction with ASC and finally ameliorate pulmonary inflammation and fibrosis.28 In brief, 
NLRP3 inflammasome establishes the link between immunity and anti-tumor by inducing immune cells and tumor cells to 
undergo pyroptosis or hyperactivity, and plays a nonnegligible role in the process of anti-tumor immunity. According to our 
results, A NLRP3-rs35829419 mutation increased the risk of lung cancer, especially in adenocarcinoma and small cell lung 
cancer. Considering rs35829419 is a missense variant, we speculated that rs35829419 might exert an effect on development 

Table 6 (Continued). 

SNP Model Genotype Adenocarcinoma Squamous Cell Carcinoma Small Cell Lung Cancer

OR (95% CI) p OR (95% CI) p OR (95% CI) p

rs212704 Dominant CC 1 0.71 1 0.0004* 1 0.63

TC-TT 0.94 (0.67–1.32) 0.55 (0.39–0.76) 0.90 (0.58–1.40)

Recessive CC-TC 1 0.13 1 0.016* 1 0.22

TT 0.77 (0.54–1.09) 0.59 (0.38–0.92) 0.72 (0.42–1.23)

Log-additive — 0.88 (0.71–1.09) 0.24 0.64 (0.51–0.82) 0.0002* 0.86 (0.64–1.15) 0.3

rs385076 Dominant TT 1 0.0002* 1 0.0009* 1 0.099

TC-CC 1.69 (1.28–2.23) 1.72 (1.25–2.36) 1.40 (0.94–2.08)

Recessive TT-TC 1 0.11 1 0.0044* 1 0.0014*

CC 1.73 (0.89–3.36) 2.79 (1.41–5.54) 3.55 (1.71–7.35)

Log-additive — 1.56 (1.23–1.98) 0.0002* 1.68 (1.29–2.19) 0.0001* 1.53 (1.12–2.10) 0.0091

rs775882 Dominant CC 1 <0.0001* 1 <0.0001* 1 0.0013*

CT-TT 2.28 (1.71–3.05) 2.59 (1.86–3.62) 1.97 (1.31–2.96)

Recessive CC-CT 1 0.0005* 1 <0.0001* 1 0.75

TT 3.51 (1.71–7.20) 5.54 (2.69–11.40) 0.79 (0.17–3.61)

Log-additive — 2.11 (1.65–2.70) <0.0001* 2.41 (1.83–3.17) <0.0001* 1.69 (1.18–2.41) 0.0052*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
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of the disease by changing the conformation of NLRP3 and influencing the activation of NLRP3 inflammasome and further 
pyroptosis combined with other factors.

Similar to other NLRs, NLRC4 has three structure domains: N-terminal isotype, central nucleotide-binding domain, 
and C-terminal leucine-rich repeat (LRR). In the absence of activation signals, NLRC4 is not activated by inhibiting self- 
polymerization; and when pathogenic microorganism infection, stress, or injury occurs, the LRRs domain recognizes the 
corresponding ligand, resulting in conformational changes, depolymerization, and activation of inflammasome.12 The 
expression and function of NLRC is inconsistent in different tumor type, or even in the same type.29 Hu et al 
demonstrated that NLRC4 inflammasome exerts influences on the process of colonic inflammation to tumor by regulating 
the epithelial cell response to injury.30 Janowski et al proved that NLRC4 could independently inhibit tumor growth 
without changed expression of ASC and caspase-1 or activation of inflammasome in melanoma.31 Kolb et al reported that 
obesity could induce the activation of NLRC4 and IL-1β, further change the VEGFA expression, and finally promote 
progression of breast cancer.32 In addition, Koichiro et al observed that NLRC4 could drive M2 polarization of tumor- 
associated macrophages and upregulate IL-1β and VEGF levels, resulting in liver metastasis of colon cancer.33 However, 
it is not fully understood how NLRC4 contributes to lung cancer. Here, we genotyped three SNPs in NLRC4 and 
identified that NLRC4-rs212704 was a risk-lowering variant for lung squamous cell carcinoma, while NLRC4-rs385076 
was correlated with an increased risk of three types of the disease. Despite being located in the intron region, these two 
SNPs may influence the progression of lung cancer by changing motifs. In addition to providing new insight into the role 
of NLRC4, these results lay the groundwork for further functional studies on the protein.

NLRP7 is also a member of NLRP family and has a similar composition with other members and is the essential domain 
to function as an inflammasome sensor. However, the role of NLRP7 on inflammation in controversial. Kinoshita et al 
recognized that NLRP7 (also known as PYPAF3) could negatively regulate the secretion of IL-1β in caspase-1-dependent 
inflammasome signalling.34 Massaed et al further demonstrated that an inhibitory role of NLRP7 in formation of pro-IL-1β 
could be abolished by site-specific mutations after the Pyrin domain,35 indicating the anti- inflammatory role of NLRP7. On 
the contrary, Khare et al described that NLRP7 activation is necessary for activation of caspase-1 and release of IL-1β and 
IL-18 but not for secretion of IL-6 and TNF-α, in response to Mycoplasma infection.36 Zhou et al reported that NLRP7 
inflammasome could promote IL-1β secretion and induce pyroptosis in THP-1 macrophages in response to M. bovis 
infection.37 Collectively, the anti-inflammatory or pro-inflammatory role of NLRP7 was observed under specific condi-
tions. Previous studies on genetic polymorphisms of NLRP7 mainly focused on reproductive diseases, such as placental 
development, early pregnancy, and hydatidiform mole.38 We firstly established a link between NLRP7-rs775882 and risk of 
lung cancer. As rs775882 is a missense variant that may lead to the conformation change of NLRP7, we hypothesized that 
rs775882 may exert an effect on risk of the disease through disturbing the activation of NLRP7 inflammasome and 
pyroptosis in human body. In recent years, the latest association studies brought new ideas and inspiration for identification 
of susceptible genes for lung cancer. Yin et al reported that rs3136558 in pro-inflammatory gene IL1B has interactions with 
PPP1R13L and POLR1G in relation to lung cancer.39 Wang’s Lab identified BRCA2 that affect risk of lung cancer in a very 
large sample size including almost 30,000 individuals.40 Ji’s group reported a relationship between rs1948915 in long 
noncoding RNA (lncRNA) CCAT1 and risk of lung adenocarcinoma in the Chinese northeast population.41 In addition, Yu 
et al introduced a novel concept, RegQTL, to association study, and found that rs3768617 might have an influence on lung 
cancer risk by regulating the expression of miRNA-548b-3p-LAMC1 axis.42 These studies suggested that we could explore 
the interactions of genes and genes, polymorphisms of miRNA and lncRNA, or some novel regQTL-SNPs that related to 
lung cancer in a large sample size in further studies.

This study has some limitations. Firstly, a very long period of time was spent to recruit the subjects, we did not detect 
the serum levels of IL-1β and IL-18 of participants, therefore, we could not evaluate the effects of SNPs on activation of 
inflammasome pyroptosis. Secondly, the participants recruited in our hospital are mainly from northwest China, these 
results could only be interpreted as the associations between SNPs and risk of the disease in a Chinese Han population 
from northwest China. Thirdly, our results need to be validated by cell experiment and animal models.
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Conclusion
In conclusion, we identified four SNPs associated with risk of lung cancer: NLRP3-rs35829419, NLRC4-rs385076 and 
NLRP7-rs775882 were risk variants for lung cancer, while NLRC4-rs212704 was a protective factor for the disease. Our 
results not only provide candidate markers for identification of high-risk population and early prevention of the disease 
but also provide new insight for anti-tumor strategy targeting inflammasome and pyroptosis.
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