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Abstract
The increased prevalence of Helicobacter pylori infection and inadequate genetic research on the same, 
demands a genetic study among Tamil population of South India to unravel the association of NLRP3 
(NLR family pyrin domain containing 3) variants with persistent H. pylori infection. This research was 
aimed to study the correlation between persistent H. pylori infection and influence of such genetic 
variants in the development of disease progression. In this study, 200 healthy volunteers and 120 H. 
pylori-positive cases were screened for two NLRP3 variants, rs74163773 and rs10754558, using allele-
specific PCR and TaqManTM SNP genotyping assay, respectively. Based on our genotype and allelic 
distribution, rs74163773 variant did not associate with the risk of developing the persistent infection. 
However, a significant association of heterozygous CG variant of rs10754558 with patient showing 
clinical symptoms of gastritis, PUD and persistent infection in the over-dominant, co-dominant and 
recessive models was found. Our findings suggest that persistent H. pylori infection susceptibility was 
influenced by genetic variant rs10754558 and its heterozygous CG variant can serve as an independent 
risk factor in the manifestation of chronic gastritis and PUD in the South Indian Tamils.
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INTRODUCTION

 Gastric cancer (GC) ranks third in 
contributing to cancer-related deaths globally and 
remains the most fatal with a higher incidence 
rate reported from parts of Central and Southern 
America, Eastern Europe, and Central and 
East Asia. About 1.1 million new GC cases 
were reported in 2020 and it is anticipated to 
increase by 76% globally by 2030.1,2 GC is rapidly 
increasing in epidemic proportions across the 
Indian subcontinent with a projected incidence of 
approximately 12,000 new cases by 2025 and with 
a 27% survival rate over five years.3,4 According to 
the data provided by the National Cancer Registry 
Program 2020, the north-eastern states of India 
have experienced a higher incidence of GC, and 
the incidence rate (age-adjusted) was higher in 
men than women, owing to the poor molecular 
understanding of GC progression and lack of early 
detection and diagnosis.5

 H. pylori, a helical-shaped, Gram-negative 
flagellated bacterium found in the pyloric antrum, 
is the most recognized etiological risk factor of 
GC. Its prevalence rate lies between 50-83% and 
infects the susceptible in their early twenties. 
Various epidemiological, clinical and preclinical 
studies strongly suggest that H. pylori cause gastric 
carcinoma,6 and thus this bacterium is recognized 
as a class I carcinogenic pathogen in humans, 
while the genetic and environmental factors were 
established to be other key risk factors.7

 NLR (NOD like receptor) belongs to 
the family of pattern recognition receptors 
and are among the important entities of the 
non-specific immune system in identifying 
the PAMPs (Pathogen-associated molecular 
pattern). NLRP3 (NLRP3; genetic locus: 1q44), 
a subfamily of NLRs, takes part in inflammatory 
diseases. It forms a multimeric protein complex 
(inflammasome) that recruits an intracellular 
cysteine protease known as caspase-1 (CASP1) 
which results in IL-1b (Interleukin-1b) and IL-
18 (Interleukin-18) production, along with the 
initiation of pyronecrosis and pyroptosis to 
protect against infection.8 Activation of IL-1ג and 
IL-18 expression by the NLRP3-CASP1 signalling 
pathway during persistent H. pylori infection, 
promotes gastric inflammation and carcinogenesis. 

Genetic variations that compromise the functions 
of NLRP3, alter the secretion of these cytokines 
and are said to affect the immune homeostasis, 
thereby favouring the H. pylori to thrive, including 
the augmentation of downstream processes in 
GC development. Also, persistent infection and 
immune tolerance lead to GC by over-expression 
of cyclooxygenase-2 (COX-2) and repression of 
gastric acid secretion.9 
 Several studies on NLRP3 polymorphisms 
have contributed valuable insight into its role 
in inflammatory disorders like type-1 diabetes 
mellitus, celiac disease,10 Alzheimer’s disease 
(AD),11 multiple sclerosis12 and cervical cancer13 
other than GC.14 Though less genetic studies are 
available concerning the relationship between H. 
pylori and NLR signalling cascade, studies on H. 
pylori-infected human gastric cells have confirmed 
that lipopolysaccharides of the bacteria enhance 
CASP1, IL-1b and IL-18 expression in-vitro.15,16 
Moreover, an in-vivo experiment with the NLRP3-
knockout mice model showed reduced release 
of TNF-a, IL-1b and IL-10 due to down-regulated 
immune response, which made the animals 
prone to infection leading to ulcerative colitis.17 
Conversely, the genetic association between a 
novel intron variant of NLRP3 (rs74163773) and 
the vaginal infection caused by Candida sp., 
namely recurrent vulvovaginal candidiasis (RVVC) 
leads to over-activation of IL-1b,18 and progression 
towards GC.19 Also, recent findings have linked the 
development of H. pylori-induced GC to NLRP3 
variants, rs10754558 and rs4612666 in the Chinese 
Han population.20 
 Though NLRP3  showed a stronger 
correlation with immune filtration and serves as 
prognostic biomarker of GC immune response 
against H. pylori,21,22 the underlying mechanism 
remains obscure in the South Indian population. 
Therefore, we aimed to analyze the influence 
of NLRP3 genetic variants (rs10754558 and 
rs74163773) in developing persistent infection 
caused by H. pylori in the South Indian population. 
We believe that this study may be a prime approach 
to throw light on establishing a population-specific 
biomarker that can be extrapolated to one’s 
increased risk of persistent H. pylori infection, 
chronic gastritis, and/or PUD. 
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METHODOLOGY

Study subjects and screening for H. pylori 
infection
 All the study subjects have given their 
consent for sample collection and the institutional 
Ethical Committee of Rajiv Gandhi Medical College 
and Hospital Chennai, India, has approved the 
study (EC Reg. No. ECR/270/Inst./TN/2013). 
Healthy and willing volunteers of South Indian 
Tamil ethnicity (n = 200) who were devoid of 
gastrointestinal complications, autoimmune 
diseases and diabetes mellitus were included. The 
study subjects were screened for H. pylori infection 
using GastroPanel® H. pylori ELISA kit (#606040; 
Biohit Healthcare, Finland) to check for IgG level 
against the bacteria (HpIgG).23 The cut-off value 
of >30 U/mL was considered positive for active H. 
pylori infection.24 
 Patients with the complaint of discomfort 
or pain in the upper abdomen were recruited from 
the Department of Medical Gastroenterology, 
MMC, Chennai, from December 2018 to October 
2019. The gastric tissue samples from the pyloric 
antrum region were collected and rapid urease 
test kit (RUT DRY Test Kit, Gastro Cure Systems, 
Kolkata, India) was used to screen the samples 
for H. pylori infection. The samples tested positive 
for RUT and also the subjects who had not been 
administered any anti-inflammatory drugs, non-
steroidal drugs, proton pump inhibitors, and 
antimicrobial drugs were considered as H. pylori-
positive cases (n=120).25 The relevant pathological 
data and clinical hallmarks of all the participants 
in this study were obtained along with informed 
written consent. 

Genomic DNA isolation and quantification
 Salting-out method was used for genomic 
DNA isolation.26 DNA quality and purity were 
confirmed by gel electrophoresis using 0.8% 
agarose gel and the UV absorbance 260/280 
ratio has ranged consistently between 1.6 and 
1.8, indicating excellent deproteinization. The 
resultant DNA was sufficient to carry out further 
PCR reactions and stored at -20°C until use.

Genotyping of NLRP3 variants
 Genotyping of VNTR rs74163773 was 
performed using the allele-specific PCR method. 
The region harbouring the 42 bp VNTR in the 
intron of NLRP3 was amplified using the primers 
described by Omi et al. (Table 1).27 Template 
genomic DNA of 1 µL (50 ng) was used in a reaction 
volume of 25 µL with 0.2 µL of 5 U/µL Taq DNA 
polymerase (#MBT060; HiMedia Labs, India), 0.5 
µL of each primer (5 pmol/µL; Bioserve, India), 1 
µL of dNTP mix (25 mM each) (#MBT058; HiMedia 
Labs, India), 2.5 µL of 10X reaction buffer (20 mM 
MgCl2) (#MBT060; HiMedia Labs, India) and rest 
nuclease-free water.27 The thermocycler was set 
at 95°C for 5 minutes for initial denaturation, 
followed by denaturation at 95°C for 30 seconds, 
annealing/extension at 49°C for 30 seconds for 
35 cycles, and the final extension at 72°C for 10 
minutes.27 The genotype patterns 12/13, 12/12, 
12/9, 12/7, 7/9, and 7/7 as reported by Omi et al 
were followed,27 and the PCR products of the major 
allele homozygote (12-12 genotype: 720 bp – 12 
repeats in both alleles), minor allele homozygote 
(7-9 genotype: 510 bp – 7 repeats in allele 7 and 
594 bp – 9 repeats in allele 9; 7-7 genotype: 510 bp 
– 7 repeats in both alleles) and heterozygotes with 

Table 1. Primer and probe sequences of NLRP3 polymorphisms

Gene Genotyping Method Primer/Probe sequence

NLRP3 (rs74163773) Allele-specific PCR Forward primer (5’→3’):
  CTGACCTCCCAATGTGCCTT
  Reverse primer (5’→3’):
  CAGAGCTTCTTCAGATTGCA 
NLRP3 (rs10754558) TaqManTM allelic  VIC®-labelled probe: 
 discrimination assay GACAATGACAGCATCGGGTGTTGTT[C]TCATCACAGCGCCTCA
  GTTAGAGGA
  FAMTM-labelled probe: 
  GACAATGACAGCATCGGGTGTTGTT[G]TCATCACAGCGCCTCA
  GTTAGAGGA
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Figure 1(a-b). Electrophoresis pattern of rs74163773 genotyping by allele-specific PCR in 1.3% agarose gel 
M: 100 bp ladder (#N3231S; New England Biolabs® Inc., India); (a) Lane 2: Novel genotype (X-X) (510 bp/720 bp/762 
bp); (b) Lane 1-3,7: 12/12 genotype (720 bp/720 bp); Lane 4: 7/9 genotype (510 bp/594 bp); Lane 5:12/7 genotype 
(720 bp/510 bp); Lane 6: 12/13 genotype (720 bp/762 bp)

Figure 2. Representative amplification plot for rs10754558 SNV in control and H. pylori cases using real-time PCR 
Probe for allele G was labelled with VIC® and that for allele C with FAMTM

DRn -Normalized difference

both major and minor alleles (12-13 genotype: 720 
bp – 12 repeats in allele 12 and 760 bp – 13 repeats 
in allele 13; 12-9 genotype: 720 bp – 12 repeats in 
allele 12 and 594 bp – 9 repeats in allele 9; 12-7 
genotype: 720 bp – 12 repeats in allele 12 and 
510 bp – 7 repeats in allele 7) were analyzed. The 
amplicons of the genotypes of rs74163773 were 

separated on a 1.3% ethidium bromide-stained 
agarose gel and then photographed and analyzed 
(Figure 1a and 1b).
 The rs10754558 (C > G) in the 3’-UTR 
region was screened using the TaqManTM allelic 
discrimination assay (assay ID: C_26052028_10) 
(#4351379; Applied Biosystems, Carlsbad, USA). 
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The TaqManTM Genotyping Master Mix (#4371353; 
Applied Biosystems, Carlsbad, USA), containing 
the AmpliTaqGoldTM DNA Polymerase, was used 
to amplify the genomic DNA in a real-time PCR 
machine (Applied BiosystemsQuantStudio 3) 
with the help of sequence-specific primers. The 
reaction mixture consisted of 20 ng of diluted 
genomic DNA with 5 µL of TaqManTM Genotyping 
Master Mix, 0.5 µL of TaqManTM Genotyping 
Assay Mix and the reaction volume was set to 10 
µL with nuclease-free water. The thermocycler 
conditions were set at 95°C for 10 minutes for 
initial denaturation, followed by denaturation step 
at 95°C for 15 seconds and annealing/extension 
at 60°C for 1 minute for 40 cycles in 96 wells in 
the real-time PCR machine. The amplification of 
each allele by TaqManTM probes resulted in the 
production of fluorescent signals which were 
detected by the sequence detection system and 
their normalized differences (ΔRn) were plotted 
against the amplification cycle for both the alleles 
(Figure 2). The representative amplification plot 
indicating the allele-specific distribution is shown 
in Figure 3. The fluorescent probe used for the 
detection of allele C was fluorescein amidite 

(FAMTM)-labelled probes and that for allele G was 
the Victoria (VIC®)-labelled probe (Table 1).

Table 2. Clinical Characteristics of Healthy control and 
H. pylori positive cases

Particulars Healthy  H. pylori +ve 
 Controls  Cases 
 (n=200)(%) (n=120) (%)

Mean age (years)  46.62 ± 15.26 53.45 ± 18.04
± SD
Median age (years) 49 57
>50 95 (47.5) 77 (64.2)
<50 105 (52.5) 43 (35.8)
Gender
Male 115 (57.5) 78 (65)
Female 85 (42.5) 42 (35)
Persistent gastritis Nil 80 (66.7)
Peptic Ulcer Disease Nil 40 (33.3)
Smoking
Yes 43 (21.5) 31 (25.8)
No 157 (78.5) 89 (74.2)
History of alcohol 
consumption
Yes 11 (5.5) 18 (15)
No 189 (94.5) 102 (85)

Figure 3. Scatter plot of TaqManTM allelic discrimination of rs10754558
The homozygous wild genotype (CC) is shown in blue. The homozygous variant genotype (GG) is shown in red. The 
heterozygous genotype (CG) is shown in green. NTC: No template control



  www.microbiologyjournal.org1791Journal of Pure and Applied Microbiology

Rajendran et al | J Pure Appl Microbiol. 2024;18(3):1786-1798. https://doi.org/10.22207/JPAM.18.3.27

Statistical analysis
 t-test and chi-square (χ2) test was 
performed for the analysis and the association 
between genotypes of NLRP3 and H. pylori 
cases using SPSS® software. Allelic and genotype 
frequencies were calculated. Any deviation 
from HWE (p < 0.05 was found to be statistically 
significant) for genotype distribution between the 
study subjects was determined.

STRING analysis
 STRING analysis was done with human 
NLPR3 with database version 11 on standard 
settings.28 Gene-Gene interaction was obtained 
with String analysis. NLPR3 gene served as an 
input, and PPI network was obtained and analyzed 
based on the scientific evidence linked with 
STRING.

RESULTS

 Our control group included 115 males 
and 85 females, and the H. pylori-positive cases 
comprised 78 male subjects and 42 female 
subjects. The population statistical data and 
the clinical features of the study subjects are 
shown in Table 2. All of them were genotyped 
for rs74163773 and rs10754558. Table 3 depicts 
the genotypic distribution and allele frequencies 
of these variants. The screening of 42 bp VNTR 
of rs74163773 had resulted in six genotypes 
(12/12, 12/13, 12/9, 12/7, 7/7, and 7/9), where 
12/12 genotype was found to be the most 
prevalent genotype among others. Interestingly, 
we observed a novel genotype (X-X) in our study 
population and found that it has not been reported 
in any other population. No further validation of 
this novel genotype was done as it is less frequent 

Table 3. Genotype and allele frequencies of NLRP3 variants (rs74163773 and rs10754558) in H. pylori-positive cases

Genes Genotypes/allele  Controls H. pylori-  ap-value #OR 95% #CI
 frequency (n=200)  positive
  (%) cases 
   (n=120) (%)

NLRP3  12/12 genotype 154 (77) 83 (69) - Reference -
(rs74163773) 12/13 genotype 27 (14) 15 (12.5) 0.93 1.03 0.52-2.04
 12/9 genotype 8 (4) 3 (2.5) 0.83 0.69 0.17-2.69
 7/7 genotype 2 (1) 5 (4) 0.11 4.63 0.88-24.44
 Novel genotype (X-X) 6 (3) 8 (7) 0.16 2.47 0.83-7.37
 12/7 genotype 3 (1) 5 (4) 0.22 3.09 0.72-13.26
 7/9 genotype 0 1 (1) 0.75 5.55 0.22-137.88
NLRP3 CC (Homozygote 38 (19) 22 (18) - - -
 reference)
(rs10754558)  CG (Heterozygote) 107 (53.5) 47 (39) 0.48 0.76 0.41-1.42
(C > G) GG (Homozygote 55 (27.5) 51 (43) 0.20 1.6 0.84-3.06
 variant)
 C 183 (46) 91 (38) - - -
 G 217 (54) 149 (62) 0.06 1.38 1.00-1.91
Dominant model CC vs. CG+GG - - 1.00 1.04 0.58-1.87
Co-dominant  CG vs. GG - - 0.006 2.11 1.26-3.52
model CC vs. GG - - 0.20 1.60 0.84-3.06
 CC vs. CG - - 0.48 0.76 0.41-1.42
Recessive model CG+CC vs. GG - - 0.008 1.95 1.21-3.14
G vs. C - - - 0.06 0.72 0.52-1.00

*Significant results are in bold font. ac2 analysis, p-value < 0.05 was considered to be significant. HWE for controls and cases 
for rs74163773 are in disequilibrium. p < 0.05. c2=7.03, df =2, p =0.02 for genotype frequencies in cases vs. control. HWE for 
controls and cases for rs10754558 are in equilibrium. p > 0.05. c2=8.31, df =2, p =0.015 for genotype frequencies in cases vs. 
control. c2=3.45, df =1, p =0.06 for allele frequencies in cases vs. control. # OR-Odds Ratio; CI- Confidence Interval
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in our population. The genotype frequency of 
rs74163773 showed deviation from HWE in both 
control and H. pylori cases. This disequilibrium 
could be due to the rare occurrence of the majority 
of the genotypes of NLRP3 (rs74163773) in our 
population. Also, rs74163773 has failed to show 
significant risk in the development of persistent 
infection and its associated clinical manifestations 
(data not shown).
 The minor allele frequency (MAF) 
reported for rs10754558 was found to be 0.54, 
which was in agreement with the reported 
number for the Asian population (MAFAsia=0.5).29 
No deviation from HWE was observed for this 
variant in our control and case population. Also, 
we discovered a significant association between 

rs10754558 with the risk of persistent H. pylori 
infection in the co-dominant model (p = 0.006) 
and recessive model (p = 0.008) (Table 3). Further, 
we observed that the H. pylori-infected individuals 
harbouring the heterozygous CG variant have a 
decreased risk of developing persistent gastritis 
(p = 0.048) and PUD (p = 0.039) (Table 4).
 Among the cases, rs10754558 was 
observed to show significant risk in the progression 
of clinical phenotypes such as chronic gastritis and 
PUD in addition to a predisposition to persistent 
H. pylori infection. The following different models 
of inheritance of rs10754558 were associated 
significantly with the persistent H. pylori infection 
development [over-dominant model(p = 0.01)], 
chronic gastritis [co-dominant model (p = 0.03); 

Table 4. Influence of NLRP3 variant (rs10754558) with clinical manifestations of H. pylori infection

Gene Genotypes/  Controls  Chronic  #OR  PUD  #OR 
 allele  (n=200) gastritis  (95% #CI)a (n=40)  (95% #CI)a

 frequency  (%) (n= 80)  p-value (%) (%) p-value

NLRP3 CC 38 (19) 23 (28.3) Reference 13 (32.5) Reference
(rs10754558)  CG 107 (53.5) 32 (40.5) 0.49 (0.25-0.94) 0.048 14 (35) 0.38 (0.16-0.88) 0.039
(C > G) GG 55 (27.5) 25 (31.2) 0.75 (0.37-1.51) 0.53 13 (32.5) 0.69 (0.28-0.65) 0.54
 C 183 (46) 78 (48.7) - 40 (50) -
 G 217 (54) 82 (51.3) 1.12 (0.78-1.62) 0.58 40 (50) 1.18 (0.73-1.91) 0.56

*Significant results are in bold font. ac2 analysis, p < 0.05 was considered to be significant. HWE for controls and chronic gastritis 
for rs10754558 are in equilibrium. p > 0.05. c2=4.87, df =2, p = 0.09 for genotype frequencies in control vs. chronic gastritis. 
c2=0.30, df = 1, p = 0.58 for allele frequencies in control vs. chronic gastritis. HWE for controls and PUD for rs10754558 are in 
equilibrium. p > 0.05. c2 = 5.42, df = 2, p = 0.07 for genotype frequencies in control vs. PUD. c2 = 0.33, df = 1, p = 0.57 for allele 
frequencies in control vs. PUD. # OR-Odds Ratio; CI- Confidence Interval

Figure 4. STRING Protein-Protein Interaction Network
NLPR3 gene served as an input. Distinct functional clusters were determined. All of the proteins plays an important 
role in Inflammasome pathway
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over-dominant model (p = 0.04)] and PUD [co-
dominant model (p = 0.02); over-dominant model 
(p = 0.03)] (Table 5). The above data shows that 
the heterozygous variant of NLRP3 (rs10754558) 
to be strongly associated as an independent risk 
factor in the progression of clinical manifestations 
like chronic gastritis and PUD. Thus, our findings 
suggest that rs10754558 influences significant 
development of clinical manifestations of H. 
pylori infection, chronic gastritis, and PUD in our 
population.

STRING analysis
 In this study, a functional interaction is 
defined as a direct interaction between the query 
protein and other proteins found in the same KEGG 
pathway. PPI network was obtained with human 
NLRP3 as a search query (Figure 4). The genes 
which plays a major role in NLRP3 inflammasome 
complex are shown in Figure 4. NLPR plays a vital 
role in innate immunity and inflammation against 
bacterial toxin, viral DNA, Bacterial DNA or Ca2+. 
When a pathogen or its associated signals sensed, 
NLPR initiates the formation of inflammasome 
complex comprising of NLPR, ASC and pro-CASP1. 
The pro-CASP1 then activates CASP1 there by 
activating IL-18 and IL-1b gene. The activated NLPR 
inflammasome complex leads to the maturation 
and production of IL-1β and IL-18 cytokines. 

 Evidence suggests that, genetic variants 
in the NLPR3 gene might increase the expression 
of components of the NLRP3-IL-1b signalling 
pathway thereby leading to overexpression of 
pro-inflammatory cytokines and it’s secretion. The 
increased serum IL-1b further activates NLPR3, and 
the latter promotes the infiltration of neutrophils. 
Gastric acid secretion decreases due to local 
neutrophil infiltration leading to long-term survival 
of H. pylori pathogen in the gastric mucosa there 
by leading to Gastritis and Gastric cancer.30,31 

DISCUSSION

 Gastric cancer poses a serious global 
health problem and challenges researchers due 
to its high morbidity and mortality rates. A recent 
study have shown that therapeutic approaches 
with NLRP3 would be imperative in treating GC 
by promoting cancer by pyroptosis, a form of 
antimicrobial response that occur upon infection 
with intracellular pathogens.32 H. pylori, a gastric 
pathogen is responsible for the development 
of mild asymptomatic gastritis to severe PUD, 
MALT lymphoma, and gastric adenocarcinoma.33 
Besides H. pylori infection, the susceptibility to 
infection and it’s associated disease progression 
were also determined by host genetic factors. 
Polymorphisms compromising the functions of 

Table 5. Odds Ratio (OR) calculated in different models of inheritance of NLRP3 variant (rs10754558) in H. pylori-
positive cases and with clinical manifestations of H. pylori infection

Genetic Genotypes/      H. pylori-positive    PUD
model allele       cases   Chronic gastritis
 frequency
  ap- #OR ap- #OR ap- #OR
  value (95% #CI) value (95% #CI) value (95% #CI)

Dominant  CC - Reference - Reference - Reference
model CG+GG 0.88 0.96 (0.53-1.71) 0.07 1.72 (0.94-3.13) 0.06 2.05 (0.97-4.35)
Co-dominant  CC vs. CG 0.38 1.32 (0.70-2.47) 0.03 2.02 (1.06-3.88) 0.02 2.61 (1.13-6.06)
model CC vs. GG 0.15 0.62 (0.33-1.19) 0.42 1.33 (0.66-2.68) 0.41 1.45 (0.30-3.46)
Recessive  CG+CC - Reference - Reference - Reference
model GG 0.006 0.51 (0.32-0.83) 0.53 0.83 (0.47-1.47) 0.52 0.79 (0.38-1.64)
Over-  CC+GG - Reference - Reference - Reference
dominant
model CG 0.01 1.79 (1.13-2.83) 0.04 1.73 (1.02-2.92) 0.03 2.14 (1.05-4.33)

*Significant results are highlighted in bold font. ac2 analysis, p < 0.05 was considered to be significant. # OR-Odds Ratio; CI- 
Confidence Interval
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NLRs result in recurrent H. pylori infections and 
increase the risk to develop a GC malignancy over 
time. Thus, our study was aimed to screen for the 
variants in NLRP3 in the South Indian population 
and establish its genetic association with persistent 
H. pylori infection.
 Inflammasomes are multimeric protein 
complexes that are responsible for the host’s 
innate immune system to defend against invading 
pathogens. Microbial activation of inflammasomes 
is a prerequisite for the activation of CASP1, causing 
inflammation by the secretion of pro-inflammatory 
cytokines.34,35 In addition to this, inflammasomes 
restrict intracellular bacterial growth by pyroptosis 
and effectively protect the host against bacterial 
infections.8 However, bacterial toxins modify these 
effectors and regulate the inflammasomes for their 
growth and survival.
 NLRP3  is a family member of the 
canonical inflammasomes and is activated either 
by direct recognition of PAMPs and DAMPs 
through ASC recruitment domain or by activated 
TLRs and NOD1/NOD2.36 The activated NLRP3 
recruits CASP1 which is involved in release of IL-18 
and IL-1b.9 Here, IL-1b helps in the survival of the 
gastric pathogen H. pylori through suppression of 
gastric acid secretion by gastric parietal cells and 
leads to gastric atrophy and metaplasia, which are 
prerequisites for GC development.37-39 Further, it 
plays an important part in gastric carcinogenesis 
by promoting intravasation and metastasis of GC 
cells.40 Kang et al reported that IL-18 was involved 
in immune escape and metastasis of GC cells.41 
Also, IL-18 was found to be associated with chronic 
gastritis in patients with H. pylori.42 Myung et al has 
reported the association between a polymorphism 
in IL-18 and susceptibility to pathogenic infection.43 
Its virulence factors cause cellular damage through 
lysosomal rupture, mitochondrial damage, 
endoplasm- and endosome-mediated stress 
leading to oxidative stress and inflammasome 
activation that results in pyroptosis.44 Thus, 
oxidative stress activates inflammasome machinery 
to secrete pro-inflammatory cytokines resulting in 
gastric inflammation, a major contributor to gastric 
tumorigenesis.45 
 The role of innate immune system in 
the primary immune response against H. pylori 
infection is considered to be crucial. Variants in 
the genes involved in conferring immunity against 

H. pylori may be important in the pathophysiology 
of PUD and gastric tumorigenesis.46 Studies 
have revealed that the polymorphisms in NLRP3 
had been associated with the susceptibility 
to inflammatory diseases such as rheumatoid 
arthritis,47 and ulcerative colitis.48 Castano-
Rodriguez et al has shown that the SNPs involved 
in the NLR signalling pathway such as NLRP3 had 
been associated with H. pylori infection and related 
it to GC in the Chinese Han population.20 
 Omi et al investigated the influence of a 
42 bp VNTR (rs74163773) in the intron of NLRP3 
with the development of inflammation-based 
hypertension. Their findings suggested that the 
length of this VNTR might affect the expression of 
NLRP3. Also, they showed that the subjects with 
12/12 genotype had significantly higher levels 
of NLRP3 mRNA in the peripheral leukocytes.27 
Another study to analyze the influence of the 
rs74163773 on vulvar vestibulitis syndrome 
(VVS) revealed that allele 7 (7/7 genotype) was 
significantly associated with VVS.49 Similarly, 
Jaeger et al showed that the 12/7 genotype of 
rs741633773 was significantly associated with 
RVVC.18 In our study, we found that the 12/12 
genotype of rs74163773 was found to be the most 
prevalent genotype and a novel genotype (X-X) 
to be the least prevalent among the South Indian 
population, moreover failed to show the risk of 
developing persistent infection and its associated 
clinical phenotypes. Lack of association could 
be due to ethnic differences in the population, 
mechanisms of disease progression, geographical 
conditions, and environmental modifications. 
The differences in microbial population and 
immune homeostasis may be the reason behind 
the inconclusive relationship between the clinical 
features and the severity of the disease. 
 Screening of 3’-UTR variant (C > G) of 
rs10754558 polymorphism revealed it’s significant 
association with persistent H.pylori infection. 
Also, the influence of rs10754558 with its clinical 
manifestations revealed that this variant was 
associated with chronic gastritis and PUD as that 
of the study reported by Castano-Rodriguez et al.20 
as well as with HPV infection and cervical cancer.13 
We believe there are no studies that have been 
conducted so far to investigate the association of 
NLRP3 variants and the risk of persistent H. pylori 
infection, which contributes for disease progression 
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to GC. rs10754558 was also associatively reported 
with many inflammatory diseases such as primary 
gout arthritis,50 aphthous stomatitis,51 juvenile 
spondyloarthritis,52 anaphylaxis,53 and ulcerative 
colitis.48 Hitomi et al showed that allele G of 
rs10754558 could influence NLRP3 mRNA levels 
and their stability.53 Furthermore, this variant 
was also associated with upregulated secretion 
of IL-1b,54 and favours H. pylori to adapt in gastric 
mucosa by suppressing gastric acid secretion. 
 The observed MAF of rs10754558 in 
our control group was found to be 54% whereas 
MAFs reported in the Chinese Han,54 and Brazilian 
populations were 43%.10 These differences could 
be attributed to the differences in the ethnicity 
of the population, hence displaying genetic 
heterogeneity. The multiple regression models 
such as the co-dominant model and recessive 
model were found to be mainly associated with 
persistent pathogenic infection in the population. 
Consequently, we observed a statistical association 
between GG genotype and chronic pathogenic 
infection. Our results are concordant with Tan 
et al findings on the late onset of AD recessive 
model (p = 0.005) in the Chinese Han population.11 
Besides, we observed that the individuals with CG 
genotype of rs10754558 have a decreased risk of 
manifesting chronic gastritis and PUD. Our findings 
on different models of inheritance of rs10754558 
have revealed that the over-dominant and co-
dominant models were associated with H. pylori 
released complications. In previous studies, we 
have reported the association between genetic 
polymorphisms of TLR4 (rs4986790 and rs4986791) 
and TLR9 (rs352140) with chronic pathogenic 
infection in South Indian Tamils,55 whereas genetic 
polymorphisms of TLR5 (rs2072493, rs5744174, 
and rs5744168) showed no significant association 
with persistent H. pylori infection among the 
subject group.56 This implies that various genetic 
factors could influence the pathogenesis of disease 
and its clinical phenotypes. Our study could be 
further strengthened with larger sample size and 
the corresponding functional analyses to elucidate 
the role of NLRP3 in the pathogenesis of persistent 
H. pylori infection, and its extrapolation to the 
predisposition to GC.

CONCLUSION

 In conclusion, genotyping of NLRP3 
polymorphisms has revealed that rs10754558 was 
significantly associated with persistent H. pylori 
infection in the Tamil South Indian population and 
the heterozygous genotype of NLRP3 (rs10754558) 
acts as an independent risk factor for developing 
chronic gastritis and PUD. Further, we observed 
that VNTR rs74163773 has failed to show 
significant risk in developing persistent H. pylori 
infection and its associated clinical manifestations 
in the Tamil South Indian population. Though, our 
preliminary study have revealed the association of 
rs10754558 with chronic gastritis and PUD, further 
validation of this result using expressional and 
functional studies may delineate the importance of 
rs10754558 in the development of these disease.
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