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Abstract. NOD‑like receptor pyrin domain‑containing  3 
(NLRP3) has been considered to play a crucial role in trig‑
gering the host's immune and inflammatory responses. 
Genetic variants are critical determinants of interindividual 
variances in inflammatory responses and clinical outcomes. 
The role of NLRP3 gene variations in bipolar I (BPI) disorder, 
which is known to include genetic factors in its aetiology, 
has not been previously reported, at least to the best of our 
knowledge. The present study aimed to determine the role 
and frequency ofta exon 2 and exon 3 variants of NLRP3 in 
BPI disorder and to evaluate the association between different 
phenotypic traits. A case‑control study with 123 patients and 
107 healthy controls was conducted to investigate the asso‑
ciation of variants identified in the exon 2 and exon 3 regions 
of NLRP3, with the risk of BPI. Regions of interest were 
sequenced using a PCR‑based Sanger sequencing method. 
Three BPI‑related variants were identified. The genotype 
Q705K CA was detected more frequently in BPI patients, 
as compared to the control group [P<0.001; odds ratio (OR), 
0.202; 95% confidence interval (CI), 0.080‑0.508]. In addition, 
two novel splice‑site variants (c.393G>A and c.278_2A>G) 
that, to the best of our knowledge, have not been previously 
reported in any database, were detected only in the BPI patient 
group [P<0.001; OR, 0.846; 95% CI, 0.784‑0.912; P<0.001; 
OR, 0.886; 95% CI, 0.832‑0.944, respectively]. There was 
no significant association between the Q795K variant and 
phenotypic traits (P>0.05). However, there was a significant 
association between those carrying the heterozygous c.393G>A 
variant and a positive family history (P=0.043). It was also 
observed that those with the heterozygous c.278‑2A>G variant 

presented with a significantly early‑onset (P=0.003).  On the 
whole, the data of the present study suggested that NLRP3 
plays a crucial role in the pathogenesis of BPI and may be a 
potential risk factor.  However, further functional studies and 
repeated studies in other populations are required to properly 
comprehend the roles of the NLRP3 variants in the risk of 
developing BPI.

Introduction

Bipolar disorder (BD) is a common chronic and cyclical 
psychiatric disorder characterized by unusual mood swings 
between mania/hypomania and depression  (1). Although 
the etiology of BD is not precisely known, a distinct genetic 
component is considered to participate in its pathogenesis (2). 
Due to the complex and multifactorial nature of the disease, a 
predisposition to BD is believed to arise from the interaction 
of multiple low‑impact genes, and in combination with envi‑
ronmental factors, may lead to a bipolar phenotype (3). Classic 
genetic epidemiological studies of family, twin, and adopted 
children have yielded substantial evidence that genes might 
cause a predisposition to bipolar disorder (4). In twin studies, it 
has been reported that the heritability of BD varies between 37 
and 69%, and the risk of developing the disorder in first‑degree 
biological relatives of patients with BD is seven‑fold higher, as 
compared to the general population (5). However, a  monozy‑
gotic concordance of <100% suggests that genes alone do fully 
explain this phenomenon (4).

Physical and mental traumas, mitochondrial dysfunction, 
neuroinflammation, altered‑neurogenesis and apoptosis, 
oxidation, endoplasmic reticulum stress, and epigenetic 
changes, including histone alterations and methylation are the 
biological factors considered operative in BD (1,6). In a previ‑
ously published study, it has been suggested that the  NOD‑like 
receptor protein 3 (NLRP3) inflammasome may mediate the 
association between mitochondrial dysfunction and inflamma‑
tory system activation (7). In addition, it has been postulated 
that the nucleotide‑binding oligomerization domain‑like 
receptor (NLR) family consists of intracellular pattern recog‑
nition receptors that play a critical role in triggering the host's 
immune and inflammatory responses (8). A number of NLRs 
(>20) have been identified in humans, with NLRP3 being the 
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most familiar. The NLRP3 gene is expressed primarily in 
peripheral blood leukocytes (9).

The NLRP3 gene has a size of 32.9  kb, is located on 
chromosome 1q44, and contains nine exon regions  (10). 
NLRP3 gene variants have been reported to increase the 
activation levels of inflammasomes and IL‑1β and IL‑18 
by causing changes in their functions  (10,11). To date, 60 
single‑nucleotide polymorphisms (SNPs) have been identi‑
fied in the NLRP3 gene (11). These genetic variants of the 
NLRP3 gene appear to be a major predictor of the ampli‑
tude of autoinflammatory response (12). The most prevalent 
of these variants are rs35829419, rs10754558, rs4612666, 
rs4925648 and rs10925019. It has been stated in the literature 
that NLRP3 variants are associated with several inflammatory 
diseases, including rheumatoid arthritis, psoriatic arthritis, 
type 1 diabetes, multiple sclerosis, preeclampsia and mood 
disorders (13‑18). However, in a meta‑analysis study, certain 
variants were shown to exert a protective effect (11). Thus, the 
association between the NLRP3 gene variants and autoinflam‑
matory diseases remains largely unknown, due to the use of 
a relatively small sample size, insufficient statistical power, 
and/or heterogeneity of diseases (11). To the best of our knowl‑
edge, no genetic study has been conducted to date to establish 
the role of the NLRP3 gene in the development of BD. It was 
hypothesized that the NLRP3 gene may lead to a susceptibility 
to bipolar I (BPI) disorder.  Accordingly, the present study 
aimed to determine the frequency of genetic variants in exon 
2 and exon 3 of the NLRP3 gene in BPI patients, to reveal 
their role in its pathogenesis, and to determine the association 
between the clinical findings.

Patients and methods

Patients. The present study was initiated following the 
approval of Süleyman Demirel University Faculty of Medicine 
Clinical Research Ethics Committee (date, 02.11.2020; 
reference  no.  345). All procedures performed involving 
human participants complied with the ethical standards of 
the institutional and/or national research committee and the 
1964 Helsinki declaration and any subsequent amendments 
or comparable ethical standards. All participants signed a 
written informed consent. The patient group consisted of 123 
(62 females and 61 males) patients with bipolar I disorder and 
107 (55 females and 52 males) healthy controls (matched by 
age and sex) who were recruited between January and July, 
2021 from general psychiatric clinics of Süleyman Demirel 
University Hospital. All participants were ≥18 years of age. 
The phenotyping of tge patients was based on clinical inter‑
views, medical records and a family history method according 
to DSM‑5 diagnostic criteria using The Structured Clinical 
Interview for DSM‑5 (SCID‑5‑CV). The clinical evaluation of 
the patients was performed by an experienced psychiatrist. The 
sociodemographic and clinical characteristics of the patients 
were recorded using the Mood Disorders Patient Registration 
Form (SKIP‑TURK) (19). In the BPI patient group, those with 
any concomitant chronic/malignant disease were excluded. 
The control group consisted of healthy volunteers, blood 
donors, hospital staff, medical students with no family history 
of mood disorders and good social functions were selected. 
All patients with BPI were in the euthymic period. The Young 

mania rating scale (YMRS), Hamilton depression rating scale 
(HAM‑D), functioning assessment short test (FAST) and 
global assessment of functioning (GAF) were administered to 
the participants by the clinician. Those with a HAM‑D score 
<7 and a YMRS score <5 were defined as being in remission.

Evaluation instruments. SCID‑5‑CV, a semi‑structured 
interview guide, was used for DSM‑5 diagnoses  (20). In 
previous studies, Turkish validity and reliability study of this 
scale have been conducted  (21‑25). YMRS, developed by 
Young et al (22), was used to evaluate mania symptoms. The 
HAM‑D, developed by Hamilton was used to evaluate depres‑
sive symptoms (24). The GAF scale and FAST were used to 
measure global function (26). The Turkish validity and reli‑
ability of the assessment tools used were studied (27).

DNA extraction. A volume of 5 ml peripheral blood samples 
were obtained from patients and controls in EDTA‑containing 
tubes. Genomic DNA was isolated from collected peripheral 
blood samples of the subjects using a DNA Isolation kit (cat. 
no. 11796828001; Roche Applied Science) following the manu‑
facturer's instructions. After extraction, all DNA samples were 
stored at 20˚C. The DNA concentration in dissolved solution 
was evaluated through optical density (OD) measurement at 
260 nm and its 260/280 ratio using a NanoDrop (Thermo 
Fisher Scientific, Inc.).

Sanger sequencing and data analysis. Genetic analyses for 
NLRP3 gene (GenBank Accession no. NM_001243133.2) 
exons  2 and 3 were performed using Sanger‑based DNA 
sequencing. Sequencing was performed from polymerase 
chain reaction (PCR)‑amplified DNA using conventional 
protocols. PCR was performed using the following primers: for 
exon 2 forward, 5'‑GTC​TCC​TCT​CTC​ATG​CCA​AAT​A‑3' and 
reverse, 5'‑CAA​GAG​CCA​CAC​AAA​CAT​GAA‑3'; for exon 3 
forward, 5'‑CGT​GAC​AGT​CCT​TCT​GGA​AA‑3' and reverse, 
5'‑CCC​ATT​TAT​CCA​CCT​ACC​ATA​CA‑3'. Various web tools 
were used for primer synthesis [NCBI (USA gov.), Ensembl 
database (EMBL‑EBI), Primer3web (Whitehead Institute 
for Biomedical Research) (https://www.ncbi.nlm.nih.gov/, 
https://www.ensembl.org/index.html, https://primer3.ut.ee/]. 
In detail, the following protocol was applied: 25 µl Master mix, 
containing 2.5 µl of 10X Buffer, 0.5 µl PCR grade nucleotide 
mix (10 mM), 0.5 µl forward primer (10 µM), 0.5 µl reverse 
primer (10 µM), 3 µl DNA sample, 0.25 µl FastStart Taq DNA 
polymerase and 0.5 µl DMSO [FastStart High Fidelity PCR 
System, dNTPack (Roche Diagnostic)]. The amplification 
conditions were as follows: (94˚C, 10 min) 1 cycle, (94˚C, 2 min, 
55˚C 30 sec, 72˚C 1 min) 35 cycles, (72˚C 7 min) 1 cycle, and 
4˚C permanent storage (SimpliAmp Thermal Cycler; Applied 
Biosystems; Thermo Fisher Scientific, Inc.). At the end of the 
PCR analysis, agarose gel electrophoresis was performed to 
observe the band formation in the PCR samples. Subsequently, 
the gel was visualized with a UV Transilluminator (ECX‑F20; 
Vilber Lourmat). The PCR product was then purified: 2 ml 
exosap were added to 5 ml of the PCR product and incubated 
at 37˚C for 30 min and at 85˚C for 15 min. The amplification 
products were sequenced in both directions using BigDye 
Terminator v3.1 (Thermo Fisher Scientific, Inc.) and specific 
primers for each region, in the ABI3500 Genetic Analyzer 



Molecular Medicine REPORTS  26:  293,  2022 3

(Applied Biosystems; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's instructions. Sequences were analyzed 
with the SeqScape Software v3.0 (Thermo Fisher Scientific, 
Inc.) using the GRCh37/hg19 sequence as reference. Each SNP 
was assessed for deviation from Hardy‑Weinberg equilibrium 
(HWE) using a HWE calculator web tool (https://wpcalc.
com/en/equilibrium‑hardy‑weinberg/).

Statistical analysis. Categorical variables were analyzed using 
the Chi‑squared test or Fisher's exact test, where appropriate. 
Normality was tested using the Kolmogorov‑Smirnov and 
Shapiro‑Wilk W  test. An independent samples (unpaired) 
t‑test was used for age distribution evaluation. To evaluate 
the relative risk conferred by a particular allele or genotype, 
the odds ratio (OR) and 95% confidence interval (95% CI) 
were calculated. Deviation from HWE was analyzed using 
the Chi‑squared test. Statistical analysis was performed 
using SPSS 18.0  software (SPSS, Inc.). Power analysis was 
performed by the GPower  3.1 software (https://g‑power.
apponic.com/). It was determined that it would be appropriate 
to analyze a total of 123 patients and 107 healthy individual 
controls, with a medium effect size of 0.30, type 1 error rate of 
0.05, and power of the test as 87%. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Description of the phenotype. The demographic and clinical 
characteristics of the 123 patients with BPI and the 107 healthy 
controls recruited for the sequence analysis are presented in 
Table I. The mean age was 41.20±11.86 years for the BPI group 
and 42.09±8.45 years for the healthy control group. The BPI 
prevalence was distributed equally between the two sexes. The 
BPI patient and control groups did not differ significantly as 
regards age and sex parameters (P>0.05). According to the 
DSM‑5 criteria, age of onset was defined as the age at which 
probands first encountered symptoms, related to a manic or 
severe depressive episode. There was no authorized age of 
onset thresholds for the clinical and genetic study of the BPI. In 
the present study, occurrence at an age <22 years was accepted 
as early onset, based on the study of Hamshere et al  (28). 
Patients with intermediate and late‑onset occurrences were 
grouped as ‘late‑onset’, generating a comparable subgroup 
sample size and accounting for genetic homogeneity  (29). 
There was a significant difference between sexes at the age of 
onset (P=0.024). The age of onset in males [standard deviation 
(SD), 27.28±9.7] occurred considerably earlier than the age 
of onset in female (SD, 31.06±8.61). The mean values of the 
HAM‑D, YMRS, GAF and FAST scales which were used for 
the classification between groups are presented in Table I.

Genotype and allele distribution of variants. In both groups, 
Sanger‑sequencing was used to genotype variations of the 
NLRP3 gene (NM_001243133.2) in exons 2 and 3. In addi‑
tion to the missense‑mutating variant rs35829419 (c.2107C>A, 
p.Q705K) identified after alignment with the reference 
genome (GRCh38.p13), two previously unreported in the 
database, novel variants (c.393G>A and c.278 2A>G) were 
discovered in the splice region, posing a risk for the develop‑
ment of BPI. These novel variants were absent in the control 

group. The schematic structure of the NLRP3 gene and the 
Sanger chromatogram of the detected variants are presented 
in Fig. 1. According to the statistical analysis, individuals 
carrying the CA genotype of rs35829419 (OR, 0.202; 95% 
CI, 0.080‑0.508), the GA genotype of c.393G>A (OR, 0.846; 
95% CI, 0.784‑0.912) or the AG genotype of c.278_2A>G 
(OR, 0.886; 95% CI, 0.832‑0.944) were associated with an 
increased risk of developing BPI (P<0.001). The genotype and 
allele frequencies and the estimated relative risks (OR) of the 
variants are presented in Table II. In addition to these vari‑
ants, BPI patients had rs1178937944 (n=2), rs759389274 (n=2), 
rs763971331 (n=2), and rs770170892 (n=1) missense variants 
in exon 2.

HWE was tested in the population as it was a mandatory 
quality control step for population‑based genetic association 
studies. The genotype distributions of the NLRP3 gene vari‑
ants were observed to be in balance in both control and BPI 
populations. Therefore, it proved the absence of selection bias, 
population stratification, or genotyping errors in the present 
study (30). The frequencies and HWE values of the variations 
identified in the control group and patients with BPI disorder 
are listed in Table II.

Analysis of the genotype‑phenotype association. The associa‑
tion between the genotypes and several phenotypic traits of the 
patients was studied.  While the association between family 
history and c.393G>A variant was significant (P=0.043), no 
association was detected with other variants. Patients with 
c.278_2A>G variant AG genotype had significantly early 
onset of the disease (P=0.003). There was no significant asso‑
ciation between the first disease period, lithium use, scales and 
variants (P>0.05). The association between phenotypic traits 
and variations is depicted in Table III.

Discussion

The present study comparatively analyzed the effects of 
exon 2 and 3 NLRP3 variants on disease development, their 
frequency, and the association between various phenotypic 
traits in BPI patients and healthy individuals. To the best of 
our knowledge, the present study is the first to demonstrate 
an association between NLRP3 variants and BPI. The variant 
rs35829419 and two novel splice‑site variants c.393G>A and 
c.278_2A>G identified in the NLRP3 gene demonstrated a 
significant association between BPI susceptibility and some 
phenotypic traits.

NLRP3 is the most intensively studied receptor in the 
NOD‑like receptor family (31). Several studies have reported 
that the NOD‑like receptor is a pattern recognition receptor 
that functions as a redox sensor in the inflammatory system. It 
has been reported that these recognition receptors can recog‑
nize distress signals, arising from physical and psychological 
stress (32,33). The variants in the NLRP3 gene can enhance 
the activation of the inflammasome, by causing changes in 
gene function. To date, ~60 SNPs have been identified in the 
NLRP3 gene (11). The gain‑of‑function variant rs35829419, 
which has been associated with a pro‑inflammatory pheno‑
type, has been demonstrated to promote the disease state by 
triggering NLRP3 inflammation activation (34). Therefore, it 
has been previously attempted to investigate the role of the 
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rs35829419 variant in various inflammatory diseases. The 
association of the rs35829419 variant with several autoin‑
flammatory disorders has been investigated, including celiac 
disease, Crohn's disease, psoriatic arthritis, myasthenia 
gravis, multiple sclerosis, type 1 diabetes, and systemic lupus 
erythematosus (15,16,35‑38). In Parkinson's disease, in which 
inflammation is effective in pathogenesis, no significant 
association has been demonstrated between the frequency of 
the NLRP3 rs35829419 variant and the control group (39). In 
another study evaluating the effects of NLRP3 variants on 
the susceptibility and severity of rheumatoid arthritis (RA), 

no significant association was revealed between variants with 
joint damage and increased susceptibility (13). By contrast, in a 
study conducted to determine the association between inflam‑
mation‑related genetic variants and susceptibility to psoriatic 
arthritis, a significant association was revealed between the 
destructive/deformative subset of psoriatic arthritis and the C 
allele of variant rs35829419 (14). In a previous study, a signifi‑
cant association was found between pediatric celiac disease 
and the NLRP3 variant rs358294199 in the Brazilian popula‑
tion (15). Similarly, allele and genotype frequencies of NLRP3 
rs358294199 have been observed to be similar in case‑control 

Table I. Characteristics of the controls and patients with bipolar disorder in the present study.

Characteristic	 BPI	C ontrol	 P‑value

No. of subjects	 123	 107	 ‑
Male/female (no. of subjects)	 61/62	 52/55	 0.896a

Age, years (mean ± SD)	 41.20±11.86	 42.09±8.45	 0.509b

Age at onset (mean ± SD)			   ‑
  Early‑onset	 19.35±2.41		
  Late‑onset	 33.83±8.61		
Age at onset, n (%)			   ‑
  Early‑onset	 37 (30.1)		
  Late‑onset 	 86 (69.9)		
Age at onset (mean ± SD)			   0.024
  Male	 27.28±9.7		
  Female	 31.06±8.61		
Illness duration, years	 11.98±9.2		  ‑
Family history, n (%)			   ‑
  Positive	 58 (47.2)		
  Negative	 65 (52.8)		
First illness period, n (%)			   ‑
  Euphoric mania	 89 (72.4)		
  Mixed episode	 12 (9.8)		
  Hypomania	 5 (4.1)		
  Depression	 17 (13.8)		
Pharmacotherapy, n (%)			   ‑
  Mood stabilizers			 
    Lithium	 58 (50.9)		
    Valproate	 54 (47.4)		
    Lamotrigine	 7 (6.1)		
    Carbamazepine	 2 (1.8)		
    Antipsychotic	 8 (6.5)		
    Combination 	 77 (62.6)		
    No treatment 	 3 (2.4)		
HAM‑D (mean ± SD)	 3.97±5.07	 0.98±1.30	 <0.001
YMRS (mean ± SD)	 1.89±5.37	 0.09±0.29	 <0.001
GAF (mean ± SD)	 80.69±11.29	 91.81±4.73	 <0.001
FAST (mean ± SD)	 6.87±7.03	 0.92±1.07	 <0.001

Data are presented as the number (%) and mean ± SD. n, total number of individuals. P<0.05 was considered to indicate a statistically significant 
difference. aThe Chi‑squared test was used for statistical analysis. bAn independent samples t‑test was used for statistical analysis. BPI, bipolar I 
disorder; SD, standard deviation; HAM‑D, Hamilton depression rating scale; YMRS, Young mania rating scale; GAF, global assessment of 
functioning; FAST, functioning assessment short test.
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studies of patients with multiple sclerosis and ulcerative colitis 
in the Iranian population (16,40). As regards glucose homeo‑
stasis in patients with polycystic ovary syndrome, it has also 
been previously observed that the NLRP3 rs358294199 variant 
is significantly associated with the response to glycemic 
load (41). Moreover, it has been argued that the individuals with 
the A‑risk allele of rs35829419 are more likely to develop the 
disease, whereas on the contrary, other researchers suggested 
a protective role; therefore, the clinical significance of this 
polymorphism has not been fully elucidated (11). The find‑
ings of the present study were consistent with other studies, 
suggesting that the rs35829419 variant may induce suscepti‑
bility to inflammatory diseases (14‑16,40,41). In the present 
study, a substantial increase in BPI susceptibility was found 
in individuals carrying the A‑risk allele of the rs35829419 
variant, leading to the assumption that patients with BPI may 
have a higher inflammatory response than healthy individual 
controls. Therefore, it was suggested that the NLRP3 gene 
may play a critical role in the genetic etiology of BPI, and with 
the inflammation mediating this association.

The variants in the exon and splice regions of genes can alter 
the amino acid sequence, and thus affecting protein functions. 
Novel variants that cause amino acid changes in these regions 
are difficult to classify, since there are no entries in population 
databases, and segregation analyses cannot be performed. In 
the present study, two novel splice‑site variants in the NLRP3 
exon‑2 region were identified. In total, 19 individuals (15.4%) 
in the single BPI patient group (MAF=0.084) presented with 
the novel c.393G>A variant, which resulted in synonymous 
alterations. There was a significant association with positive 
family history concerning the novel variant c.393G>A, as 
compared with phenotypic traits. There are only a few studies 
in the literature having addressed the family history of BPI 
patients. As previously reported, a family history of bipolar 
disorder could influence the course of the disorder and its 
prevalence rates (42). It has been revealed that patients with 
bipolar disorder who have a family history of depression have 
an early onset of the disease, experience more severe deterio‑
ration, experience multiple episodes during their lifetime, and 
are hospitalized more frequently (43). In their study involving 

Table II. Allele and genotype frequencies of the NLRP3 variants.

Variant	 BPI (N=123)	 Controls (N=107)	 Pearson's χ2 test (df=1)	 P‑value	OR  (95% CI)

rs35829419					   
Genotype			   13.371	 <0.001a	 0.202 (0.080‑0.508)
  CC	 95 (77.2%)	 101 (94.4%)			 
  CA	 28 (22.8%)	 6 (5.6%)			 
  AA	 0	 0		  	 4.324 (1.754‑10.660)
Alelles			   11.746	   0.001a	
  C	 218 (88.6%)	 202 (97.1%)			 
  A	 28 (11.4%)	 6 (2.9%)			 
	 HWE P=0.154	 HWE P=0.765			 
c.393G>A				    	

Genotype			   ‑	 <0.001a	 0.846 (0.784‑0.912)
  GG	 104 (84.6%)	 107		  	

  GA	 19 (15.4%)	 0		  	

  AA	 0	 0		  	 1.091 (1.049‑1.135)
Alelles			   18.718	 <0.001a	

  G	 208 (91.6%)	 214 		  	

  A	 19 (8.4%)	 0		  	

	 HWE P=0.353	 HWE ‑		  	

c.278‑2A>G				    	

Genotype			   ‑	 <0.001a	 0.886 (0.832‑0.944)
  AA	 109 (88.6%)	 107		  	

  AG	 14 (11.4%)	 0		  	

  GG	 0	 0		  	 1.060 (1.028‑1.093)
Alelles			   12.561	 <0.001a	

  A	 232 (94.3%)	 214		  	

  G	 14 (5.7%)	 0		  	

	 HWE P=0.503	 HWE ‑		  	

(%), frequencies of alleles and genotypes; N, number of studies involved. aThe Chi‑squared test was used for statistical analysis. P<0.05 was 
considered to indicate a statistically significant difference. The P‑value and OR of significant values are in presented in bold font. BPI, bipolar I 
disorder; OR, odds ratio; CI, confidence intervals; HWE, Hardy‑Weinberg equilibrium.
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data from patient families, Post et al (44) reported that the 
illness occurred early in adult patients with a family history 
of bipolar disorder and was associated with the occurrence 
of multiple psychiatric disorders in their children. In another 
study in patient family data, 22.5% of children with BD were 
observed to present with a higher incidence of depression, 
anxiety, conduct disorder, attention‑deficit/hyperactivity 
disorder, and substance use disorders in comparison with 
their parents (45). In total, 14 individuals (11.4%) belonging to 
the BPI patient group were heterozygous for novel splice‑site 
variant, c.278_2A>G. This variant was classified as ‘likely 
pathogenic’ in the VarSome and Franklin databases. The 
comparison of the novel c.278_2A>G variant with phenotypic 
features, revealed that there was an early onset of the disease 
in patients with the AG genotype. The early‑onset BP has been 
generally associated with a worse prognosis than late‑onset 
BP, including more psychotic features, substance addiction, 
comorbidity with panic and obsessive‑compulsive disorders, 
a lower lithium response, and further suicide attempts (46‑48). 
In a previous study, it has been suggested that early‑onset 
BD has a high degree of homogeneity and a unique genetic 
etiology that has not yet been established in practice  (49). 
In a study investigating the role of age at onset and family 
history in the clinic for BD, a significantly higher prevalence 
of family history and a higher number of attacks per year were 
observed in the early‑onset group (50). Although a number of 

interesting preliminary studies have been conducted for the 
investigation of the basis of the different phenotypic character‑
istics of BD disease among individuals, the results obtained in 
genome‑wide association studies (GWAS) with large samples 
need to be replicated to prove their actual validity. GWAS 
can identify genetic variations between early and late‑onset 
BD, and the proportion of common SNPs that constitute each 
subtype can be estimated (49‑51).

To the best of our knowledge, no genotype‑phenotype 
correlation of NLRP3 gene variants has been described in 
BPI patients to date. The present study proved that NLRP3 
gene variants, which may play an important role in modu‑
lating inflammatory responses, might genetically predispose 
to a chronic neuroinflammatory disease, including BPI. 
Furthermore, it was suggested that the rs35829419, c.393G>A, 
and c.278_2A>G NLRP3 variants may change the degree 
of systemic inflammation, and thus contribute to adverse 
inflammatory outcomes. However, there were some significant 
limitations to this study. For instance, there was a relatively 
small number of patients that comprised the study population. 
Another limitation was the inability to perform segregation 
analyses and functional studies, which were critical for demon‑
strating the effect of the identified variants on the disease.

In conclusion, the present study revealed that NLRP3 gene 
variants may be associated with an elevated risk of BPI. These 
findings need to be confirmed by family‑based studies and 

Figure 1. Schematic structure of the NLRP3 gene and Sanger chromatogram image of the detected variants. (A) Wild‑type and heterozygous Sanger chro‑
matogram image of novel splice‑site c.278_2A>G variant, detected in the exon 2 of the NLRP3 gene. (B) Wild‑type and heterozygous Sanger chromatogram 
image of novel splice‑site c.393G>A variant, detected in the exon 2 of the NLRP3 gene. (C) Wild‑type and heterozygous Sanger chromatogram image of the 
Q705K variant detected in the exon 3 of the NLRP3 gene. (D) Schematic representation of NLRP3 gene structure and identified variants in patients with BPI. 
NOD‑like receptor pyrin domain‑containing 3; BPI, bipolar I disorder.
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replicated in different studies and large population samples. 
In addition, large‑scale genetic studies, including GWAS, 
whole‑exome sequencing, and whole‑genome sequencing 
seem to be the most promising perspectives for future research.
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