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Background. Grave’s disease (GD) and Hashimoto’s thyroiditis (HT) are autoimmune diseases of the thyroid gland in which
genetic predisposition plays a major role in their development. Currently, the role of NLRP3 inflammasome and COX-2 has
been documented in many autoimmune diseases. The purpose of the study is to delineate the impact of IL-1β (rs1143634),
NLRP3 (rs3806265), and COX-2 (rs2745557) gene polymorphisms in the development of GD and HT. Methods. A total of 256
newly diagnosed patients with autoimmune thyroid disease (135 patients with HT and 121 GD patients) as case groups and
145 controls were included in the study. Results. Recessive and overdominant models showed a significant association between
IL-1β rs1143634 SNP and HT development risk. The frequency of TT genotype and T allele of IL-1β rs1143634 SNP in the
control group was significantly higher than the GD group. There was no significant association between NLRP3 rs3806265
polymorphism and HT and GD development. The frequency of GA genotype of COX-2 (rs2745557) in the control group was
significantly higher than that in the HT group. There was no significant association between COX-2 rs2745557 genotypic and
allelic distribution and GD development risk. The results revealed a significant relationship between some clinical features of
HT and GD groups and SNPs studied. Conclusion. The results manifest the significant impact of IL-1β rs1143634 and COX-2
(rs2745557) SNPs and HT development and IL-1β rs1143634 SNP on GD occurrence risk. Furthermore, a significant
relationship was observed between some clinical features of HT and GD groups and studied SNPs.

1. Introduction

Autoimmune thyroid disease (AITD) can occur as a part of
autoimmune diseases with either hyperthyroidism manifesta-
tions (GD) or hypothyroidism (HD, also known as chronic
lymphocytic thyroiditis) [1]. The prevalence of AITD was
about 7–8% in the general population [2] and about 4-10
times higher in inwomen than men [3]. The general incidence

of GD has been reported approximately 24.8 cases per 100000.
HT is a most common autoimmune disease with a prevalence
of 10–12% in the general population [1, 4]. Delshad et al.
showed 0.4% and 0.8% frequency of clinical hypothyroidism
in men and women and 0.1% and 0.2% of clinical hyperthy-
roidism in men and women in a sample of the Iranian popu-
lation in Tehran province, respectively [5]. AITD is a
multifactorial disease in which genetic predisposition plays
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a major role [6, 7]; however, its exact molecular mechanism is
still unclear and needs further research [8]. Some factors such
as contact with radiation, vitamin D and selenium deficiency,
viral infections, and excess iodine in the diet are environmen-
tal factors for AITD development [9]. Furthermore, some
genes such as protein tyrosine phosphatase, human leukocyte
antigen/HLA-DR, and thyroid-specific genes (TG and TSH)
are candidate genes linking the genetic factors to AITD
risk [10].

The pathogenesis of AITD is characterized by increased
lymphocyte production of inflammatory cytokines such as
interleukin-1β (IL-1β), interferon-gamma (IFN-γ), and
tumor necrosis factor-alpha (TNFα). The activation of IL-1
β is mediated by certain intracellular multiprotein plats
called; inflammasome is comprised of three main compo-
nents: the adaptor protein called ASC (apoptosis-associated
speck-like protein containing a CARD), initiator protein like
pattern recognition receptors (PRRs), and the effector
protein, pro-caspase-1 [11]. Activated inflammasome, as a
multiprotein complex, binds to pro-caspase-1 via intermedi-
ate action of the adaptor molecule apoptosis-associated
speck-like protein containing a CARD (ASC), leading to
conversion of pro-interleukin-1β (pro-IL-1β) and pro-
interleukin-18 (pro-IL-18) into mature IL-1β and IL-18
[12]. Furthermore, the activation of the inflammasome also
activates a kind of programmed cell death named pyroptosis
[13]. NLRP3 inflammasome is stimulated by several kinds of
stimulators such as RNA viruses and toxins [14]. Prostaglan-
dins (PGs), the product of the cyclooxygenase (COX) path-
way, have definite roles in the immune response and
inflammation of autoimmune diseases. COX has two iso-
forms called COX-1 with permanent expression in most tis-
sues and COX-2 induced at the site of inflammation; COX-2
seems to play a major function in the development of
inflammation and autoimmune diseases [15].

Currently, the role of NLRP3 inflammasome and COX-2
has been documented in autoimmune diseases such as rheu-
matoid arthritis (RA) and systemic lupus erythematosus
(SLE) [15, 16]. Many studies have reported that thyroid fol-
licular cells (TFC) express toll-like receptors (TLR) such as
TLR 4, 7, and 9 which respond to various pathogen-
associated molecular patterns (PAMPs) and endogenous
damage-associated molecular patterns (DAMPs) including
uric acid crystals, aluminum hydroxide crystals used in vac-
cine adjuvants, adenosine triphosphate (ATP) released from
mitochondria, silica, bacterial products, bacterial toxins pro-
duced by streptococci and staphylococci, bacterial DNA-
RNA hybrids, and the influenza virus, to induce the activa-
tion of caspase-1, and also the main function of caspase-1
is to convert the inactive forms of IL-1β and IL-18 to active
forms, which leave the cell and perform various proinflam-
matory functions [17–19]. This process leads to the chemo-
taxis of the innate immune system and self-reactive
lymphocytes to the thyroid, and then the production of mul-
tiple proinflammatory cytokines by lymphocytes leads to
injury or apoptosis in thyroid follicular cells (TFCs) and
contributes to the immune pathogenesis of AITD [17].
Recently, D’Ascola et al. provided in vitro evidence that sup-
ports the role of Toll-like receptors (TLR-2 and TLR-4) in

driving the inflammatory response in thyrocytes and conse-
quent damages and loss of function by reducing the expres-
sion of thyroid-specific genes [20].

The results of a study conducted in 2018 suggested a
feedback loop mechanism in which inflammasome leads to
immune cell activation (e.g., secretion IL-1β and IL-18); this
mechanism may play important roles in the cascade of fol-
licular destruction and lymphatic recruitment in the thyroid
of autoimmune thyroiditis patients [21]. More recent stud-
ies indicate that NLRP3 variations may be associated with
several autoimmune diseases including neonatal-onset mul-
tisystem inflammatory disease (NOMID) and Behcet’s dis-
ease (BD) [22].

Single nucleotide polymorphisms (SNPs) are point
mutations that occur in at least one percent of the popula-
tion, which might underlie differences in susceptibility to
diseases, response to treatments, and the severity of illness
[23]. Polymorphism in IL-1β was found to be related to
some autoimmune and infection diseases such as periodon-
titis and tuberculosis [24].

Studies have proposed the relationship between IL-1,
NLRP3, and COX-2 SNPs and autoimmune diseases such
as systemic lupus erythematosus (SLE) and autoimmune
thyroid disease [15, 25–27]. Accordingly, the aim of this
study was to define the relationship of IL-1β +3954 C/T
(rs1143634), NLRP3 (rs3806265) T/C, and COX-2
(rs2745557) G/A gene polymorphisms susceptible to auto-
immune thyroiditis development.

2. Subjects and Methods

2.1. Study Subjects. A total of 256 newly diagnosed patients
with autoimmune thyroid disease (135 HT patients and
121 GD patients) as case groups and 145 age- and gender-
matched controls were included in the study. Inclusion and
exclusion criteria were AITD patients referring to Ali-ebn
Abitaleb Hospital, Zahedan, South-East Iran, were diag-
nosed by an endocrinologist based on laboratory profile
and clinical manifestations. Patients with other autoimmune
diseases except AITD were excluded from the study. Con-
trols were selected from healthy individuals who came to
the same hospital for a checkup. Controls with a history of
autoimmune diseases and family relationships with patients
with autoimmune disorders were excluded from the study.
The study protocol was approved by the Ethics Committee
of the Zahedan University of Medical Sciences (IR.ZAUMS.-
REC.1398.206); also, written informed consent was obtained
from all participants.

2.2. DNA Extraction and Genotype Analysis. Genomic DNA
was extracted from EDTA-contained venous blood accord-
ing to the salting-out protocol [28]. The quantity and quality
of DNA were confirmed by Nanodrop, and DNA was stored
at -20°C. The IL-1β rs1143634, NLRP3 rs3806265, and
COX-2 rs2745557 were genotyped by restriction fragment
length polymorphism (RFLP) method. Table 1 shows the
pairs of PCR primer sequences and restriction enzyme for
each DNA product [22, 24, 29]. The optimized PCR condi-
tions included 2min of denaturation at 95°C followed by
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30 cycles of denaturation at 95°C for 30 s, annealing at 54°C
for 30 s for IL-1β, at 54°C for 30 s for NLRP3 or at 59°C for
30 s for COX-2, and extension at 72°C for 30 s. The PCR was
completed with a final extension step of 3min at 72°C. All of
the gene products were digested overnight at the enzyme
optimal temperature as the digested fragments were sepa-
rated in a 2% agarose gel.

2.3. Statistical Analysis. Statistical analysis was performed by
SPSS version 23.0. The categorical and continuous variables
were analyzed using the χ2 and independent sample t-test,
respectively. The regression logistic method was used to
evaluate the effects of each polymorphism and haplotype
on the risk of developing HT and GD. P value < 0.05 was
considered statistically significant.

3. Results

3.1. Demographic and Clinical Characteristics of HT and GD
Patients. There was no statistically significant difference
between controls and patients in both HT and GD as regards
age, with P = 0:196 and P = 0:774, respectively, or gender
distribution with P = 0:072 and P = 0:092, respectively.
Tables 2 and 3 show demographic and clinical characteris-
tics of HT and GD patients, respectively.

3.2. SNP’s Genotypes and Allelic Distribution and HT
Development Risk. Table 4 shows the genotypic and allelic
distribution of IL-1β, NLRP3, and COX-2 genes SNPs in
the HT and control groups. There was no significant associ-
ation between IL-1β rs1143634 genotypic and allelic distri-
bution and HT development risk. However, recessive
(CC + CT vs. TT) and overdominant (CC + TT vs. CT)
models showed a significant association between IL-1β
rs1143634 SNP and HT development risk so may be protec-
tive and risk factors against the development of HT, respec-
tively (P = 0:03, OR = 0:67, 95%CI = 0:21 − 0:91; P = 0:03,
OR = 1:1, 95%CI = 0:76 − 1:8, respectively).

In addition, there was no significant association between
NLRP3 rs3806265 genotypic and allelic distribution and HT
development risk. Similar results were also found regarding
the genetic models (dominant, recessive, and overdominant
models).

As regard COX-2 (rs2745557), the frequency of GA
genotype was significantly higher in the control group than
that in the HT group and may be a protective factor for

HT development (P = 0:017, OR = 0:53, 95%CI = 0:31 −
0:89) (Table 4). Similarly, the dominant (GG vs. GA + AA)
and overdominant (GG +AA vs. GA) models showed the
same results (P = 0:035, OR = 0:56, 95%CI = 0:36 − 0:96; P
= 0:015, OR = 0:53, 95%CI = 0:31 − 0:89, respectively). The
allelic frequency showed no significant difference between
the two groups (P = 0:73).

3.3. SNP’s Genotypes and Allelic Distribution and GD
Development Risk. Table 5 shows the genotypic and allelic
distribution of IL-1β, NLRP3, and COX-2 genes SNPs in
GD and control groups. As regard IL-1 β gene, the fre-
quency of TT genotype in the control group was significantly
higher than that in the GD group and may be a protective
factor for GD development (P = 0:002, OR = 0:24, 95%CI
= 0:097 − 0:6). Similarly, the recessive (CC + CT vs. TT)
model showed the same results and may be a protective fac-
tor for GD development (P = 0:002, OR = 0:26, 95%CI =
0:11 − 0:6). The frequency of T allele in the control group
was significantly higher than that in the GD group and
may act as a protective factor for GD development
(P = 0:009, OR = 0:61, 95%CI = 0:43 − 0:88).

There was no significant association between NLRP3
rs3806265 genotypic and allelic distribution and GD devel-
opment risk. Same results were also found regarding the
genetic models (dominant, recessive, and overdominant
models) and allelic distribution.

There was no significant association between COX-2
rs2745557 genotypic and allelic distribution and GD devel-
opment risk (Table 5). Same results were also found
regarding the genetic models (dominant, recessive, and
overdominant models) and allelic distribution.

3.4. Association between Genes SNPs and Clinical Features of
HT and GD Groups. In the HT group, the level of the anti-
TPO in the CT genotype of the NLRP3 SNP was higher than
the CC genotype (576:7 ± 64:4 vs. 270:2 ± 50:8, respectively,
P = 0:011) (Table 6). Regarding the age of onset, there was a
significant association between IL-1β SNP CT and TT geno-
types (P = 0:011). In case of the family history, there was a
significant association with IL-1β SNP (P = 0:033).

In the GD group, the levels of FT3 and FT4 in the CC
genotype of the NLRP3 SNP were lower than the TT geno-
type (P = 0:001) (Table 6).

Regarding COX-2 SNP, the level of TSH level was higher
in the GA genotype than in the GG genotype in the GD

Table 1: Primers and restriction enzymes used for RFLP-PCR method.

Gene and SNP number Primers Restriction enzyme DNA fragment size (bp)

IL-1β (rs1143634)
F: GTTGTCATCAGACTTTGACC
R: TTCAGTTCATATGGACCAGA

Taq I
TT = 249

CC = 135 + 114

COX-2 (rs2745557)
F: GAGGTGAGAGTGTCTCAGAT
R: TCTCGGTTAGCGACCAATT

Taq I
GG = 439

AA = 353 + 76

NLRP3 (rs3806265)
F: TTGGCAGGTGGACAGCAGCA

R: GACCCCAAACATCCCCCAAATCA
Pvu II

TT = 127
CC = 105 + 22

F: forward; R: reverse.
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group (0:025 ± 0:005 vs. 0:0105 ± 0:002, respectively, P =
0:019). The TSH level in CT and CC genotypes of the IL-
1β SNP was lower than TT genotype in the GD group
(P = 0:008, P = 0:045, respectively).

4. Discussion

The current study concluded that as regard HT, the reces-
sive and overdominant models of IL-1β rs1143634 SNP as
well as the GA genotype and dominant and overdominant
models of COX-2 rs2745557 may be protective from disease

development. However, no significant association was found
between NLRP3 rs3806265 SNP and HT.

As regard GD, both T allele, TT genotype, and the reces-
sive model of IL-1β rs114364 SNP may be protective from
GD. However, no significant association was found between
NLRP3 rs3806265 and COX-2 rs2745557 SNPs.

In addition, IL-1β SNPs and COX-2 showed a significant
association with TSH in the GD group. Also, NLRP3 SNP
was significantly associated with FT3 and FT4 levels in the
GD group. In HT group, NLRP3 and IL-1β SNPs was signif-
icantly associated with anti-TPO level and with age of onset,
respectively.

Table 2: Demographic and clinical characteristics of Hashimoto (HT) patients and controls.

HT
n = 131

Control
n = 145 P value

Age, years 33:99 ± 11:53 35:77 ± 11:25 0.196

Gender

Male (%) 10 (7.6) 21 (14.48)
0.072

Female (%) 121 (92.4) 124 (85.52)

BMI (kg/m2) 26:8 ± 5:8

Onset age 31:36 ± 10:7
Other autoimmune disorders history (%) 2 (1.52)

Family history (%) 41 (31.29)

Smoking history (%) 11 (8.4)

Thyroid size (ml) 8:21 ± 0:52

Free T4 (ng/dl + SEM) 0:477 ± 0:013

Free T3 (pg/ml ± SEM) 1:6 ± 0:033

TSH (mU/L ± SEM) 62:38 ± 2:5

Thyroid peroxidase antibody (TPOAb) (IU/ml ± SEM) 453 ± 41:76

Antithyroglobulin antibody (IU/ml ± SEM) 732 ± 122

Table 3: Demographic and clinical characteristics of Graves’ patients and controls.

Graves’
n = 125

Control
n = 145 P value

Age, years 35:37 ± 11:88 35:77 ± 11:25 0.774

Gender

Male (%) 28 (22.4) 21 (14.48)
0.092

Female (%) 97 (77.6) 124 (85.52)

BMI 23:06 ± 0:43

Onset age 34:38 ± 1:06
Other autoimmune disorders history (%) 1 (0.8)

Family history (%) 40 (32)

Smoking history (%) 20 (16)

Thyroid volume (ml) 21:8 ± 1:53

Free T4 (ng/dl + SEM) 3:14 ± 1:04

Free T3 (pg/ml ± SEM) 6:64 ± 0:18

TSH (mU/L ± SEM) 0:016 ± 0:002
Graves ophthalmopathy 28 (22.4)
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Table 4: Allelic and genotypic frequency of NLRP3, COX-2, and IL-1β polymorphisms in Hashimoto’s thyroiditis (HT) and control groups.

Polymorphism
HT

(n (%))
Control
(n (%))

P value∗ OR (95% CI)

IL-1β (rs1143634)

Codominant

CC 42 (31.1) 52 (35.9) 1 1

CT 80 (59.2) 66 (45.5) 0.131 1.5 (0.89-2.5)

TT 13 (9.7) 27 (18.6) 0.157 0.56 (0.25-1.24)

Dominant

CC 42 (31.1) 52 (35.9) 1 1

CT + TT 93 (68.9) 93 (64.1) 0.423 1.2 (0.74-2)

Recessive

CC + CT 123 (90.3) 125 (81.4) 1 1

TT 13 (9.7) 27 (18.6) 0.03 0.67 (0.21-0.91)

Overdominant

CC + TT 53 (40.8) 79 (54.5) 1 1

CT 80 (59.2) 66 (45.5) 0.03 1.1 (0.76-1.8)

Allele

C 164 (60.7) 170 (58.6) 1 1

T 106 (39.3) 120 (41.4) 0.389 0.86 (0.6-1.2)

NLRP3 (rs3806265)

Codominant

TT 45 (33.3) 59 (40.7) 1 1

CT 61 (45.2) 59 (40.7) 0.279 1.3 (0.78 –2.2)

CC 29 (21.5) 27 (18.6) 0.325 1.4 (0.72-2.5)

Dominant

TT 45 (33.3) 59 (40.7) 1 1

CT + CC 90 (66.7) 86 (59.3) 0.224 1.35 (0.83-2.2)

Recessive

TT + CT 106 (78.5) 118 (81.4) 1 1

CC 29 (21.5) 27 (18.6) 0.568 1.2 (0.65-2.1)

Overdominant

TT + CC 74 (54.8) 86 (59.3) 1 1

CT 61 (45.2) 59 (40.7) 0.466 1.2 (0.74-1.9)

Allele

T 151 (55.9) 177 (61) 1 1

C 119 (44.1) 113 (39) 0.26 1.2 (0.87-1.7)

COX-2 (rs2745557)

Codominant

GG 88 (65.2) 77 (53.1) 1 1

GA 36 (26.6) 59 (40.6) 0.017 0.53 (0.31-0.89)

AA 11 (8.2) 9 (6.3) 0.991 0.99 (0.38-2.5)

Dominant

GG 88 (65.2) 77 (53.1) 1 1

GA + AA 47 (34.8) 68 (46.9) 0.035 0.56 (0.36-0.96)

Recessive

GG +GA 124 (91.8) 136 (93.7) 1 1

AA 11 (8.2) 9 (6.3) 0.641 1.24 (0.49-3.1)
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Autoimmune thyroid diseases (AITDs) as one of the
most organ-specific autoimmune diseases are more common
in women than men [30]. Among the AITDs, both HT and
GD are considered the main causes of hypothyroidism and
hyperthyroidism, respectively [31]. Studies have confirmed
the link between environmental and genetic factors for
AITD development [7]. SNPs are the most common studied
genetic element responsible for interindividual differences in
disease susceptibility, severity of illness, and response to
therapy [23].

Experimental studies have shown that IL-1β could stim-
ulate the thyroid follicular cells to produce cytokines which
increase the inflammatory response in AITD via nitric oxide
(NO) and prostaglandin (PG) production. Pathogenic action
of IL-1β in thyroid ophthalmopathy was also reported. IL-
1β effect on goitre development occurs through stimulation
of hyaluronic acid production in thyroid epithelial cells and
fibroblasts [32]. IL-1β influences thyroid function via stimu-
lation of secretion of inflammatory cytokines such as IL-6.
Finally, IL-1β could induce apoptosis and tissue damage in
thyroid follicular cells. A protective effect of TT genotype,
and T allele of IL-1β rs1143634 SNP was found on GD
development. Similar results were also found about recessive
and overdominant models and HT risk [33]. IL-1β
rs1143634 (+3594) polymorphism, as a coding synonymous
variant, was mapped to exon 5 of the IL-1β gene. The sub-
stitution of C with T does not change amino acid coding
which leads to the production of a truncated protein that
is likely to be rapidly degraded or functionally inactive.
Pociot et al. reported that the T allele of the IL − 1β + 3954
SNP increases IL-1β production in response to LPS [34,
35]. The findings are in agreement with the study of Zaaber
et al., suggesting a significant relation between IL-1β
rs1143634 SNP and GD and HT in the Tunisian population
[27]. Lacka et al. and Rashad et al. also found a significant
relationship between IL-1β rs1143634 SNP and HT in a Pol-
ish and Egyptian population, respectively [36, 37]. In con-
trast, Chen et al. found no association between IL-1β
rs1143634 SNP and GD risk in Taiwan [38], while Liu
et al. found a positive relationship between the C allele of
rs1143634 and GD risk [39]. In a meta-analysis, Wong
et al. reported no significant association of L1-B rs1143634
SNP and Graves’ ophthalmopathy [40].

Liu et al. demonstrated that excessive iodine intake, as a
mechanism for HT development, leads to an increase of
pyroptosis in thyroid follicular cells (TFCs) via NF-κB,

NLRP3, and IL-1β pathway [41]. Guo et al. revealed the
upregulation of some cytokines such as NLRP3, caspase-1,
and pro IL-1β in HT tissue accompanied by posttransla-
tional maturation of caspase-1 and IL-1β [21]. The our
results showed no significant association between NLRP3
rs3806265 SNP and HT and GD development in the Iranian
population. However, there is evidence suggesting NLRP3
SNP as a dispose factor for several autoimmune diseases.
In a meta-analysis, Zhang et al. found an increase in suscep-
tibility to rheumatoid arthritis, inflammatory bowel disease,
and ulcerative colitis [42]. Yu et al. also showed a significant
association of NLRP3 rs3806265 SNP with psoriasis vulgaris
in the Chinese Han population [43]. Sharon and Jiquan
demonstrated a significant correlation of NLRP1 and
NLRP3 gene polymorphism with psoriasis [44]. To the best
of our knowledge, this study is the first evaluation between
NLRP3 gene polymorphism and AITD. However, no associ-
ation was detected between them. More studies on different
ethnicities and sample sizes are necessary to evaluate the
impact of NLRP3 gene polymorphism on AITD. A possible
mechanism is diversity in the human population that may
cause variation in genotypic and allelic frequencies.

The information about COX-2 expression in normal and
autoimmune thyroid tissues is contradictory. Some studies
have reported the detectable expression of COX-2 in normal
thyroid [45], while some data have emphasized that COX-2
proteins are not expressed in normal thyroid tissues. Immu-
nohistochemical studies have shown a high level of COX-2
in HT tissue [46]. Fuhrer et al. revealed a similar mRNA
level of COX-2 in normal thyroid and Graves’ samples
[47] although an immunohistochemical study showed nega-
tive COX-2 staining in Graves’ disease and positive COX-2
staining in Hashimoto disease [48]. Based on the our find-
ing, COX-2 rs2745557 SNP proposed as a protective factor
for HT development, while no association of COX-2
rs2745557 SNP with GD development was observed.
Recently, no significant association of COX-2 rs2745557
SNP with SLE development has been reported [15]. In a
case-control study, Lee et al. showed no significant effect of
COX-2 -765G/C SNP on rheumatoid arthritis (RA) develop-
ment risk and severity in a Korean population [49]. In
another case-control study performed on a Korean popula-
tion, Yun et al. showed no significant association of COX
− 2 − 1329A > G SNP and the risk of RA development;
however, they found a significant impact of 6365 T > C and
−899G > C SNPs on RA development risk as a protective

Table 4: Continued.

Polymorphism
HT

(n (%))
Control
(n (%))

P value∗ OR (95% CI)

Overdominant

GG +AA 99 (73.4) 66 (59.4) 1 1

GA 36 (26.6) 59 (40.6) 0.015 0.53 (0.31-0.89)

Allele

G 212 (78.5) 213 (73.5) 1 1

A 58 (21.5) 77 (26.5) 0.73 0.49 (0.31-0.88)
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Table 5: Allelic and genotypic frequency of NLRP3, COX-2, and IL-1β polymorphisms in Graves’ disease (GD) and control groups.

Polymorphism
GD

(n (%))
Control
(n (%))

P value∗ OR (95% CI)

IL-1β (rs1143634)

Codominant

CC 56 (44.8) 52 (35.9) 1 1

CT 62 (49.6) 66 (45.5) 0.601 0.87 (0.52-1.45)

TT 7 (5.6) 27 (18.6) 0.002 0.24 (0.097-0.6)

Dominant

CC 56 (44.8) 52 (35.9) 1 1

CT + TT 68 (55.2) 93 (64.1) 0.136 0.69 (0.42-1.1)

Recessive

CC + CT 118 (94.4) 125 (81.4) 1 1

TT 7 (5.6) 27 (18.6) 0.002 0.26 (0.11-0.6)

Overdominant

CC + TT 63 (50.4) 79 (54.5) 1 1

CT 62 (49.6) 66 (45.5) 0.503 1.1 (0.72-1.9)

Allele

C 174 (69.6) 170 (58.6) 1 1

T 76 (30.4) 120 (41.4) 0.009 0.61 (0.43-0.88)

NLRP3 (rs3806265)

Codominant

TT 43 (34.4) 59 (40.7) 1 1

CT 46 (36.8) 59 (40.7) 0.81 1.07 (0.61 –1.83)

CC 36 (28.8) 27 (18.6) 0.062 1.8 (0.96-3.4)

Dominant

TT 43 (34.4) 59 (40.7) 1 1

CT + CC 82 (65.6) 86 (59.3) 0.288 1.3 (0.8-2.1)

Recessive

TT + CT 89 (71.2) 118 (81.4) 1 1

CC 36 (28.8) 27 (18.6) 0.05 1.7 (1-1.3)

Overdominant

TT + CC 79 (63.2) 86 (59.3) 1 1

CT 46 (36.8) 59 (40.7) 0.513 0.85 (0.51-1.3)

Allele

T 132 (52.8) 177 (61) 1 1

C 118 (47.2) 113 (39) 0.055 1.4 (0.99-1.9)

COX-2 (rs2745557)

Codominant

GG 66 (52.8) 77 (53.1) 1 1

GA 47 (37.6) 59 (40.6) 0.776 0.92 (0.56-1.5)

AA 12 (9.6) 9 (6.3) 0.349 1.55 (0.61-3.5)

Dominant

GG 66 (52.8) 77 (53.1) 1 1

GA + AA 59 (47.2) 68 (46.9) 0.96 1 (0.62-1.6)

Recessive

GG +GA 113 (90.4) 136 (93.7) 1 1

AA 12 (9.6) 9 (6.3) 0.303 1.6 (0.65-3.9)
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factor. Their results also showed no association between
COX-2 SNP and the radiologic severity of RA [50]. To the
best of our knowledge, this is the first study to investigate
the relation between COX-2 SNP and thyroid autoimmune
diseases although Uçan et al. conducted a study to evaluate
the association of COX-2 SNP with differentiated thyroid
carcinomas and found a significant correlation between
COX-2 SNP and differentiated thyroid carcinomas [51].

The results revealed a significant association between
anti-TPO and NLRP3 SNP, the family history, and the age
of onset with IL-1β SNP in the HT group. Furthermore, a
significant relationship was found between the levels of
FT3 and F4 levels with NLRP3 SNP, the TSH level with
COX-2, and IL-1β SNPs. Krawczyk-Rusiecka et al. reported
a relation between COX-2 expression and anti-TPO anti-
bodies levels in the HT group [46]. Guo et al. demonstrated
a significant association between the NLRP1 mRNA level
and serum TgAb and TPOAb levels in autoimmune thyroid
patients [21].

The present study demonstrated a significant association
between IL-1β (rs1143634) and COX-2 (rs2745557) SNPs
and HT development. Furthermore, IL-1β (rs1143634)
SNP significantly affected GD development. Moreover, a
significant relationship was detected between some clinical

features of HT and GD groups and SNPs studied. A limita-
tion of this study is its relatively small sample size. Further
studies are required to validate the findings in other ethnic
groups.

Data Availability

The data that support the findings of this study are available
from the corresponding author, upon reasonable request.

Ethical Approval

All proceedings performed in the present study including
human participants were conforming to the ethical stan-
dards of the institution and/or national research committee
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Consent

Informed consents were gained from the study subjects.
Also, the study protocol was approved by the ethics commit-
tee of Zahedan University of Medical Science.

Table 5: Continued.

Polymorphism
GD

(n (%))
Control
(n (%))

P value∗ OR (95% CI)

Overdominant

GG +AA 78 (62.4) 86 (59.4) 1 1

GA 47 (37.6) 59 (40.6) 0.604 0.88 (0.53-1.4)

Allele

G 179 (71.6) 213 (73.5) 1 1

A 71 (28.4) 77 (26.5) 0.698 1 (0.75-1.6)

Table 6: Association of NLRP3, COX-2, and IL-1β SNPs with clinical and demographic characteristics of HT and GD groups.

HT group

Mean ± SEM Genotypes

NLRP3 SNP TT CT CC CT vs. TT CC vs. TT CT vs. CC

Anti-TPO 411:9 ± 74:4 576:7 ± 64:4 270:2 ± 50:8 0.169 0.402 0.011

IL-1β SNP CC CT TT CT vs. CC TT vs. CC CT vs. TT

Age of onset 30:09 ± 1:5 33 ± 1:2 25:08 ± 2:6 0.311 0.311 0.011

GD group

Mean ± SEM Genotypes

NLRP3 SNP TT CT CC CT vs. TT CC vs. TT CT vs. CC

FT4 3:6 ± 0:23 3:1 ± 0:13 2:63 ± 0:11 0.088 0.001 0.148

FT3 7:45 ± 0:36 6:54 ± 0:27 5:79 ± 0:27 0.087 0.001 0.209

COX-2 SNP GG GA AA GA vs. GG AA vs. GG GA vs. AA

TSH 0:0105 ± 0:002 0:025 ± 0:005 0:015 ± 0:002 0.019 0.901 0.106

IL-1β SNP CC CT TT CT vs. CC TT vs. CC CT vs. TT

TSH 0:01 ± 0:002 0:0176 ± 0:004 0:045 ± 0:019 0.321 0.008 0.045
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