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Abstract

Background and aim: Metabolic syndrome (MetS) increases the risk of atherosclerosis
and diabetes, but there are no approved predictive markers. This study assessed the
role of specific genetic variations in MetS susceptibility and their impact on clinical
manifestations.

Method: In this study, a genotype-phenotype assessment was performed for IKZF3
(rs907091), microRNA-let-7a-2 (rs1143770), and IncRNA-CDKN2B-AS1 (rs1333045).
Results: Analyses indicate that while rs907091 and rs1143770 may have potential
associations with MetS susceptibility and an increased risk of atherosclerosis and dia-
betes, there is an observed trend suggesting that the rs1333045 CC genotype may
be associated with a decreased risk of MetS. The genotypes and allele frequencies of
rs1333045 were significantly different between studied groups (OR=0.56, 95% ClI
0.38-0.81, p=0.002, and OR=0.71, 95% Cl 0.55-0.92, p=0.008), with the CC gen-
otype displaying increased levels of HDL. Furthermore, the rs907091 TT genotype
was associated with increased triglyceride, cholesterol, and HOMA index in MetS pa-
tients. Subjects with the CC genotype for rs1143770 had higher HbA1c and BMI. In
silico analyses illustrated that rs907091 C remarkably influences the secondary struc-
ture and the target site of a broad spectrum of microRNAs, especially hsa-miR-4497.
Moreover, rs1333045 creates a binding site for seven different microRNAs.
Conclusion: Further studies on other populations may help confirm these SNPs as

useful predictive markers in assessing the MetS risk.
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1 | INTRODUCTION

Metabolic syndrome (MetS), also known as syndrome X and insulin
resistance syndrome, is a multifactorial disorder that is considered a
major risk factor for cardiovascular disease, type 2 diabetes mellitus
(T2DM), stroke, and cardiovascular mortality.} It is worth mention-
ing that there are different risk factors including insulin resistance,
obesity, atherogenic dyslipidemia (hypertriglyceridemia and reduced
levels of high-density lipoprotein cholesterol (HDL-C)), and hyper-
tension implicated in MetS development.*> Apart from that, other
factors such as age, higher body mass index (BMI) and HbA1c level,
elevated diastolic blood pressure (DBP) and waist circumstance, ele-
vated low-density lipoprotein (LDL) and triglyceride (TG), decreased
HDL, and alcohol consumption could raise the susceptibility to MetS
progression.é'8 Despite a large number of studies on the mechanism,
diagnosis, and therapeutic strategies, MetS remains a main health
concern worldwide.”*! The global prevalence of MetS has been
estimated to be about 20%-25% and would be higher in the Asian
population (12%-37%).”*2 Therefore, identifying highly specific bio-
markers to predict susceptibility to MetS might help prevent disease
development and even death.

In the lIranian population, nitric oxide synthase 3 (NOS3)-
¢.894G>T was found to be associated with an increased MetS risk in
Iranian-Azerbaijanis, with the BMI influencing the effects of NOS3-
€.894G>T genotypes on MetS risk.® Another study investigated the
interactions between rs1761667 polymorphism and dietary patterns
on cardiometabolic risk factors and MetS risk in apparently healthy
individuals. Adherence to a diet rich in fiber, fish, and dairy prod-
ucts demonstrated a more pronounced effect on cardiometabolic
risk factors in A-allele carriers compared to the GG genotype of
rs1761667 polymorphism.'* Additionally, kernel machine regression
models in the Tehran Cardio-metabolic Genetics Study assessed the
association between BUD13 homolog (BUD13), ZPR1 zinc finger
(ZPR1), and apolipoprotein A-V (APOA5) SNPs in the 11p23.3 region
with lipid-related traits in MetS, especially those affected by high
triglyceride levels.®

Correspondingly, recognizing non-coding RNAs (ncRNAs) in-
volved in the regulation of lipid metabolism, insulin secretion, and
blood pressure control might pave this road. Several studies illus-
trated that IKAROS Family Zinc Finger 3 (IKZF3), long non-coding
RNAs cyclin-dependent kinase inhibitor 2B (IncRNA CDKN2B-AS1),
and microRNA lethal 7-a2 (let7-a-2) are involved in lipid metabolism
disorders, type 2 diabetes mellitus, diabetic neuropathy, inflam-
mation, cerebral and cardiovascular diseases, and atherosclerosis
disorders through regulating numerous pathways comprising B lym-
phocyte proliferation and differentiation and lipid (especially TG and
cholesterol) metabolism.**™Y? Given the wide spectrum functions of
the above genes, any variation, particularly single-nucleotide poly-
morphisms (SNPs), in their sequence might dramatically influence
their expression and function and could consequently promote
MetS development.

The present study aimed to determine the association between
IKZF3 rs907091 T>C, microRNA-LET7A2 rs1143770 C>T, and

IncRNA-CDKN2B-AS1 rs1333045 T>C and the risk of its develop-
ment. To the best of our knowledge, this is the first study investigat-

ing the association of these SNPs with MetS.

2 | MATERIALS AND METHODS

2.1 | Subjects

This study included 369 (252 men and 117 women) patients with
MetS and 200 (137 men and 63 women) normal subjects. The
subjects were diagnosed and recruited at 17 Shahrivar hospi-
tal in Amol, Iran, based on a cohort study which is ongoing since
2008.2%2! The subjects were screened and selected according to
the following inclusion and exclusion criteria: the inclusion criteria
consisted of age>20years; TG>150mg/dL, HDL (female<50mg/
dL, male<40mg/dL),
male>102cm), fasting blood sugar (FBS) >100mg/dL,?2 and mean

waist  circumference (female>89cm,
arterial pressure (MAP) >100mmHg,?® and the exclusion criteria
consisted of subjects with underlying diseases and infection with
Epstein-Barr virus (EBV) or cytomegalovirus (CMV). Biochemical
criteria (TG, cholesterol, LDL, HDL, aspartate aminotransferase
[AST], alanine aminotransferase [ALT], HbA1C, FBS, gamma-
glutamyl transpeptidase [GGT], C-reactive protein [CRP] and al-
kaline phosphatase [ALP]), hematological index (hemoglobin [Hb],
mean corpuscular volume [MCV], mean corpuscular hemoglobin
[MCH], hematocrit [HCT], and mean cell hemoglobin concentration
[MCHC]), and other clinical and physiological parameters including
systolic blood pressure (SBP), DBP, MAP, height, weight, BMI, waist,
hip, and fatty liver were collected from existing records. All partici-
pants provided written consent before they participated, and all pro-
tocols were approved by the Ethics Committee of Babol University
of Medical Sciences (IR.MUBABOL.REC.1400.039).

2.2 | Single-nucleotide polymorphism selection
SNPs including IKZF3 rs907091 T>C (3'UTRs variant), microRNA-
LET7A2rs1143770 C>T (promoter variant), and IncRNA CDKN2B-AS1
rs1333045 T>C (intronic variant) were retrieved from the SNP data-
bases of ENSEMBL v70, NCBI db SNP, and HapMap by considering
minimum minor allele frequency (MAF)>0.05.

2.3 | DNA extraction and genotyping

Genomic DNA was isolated from peripheral whole blood by the
salting-out method. Genotyping of IKZF3, microRNA-LET7-a-2,
and IncRNA-CDKN2B genes was performed using PCR-RFLP. The
PCR primers were designed using AllelelD 7.0 (Table 1). The PCR
and single-base extension were performed in a 20-pL reaction mix-
ture, containing 1.5pL genomic DNA (20-50ng), 1 pL of each primer
(0.05pmol), 8.5uL H,0, and 8uL PCR master mix (Pars tous, Iran).
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TABLE 1 The sequence of primers and PCR-RFLP conditions.

Polymorphisms  Primer sequences (5’ — 3’) Allele

rs907091 F: GGTGAGGCTTCCCAGCAAGGTC T/C
R: GACCTCGCCTAACAGATTGCTCTC

rs1143770 F: GAAGGGAGCAAATACTTGGGACTG C/T
R: GAGAAATGCTGAAACAGTCAACTCTG

rs1333045 F: CATTGGAGTCAGGCTGCTGGAG T/C

R: GACCTCGCCTAACAGATTGCTCTC

PCR reactions were carried out using a thermocycler (Eppendorf,
Hamburg, Germany), under the following conditions: 95°C for 5min
followed by 35cycles of 94°C for 20s, annealing temperature for
35s (Table 1) and then 72°C for 35s, and a final extension step of
72°C for 5min.

2.4 | Insilico analysis

Bioinformatics online databases including PolymiRTS Database
3.0%* and miRNASNP v2.0%° were recruited to investigate microRNA
binding sites. In addition, the RNAhybrid v2.1.2 tool was engaged in
order to analysis the impact of SNPs on putative microRNAs targets.
In this regard, highly stable microRNA/mRNA duplexes show a very
low minimum free energy (MFE) (kcal/mol), and MFE was calculated
for both variant alleles. Moreover, the Sfold 2.2 web server was used
to predict the impact of different alleles of SNPs on the secondary

structure.

2.5 | Statistical analyses
The sample size for this genetic association study was determined
through power analysis using the QUANTO program.26 Setting the
significance level (@) at 5% and aiming for a statistical power (1-5)
of 80%, we conducted the analysis based on the prevalence of MetS
in the Iranian population, which was derived from the literature and
established at 0.26.%7 Additionally, we considered the MAF of the
selected SNPs, obtaining this information from the PubMed SNP da-
tabase, with a specific focus on frequencies observed in the other
Asian population. Notably, the selected sample size was calculated
to meet the smallest sample size suitable for each of the three SNPs,
further enhancing the reliability and robustness of our investigation.
Clinical characteristics and demographic data of studied subjects
and their genotypes were statistically analyzed using R programming
language (version 4.0.3)?8 given that the Q-Q plot and Shapiro-Wilk
test showed that some of the continuous variables do not follow a
normal distribution, median, interquartile range (IQR) and Mann-
Whitney U test were considered instead of mean, standard devia-
tion, and Student's t-test, respectively. Furthermore, the Chi-square
test and linear regression model were adjusted with confounders

WiILEY- 2™

Annealing
temperature  Amplicon Fragment
Region (°C) size (bp) Enzyme length (bp)
3'UTR 62 371 Ncil C=245,126
T=371
Promoter 62 429 Hincll C=285, 110
T=414
Intron 62 470 Muval C=190, 280
T=470

including sex, age, height, CRP, hemoglobin, ALT, AST, ALP, GGT,
MCV, MCH, MCHC, and smoking history. Moreover, the odds
ratio (OR) and its corresponding 95% confidence interval (95% ClI)
were calculated. Three central body obesity indices including BMI
(Weight/Height?), Waist-to-Hip Ratio (WHR), and Waist-to-Height
Ratio (WHtR) also were included in the features. Pearson's Chi-
square test was analyzed for each polymorphism in controls to find
out any possible deviation from Hardy-Weinberg equilibrium (HWE)
and genotyping error. While genetic polymorphisms are more likely
to function in only one inherited way, we aimed to throughly investi-
gate the potential associations between the genetic polymorphisms
and MetS by considering multiple genetic models (co-dominant,
dominant, overdominant, recessive, and log-additive), providing a
more comprehensive understanding of their role. Genetic models
and genotype associations analyses were conducted applying the R
package SNPassoc.?? This package allows incorporating the speci-
fied confounders as covariates in the logistic regression model. By
considering these confounders in our analysis, we aimed to minimize
their potential influence on the observed associations between the
genetic polymorphisms and the outcome of interest, such as MetS.
The false discovery rate was controlled by Benjamini-Hochberg (BH)
correction, and an adjusted p-value <0.05 has been considered sta-
tistically significant.

3 | RESULTS

3.1 | Patients' characteristics

The study groups included 369 MetS patients and 200 normal sub-
jects with 68% male participants in each group (Table 2). The mean
age of MetS patients and healthy controls was 50.44 + 14.65years
and 49.92+15.23years, respectively. Results showed significantly
higher values of fatty liver (grade I-111), diabetes, waist, weight, BMI,
hip circumference, WHR, FBS, TG, GGT, ALT, HbA1c, SBP, DBP,
MAP, WHtR, homeostatic model assessment for insulin resistance
(HOMA) index (p <0.0001), CRP (p <0.008) and serum insulin levels
(p<0.013), and lower values of HDL (p<0.0001) in patients com-
pared to the control group. It is worth noting that there were no
significant differences between age, height, cholesterol, Hb, MCV,
MCH, HCT, MCHC, LDL, ALP, and AST in the studied groups.
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TABLE 2 Demographic characteristics of metabolic syndrome patients and controls.
Cases (n=369) Controls (n=200) p-value
Mean+SD Mean+SD
Clinical characteristics Median (IQR) Median (IQR) BH
Sex
Male 252 137 1
Female 117 63
Fatty
Non-fatty 173 132 >0.0001*
Grade | 94 38 0.5127
Grade Il 74 21
Grade Il 28 9
Diabetes
Diabetic 114 18 <0.0001*
Non-diabetic 255 182
Age 50.44+14.65 49.92+15.23 0.69
Waist circumference (cm) 93.57+9.52 87.5+10.87 <0.0001*
Height (cm) 165.11+9.61 165+10.3 0.94
Weight (kg) 81.56+14.9 74.23+15.64 <0.0001*
Hip (cm) 103 (98-108) 99 (93-106) <0.0001*
FBS (mg/dL) 110 (103-129) 95 (90-102) <0.0001*
TG (mg/dL) 140 (95-195) 99 (79-133) <0.0001*
Cholesterol (mg/dL) 185.28 +41.72 184.08+43.05 0.65
GGT (U/L) 26.7 (21.55-36.9) 22.1(17.8-30.8) <0.0001*
CRP (mg/dL) 1(1-4) 1(0-2) 0.013*
Hb (g/dL) 14.4 (13.2-15.57) 14.25 (13-15.3) 0.15
MCV (fL) 85 (80.4-87.6) 84.65 (80.57-88.22) 0.52
MCH (pg) 29.4 (27.9-30.4) 29.5(27.32-30.6) 0.54
HCT 41.61+4.20 40.86+4.19 0.07
MCHC (g/dL) 34.6 (33.9-35) 34.45 (33.8-35.1) 0.57
HDL (mg/dL) 39.39+8.82 43.83+10.13 <0.0001*
LDL (mg/dL) 96.78+25.39 100.76 +26.67 0.09
ALP (U/L) 199 (160-252) 195 (159-231) 0.20
ALT (U/L) 23 (16-34) 18 (13.97-27) <0.0001*
AST (U/L) 21 (18-27) 20 (17-25) 0.17
HbA1c (mmol/mol) 5(4.6-5.7) 4.4 (4-5) <0.0001*
SBP (mmHg) 125 (110-140) 115 (100-125) <0.0001*
DBP (mmHg) 80 (70-90) 70 (60-80) <0.0001*
MAP (mmHg) 96.27 +14.67 86.54+13.31 <0.0001*
BMI (kg/m?) 29.41 (26.34-33.11) 26.67 (23.49-30.30) <0.0001*
WHR 0.904+0.066 0.874+0.067 <0.0001*
WHtR 0.568+0.066 0.531+0.070 <0.0001*
Smoking
Yes 301 165 1
No 57 31
Serum insulin levels (pmol/L) 10.93 (7.30-15.03) 9.04 (6.26-13.59) 0.008*
HOMA index 2.93(1.89-4.29) 2.13(1.35-3.21) <0.0001*

Note: Chi-square test (p-value) was used for categorical variables (e.g., sex and diabetes), while t-test (p-value) was utilized for continuous variables (e.g.,
Age and FBS). BH denotes the corrected p-value for multiple comparisons (Benjamini & Hochberg). Significance level was set at p-value <0.05 (*).

Abbreviations: ALP, Alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; CRP, c-reactive
protein; DBP, diastolic blood pressure; FBS, fast blood sugar; GGT, gamma glutamyl transferase; Hb, hemoglobin; HCT, Hematocrit; HDL, high-
density lipoprotein; HOMA, homeostatic model assessment; LDL, low-density lipoprotein; MAP, mean arterial pressure; MCH, mean corpuscular
hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean corpuscular volume; SBP, Systolic blood pressure; TG, triglycerides; WHR,
waist-hip ratio; WHtR, Waist-To-Height Ratio.
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TABLE 3 Genotype and allele distributions of three variants and their association with the risk of metabolic syndrome under different

genetic models.

Study population

p-Value® (BH)

Unadjusted OR Adjusted p-Value®
Variant Genotype Case Control (95% ClI) Genetic model OR (95% CI) (BH)
IKZF3 T 114 (32%)  51(27.1%) 0.235(0.352) Co-dominant ~ TC 1.19(0.75-1.88)  0.486
TC 173(48.6%) 92(48.9%) 1.27(0.86-1.87) cc 1.33(0.76-2.30)  0.203
cc 69 (19.4%) 45 (23.9%) Dominant TC+CC  1.23(0.80-190)  0.346
T 401(56.3%) 194 (51.6%) 0.137 (0.274) Recessive cc 119(0.75-1.89)  0.468
31143.7%) 182(48.4) 1210094155 Guerdominant TC 1.05(0.71-1.55)  0.80
Log-Additve ~ TT,TC,CC  1.15(0.88-1.52)  0.30
microRNA-let7  CC 131(36.8%) 67 (35.6%) 0.789 (0.789) Co-dominant ~ CT 1.27(0.82-1.96)  0.286
cT 154 (43.3%) 92 (48.9%) 1:05(0.73-1.52) T 0.80(0.45-1.41)  0.481
T 71(19.9%) 29 (15.4%) Dominant CT+TT 111(0.74-1.67)  0.621
416 (58.5%) 226 (60.1%) 0.592(0.710) Recessive T 070(0.42-1.18)  0.171
T 296 (41.5%) 150 (39.9%) 09300721200 oyerdominant  CT 1.36(092-2.2) 012
log-Additive ~ CC,CT,TT 095(0.72-1.24)  0.68
CDKN2B T 96(27%)  75(39.9%) 0.002°(0.012)  Co-dominant  CT 0.57(0.37-0.88)  0.007*
TC 190 (53.4%) 83 (44.1%) 0-56(0.38-0.81) cc 0.47(0.26-0.84)  0.007*
cc 70(19.7%) 30 (16%) Dominant CT+CC  0.66(0.39-1.10)  0.003*
T 382(53.6%) 233(62%)  0.008*(0.024)  Recessive cc 0.66(0.39-1.10)  0.105
330 (46.4%) 143(38%)  0-71(0:55-092)  5yerdominant TC 0.75(0.50-1.10)  0.13
log-Additive ~ TT,TC,CC  0.66(0.50-0.88)  0.004*

Note: The statistical analysis for IKZF3 rs907091 and CDKN2B rs1333045 included Codominant (TT, TC, and CC), Dominant (TT vs. TC-CC),
Recessive (TT-TC vs. CC), and Overdominant (TT-CC vs. TC) models. For microRNA-let7 rs1143770, the analysis encompassed Codominant (CC, CT,
and TT), Dominant (CC vs. CT-TT), Recessive (CC-CT vs. TT), and Overdominant (TT-CC vs. TC) models. p-value® was calculated using a two-sided X2
test for genotype distributions or allele frequencies, while p-value® was determined using logistic regression with different models. BH denotes the
corrected p-value for multiple comparisons (Benjamini & Hochberg), presented in parentheses. The significance level was set at p-value <0.05 (*).

3.2 | Relationships between demographic and
clinical factors and IKZF3, IncRNA CDKN2B-AS1, and
microRNA-LET7-a-2 genotypes

Analyzing HWE for IKZF3 rs907091, microRNA-LET7 rs1143770, and
INncRNA CDKN2B-AS1 rs1333045 in the control group showed that
they were all in HWE. Besides, the results have been adjusted for
confounders including sex, age, height, CRP, Hb, ALT, AST, ALP, GGT,
MCV, MCH, HCT, MCHC, and smoking status. The genotype distribu-
tion and allele frequencies of IKZF3, microRNA-LET7-a-2, and IncRNA
CDKN2B-AS1 and also their genetic models between MetS patients
and healthy controls are presented in Table 3. There were statisti-
cally significant associations of genotype and allelic variations for
rs1333045 T>C (OR=0.56, 95% Cl 0.38-0.81, p=0.002; OR=0.71,
95% Cl 0.55-0.92, p=0.008), while rs907091 C>T and rs1143770
C>T did not show statistically significant associations between stud-
ied groups. In addition, results revealed that IncRNA CDKN2B-AS1
rs1333045T>C was significantly associated with a decreased risk of
MetS progression under co-dominant, dominant, and log-additive
models after adjustment (CT vs. TT: OR=0.57, 95% CI 0.37-0.88,
p=0.007; CC vs. TT: OR=0.47, 95% Cl 0.26-0.84, p=0.007, co-
dominant model, CT+CC vs. TT: OR=0.66, 95% Cl 0.39-1.10,

p=0.003, dominant model, and TT vs. TC vs. CC: OR=0.66, 95% Cl
0.50-0.88, p=0.004, log-additive model). Also, the frequency of the
C allele in the patients' group was significantly higher than that in the
healthy group (OR=0.71, 95% CI 0.55-0.92, p=0.008).

Besides, the association of SNPs with TG, cholesterol, CRP, HDL,
HOMA, and HbA1c values was measured with adjustment of sex,
age, height, CRP, Hb, ALT, AST, ALP, GGT, MCV, MCH, HCT, MCHC,
and smoking status (Table 4). As shown in Table 4, there was a signif-
icant association between IKZF3 rs907091 and TG, cholesterol, and
HOMA in the patients' group and CRP in the healthy group (p=0.013,
0.047, 0.011, and 0.008, respectively). In addition, a statistically
significant association was observed between microRNA-LET7-a-2
and TG, cholesterol, CRP and HOMA (p=0.032, 0.005, 0.022, and
0.006, respectively) in patients as well as in controls except for
HOMA index (p=0.039, 0.043, and 0.033, respectively). Although
IncRNA CDKN2B-AS1 rs1333045 showed no significant association
with any of the clinical parameters, in the combined model (patients
and controls altogether), there were significant associations with
HDL and HOMA index in the control group (p=0.042 and 0.030,
respectively).

The associations between IKZF3 rs907091 T>C, microRNA-
LET7A2 rs1143770C>T, and IncRNA-CDKN2B-AS1 rs1333045T>C
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TABLE 4 Association between variants and TG, Cholesterol, CRP, HDL, HOMA, and HbA1c values in all participants.
Cases Controls Combined

Factor IKZF3  MicroRNA-let7 CDKN2B IKZF3 MicroRNA-let7 CDKN2B IKZF3 MicroRNA-let7 CDKN2B
TG (mg/dL) 0.013* 0.032* 0.344 0.797 0.039* 0.835 0.020*  0.093 0.849
Cholesterol (mg/dL) 0.047* 0.005* 0.107 0.446 0.043* 0.249 0.038* 0.0008* 0.850
CRP (mg/dL) 0.788 0.022* 0.073 0.008* 0.033* 0.561 0.093 0.536 0.135
HDL (mg/dL) 0.076 0.469 0.196 0.254 0.880 0.367 0.048* 0.770 0.042*
HOMA 0.011*  0.943 0.496 0.857 0.556 0.924 0.054 0.733 0.911
HbA,  (mmol/mol) 0.200 0.006* 0.571 0.337 0.096 0.191 0.958 0.039* 0.030*

Note: The statistical analysis involved determining whether the difference between means is statistically significant, rather than computing an OR.

Significance level was set at p-value <0.05 (*).

Abbreviations: CRP, c-reactive protein; HDL, high-density lipoprotein; HOMA, homeostatic model assessment; TG, triglycerides.

genotypes and clinical parameters of MetS were investigated
(Tables S1-S3). The results showed that the TT genotype at rs907091
T>C was significantly associated with an increase in TG, cholesterol,
HOMA index, and insulin levels in the patients' group in comparison
with those presenting with CC and CT genotypes. It also illustrated
that TT genotype at rs907091 T>C was strongly associated with
higher levels of LDL, CRP, and HTC in the control group compared to
CC and CT genotypes. Furthermore, the results revealed that HbAlc
and BMlI in patients and CRP in the control group were higher in sub-
jects having CC and CT genotypes for rs1143770C>T in comparison
with those with the TT genotype. There were no statistically signif-
icant associations of rs1333045T>C with clinical criteria, except for
HDL, which was higher in subjects with CC genotype in comparison

with those with TT and CT genotypes in the control group.

3.3 | Insilico analysis of impacts of SNPs

The secondary structures of IKZF3 and IncRNA CDKN2B-AS1 caused
by rs907091 C>T and rs1333045T>C, respectively, were analyzed
using the Sfold program and Srna tool, and results are presented
in Table S4. The secondary structures, clustering, the free energy
of hybridization (AGs), and multidimensional scaling (MDS) plots
for both SNPs were calculated. Moreover, there were two clusters
for each T and C alleles of IKZF3 rs907091 C>T, while there were
two and three clusters for T and C alleles of IncRNA CDKN2B-AS1
rs1333045T>C, respectively. Although rs1333045T>C did not show
a significant difference in AGs for T (-62.70) and C (-65.80) alleles,
IKZF3 rs907091 C>T demonstrated a significant change in AGs be-
tween wild (T: -64.30) and mutant (C: -35.14) alleles. Tables 5 and 6
show the results of the prediction of microRNAs binding profile at
IKZF3 3'UTR for both rs907091 alleles using miRSNP and miRSNPdb.
Moreover, the results of RNAhybrid software for IKZF3 rs907091
are illustrated in Table S5. There was a consensus normal binding
site for hsa-let-7a-2-3p, which showed a decrease in minimum free
energy (MFE) of the microRNA/mRNA duplex in the presence of the
T allele which may facilitate hsa-let-7a-2-3p binding to IKZF3 3'UTR.
Importantly, RNAhybrid revealed that hsa-miR-4497 has a signifi-
cantly lower MFE for C allele (-21.1) in comparison with the T allele

(-15.8), resulting in stronger microRNA/mRNA duplex binding in the
presence of the C allele. Correspondingly, miRSNP and miRSNPdb
predicted consensus binding site losses for the T allele of rs907091.
Besides, the effects of INcRNA CDKN2B-AS1 rs1333045T>C on the
microRNA profile were predicted by the LncRNASNP2 program. As
Table 7 shows, rs1333045T>C causes a gain of the binding site in
IncRNA CDKN2B-AS1 for seven microRNAs.

4 | DISCUSSION

MetS is a multifactorial disorder which may be influenced by ge-
netic polymorphisms involved in the regulation of the obesity pro-
cess, blood pressure, blood sugar levels, and lipid metabolism,3%3!
as evidenced by studies on protein-coding genes nitric oxide syn-
thase (NOS4) cluster of differentiation 36 (CD36), BUD13 Homolog
(BUD13), ZPR1 Zinc Finger (ZPR1), and apolipoprotein A5 (APOA5)
SNPs in the Iranian population. However, in the present study, our
focus shifted towards non-coding RNA SNPs.13-15 Specifically, we
investigated the association of IKZF3 rs907091 C>T, microRNA-
LET7-a-2 rs1143770C>T, and IncRNA CDKN2B-AS1 rs1333045T>C
with susceptibility to MetS. The locus of the CDKN2A/B on chromo-
some 9p21 has been widely investigated and showed an association
with a higher incidence of coronary artery calcium, ischemic stroke,
obesity, T2DM, cardiomyopathy, myocardial infarction, coronary
heart disease, and low HDL-cholesterol levels.*2-%” The results of
the present study disclosed a significant difference in the allele and
genotype distribution of rs1333045 between studied groups and
also an association of the CC genotype with increased HDL levels
compared to the TC+TT genotype (p=0.038). Accordingly, a sig-
nificant increase in the CC genotype has been reported in atrophic
gastritis patients in comparison with controls (33.6% and 21.9%, re-
spectively, p=0.014), while similar results were not found for the
gastric cancer group.38 Noticeably, other studies have shown no
significant difference for rs1333045 alleles and genotypes between
studied groups in autism spectrum disorders and multiple sclerosis,
highlighting the probable role of sample size and ethnicity for this
discrepancy.”’40 Furthermore, a meta-analysis on 19 SNPs in five
common IncRNAs, including CDKN2B-AS1, showed no significant
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TABLE 5 Predicting of microRNAs profile binding to IKZF3
3’UTR for alleles of rs907091 T>C by miRSNPs.

microRNAs
hsa-miR-1266

hsa-miR-1266

hsa-miR-1266

hsa-miR-211-3p

hsa-miR-211-3p

hsa-miR-211-3p

hsa-miR-3144-5p

hsa-miR-3144-5p

hsa-miR-3144-5p

hsa-miR-3191-5p

hsa-miR-3191-5p

hsa-miR-3191-5p

hsa-miR-326

hsa-miR-326

hsa-miR-326

hsa-miR-330-5p

hsa-miR-330-5p

hsa-miR-330-5p

hsa-miR-4314

hsa-miR-4314

hsa-miR-4314

hsa-miR-4497

hsa-miR-4497

Effect
Break

Break

Break

Break

Break

Break

Break

Create

Create

Create

Create

Create

Create

Create

Create

Create

Create

Create

Create

Create

Create

Break

Break

Allele Score

140.00
NA
140.00
NA
140.00
NA
143.00
NA
143.00
NA
143.00
NA
145.00
NA
NA
145.00
NA
145.00
NA
147.00
NA
147.00
NA
147.00
NA
153.00
NA
153.00
NA
153.00
NA
150.00
NA
150.00
NA
150.00
NA
140.00
NA
140.00
NA
140.00
153.00
NA
153.00
NA

oo r»r 0>» 4> 0>» 0>»r 4A>»0>» 0>» 42> 0>»0>» 4>»0>»00-40060>»r0060404>» 4040 4>4

Energy

-15.29
NA
-15.29
NA
-15.29
NA
-16.54
NA
-16.54
NA
-16.54
NA
-17.46
NA
NA
-17.46
NA
-17.46
NA
-20.51
NA
-20.51
NA
-20.51
NA
-23.56
NA
-23.56
NA
-23.56
NA
-21.21
NA
-21.21
NA
-21.21
NA
-15.81
NA
-15.81
NA
-15.81
-25.87
NA
-25.87
NA

Conservation

0.002
NA
0.002
NA
0.002
NA
0.001
NA
0.001
NA
0.001
NA
0.001
NA
NA
0.001
NA
0.001
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.002
NA
0.000
NA
0.000
NA
0.000
0.000
NA
0.000
NA
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TABLE 5 (Continued)

microRNAs Effect Allele Score Energy  Conservation
hsa-miR-4497  Create T NA NA NA

G 153.00 -25.87  0.000
hsa-miR-4518  Break T 162.00 -23.66 0.002

A NA NA NA
hsa-miR-4518 Break T NA NA NA

C 162.00 -23.66 0.002
hsa-miR-4518 Break T NA NA NA

G 162.00 -23.66 0.002
Note: Profile of nine different microRNAs was found to be influenced by
rs907091 T>C.
Abbreviation: NA, not analyzed.

association of rs1333045 with cancer risk. However, rs1333048 and
rs4977574 were significantly associated with the risk of overall can-
cer in all genetic models.**

Our findings also illustrated the association of IncRNA
CDKN2B-AS1 rs1333045T>C under the codominant, dominant, and
log-additive models with decreased risk of MetS after P value cor-
rection by the Benjamini & Hochberg method. In this regard, Hul

et al.#?

showed a significant difference between allele frequency in
coronary heart disease patients and the healthy group and elevated
levels of LDL in the CC genotype compared to the TC+TT geno-
type (p=0.032). Noteworthy, HDL has been long known as an anti-
thrombotic factor reducing cardiovascular disease risk because of
its key role in cholesterol transportation from peripheral tissues into
the liver under a process known as the reverse cholesterol transport
(RCT) system.**=#> Herein, according to our findings, it is not surpris-
ing that subjects carrying CC with higher levels of HDL are at lower
risk for MetS development. A study that genotyped 8 CDKN2B SNPs
in 4650 Saudi Arabs to assess their association with cardiovascular
risk found that the T allele of rs1333045 [0.54(0.48-0.61); p <0.0001]
was significantly associated with coronary artery disease (CAD) after
adjusting for other risk factors. This finding suggests that the CDKN2B
gene locus plays a critical role in cardiovascular risk among Arabs.*¢
Consistently, it has been reported that the T allele at rs1333045 is
statistically associated with increased susceptibility to coronary ar-
tery disease (p<0.0001), T2DM (p=0.048), and myocardial infarc-
tion (p=1.15E-08).4"* Noteworthy in silico analysis showed that
INcRNA CDKN2B rs1333045T>C causes to gain microRNA target
sites for seven microRNAs and probably has the strongest and weak-
est binding to hsa-miR-5006-5p and hsa-miR-5582-5p, respectively.
Interestingly, Hyun-Ju An et al. discovered hsa-miR-5582-5p as a novel
microRNA that acts as a tumor suppressor. They found that hsa-miR-
5582-5p can induce apoptosis and cell cycle arrest in cancer cells, but
not in normal cells. The researchers identified three target proteins,
GRB2-associated binding protein 1 (GAB1), SRC homology 2 domain
containing 1 (SHC1), and growth factor receptor-bound protein 2
(CDK2), which are directly regulated by hsa-miR-5582-5p. Knocking
down the corresponding genes mimicked the effects of miR-5582-5p
on apoptosis and cell cycle arrest. They showed that the expression



8of 11
| \WILEY

Consensus normal

Consensus gains

PANIRI ET AL.
TABLE 6 Predicting of microRNA profile binding to IKZF3 3'UTR for alleles of rs907091 T>C by miRSNPdb.

Mature MicroRNA Target gene UTR

microRNA ID Normal/Snp Target gene ID name type Target SNP RS ID
hsa-let-7a-2-3p ENSG00000161405 IKZF3 3’ UTR 301C/T rs907091
hsa-miR-3191-5p Wild Type ENSG00000161405 IKZF3 3’ UTR 301C/T rs907091
hsa-miR-326 Wild Type ENSG00000161405 IKZF3 3’ UTR 301 C/T rs907091
hsa-miR-330-5p Wild Type ENSG00000161405 IKZF3 3'UTR 301 C/T rs907091
hsa-miR-4314 Wild Type ENSG00000161405 IKZF3 3’ UTR 301 C/T rs907091
hsa-miR-4497 Wild Type ENSG00000161405 IKZF3 3’ UTR 301C/T rs907091

Consensus losses

TABLE 7 Predicting of the microRNA profile for IncRNA CDKN2B-AS1 in the presence of rs1333045 T>C alleles through INcRNASNP2

tool.

MicroRNA ID

hsa-miR-5582-5p

hsa-miR-4755-3p

hsa-miR-5006-5p

hsa-miR-

6715b-5p

hsa-miR-4673

hsa-miR-4645-5p

hsa-miR-4269

Energy
(kCal/mol)

-13.71

-15.22

-21.18

-16.540001

-17.16

-16.110001

-19.780001

Binding
start (target
scan)

22,119,192

22,119,195

22,119,196

22,119,193

22,119,194

22,119,194

22,119,193

Binding end
(target scan)

22,119,198

22,119,202

22,119,202

22,119,199

22,119,200

22,119,200

22,119,199

Binding start
(miRanda)

22,119,178

22,119,181

22,119,182

22,119,181

22,119,182

22,119,183

22,119,180

Binding
end
(miRanda)

22,119,199

22,119,202

22,119,203

22,119,200

22,119,201

22,119,201

22,119,200

miRNA-IncRNA interaction

5

IncRNA:

3

miRNA:
5

IncRNA:

3

miRNA:
5

IncRNA:

3

miRNA:
5

IncRNA:

3

miRNA:
5

IncRNA:

3

miRNA:

IncRNA:

miRNA:
5

IncRNA:

3

5

3

5

3

miRNA: 3' cgAUAUUGAAAUUCACACGGAuU

aaTATATAGTACACTGTGCCTg

ugaaagggaaGUCUCGGACCGa

atatagtacaCTGTGCCTGGCa

aagguggagGACG-GGACCGUuU

tatagtacaCTGTGCCTGGCAt

acgGUUUGGUCAGCACGGACa

ataTAGTACACT-GTGCCTGg

agGUCAGGCCGAGGACGGACCuU

taTAGTAC-ACT-GTGCCTGGC

UgUUAUAAAGAACGGACCa 5'

atAGTACACTGTGCCTGGC 3'

cggucccgacaGACACGGACE

tatatagtacaCTGTGCCTGE
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of hsa-miR-5582-5p was lower in tumor tissues compared to adjacent
normal tissues in colorectal cancer patients, while the expression of
the target proteins showed opposite patterns. Injecting a mimic of
hsa-miR-5582-5p or inducing its expression in tumor cells suppressed
tumor growth in xenografts. These findings suggest that hsa-miR-
5582-5p has a novel tumor suppressive function and could potentially
be used for tumor control.>°

IKZF3 as a hematopoietic-specific transcription factor plays a fun-
damental role in the regulation of lymphocyte development, especially
B lymphocyte proliferation and differentiation.X® Moreover, genome-
wide association studies (GWASs) have shown that IKZF3 is associ-
ated with lipid metabolism disorders.”” The first study of the impact of
IKZF3 rs907091 on disease development was conducted by Verlaan
et al. and revealed the significant association of the T allele at IKZF3
rs907091 with susceptibility to autoimmune disease.” Our findings
revealed no significant difference in rs907091 alleles and genotypes
between the studied groups. On the contrary, a significant lower
frequency in the CC genotype and C allele has been reported in the
systemic lupus erythematous group in comparison with the control
group (p=0.001). Besides, the frequency of the T allele was reported
to be significantly higher in patients compared to the control group
(p=0.015) and probably increased risk of systematic lupus erythem-
atous progression.51 Nevertheless, our results showed that the TT
genotype at IKZF3 rs907091 is associated with increased levels of TG,
cholesterol, insulin, and HOMA and also new binding site creation for
hsa-miR-326 in the presence of the T allele. Consistently, Rechardson
et al.° demonstrated that the T allele reduces the expression levels of
IKZF3 in T-cells by creating a microRNA seed region for hsa-miR-326.7>
Moreover, in silico analyses revealed that rs907091 T strongly changed
the secondary structure of IKZF3, and the AG hybridization difference
in the presence of C and T alleles (-35.14 and -64.30, respectively)
was remarkable. hsa-miR-1266 also had the strongest binding to IKZF3
(AGs=-37.5 for the T allele and AGs=-36.8 for C allele), while the
highest difference for AGs was related to hsa-miR-LET7-a-2 (T allele:
AGs=-16.6) and (C allele: AGs=-20.1) alleles. Strikingly, hsa-miR-1266
has been shown to be associated with proliferation, migration, and in-
vasion through targeting DAB2IP in HelLa and SiHa cells. It was also
shown to enhance cervical cancer tumorigenesis and metastasis in the
cervical cancer nude mice model.”®

MicroRNA-LET7-a2 has a key role in different disorders including
T2DM, diabetic neuropathy, inflammation, and cerebral and cardio-
vascular conditions.>*%> There was no significant difference in the al-
lele and genotype frequency of rs1143770C>T between the studied
groups. Inconsistently, Heidari et al. revealed a statistically significant
higher frequency of CT and TT genotypes in patients with papillary
thyroid carcinoma compared to controls, and these genotypes were
associated with a 1.9-fold and 2.2-fold higher risk of disease, respec-
tively.>® The results of the present study showed the association be-
tween CC and CT genotypes of LET7-a2 rs1143770C>T with increased
levels of HbA1C, BMI, and CRP and probably higher risk of MetS sus-
ceptibility. Consistent with our results, the rs1143770 TT genotype
was reported to be associated with significantly better overall survival
and disease-free survival in patients with surgically treated non-small
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cell lung cancer (p=0.01).> In addition, investigating the association
between LET7a-2 rs1143770 and papillary thyroid carcinoma (PTC)
susceptibility demonstrated that CT and TT genotypes were associ-
ated with a higher risk of PTC, as well as a higher risk of N1 stage in PTC
patients.”® On the other hand, Wang et al. revealed that subjects with
the rs1143770 CC genotype were at reduced risk of ischemic stroke in
comparison with individuals with the TT genotype.*® In addition, Zhou
et al. reported a significant increase of CT+TT genotype frequencies
in diabetic nephropathy and diabetes mellitus in comparison with the
control group (p=0.007 and 0.040, respectively) and a significant as-
sociation with increased risk for diabetic nephropathy.”® These con-
troversial results may be due to different sample sizes, methods, and
population origins among mentioned studies and should be validated
with a larger sample size and similar conditions.

The present study disclosed a significant association between
the TT genotype at IKZF3 rs907091 T>C and the CC genotype at
microRNA-LET7-a2 rs1143770 C>T with increased risk of Mets,
while the CC genotype for rs1333045 T>C was associated with de-
creased risk of Mets. In this context, subjects with the TT genotype for
rs907091 T>C showed higher levels of TG, cholesterol, serum insulin
levels,and HOMA index in comparison with those with TC and CC gen-
otypes. Notably, the T allele at rs907091 T>C created a new binding
site for hsa-miR-326 and also caused much strong binding to hsa-miR-
LET7-a-2. Moreover, HbA1C and BMI were disclosed to be higher in
patients with the CC and CT genotypes for rs1143770 C>T compared
to patients with the TT genotype contributing to an increased risk of
MetS development. In addition, the CC genotype for rs1333045 T>C
was clearly associated with increased HDL levels in subjects who had
CC genotype in comparison with subjects with TT and CT genotypes
and probably decreased MetS susceptibility risk. It is worth mentioning
that IncRNA-CDKN2B-AS1 rs1333045 T>C created new binding sites
for seven microRNAs of which hsa-miR-5006-5p and hsa-miR-5582-5p
had the strongest and weakest binding potential, respectively. Notably,
after SNP interaction analyses to assess whether there were syner-
gistic or modifying effects between these gene, we did not observe
any statistically significant interactions between the studied genes.
Although the absence of significant interactions suggests that the ef-
fects of these genetic variants may act independently or have minimal
interaction in our studied population, it is important to note that non-
significant findings do not necessarily indicate the absence of inter-
actions in a broader context or in different populations. Interactions
between genes can be complex and influenced by various factors, in-
cluding genetic backgrounds and environmental exposures.

It is worth noting that the strengths of the present study lie in
investigating the association of specific genetic polymorphisms in
IKZF3, LET7-a2, and CDKN2B-AS1, with MetS pathogenesis under
different genetic models in a large sample size for the first time.
Furthermore, genotype-phenotype was assessed to investigate the
association of specific genetic polymorphisms with various biochem-
ical, hematological, clinical, and physiological parameters. We also
utilized different bioinformatics databases to analyze the impact of
these polymorphisms on mRNA and microRNA profiles, providing a
broad overview on the crucial role of ncRNAs in MetS pathogenesis.
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On the other hand, one of the important disadvantages of the pres-
ent study is its reliance on a single population (Mazandarn province)
for analysis, which may limit the generalizability of the findings.
Additionally, the study does not use methods to analyze the possible
impact of these polymorphisms on the expression levels of either
IKZF3, LET7-a2, and CDKN2B-AS1 genes or proteins. The lack of
in vivo analyses for the data recruited from bioinformatics tools is
another weakness of this study. Taken together, identifying genetic
polymorphisms which put subjects at higher risk of MetS may pave
the road to approving the efficient predictive biomarkers at the early
stage of MetS development. Further evaluation of these polymor-
phisms in other populations could be helpful in this regard.

AUTHOR CONTRIBUTIONS

Haleh Akhavan-Niaki and Alireza Paniri contributed to the design
and conception of the present study. Patient physical examination
was conducted by Farhad Zamani and Mansooreh Maadi. Farhad
Zamani, Mansooreh Maadi, Nima Motamed, and Mohsen Asouri
contributed to data collection and cohort processing. Mohammad
Mahdi Hosseini perfomed statistical analyses of results, tables
designing, and worked on the manuscript. Alireza Paniri, Sadegh
Fattahi, and Galia Amirbozorgi performed exprimental investiga-
tions. Alireza Paniri performed bioinformatic analyses. Alireza Paniri
and Mohammad Mahdi Hosseini contributed to manuscript drafting

preparation. Haleh Akhavan-Niaki supervised the present study.

FUNDING INFORMATION
This research received grant from Babol University of Medical
Sciences.

CONFLICT OF INTEREST STATEMENT

Authors declare no conflict of interest.

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

ORCID

Haleh Akhavan-Niaki "= https://orcid.org/0000-0003-3681-0227

REFERENCES

1. de Cuevillas B, Alvarez-Alvarez |, Riezu-Boj JI, Navas-Carretero S,
Martinez JA. The hypertriglyceridemic-waist phenotype as a valu-
able and integrative mirror of metabolic syndrome traits. Sci Rep.
2021;11(1):21859.

2. Meigs JB, Nathan DM, Wolfsdorf JI, Mulder J. The metabolic syn-
drome (insulin resistance syndrome or syndrome X). Available in
www.UpToDate.com 2015.

3. Eckel RH, Alberti KG, Grundy SM, Zimmet PZ. The metabolic syn-
drome. Lancet. 2010;375(9710):181-183.

4. Shi Z, Tian Y, Zhao Z, et al. Association between the ABCA1
(R219K) polymorphism and lipid profiles: a meta-analysis. Sci Rep.
2021;11(1):21718.

5. Huang PL. A comprehensive definition for metabolic syndrome. Dis
Model Mech. 2009;2(5-6):231-237.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and manage-
ment of the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute scientific statement. Circ
J.2005;112(17):2735-2752.

Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circ J. 2009;120(16):1640-1645.
Li X, Cao C, Tang X, et al. Prevalence of metabolic syndrome and
its determinants in newly-diagnosed adult-onset diabetes in China:
a multi-center, cross-sectional survey. Front Endocrinol (Lausanne).
2019;10:661.

Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome:
definitions and controversies. BMC Med. 2011;9:48.

Hoffman EL, VonWald T, Hansen K. The metabolic syndrome. South
Dakota Med. 2015;24-28.

Wittcopp C, Conroy R. Metabolic syndrome in children and adoles-
cents. Pediatr Rev. 2016;37(5):193-202.

Ranasinghe P, Mathangasinghe Y, Jayawardena R, Hills A, Misra
A. Prevalence and trends of metabolic syndrome among adults
in the asia-pacific region: a systematic review. BMC Public Health.
2017;17(1):1-9.

Seyedrezazadeh E, Faramarzi E, Bakhtiyari N, et al. Association of
NOS3-c. 894G> T transversion with susceptibility to metabolic
syndrome in Azar-cohort population: a case-control study and in
silico analysis of the SNP molecular effects. Iran J Basic Med Sci.
2021;24(3):408.

Yazdanpanah Z, Salehi-Abargouei A, Mollahosseini M, Sheikhha
MH, Mirzaei M, Mozaffari-Khosravi H. The cluster of differ-
entiation 36 (CD36) rs1761667 polymorphism interacts with
dietary patterns to affect cardiometabolic risk factors and met-
abolic syndrome risk in apparently healthy individuals. Br J Nutr.
2023;130:1510-1520.

Masjoudi S, Sedaghati-Khayat B, Givi NJ, Bonab LNH, Azizi F,
Daneshpour MS. Kernel machine SNP set analysis finds the as-
sociation of BUD13, ZPR1, and APOAS5 variants with metabolic
syndrome in Tehran Cardio-metabolic Genetics Study. Sci Rep.
2021;11(1):10305.

Fishilevich S, Nudel R, Rappaport N, et al. GeneHancer: genome-
wide integration of enhancers and target genes in GeneCards.
Database. 2017;2017:bax028.

Li MJ, Wang P, Liu X, et al. GWASdb: a database for human genetic
variants identified by genome-wide association studies. Nucleic
Acids Res. 2012;40(Database issue):D1047-D1054.

Bernstein DL, Jiang X, Rom S. let-7 microRNAs: Their Role in
Cerebral and Cardiovascular Diseases, Inflammation, Cancer, and
Their Regulation. Biomedicine. 2021;9(6):606.

Li H, Han S, Sun Q, et al. Long non-coding RNA CDKN2B-AS1 re-
duces inflammatory response and promotes cholesterol efflux in
atherosclerosis by inhibiting ADAM10 expression. Aging (Albany
NY). 2019;11(6):1695-1715.

Motamed N, Sohrabi M, Poustchi H, et al. The six obesity indi-
ces, which one is more compatible with metabolic syndrome?
A population based study. Diabetes Metab Syndr Clin Res Rev.
2017;11(3):173-177.

Doustmohammadian A, Clark CC, Maadi M, et al. Favorable associ-
ation between Mediterranean diet (MeD) and DASH with NAFLD
among Iranian adults of the Amol Cohort Study (AmolCS). Sci Rep.
2022;12(1):1-9.

While A lll. Executive Summary of the Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol. In Adults
(Adult Treatment Panel Il1). 2001.


https://orcid.org/0000-0003-3681-0227
https://orcid.org/0000-0003-3681-0227
http://www.uptodate.com

WILEY 110f 11

PANIRI €T AL.

23. HsuC-H, ChangJ-B, Liu I-C, et al. Mean arterial pressure is better at 45. Trajkovska KT, Topuzovska S. High-density lipoprotein metabolism
predicting future metabolic syndrome in the normotensive elderly: and reverse cholesterol transport: strategies for raising HDL cho-
a prospective cohort study in Taiwan. Prev Med. 2015;72:76-82. lesterol. Anatol J Cardiol. 2017;18(2):149.

24. Bhattacharya A, Ziebarth JD, Cui Y. PolymiRTS Database 3.0: link- 46. AlRasheed MM, Hefnawy MM, Elsherif NN, et al. The role of
ing polymorphisms in microRNAs and their target sites with human CDKN2B in cardiovascular risk in ethnic Saudi Arabs: a validation
diseases and biological pathways. Nucleic Acids Res. 2014;42(D1):D study. Gene. 2018;673:206-210.
86-D91. 47. Kalpana B, Murthy DK, Balakrishna N, Aiyengar MT. Genetic vari-

25. Gong J, Liu C, Liu W, et al. An update of miRNASNP database for ants of chromosome 9p21.3 region associated with coronary artery
better SNP selection by GWAS data, miRNA expression and online disease and premature coronary artery disease in an Asian Indian
tools. Database. 2015;2015:bav029. population. Indian Heart J. 2019;71(3):263-271.

26. Gauderman A. QUANTO 1.1: A computer program for power and 48. AlRasheed MM. Evaluation of the role of CDKN2B gene in type
sample size calculations for genetic-epidemiology studies. 2006 2 diabetes mellitus and hypertension in ethnic Saudi Arabs. Saudi
http://hydrauscedu/gxe Pharm J. 2018;26(8):1199-1203.

27. Fatahi A, Doosti-lrani A, Cheraghi Z. Prevalence and incidence of 49. Wakil SM, Ram R, Muiya NP, et al. A genome-wide association
metabolic syndrome in Iran: a systematic review and meta-analysis. study reveals susceptibility loci for myocardial infarction/coronary
Int J Prev Med. 2020;11:64. artery disease in Saudi Arabs. Atherosclerosis. 2016;245:62-70.

28. Team RC. R: A Language and Environment for Statistical Computing. R 50. An H-J, Kwak S-Y, Yoo J-O, et al. Novel miR-5582-5p functions as
Foundation for Statistical Computing; 2013. a tumor suppressor by inducing apoptosis and cell cycle arrest in

29. Gonzalez JR, Armengol L, Sole X, et al. SNPassoc: an R package cancer cells through direct targeting of GAB1, SHC1, and CDK2.
to perform whole genome association studies. Bioinformatics. Biochim Biophys Acta. 2016;1862(10):1926-1937.
2007;23(5):644-645. 51. Cai X, Qiao Y, Diao C, et al. Association between polymorphisms

30. Fahed G, Aoun L, Bou Zerdan M, et al. Metabolic Syndrome: of the IKZF3 gene and systemic lupus erythematosus in a Chinese
Updates on Pathophysiology and Management in 2021. Int J Mol Han population. PLoS One. 2014;9(10):e108661.

Sci. 2022;23(2):786. 52. Richardson K, Lai CQ, Parnell LD, Lee YC, Ordovas JM. A genome-

31. Kaur J. A comprehensive review on metabolic syndrome. Cardiol wide survey for SNPs altering microRNA seed sites identifies func-
Res Pract. 2014;2014:1-21. tional candidates in GWAS. BMC Genomics. 2011;12:504.

32. Wakil SM, Ram R, Muiya NP, et al. A common variant association 53. Wang J, Liu Y, Wang X, et al. MiR-1266 promotes cell proliferation,
study reveals novel susceptibility loci for low HDL-cholesterol lev- migration and invasion in cervical cancer by targeting DAB2IP.
els in ethnic Arabs. Clin Genet. 2016;90(6):518-525. Biochim Biophys Acta. 2018;1864(12):3623-3630.

33. Guo J, LiW, Wu Z, Cheng X, Wang Y, Chen T. Association between 54. LiangYZ,LiJJ,XiaoHB,HeY,ZhangL,YanYX.ldentification of stress-
9p21.3 genomic markers and coronary artery disease in East related microRNA biomarkers in type 2 diabetes mellitus: A system-
Asians: a meta-analysis involving 9,813 cases and 10,710 controls. atic review and meta-analysis. J Diabetes. 2020;12(9):633-644.

Mol Biol Rep. 2013;40(1):337-343. 55. Zhou J, Peng R, Li T, et al. A potentially functional polymorphism in

34. Helgadottir A, Thorleifsson G, Manolescu A, et al. A common vari- the regulatory region of let-7a-2 is associated with an increased risk
ant on chromosome 9p21 affects the risk of myocardial infarction. for diabetic nephropathy. Gene. 2013;527(2):456-461.

Science. 2007;316(5830):1491-1493. 56. Heidari Z, Mohammadpour-Gharehbagh A, Eskandari M, Harati-

35. MatsuokaR,Abe S, Tokoro F, etal. Association of six genetic variants Sadegh M, Salimi S. Genetic polymorphisms of miRNA let7a-2 and
with myocardial infarction. Int J Mol Med. 2015;35(5):1451-1459. pri-mir-34b/c are associated with an increased risk of papillary thy-

36. Saade S, Cazier JB, Ghassibe-Sabbagh M, et al. Large scale associa- roid carcinoma and clinical/pathological features. J Cell Biochem.
tion analysis identifies three susceptibility loci for coronary artery 2019;120(5):8640-8647.
disease. PLoS One. 2011;6(12):e29427. 57. Shin KM, Jung DK, Hong MJ, et al. The pri-let-7a-2 rs1143770C>T is

37. Hu WL, Li SJ, Liu DT, et al. Genetic variants on chromosome 9p21 associated with prognosis of surgically resected non-small cell lung
and ischemic stroke in Chinese. Brain Res Bull. 2009;79(6):431-435. cancer. Gene. 2016;577(2):148-152.

38. Petkevicius V, Streleckiene G, Balciute K, et al. Association of long 58. Wang YY, Zhang HY, Jiang WJ, et al. Genetic polymorphisms in pri-
non-coding RNA polymorphisms with gastric cancer and atrophic let-7a-2 are associated with ischemic stroke risk in a Chinese Han
gastritis. Genes. 2020;11(12):1505. population from Liaoning, China: a case-control study. Neural Regen

39. Rezazadeh M, Gharesouran J, Moradi M, et al. Association study Res. 2021;16(7):1302-1307.
of ANRIL genetic variants and multiple sclerosis. J Mol Neurosci.
2018;65(1):54-59.

40. Safa A, Noroozi R, Taheri M, Ghafouri-Fard S. Association analysis SUPPORTING INFORMATION
of ANRIL polymorphisms and haplotypes with autism spectrumdis-  Additional supporting information can be found online in the
orders. J Mol Neurosci. 2021;71(1):1,87,'192‘ . Supporting Information section at the end of this article.

41. Huang X, Zhang W, Shao Z. Association between long non-coding
RNA polymorphisms and cancer risk: a meta-analysis. Biosci Rep.
2018;38(4):BSR20180365.

42. Hua L, Yuan JX, He S, et al. Analysis on the polymorphisms of
site RS4977574, and R$1333045 in region 9p21 and the suscep- How to cite this article: Paniri A, Hosseini MM, Fattahi S,
tibility of coronary heart disease in Chinese population. BMC et al. Genetic variations in IKZF3, LET7-a2, and CDKN2B-

Med Genet. 2020;21(1):36. AS1: Exploring associations with metabolic syndrome

43. Hoekstra M, Ye D, Hildebrand RB, et al. Scavenger receptor

. . susceptibility and clinical manifestations. J Clin Lab Anal.
class B type I-mediated uptake of serum cholesterol is essen-
tial for optimal adrenal glucocorticoid production. J Lipid Res. 2024;38:€24999. doi:10.1002/jcla.24999
2009;50(6):1039-1046.

44, CaoJ,XuY,LiF, Shang L, Fan D, Yu H. Protein markers of dysfunc-

tional HDL in scavenger receptor class B type | deficient mice. J
Trans| Med. 2018;16(1):155.


http://hydrauscedu/gxe
https://doi.org/10.1002/jcla.24999

	Genetic variations in IKZF3, LET7-­a2, and CDKN2B-­AS1: Exploring associations with metabolic syndrome susceptibility and clinical manifestations
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Subjects
	2.2|Single-­nucleotide polymorphism selection
	2.3|DNA extraction and genotyping
	2.4|In silico analysis
	2.5|Statistical analyses

	3|RESULTS
	3.1|Patients' characteristics
	3.2|Relationships between demographic and clinical factors and IKZF3, lncRNA CDKN2B-­AS1, and microRNA-­LET7-­a-­2 genotypes
	3.3|In silico analysis of impacts of SNPs

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


