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A B S T R A C T   

Background: Obesity is a chronic complex disease with great prevalence for children all over the world. Char-
acterized for low-grade inflammation associated with several comorbidities such as resistance and type 2 dia-
betes mellitus (T2DM). 
Objectives: To investigate whether genetic variants in IL10, IL1RL1, IL1B, IRF4, TNF, IL6, and IL33 genes are 
associated with being overweight in children. 
Methods: We performed the genotyping of 1004 children using Illumina 2.5 Human Omni bead chip, and asso-
ciation analysis on the genetic variants and the overweight through logistic regression adjusted for sex, age and 
components principal. 
Results: Of the seven genes analyzed, 16 SNVs significantly associated. Eleven variants in IL1RL1, two in IL1B and 
one in IRF4 genes increased overweight risk and two SNVs in IL1RL1 were associated with protection against 
overweight. The rs2287047-A was negatively associated (OR: 0.66, CI95%: 0.19–0.45) and had a reduced IL1RL1 
expression in whole blood (p 0.033) in silico eQTL. The rs12203592-T, in IRF4, was positively associated with 
being overweight, and led to an increased gene expression in whole blood (p < 0.001) and adipose tissue (p <
0.001). 
Conclusion: These results suggest that genetic variants in inflammatory genes may play an important role in the 
development of overweight in children.   

1. Introduction 

Excess of body weight has been identified as the fifth leading risk 
factor for overall death and is associated with an increased risk for 

comorbidities, such as cancer and asthma (Hruby and Frank, 2015; 
Sharma et al., 2019). According to World Health Organization (WHO), 
in 2017, over 340 million children and teenagers, aged 5–19, were 
overweight or obese worldwide. Obesity is described as a chronic 

Abbreviations: ADD, additive; Chr, chromosome; CI, confidence interval; DOM, dominant; eQTL, Expression quantitative trait locus; WHO, World Health Orga-
nization; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue; IL, interleukin; TNF-α, tumor necrosis factor alpha; CRP, C-reactive protein; Tregs, Regulatory T 
cells; VAT, Treg cells in visceral adipose tissue; IRF4, transcription factor 4; IRFs, Interferon Regulation Factors; SNVs, Single nucleotide variants; SCAALA, Social 
Changes Asthma and Allergy in Latin America; BMI, body mass index; MAF, minor allele frequency; PCA, principal components analysis; NCBI, National Center for 
Biotechnology Information; HWE, Hardy–Weinberg equilibrium; LD, linkage disequilibrium; TG, triglycerides. 

* Corresponding author at: Departamento de Ciências da Biorregulação, Instituto de Ciências da Saúde, Universidade Federal da Bahia, Canela, CEP 41110-100 
Salvador, BA, Brazil. 

E-mail address: cavfigueiredo@gmail.com (C.A. Figueiredo).  

Contents lists available at ScienceDirect 

Gene 

journal homepage: www.elsevier.com/locate/gene 

https://doi.org/10.1016/j.gene.2022.146478 
Received 15 February 2022; Received in revised form 30 March 2022; Accepted 1 April 2022   

mailto:cavfigueiredo@gmail.com
www.sciencedirect.com/science/journal/03781119
https://www.elsevier.com/locate/gene
https://doi.org/10.1016/j.gene.2022.146478
https://doi.org/10.1016/j.gene.2022.146478
https://doi.org/10.1016/j.gene.2022.146478
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gene.2022.146478&domain=pdf


Gene 828 (2022) 146478

2

disease resulting from abnormal or excessive fat accumulation in adi-
pose tissue (Onis et al., 2007). Its etiology involves genetic, hormonal 
and environmental aspects (Wang et al., 2011). Moreover, in recent 
years, obesity has been considered a low-grade inflammatory disease 
directly related to insulin resistance and T2DM (Martins et al., 2014; 
Zatterale et al., 2020). 

Overweight or obesity related inflammation begins in visceral adi-
pose tissue (VAT) and the major cells responsible for such inflammation 
are macrophages, T and B lymphocytes, natural killers, and neutrophils 
(Trim et al., 2018). Those cells express a large amount of proin-
flammatory mediators, such as interleukin (IL)-1β, IL-6, IL-8, tumor 
necrosis factor alpha (TNF-α) and C-reactive protein (CRP) (Winer and 
Winer, 2012). In obese individuals, the increase of free fatty acids 
derived from disrupted adipocytes or their apoptosis results in the 
infiltration of classically activated macrophages (M1) (Carobbio et al., 
2019; Ye, 2013). Adipose tissue macrophage produces TNF-α, IL-6 and 
other proinflammatory cytokines in the VAT. By its turn, these cytokines 
are released into the bloodstream which produces a systemic inflam-
mation (Ye, 2013), impairing the functions of various organs, such as 
liver, heart, muscle, and brain (Divella et al., 2016; Hotamisligil, 2006). 

However, regulatory T cells (Treg) in visceral adipose tissue (VAT- 
Treg cells) are specialized in the prevention of obesity-associated 
inflammation, insulin sensitivity and glucose tolerance by producing 
significant levels of IL-10 (Vasanthakumar et al., 2015). The presence of 
IRF4 (transcription factor 4) is necessary to activate the expression and 
activation of IL1RL1/ST2 to stimulate IL-10 production (Becker et al., 
2017). The IL1RL1/ST2, an IL-33 receptor, plays an important role in the 
signaling to express IL-10 and maintain VAT-Treg cells activity on the 

homeostasis and sustenance of the visceral adipose tissue (Vasantha-
kumar et al., 2015). 

Both, genetics and epigenetics alterations that could affect both anti- 
inflammatory and proinflammatory mechanisms linked to VAT immune 
response may play a role in obesity. Indeed, some evidence suggests the 
relative importance of genetic individualities in body weight and human 
adiposity (Rankinen et al., 2006; Vimaleswaran et al., 2012). Therefore, 
SNVs in candidate genes linked to VAT homeostasis are important to 
identify new mechanisms or pathways that could be potential targets for 
therapeutic interventions (Rankinen et al., 2006). This could have a 
great impact on public health (Rankinen et al., 2006; Seidel, 2010). In 
this way, here we investigated the association between variants in IL10, 
IL1RL1, IL1B, IRF4, TNF, IL6 and IL33 genes associated with inflam-
mation in VAT in overweight (Fig. 1). 

2. Materials and methods 

2.1. Population and study design 

The study population included 1004 unrelated children between 5 
and 11 years old from the city of Salvador, Northeastern Brazil. 
Anthropometric measures and blood samples used here were obtained 
from unrelated children that were originally recruited from the con-
duction of a sanitation program study on the occurrence of childhood 
monitoring in 2005. The population sample refers to a longitudinal 
study of the project called SCAALA (Social Changes Asthma and Allergy 
in Latin America) (Barreto et al., 2006; Figueiredo et al., 2010). This 
work was conducted under the approval of the Ethics Committee of the 

Fig. 1. Obesity-Associated Adipose Tissue Inflammation In the lean state, adipose tissue contains regulatory immune cells (blue and green). Adipocytes and 
endothelial cells–derived IL-33 and ST2 receptors are responsible for the maintenance of the abundance of adipose Treg and the anti-inflammatory profile due to IL- 
10 secretion. (b) In contrast, obese adipose tissue contain high amount of proinflammatory cytokines, such as L-6, TNF-α, IL-1β, produced by infiltrated M1 mac-
rophages, and sST2 soluble produced by adipocytes as an obesity-induced adipokine that attenuates IL-33 signaling and disrupts VAT-Treg cells. IL: interleukin; VAT: 
visceral adipose tissue; M: macrophages; TNFα: tumor necrosis factor alpha; sST2: Soluble suppression of tumorigenesis-2 (also called IL1RL1). (For interpretation of 
the references to color in this figure legend, the reader is referred to the web version of this article.) 
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Public Health Institute (register 003-05/CEP-ISC) of the Federal Uni-
versity of Bahia, Brazil. 

Children in northeastern Brazil have 2 dietary patterns named 
Western and Prudent (Silva et al., 2013). We have previously described 
the dietary patterns of our population (D’Innocenzo et al., 2011). Basi-
cally, 4 groups main groups were described (1: fruit, vegetables, pulses, 
cereals and sea food; 2: milk and dairy products, ketchup/mustard/ 
mayonnaise and chicken; 3: fried food, sweets, snacks, soda/artificial 
fruit juice and 4: processed meat products, eggs, and red meat) (D’In-
nocenzo et al., 2011). Patterns of food intake in children depend on the 
socio-economic conditions of their families and the choice of healthier 
food is associated with a higher socioeconomic status. Silva et al. (2013) 
demonstrated that the pattern 1 has been negatively associated with 
another inflammatory condition, asthma, indicating a protection of 
inflammation with this more Mediterranean-kind of diet. 

2.2. Overweight definition 

Weight, height and age data were collected to assess the children’s 
anthropometric status. A portable electronic scale (Filizola R, model E- 
150, São Paulo, Brazil) and a portable stadiometer (Leicester) properly 
calibrated were used to measure weight and height, respectively. Each 
measurement (weight and height) was performed in duplicate, consid-
ering the average, as the final measurement. Variations of 100 g of 
weight and 0–1 cm for height were allowed, as described in Matos et al. 
(Matos et al., 2011). Then, the body mass index (BMI) was calculated 
and, according to the age and sex of the children, following World 
Health Organization (WHO) reference tables to characterize excess 
weight, children with ≥ +1 standard deviation of the median were 
considered overweight and those with values below 1, no overweight 
(Onis et al., 2007). In the present work, children who were overweight, 
obese and severely obese were considered overweight. 

2.3. DNA extraction and genotyping 

Peripheral blood leukocytes were used for DNA extraction according 
to the FlexiGene DNA Kit (Qiagen, Hilden, Germany) following manu-
facturer’s recommendations. DNA samples from 1,004 subjects were 
genotyped using the Illumina 2.5 Human Omni Bead Chip. The variants’ 
within IL10, IL1RL1, IL1B, IRF4, TNF, IL6 and IL33 genes were obtained 
from their initial and final position presented in the supplementary 
material (Table S1). The variants screening was conducted following the 
criterion exclusion of: Hardy–Weinberg equilibrium (HWE) with p-value 
lower than 0.05 in the controls and minor allele frequency (MAF) lower 
than 0.01. 

2.4. Statistical analysis 

Multiple logistic regression was performed between variants and 
overweight adjusted for sex, age and population stratification as previ-
ously described (Lima-Costa et al., 2015). Population was done based on 
principal components analysis (PC1 to African and PC2 to European). 
The first two PCs were the most representative of the population (Lima- 
Costa et al., 2015). 

We tested for possible associations between co-variates and our 
outcome overweight, especially, in the context of asthma, since this 
cohort was designed for asthma risk factors. However, using Mann- 
Whitney test we did not find any significant associations between 
overweight and asthma symptoms/ markers of allergy, so they were not 
included in the model. 

Three genetic models were used in all analyses, additive, dominant, 
and recessive. The permutation analysis (10,000 permutations) was 
performed to solve the problem of multiple comparisons. This has been 
managed as a potential method to control the false discovery rate (Lage- 
Castellanos et al., 2010). The linkage disequilibrium was performed in 
Haploview software, we report r2 value to verify the SNVs that are 

inherited in genetics blocks corrected by frequency (Browning and 
Browning, 2007). All genetic data were analyzed using PLINK 1.9 soft-
ware (Purcell et al., 2007). For haplotype analysis was used SNPStats 
platform (https://www.snpstats.net/start.htm) (Solé et al., 2006). 

2.5. In silico annotation 

In silico analyses were performed in the National Center for 
Biotechnology Information (NCBI) platform (www.ncbi.nlm.nih.gov) 
where the information regarding function of each SNV was obtained. 

In addition, we use RegulomeDB (a database that assists interpreta-
tion of regulatory variants in the human genome) for identifies possible 
regulatory regions and functional variants through computational pre-
dictions and manual annotations. This database determines a score for 
the variant that ranges from one to six (regulomedb.org) representing an 
increasing scale, which demonstrates its most likely functional conse-
quence (Boyle et al., 2012). Finally, the Haploreg platform (Ward and 
Kellis, 2012) was used to provide the functional impact of genetic var-
iants in different human tissues. In such databases, information is ob-
tained on histones of promoters and enhancers that overlap the region 
where the variant is found. 

2.6. In silico expression analysis 

In silico expression was performed, using the Genotype-Tissue 
Expression platform (GTEx – www.gtexportal.org), in blood, subcu-
taneous adipose and visceral adipose tissues, according to the genotype 
of each SNV. The analysis also highlights the expression quantitative 
trait loci (eQTLs), which infers how genetic components can alter gene 
expression, such as silent mutations that alter the stability of mRNAs, 
splicing changes, and expression of non-functional proteins (Lonsdale 
et al., 2013). 

3. Results 

3.1. Characteristics of the study population 

The study included 847 controls and 157 cases (Table 1). Mean age of 
cases and controls were 7.41 and 7.24, respectively. Among the obese 
children, 59% were males. There was no difference between the group’s 
control and case. 

3.2. Description of the SNVs 

The variants in the seven genes interconnected with inflammation in 
VAT (IL10, IL1RL1, IL1B, IRF4, TNF, IL6, and IL33) were analyzed. From 
these genes, 251 SNVs were extracted from the Illumina genotyping 
chip, in 1.004 subjects. From those markers, 7 were excluded due to the 
HWE deviation and 26 SNVs due to MAF < 1%. No sample was excluded 
based on low genotyping error rate (<10%). Thus, a total of 218 SNVs 
were included in the association analysis. 

Table 1 
Characteristics of nutritional status, age group, and gender in the studied 
population.   

Subject grous (n = 1004)  

Control Case  
Variables Non Overweight Overweight P-value  

847 157  
Age mean (SD*) 7.24 (1.46) 7.41 (1.49) 0.202  

Sex 
Male 453 (53%) 92 (59%) 0.237 
Female 394 (47%) 65 (41%) 

Mean (standard deviation)*. Data were analyzed using the chi squared test#. 
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Among the seven genes analyzed, there were only three with variants 
associated with being overweight. SNVs significantly associated with 
overweight were characterized based on functional and genomic regu-
latory aspects (Table 2). Non-associated SNVs were presented in sup-
plementary material (Table S2). 

3.3. Association between IL1RL1, IL-1B, and IRF4 SNVs with overweight 

Aiming to investigate which variants were related to overweight on 
the highlighted genes from the previous analysis, we observed thirteen 
associated variants in IL1RL1, two in IL1B, and one in IRF4 (Table 3). 

SNV: single nucleotide variant; OR: odds ratio; 99% CI: 99% confi-
dence interval; Perm: permutational P value. 

The majority of variants in the IL1RL1 were positively associated 
with overweight. Using the additive model, rs3917291-A (polymorphic 
allele found in the analyzed population) (OR: 1.56 CI95%: 1.05–2.32), 
rs12477295-A (OR: 1.44 CI95%: 1.04–2.01), rs6750958-G (OR: 1.59 
CI95%: 1.01–2.50), and rs13394668-G (OR: 1.58 CI95%: 1.01–2.49); in 
the dominant model rs3917291-A (OR: 1.69 CI95%: 1.08–2.63); and in 
the recessive model rs12477295-A (OR: 4.15 CI95%: 1.60–10.75), 
rs6750958-G (OR:7.82 CI95%: 1.28–47.74), rs13394668-G (OR: 7.93 
CI95%: 1.30–48.45), rs10203841-T (OR: 1.68 CI95%:1.11–2.56), 
rs992153-T (OR: 2.90 CI95%: 1.37–6.17), rs2041751-G (OR: 2.12 
CI95%: 1.11–4.05), rs13007967-G (OR: 1.60 CI95%: 1.01–2.53), 
rs2310186-G (OR: 1.58 CI95%: 1.01–2.50), rs1024794-C (OR: 3.21 
CI95%: 1.14–9.03), and rs4851541-T (OR: 1.73 CI95%: 1.02–2.92). 

The SNVs rs3917292-A in both additive (OR: 0.35, CI95%: 
0.14–0.90), and dominant (OR: 0.36, CI95%: 0.14–0.89) models, as well 
as the rs2287047-A (OR: 0.66, CI95%: 0.19–0.45) in the dominant 
model were negatively associated with overweight. 

Among IL1B variants, two SNVs rs1071676-C (OR: 2.75 CI95%: 
1.85–6.98) and rs1143639-T (OR: 2.75 CI95%: 1.85–6.98) were asso-
ciated to risk of overweight in the recessive model. Regarding IRF4, the 
rs12203592-T was positively associated with overweight in the additive 
(OR: 1.80 CI95%: 1.03–3.14) and dominant (OR: 1.87 CI95%: 
1.06–3.30) model. 

3.4. Haplotype-based association of IL1RL1 SNVs with overweight 

We performed haplotype analysis of the IL1RL1 gene using the 
SNPstats, three variants for time. Haplotype 1: rs10203841, rs2041751, 
and rs12477295 (OR: 1.71 CI95%: 1.09–2.67). Haplotype 2: rs2041751, 
rs12477295, rs992153 (OR: 1.52 CI95%:1.08–2.14), Haplotype 3: 
rs12477295, rs992153, rs6750958 (OR: 1.63 CI95%: 1.15–2.30), 
Haplotype 4: rs992153, rs6750958, rs13394668 (OR 1.69 CI95%: 
1.07–2.67), the latter alleles doubling the risk for overweight, Haplotype 
5: rs6750958, rs13394668, rs13007967 (OR: 2.03 CI95%:1,17–3.52) 
variants together almost doubling the chance of risk to overweight 
(Table 4). A polygenetic risk score was also performed; however, no 
significant result was found. 

3.5. Linkage disequilibrium 

The linkage disequilibrium (LD) analysis was performed on the 
IL1RL1, IL1B, and IRF4 genes, using values equal or >80% for r2 to be 
considered as strong LD (Fig. 2). 

3.6. GTEx: in silico eQTL analyses 

Using the GTEx platform we tested eQTL for 16 overweight- 
associated variants in whole blood, subcutaneous adipose and visceral 
adipose tissues. The variants rs12203592 and rs2287047 were differ-
entially expressed among them. 

The T allele of rs12203592 increased expression of the IRF4 in whole 
blood (p < 0.0011) (Fig. 3A), subcutaneous adipose tissue (p = 0.00082) 
(Fig. 3B), and visceral adipose tissue (p = 0.000032) (Fig. 3C). On the 
other hand, the of rs2287047-A was associated with reduced expression 
of the IL1RL1 in whole blood (p = 0.036) (Fig. 3D), but not in subcu-
taneous adipose tissue (p < 0.76) or visceral adipose tissue (p < 0.83) 
(Fig. 3). 

4. Discussion 

We found genetic variants in IRF4, IL1B, and IL1RL1, genes associ-
ated with being overweight in children. The rs12203592-T and 

Table 2 
Characterization of the significant SNVs associated with overweight in Brazilian children.  

SNV Regulation Promoter histone marks 
in Adipose* 

Enhancer histone 
marks in Adipose* 

Proteins 
bound* 

Motifs 
changed* 

RegulomeDB 
score 

MAF Function 

IL1RLI Gene         
rs3917291 Distal, RNA Binding – H3K4me1_Enh – – 6 0.07 Intron variant 
rs3917292 RNA Binding – 15_EnhAF, H3K4me1_Enh, 

H3K27ac_Enh 
– – 4 0.04 Intron variant 

rs12477295 – – H3K27ac_Enh – – 4 0.14 Intron variant 
rs6750958 Distal – – – – – 0.05 Intron variant 
rs13394668 Proximal – – – – 4 0.05 Intron variant 
rs2287047 Distal, RNA Binding, 

eQTL 
H3K9ac_Pro 13_EnhA1, H3K4me1_Enh, 

H3K27ac_Enh 
– – 6 0.49 Intron variant 

rs992153 – – H3K4me1_Enh, 
H3K27ac_Enh 

– – 5 0.19 Intron variant 

rs10203841 Distal H3K9ac_Pro H3K4me1_Enh, 
H3K27ac_Enh 

– – 6 0.41 Intron variant 

rs2041751 eQTL – H3K4me1_Enh, 
H3K27ac_Enh 

– – 3a 0.22 Intron variant 

rs13007967 eQTL – H3K4me1_Enh – – 3a 0.39 Intron variant 
rs2310186 Distal H3K9ac_Pro – – – 4 0.391 Intron variant 
rs1024794 Distal H3K9ac_Pro H3K4me1_Enh – – 4 0.14 Intron variant 
rs4851541 eQTL H3K9ac_Pro H3K4me1_Enh – – 5 0.29 Intron variant 
IL1B Gene         
rs1071676 Proximal,Distal, 

RNA Binding 
– – – – 6 0,175 Utr variant 3 

prime 
rs1143639 Distal, RNA Binding – – – – 5 0,172 Intron variant 
IRF4 Gene         
rs12203592 RNA Binding – – – – 2b 0,039 Intron variant 

CHR, chromosome; SNV, single nucleotide variant; MAF, minor allele frequency; utr,untranslated region. 
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Table 3 
Significant associations between IL1RL1, IL1B, and IRF4 SNVs and overweight, using a logistic regression adjusted for sex, age, and 1 and 2 PCs.  

Gene SNVs Genotype Case (153) Control (814) Model OR (CI 95%) PERM p – value 

IL1RL1 rs3917291 GG 121(79.0%) 701(86.1%) ADD 1.56(1.05–2.32) 0.0231 0.0264  
AG 30(19.6%) 106(13.0%) DOM 1.69(1.08–2.63) 0.02275 0.019  
AA 2(1.3%) 7(0.8%) REC 1.38(0.28–6.79) 1 0.6894 

rs3917292 GG 148(96.7%) 746(91.5%) ADD 0.35(0.14–0.90) 0.0225 0.0294  
AG 5(3.26%) 66(8.09%) DOM 0.36(0.14–0.89) 0.02978 0.0282  
AA 0(0%) 3(0.3%) REC NA NA NA 

rs12477295 GG 106(69.2%) 608(74.6%) ADD 1.44(1.04–2.01) 0.0195 0.02704  
AG 38(25.4%) 196(24%) DOM 1.33(0.91–1.95) 0.1272 0.1375  
AA 8(5.2%) 10(1.2%) REC 4.15(1.60–10.75) 0.00331 0.0033 

rs6750958 AA 129 (84.8%) 721 (89.5%) ADD 1.59(1.01–2.50) 0.0382 0.04324  
GA 20 (13.1%) 83 (10.1%) DOM 1.49(0.90–2.46) 0.1544 0.1096  
GG 3 (1.9%) 2 (0.2%) REC 7.82(1.28–47.74) 0.03593 0.02586 

rs13394668 AA 129 (84.8%) 721 (89.4%) ADD 1.58(1.01–2.49) 0.0430 0.04528  
GA 20 (13.1%) 82 (10.1%) DOM 1.48(0.90–2.44) 0.1544 0.1211  
GG 3 (1.9%) 2 (0.2%) REC 7.93(1.30–48.45) 0.03221 0.0248 

rs2287047 GG 48 (31.3%) 196 (24%) ADD 0.82(0.64–1.06) 0.1272 0.1438  
AG 70 (45.7%) 430 (52.7%) DOM 0.66(0.19–0.45) 0.0342 0.0339  
AA 35 (22%) 189 (23.1%) REC 0.95(0.63–1.43) 0.6923 0.8159 

rs10203841 CC 48 (31.3%) 282 (34.7%) ADD 1.26(0.98–1.62) 0.05701 0.0602  
TC 68 (44.4%) 402 (49.5%) DOM 1.16(0.80–1.69) 0.4286 0.4215  
TT 37 (24%) 128 (15%) REC 1.68(1.11–2.56) 0.0158 0.0141 

rs992153 CC 95 (62.0%) 529 (65.6%) ADD 1.31(0.96–1.77) 0.1317 0.0791  
TC 47 (30.7%) 256 (31.7%) DOM 1.18(0.82–1.70) 0.3617 0.3486  
TT 11 (7.1%) 21 (2.6%) REC 2.90(1.37–6.17) 0.0080 0.0054 

rs2041751 AA 88 (57.5%) 497 (60.9%) ADD 1.25(0.94–1.66) 0.1202 0.1151  
GA 51 (33.3%) 282 (34.6%) DOM 1.16(0.82–1.65) 0.2603 0.3926  
GG 14 (9.1%) 36 (4.4%) REC 2.12(1.11–4.05) 0.0110 0.02241 

rs13007967 AA 52 (34.2%) 292 (35.8%) ADD 1.19(0.92–1.54) 0.2 0.1818  
GA 71 (46.7%) 415 (50.9%) DOM 1.07(0.74–1.55) 0.7273 0.6863  
GG 29 (19%) 107 (13%) REC 1.60(1.01–2.53) 0.0479 0.0434 

rs2310186 TT 53 (34.6%) 296 (36.3%) ADD 1.18(0.92–1.53) 0.2 0.1849  
GT 71 (46.4%) 411 (50.4%) DOM 1.08(0.75–1.55) 0.7273 0.6694  
GG 29 (18%) 107 (13%) REC 1.58(1.00–2.50) 0.0479 0.04813 

rs1024794 TT 109 (71.2%) 613 (75.3%) ADD 1.35(0.96–1.89) 0.1078 0.08371  
CT 38 (24.8%) 191 (23.4%) DOM 1.27(0.86–1.87) 0.2128 0.2215  
CC 6 (3.9%) 10 (1.2%) REC 3.21(1.14–9.03) 0.02402 0.02635 

rs4851541 GG 81 (52.9%) 401 (49.2%) ADD 1.03(0.79–1.34) 0.6667 0.7918  
TG 51 (33.3%) 344 (42.2%) DOM 0.85(0.60–1.21) 0.4054 0.3912  
TT 21 (13%) 70 (8.5%) REC 1.73(1.02–2.92) 0.03438 0.0403  

IL1B rs1071676 GG 98 (64.9%) 535 (66.8%) ADD 1.182(0.85–1.63) 0.5 0.3111  
CG 46 (30.4%) 251 (31.3%) DOM 1.08(0.75–1.56) 0.666 0.6648  
CC 7 (4.6%) 14 (1.7%) REC 2.75(1.85–6.98) 0.024 0.03299 

rs1143639 CC 98 (64.9%) 537 (67.1%) ADD 1.19(0.86–1.65) 0.351 0.2809  
TC 46 (30.4%) 249 (31.1%) DOM 1.09(0.76–1.58) 0.526 0.6132  
TT 7 (4.6%) 14 (1.7%) REC 2.75(1.85–6.98) 0.024 0.0329  

IRF4 rs12203592 CC 134 (88.2%) 761 (93.3%) ADD 1.80(1.03–3.14) 0.044 0.0385  
TC 18 (11.7%) 53 (6.50%) DOM 1.87(1.06–3.30) 0.020 0.0304  
TT 0 (0%) 1 (0.1%) REC NA NA NA  

Table 4 
Risk haplotype for SNVs on IL1RL1 and overweight.  

Haplotype rs10203841 rs2041751 rs12477295 Freq Odds Ratio/95% Confidence interval P-value 

Reference C A G 0.45 1   
T G A 0.08 1.71 (1.09–2.67) 0.019 

Haplotype rs2041751 rs12477295 rs992153 Freq OR (95% CI) P-value 
Reference A G C 0.734 1   

G A T 0.1288 1.52 (1.08–2.14) 0.017 
Haplotype rs12477295 rs992153 rs6750958 Freq OR (95% CI) P-value 
Reference G C A 0.7406 1 —  

A T A 0.1289 1.63 (1.15–2.30) 0.0057 
Haplotype rs992153 rs6750958 rs13394668 Freq OR (95% CI) P-value 
Reference C A G 0.7504 1 —  

C G A 0.0584 1.69 (1.07–2.67) 0.026 
Haplotype rs6750958 rs13394668 rs13007967 Freq OR (95% CI) P-value 
Reference A G A 0.5888 1 —  

G A G 0.0395 2.03 (1.17–3.52) 0.012 

Adjusted by gender, age and principal components 1 and 2. 
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Fig. 2. Pairwise LD within Haploview using the R2. Color intensity and value in square indicate the degree of confidence in the r2 value and how much the SNPs are 
in LD. IL1RL1, the figure was divided into two (Fig. 2A and B) the complete LD is shown in Fig. 2C. In the same Fig. 2D a LD block was found in the IL1B gene with 
three SNVs. The LD of the IRF4 gene is shown in Fig. 2E (the complete LD is shown in Fig. 2F). 
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rs2287047-A variants, in the IRF4 and IL1RL1 genes, respectively, had a 
difference in expression in their respective genes. 

Interferon Regulation Factors (IRFs) are a large family with >10 
members which play important roles in transcriptional regulation of the 
immune system (Paun a Pitha, 2007). IRF4 is the only member of this 
family that controls genetic expression and regulators of lymphocytes, 
macrophages, B cells, dendritic cells and VAT-Treg cells development 
(Paun and Pitha, 2007; Vasanthakumar et al., 2015). In addition, IRF4 is 
a regulator of adipogenesis and a critical determinant of the transcrip-
tional response to nutrient availability through lipolysis in adipocytes 
(Eguchi et al., 2011). Eguchi et al. (Eguchi et al., 2011) studied IRF4 
knockout mice (Irf4− /− ) in adipocytes and identified that these animals 
had increased adiposity and impaired lipolysis (Eguchi et al., 2011). 
These evidences reinforce the possible role of this gene in the homeo-
stasis of lipid metabolism, and adipogenesis. 

In our study, rs12203592-T of IRF4 was positively associated with 
two-fold the risk of being overweight. Additionally, the T allele was 
significantly associated with increased expression of IRF4 gene in the 
whole blood and in subcutaneous and visceral adipose tissue (Fig. 2 D, E 
and F). Although there are some other factors that could influence IRF4 
expression, our results demonstrate that its expression could be related 
to the overweight condition. Since IRF4 induces the expression of cy-
tokines such as IL-4 and IL-10 (Orekhov et al., 2019). These cytokines 
are important in the context of obesity. IL-4 is known to inhibit the 
accumulation of lipids in adipose tissue and IL-10 regulates the pro-
duction of proinflammatory cytokines and chemokines in VAT (El- 
Wakkad et al., 2013; Mattos et al., 2016). Both cytokines act as obesity 
regulators by sensitizing insulin and glucose tolerance, promoting local 
and systemic homeostasis (El-Wakkad et al., 2013; Han et al., 2015). 

The interleukin IL-1β, encoded by the IL1B gene, is an important 
cytokine produced by M1-type macrophages and perpetuates the in-
flammatory state in obesity. It seems that its expression is related to the 
exposure of lipids such as LDL- cholesterol, and triglycerides (TG) 

(Maintinguer Norde et al., 2018). Genetic variants in IL1B have already 
been associated with the increased atherosclerotic process and increased 
lipid concentration in the elderly population (Netea and Dinarello, 
2011). In our study, rs1071676-C, and of rs1143639-T, increased the 
weight of being overweight by almost three-fold (Table 3). Although 
these two variants described here have never been described in any 
other previous obesity study, other variants of the same gene have been 
associated with obesity (Maculewicz et al., 2021). A variant rs1143623 
in IL1B has been identified to affect glucose levels in overweight T2DM 
patients on use of metformin. This same variant (rs1143634) was in 
disequilibrium linkage (Fig. 2D) with rs1071676-C and rs1143639-T 
described in this study. 

In this study, the variants rs2041751-G and rs4851541-T in the 
IL1RL1 were associated with risk for overweight and scored 3a and 5, 
respectively, in RegulomeDB (Table 2), which represents that both of 
them can cause a DNA motif alteration and/or transcription factor (TF) 
binding (HaploReg platform). The variant rs2041751-G and rs4851541- 
T altered four DNA motifs. They often can indicate sequence-specific 
binding sites for proteins, such as nucleases and TF. In addition, the 
rs2041751-G occurs in a region with promoter histone marks in multiple 
tissues and cells, especially in immune cells, which indicates a predicted 
promoter region. This variant interacts with TF in B-lymphocyte- 
induced maturation protein 1 (Blimp-1), controls patterns of gene 
expression in T lymphocytesis (Martins et al., 2006) and is essential for 
normal development and immunity (Bikoff et al., 2009). These data 
suggest that both SNVs are potentially regulatory variants (Ward and 
Kellis, 2012). 

The rs3917292-A and rs2287047-A in IL1RL1, were associated with 
protection for overweight. The rs2287047-A decreases the expression of 
the IL1RL1 gene in whole blood (Fig. 3 D). This variant has already been 
associated with protection against an inflammatory disease in adults 
(Näkki et al., 2010). IL-33/ST2 is critical for the development, mainte-
nance and expansion of the VAT Tregs (Beltrán et al., 2010). Studies 

Fig. 3. GTEx-Gene expression level of IL1RL1 rs2287047 whole blood (A), subcutaneous adipose (B) and visceral tissue (C) and IRF4 rs12203592 in human in whole 
blood (D), subcutaneous adipose (E) and visceral tissue (F). 
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show that sST2 levels are increased in adults with diseases related to 
obesity (Lin et al., 2016), and other inflammation-related diseases 
(Beltrán et al., 2010; Bergis et al., 2016; Marc. et al., 2008; Rehman 
et al., 2008; Watanabe et al., 2018). 

Ragusa et al. (Ragusa et al., 2017) demonstrated that sST2 expression 
was reduced in adipose tissue in obese animals. Yu et al. (Yu et al., 2020) 
identified seven variants in IL1RL1 associated with the risk of obesity in 
175 obese individuals (BMI ≥ 25) when compared to the control (BMI <
25.0) and concluded that IL1RL1 variants may be associated with me-
diators of inflammation. Zeyda et al. (2013) find increased IL-33 and 
ST2/IL1RL1 expression levels in VAT and in the subcutaneous adipose 
tissue of severely obese humans and in diet-induced obese mice. The 
increase or decrease of ST2 in individuals seems to be deleterious in 
obesity, further studies need to be carried out. 

Transcriptional factors such as BATF and IRF4 are essential for the 
expression of IL1RL1. The IRF4, IL33 and IL1RL1 are indispensable for 
the development of VAT-Treg cells. However, proinflammatory cyto-
kines produced by macrophages, such as IL-1β, may help to increase the 
inflammatory state mainly by inhibiting or reducing the VAT-Treg cells 
population (Fig. 1). We hypothesize that these variants may contribute 
to the perpetuation of the inflammatory state in obesity. 

In addition, Caradonna et al. (2018) have described that the presence 
of IL-1β in activated differentiated Caco-2 cell line acts as modulator of 
DNA methylation in such cells which points out for a complex interac-
tion between genomic factors and environment. Even though gene 
expression can be altered by both genetic variations and epigenetic 
modifications and that they can both affect the same gene or region, it 
seems that genetic polymorphisms is more important than the epige-
netics changes (Naselli et al., 2014). 

Thus, such evidence may reinforce the results found here where we 
describe the association of such variants with overweight, since this is 
also related to a proinflammatory state. 

No association with SNVs in TNF, IL10 and IL6 (complete list of all 
SNVs in supplementary material (Table S2) were found in this study. 
Other studies that sought the relationship between variants in IL6 and 
obesity have already been carried out (Hu et al., 2018; Ibrahim et al., 
2017), however, not all found associations. Maculewicz et al. (2021) 
also did not find any relationship between obesity parameters and IL6 
variants in a homogeneous population of young people between 19 and 
26 years old in Poland. Another study in Brazil, with children aged be-
tween 7 and 9 years, also did find association in IL6 variants and the 
anthropometric parameters, blood pressure levels and biochemical 
markers assessed in the study (Todendi et al., 2015). 

Other studies also found no significant association between genetic 
variants in the TNF-a promoter G-308A and G-238A with overweight or 
obesity (Hedayati et al., 2012; Walston et al., 1999). The fact that there 
was no association of genetic variants in the genes of IL6, TNF and IL10 
with overweight may be related to factors such as the analyzed popu-
lation (children) and ethnicity (Maculewicz et al., 2021). 

There are several factors for childhood overweight, in addition to 
those mentioned above. Genetic variants in body weight regulatory 
genes can influence behavioral responses, such as appetite control, food 
preference, and simple carbohydrate consumption (Heianza and Qi, 
2017). Variants in genes such as visfatin, responsible for adipogenesis, 
adiponectin and leptin responsible for insulin sensitization and appetite 
control. Adiponectin and leptin have already been associated with 
childhood overweight, including in the population studied (Coelho 
et al., 2021). The literature demonstrates that alterations in the pro-
duction of this adipokines are associated with a higher BMI in children, 
however, when treated early with a healthier lifestyle, such as the intake 
of antioxidant and anti-inflammatory foods characteristic of a Mediter-
ranean diet and the regular practice of physical activities, achieves a 
significant decrease in the BMI of children/adolescents (Pejsova et al., 
2019; Siegrist et al., 2013). This is because the adoption of a healthier 
diet has a protective role against inflammatory diseases (Shahbazi et al., 
2021), and a lower risk of developing overweight, obesity and 

abdominal obesity (Notario-Barandiaran et al., 2020) therefore can 
maintain the efficient action of adiponectin and leptin (Pejsova et al., 
2019). Physical activity and a more balanced diet tend to reduce the 
expression of risk variants (Heianza and Qi, 2017). Furthermore, the 
early identification of risk polymorphisms for obesity may intensify the 
control and surveillance of weight and biochemical parameters in the 
routine of clinical practice, and may even lead to changes in guidelines 
for patients at risk. 

5. Conclusion 

In conclusion, this is the first study to analyze several genetic vari-
ants in pro-inflammation genes associated with overweight in Brazilian 
children. Our results suggest that variants in the IRF4 transcription 
factor, L1RL1 receptor and IL1B cytokine genes may play an important 
role in the development of childhood overweight. In addition, with 
understanding and knowledge of the genotypes found here, they can 
help in personalized medicine and help patients who need to control 
their body weight. Functional level investigations should be carried out. 

6. Limitations 

This study was pediatric population-based study focused in being a 
representative sampling of our city, Salvador, Bahia Brazil. Considering 
the phenotype obesity/overweight, a convenience sampling was applied 
for the present study and were included all participants with anthro-
pometric data available as well as genetic data. This is a limitation of our 
work, however, to our knowledge, no study was published so far 
involving several genes associated to inflammation stratified by over-
weight. Thus, considering the relevant and unprecedented nature of 
these results, we believe that their dissemination is important to guide 
the realization of future studies that must be designed with this sample 
size consideration in mind. In addition, several papers have been pub-
lished investigating the role of variants in pro-inflammatory genes in 
obese adults, however, this topic is still scarce when it comes to children 
and adolescents, therefore, making comparisons between these studies 
and ours difficult. 
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