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Abstract 
The main adverse consequences of excess bodyweight are 
cardiovascular disease, type II diabetes, and several 
cancers. IL-1Ra serum concentration has been reported 
earlier to increase in human obesity and it is therefore 
assumed that the polymorphism of IL-1Ra may influence 
cytokine production. The study was designed to investigate 
whether the IL-1Ra polymorphism was associated with 
obesity. A total number of 66 individuals; 20 normal (BMI 
<25 Kg/m2), 20 overweight (BMI 25-29.9 Kg/m2) and 26 
obese (BMI More than 30.0 Kg/m2) were enrolled in this 
study. Genotyping was performed using a polymerase chain 
reaction PCR amplification of the intron-2 fragment 
harboring a variable number of tandem repeat (VNTR) 
nucleotide sequences 86 bp of tandem repeat. The PCR 
products were separated on 2% agarose gel. Statistical 
analysis was performed using SPSS software (version 
11.5). The genotype and allelic frequencies showed a 
significantly difference between normal vs. overweight and 
normal vs. obese (p-values: 0.001; 0.0001; 0.0018 and 
0.001 respectively). Although, The presence of Allelic 
frequencies for Allele I between normal vs. overweight and 
normal vs. obese showed > 2 folds risk in overweight and 
>3 folds in obese (OR=2.3; 95% CI=0.796-8.620 & 
OR=2.1; 95% CI=0.972-10.265 respectively). Allele II 
between normal vs. overweight and normal vs. obese 
showed > 3.5 folds risk in overweight and >1.5 folds in 
obese (OR=3.45; 95% CI=0.836-9.210 & OR=1.63; 95% 
CI=0.892-9.11 respectively) and Allele V between normal 
vs. overweight and normal vs. obese showed > 2 folds risk 
in overweight and >1.5 folds in obese (OR=1.99; 95% 

CI=0.821-9.10 & OR=1.95; 95% CI=0.882-8.975 
respectively).This may suggest that IL-1Ra appears to be 
induced by inflammatory stimuli as well as obesity-
associated factors. This is relatively a pilot study; but 
nevertheless, may assist in identifying the 
pathophysiological cause for obesity 
 
Keywords: IL-1 Ra Polymorphism, Body mass index, 
Obesity 

 
 1   Introduction 
 Obesity is an important cause of disease and 
mortality worldwide. It’s an increasing common health 
problem that raises the risk for type 2 diabetes, 
hypertension and some forms of cancer (Clover et al. 
2005). It is defined as a body mass index (BMI) of greater 
than 30 kg/m2 and is associated with many diseases such as 
type 2 diabetes mellitus, hypertension, coronary heart 
disease, dyslipidemia, gall bladder diseases, infertility and 
certain forms of cancer (Smith, 2001). As a difficult 
disease, it is determined by multiple genetic and 
environmental factors, including physiological and 
behavior cultural. Cytokines appear to be major regulators 
of adipose tissue metabolism (Ganss, 2004). Expression 
studies show that adipocytes can synthesize tumor necrosis 
factor alpha (TNF-α) and several interleukin (IL) notably 

IL-1β and IL-6. IL-1β is well known to suppress adipocyte 
differentiation and lipoprotein lipase expression and 
activity by inhibiting the expression of fatty acid transport 
protein in adipose tissue (Mandrup et al. 1993 & Juge et al. 
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2003). In addition, IL-β is significantly more potent relative 
to TNF-α, and other cytokines ( Uland et al. 2010). IL-1Ra 
is markedly up regulated in the serum of obese patients is 
correlated with BMI and insulin resistance (Hung et al. 
2005). It is an important regulator of adipogenesis, food 
intake, and energy expenditure (Reutter, 2007). Interleukin 
1 (IL1) is a regulator on inflammation and energy 
homeostasis. Previous ‎studies investigated that the IL1 
system was contributed to metabolism (Uland et al. 2010 & 
Nixon et al. 2005).  Interleukin 1 receptor antagonist 
(IL1RN) is included in the ‎IL1 system. IL1RN is an acute-
phase protein. IL1RN has an anti-inflammatory function 
by ‎blocking the receptor for IL1A and IL1B without 
exerting any biological effect (Van Poppel et al. 2014 and 
Saltevo et al, 2008). ‎IL-1 consists of IL-1β and IL-1Ra. 
Genes for IL-1β and IL-1Ra are located on 2q14-21. Five 
alleles of the IL-1Ra gene have been described, consistent 
to 2,3,4,5 and 6 copies of an 86-base pair sequence repeats 
placed in intron-2 (Mandrup et al. 1993).  IL-1Ra is an 
endogenous inhibitor that antagonizes many of the 
biological actions of IL-1β by competitive inhibition ( Um 
et al. 2004). In addition, IL-1Ra serum concentrations are 
highly increased in human obesity and that its 
concentrations decrease after weight loss ( Brum et al. 
2007). Therefore, it is likely that polymorphism of the IL-
1Ra be affected due to variation in cytokine production. 
Previous study revealed that IL1Ra is associated with 
obesity (Nixon et al. 2005). IL1Ra showed high level in the 
serum of obese patients and overexpressed in white adipose 
tissue ( land graph et al. 2015). The IL1RN knockout mice 
get leanness and obesity resistance. It indicated that IL1Ra 
is an important regulator of adipogenesis, food intake, and 
energy expenditure in obesity (Cui et al. 2015). In this 
study, we hypothesized IL-1Ra gene as a candidate gene 
for obesity, so investigate whether polymorphisms of the 
IL-1Ra gene are associated with the development of obesity 
in a cohort of Egyptian population. 
 
2  Materials and Methods 
Patients:  

A total number of 65 Men (age range, 24-96) 
recruited from Menoufiya government, were included in 
the present study. The patients in the study had no history 
of metabolic disorder, renal, liver, hematological disease or 
any other disorder other than obesity. The subjects were 
divided into three body mass index (BMI) groups according 
to World The clinical characteristics of all the patients are 
given in Table 1. The frequency distribution of different 
genotypes and allelic frequencies in normal, overweight 
and obese are shown in Table 2. The genotype distribution 
of IL-1Ra polymorphism was in Hardy-Weinberg 
equilibrium. The bands on 2% agarose gel revealed 
variable number of tandem repeats. The fragment sizes for 
IL-1Ra do not correspond with the number of repeats as 
some extra bases are also amplified along with the repeats. 
In the present study, we have not found allele III (500 pb), 
allele IV (325 bp), allele and VI (154 bp) in any of the three 
groups. The genotype and allelic frequencies showed a 
significantly difference between normal vs. overweight and 

normal vs. obese (p-values: 0.001; 0.0001; 0.0018 and 
0.001 respectively). Although, The presence of Allelic 
frequencies for Allele I between normal vs. overweight 
and normal vs. obese showed > 2 folds risk in overweight 
and >3 folds in obese (OR=2.3; 95% CI=0.796-8.620 & 
OR=2.1; 95% CI=0.972-10.265 respectively). Allele II 
between normal vs. overweight and normal vs. obese 
showed > 3.5 folds risk in overweight and >1.5 folds in 
obese (OR=3.45; 95% CI=0.836-9.210 & OR=1.63; 95% 
CI=0.892-9.11 respectively) and Allele V between normal 
vs. overweight and normal vs. obese showed > 2 folds risk 
in overweight and >1.5 folds in obese (OR=1.99; 95% 
CI=0.821-9.10 & OR=1.95; 95% CI=0.882-8.975 
respectively). 
Health Organisation (WHO) definitions was used: Normal 
(BMI <25 Kg/m2), overweight (BMI 25-30 Kg/m2) and 
obese (BMI ≤ 37.0 Kg/m2). In the present study BMI 

ranged between 22 and 50 Kg/m2. Informed consent was 
obtained from the patients and the controls participating in 
the study.  
Phenotype measurements:  

BMI was calculated as weight (Kg)/height (cm) 
square. BMI: Body Mass Index, SBP: Systolic Blood 
Pressure, DBP: Diastolic Blood Pressure, FBS: Fasting 
Blood Sugar test, IRA: Interleukin 1 Receptor Antagonist, 
BI: Basal Insulin (measured at its greatest gluteal 
protuberance). 
DNA extraction:  

Five ml of blood was collected in EDTA vials from 
cases and controls. DNA was extracted from blood 
lymphocytes using ‘salting out’ method (13). IL-1Ra 
VNTR genotyping: The primer sequences used were: 
forward, 5-CTCAGCAACACTCCTAT-3; reverse, 5- 
TCCTGGTCTGCAGGTAA-3. The region within the 
second intron of IL-1Ra gene contains variable number of 
tandem repeat (VNTR) of 86 base pairs. The PCR products 
of 410 bp (allele I= four repeats), 240 bp (allele II= two 
repeats), 500 bp (allele III= five repeats), 325 bp (allele 
IV= three repeats), 595 bp (allele V= six repeats) and 154 
bp (allele VI= one repeat) were analyzed by electrophoresis 
on a 2% agarose gel (14). 
PCR conditions: 

 Initial denaturation, 95°C for 5 min followed by 
95°C for 30 sec, annealing at 58°C for 30 sec, extension at 
72°C for 30 sec for 30 cycles and a final extension at 72°C 
for 10 min. The size of PCR product was determined using 
a 100-bp DNA ladder (Roche, Germany). The molecular 
weight of each band was determined by using software in 
Alpha Imager 1220 version 5.5 programme. 
Statistical Analysis:  

Statistical analysis was performed using the Hardy-
Weinberg Equilibrium Calculator test and compare the 
genotype and allelic frequency distribution in lean, 
overweight and obese with the SPSS software (version 
11.5). Allele and genotype frequencies were compared 
using a 2x2 contingency table using Fisher’s exact test. The 

mean concentration of all numerical values was tested by 
the Student t-test or ANOVA test. P- value <0.05 was 
considered statistically significant.  
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4 Results 

The clinical characteristics of all the patients are given in 
Table 1. The frequency distribution of different genotypes 
and allelic frequencies in normal, overweight and obese are 
shown in Table 2. The genotype distribution of IL-1Ra 
polymorphism was in Hardy-Weinberg equilibrium. The 
bands on 2% agarose gel revealed variable number of 
tandem repeats. The fragment sizes for IL-1Ra do not 
correspond with the number of repeats as some extra bases 
are also amplified along with the repeats. In the present 
study, we have not found allele III (500 pb), allele IV (325 
bp), allele and VI (154 bp) in any of the three groups. The 
genotype and allelic frequencies showed a significantly 
difference between normal vs. overweight and normal vs. 
obese (p-values: 0.001; 0.0001; 0.0018 and 0.001 
respectively). Although, The presence of Allelic 
frequencies for Allele I between normal vs. overweight 
and normal vs. obese showed > 2 folds risk in overweight 
and >3 folds in obese (OR=2.3; 95% CI=0.796-8.620 & 
OR=2.1; 95% CI=0.972-10.265 respectively). Allele II 
between normal vs. overweight and normal vs. obese 
showed > 3.5 folds risk in overweight and >1.5 folds in 
obese (OR=3.45; 95% CI=0.836-9.210 & OR=1.63; 95% 
CI=0.892-9.11 respectively) and Allele V between normal 
vs. overweight and normal vs. obese showed > 2 folds risk 
in overweight and >1.5 folds in obese (OR=1.99; 95% 
CI=0.821-9.10 & OR=1.95; 95% CI=0.882-8.975 
respectively). 
5 Discussion 
 
Obesity is a major chronic disorder affecting 25-45% adults 
in Egypt. It is a complex metabolic disorder that is 
genetically determined. There are many candidate genes for 
obesity that affect the adipocyte differentiation ( Struph et 
al. 1994). The present study was undertaken to determine 
whether VNTR polymorphism of IL- 1Ra gene was 
associated with obesity in Egyptian population. We 
compared the genotype frequencies of lean with that of 
overweight and obese groups and found no significant 
association. Though the p-value was non-significant 
between lean and obese, Odd’s ratio when calculated, 

higher risk > 2 folds in overweight and >3 folds in obese 
(‘high producers’ of IL-1Ra) was observed. Our results are 
in accordance to Um et al. 2004 & Escapar et al. 2004,  
who also found no relationship between IL-1Ra 
polymorphism and BMI in Korean population. 
Proinflammatory cytokines like IL-1β and TNF-α 

suppresses adipose differentiation and lipoprotein lipase 
expression. Bruun et al. 2005, demonstrated that TNF-α 

and IL-1β are able to regulate the production and release of 
leptin from human adipose tissue fragments in vitro ( 
Sugiyama, 2009),  In addition, Plata- Salaman et al. (2008) 
reported that obese rats showed a significantly stronger 
anorexia in response to the central administration of IL-
1_Ra than do lean controls. These findings support our 
hypothesis that the increased basal expression of IL-1_Ra 
as a consequence of the polymorphism can be protective 

against being overweight but the presence of genotype II/II 
of IL-1Ra that is a ‘high producer’ therefore counteracts the 

properties of IL-1_Ra  and may thus increase the adipocyte 
differentiation and promote lipogenesis in adipose tissue 
(Luheshi et al. 2005) . IL-1Ra also plays a regulatory role 
in energy homeostasis. Luheshi et al. 2005, demonstrated 
that the hypothalamic effects of leptin depend heavily on 
the action of IL-1 and that the injection of IL-1Ra into the 
cerebral ventricles inhibited the leptin-induced reduction in 
food intake as well as the concomitant increase in body 
temperature by more than 60% ( Reutter, 2007). As the 
central resistance to leptin, rather than its deficiency, is the 
hallmark of most cases of human obesity, a better 
understanding of the factors involved in the regulation of 
the hypothalamic sensitivity to leptin is important. Thus, 
based on these findings, we focused on the association 
between the polymorphism of IL-1Ra and obesity. 
However, more knowledge about genetics of obesity is 
needed in order to prevent it in existing and next 
generation. 
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Table (1): Comparison between three groups for clinical characteristics 

Parameter 
GroupⅠ  
(Obese) 

no 26 

Group Ⅱ 
(Over weight) 

no 19 

Group Ⅲ 
( Normal) 

no 20 
    F P-value 

Tukey's test 
 

GroupⅠ&Ⅱ         GroupⅠ&Ⅲ          Group Ⅱ&Ⅲ 

Wight (Wt) 
Mean ±‎ SD 

‎ 
99.123‎ ± ‎25.391‎ 

‎ 
80.865‎ ‎±‎ 8.313‎ 

‎ 
66.820‎ ‎± ‎6.390‎ 

‎ 
20.837‎ 

‎ 
<0.001*‎ 

 
0.002* <0.001*  0.03* 

Height(Ht) 
Mean ±‎ SD 

‎ 
172.423‎‎ ±‎‎ 6.451‎ 

‎ 
170.950‎‎ ±‎‎ 9.128‎ 

‎ 
170.850‎ ±‎‎ 9.466‎ 

 
0.267 

 
0.767 

 

BMI 
Mean ±‎ SD 

‎ 
33.185‎ ±‎7.742‎ 

‎ 
27.720‎ ‎±‎ ‎2.759‎ 

‎ 
22.970‎ ‎±‎ 2.506‎ 

 
21.346 

 
<0.001* 

 
0.003*    <0.001*  ‎0.016*‎ 

Age 
Mean ±‎ SD 

‎ 
43.120‎ ‎± ‎15.439‎ 

‎ 
35.650‎ ‎±‎ ‎6.706‎ 

‎ 
34.350‎ ‎±‎ ‎8.190‎ 

 
4.073 

‎ 
0.022*‎ 

 
0.077 0.031*      0.929 

SBP 
Mean ±‎ SD 

‎ 
120.885‎‎ ± ‎8.557‎ 

‎ 
117.421‎ ‎±‎ 6.858‎ 

‎ 
113.800‎ ±‎ ‎8.464‎ 

 
4.370 

 
0.017* 

 
 0.336                   0.012*                         0.347 

DBP 
Mean ±‎ SD 

‎ 
73.308‎ ‎± ‎5.350‎ 

‎ 
70.632‎ ‎±‎ 5.166‎ 

‎ 
70.850‎ ‎±‎ ‎5.373‎ 

 
1.831 

 
0.169 

 

Cholesterol 
Mean ±‎ SD 

‎ 
171.154‎ ‎± ‎28.624‎ 

‎ 
165.300‎ ‎±‎ 30.831‎ 

‎ 
140.000‎ ‎±‎ ‎17.583‎ 

 
8.366 

 
0.001* 

 
 0.740          0.001*      0.01* 

Triglycerides 
Mean ±‎ SD 

‎ 
182.538‎ ± ‎74.605‎ 

‎ 
132.600‎ ‎±‎ ‎32.837‎ 

‎ 
104.300‎ ‎±‎ ‎31.498‎ 

 
12.836 

 
<0.001* 

 
 0.007* <0.001* 0.220 

FBS 
Mean ±‎ SD 

‎ 
87.154‎ ‎± ‎8.312‎ 

‎ 
84.700‎ ‎±‎ 5.957‎ 

‎ 
83.900‎ ‎±‎ 8.819‎ 

 
1.094 

‎ 
0.341‎ 

 

IRA 
Mean ±‎ SD 

‎ 
62.400‎ ‎± ‎58.947‎ 

‎ 
48.132‎ ‎±‎ ‎62.397‎ 

‎ 
20.611‎ ‎±‎ 17.211‎ 

 
3.776 

 
0.028* 

 
 0.621 0.022*  0.216 

BI 
Mean ±‎ SD 

‎ 
7.757‎ ‎± ‎5.791‎ 

‎ 
4.695‎ ±‎ ‎3.176‎ 

‎ 
3.619‎ ±‎ ‎3.484‎ 

 
5.394 

 
0.007* 

 
 0.063                         0.008*                     0.728 

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, FBS: Fasting Blood Sugar test, IRA: Interleukin 1 Receptor Antagonist, BI: Basal Insulin 
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Figure1. Serum level of Interleukin receptor 1 antagonist in the three different groups . 
Data are presented as box plots with line inside the box representing median representing 25th and 75th % and the 
lines outside the box indicating 10th and 90th %.  
 

 
                           Table (2): The genotype distribution of IL-1Ra polymorphism  

 GroupⅠ 
 

(Obese)  
 

Group Ⅱ 
 

(Over weight)  Group Ⅲ 
 

( Normal)  
 

 n (%) n (%) n (%) 
Genotype frequencies 

I- 410 
II- 240 
V- 595 

I/II 410/240 
I/V 410/595 
II/V 240/595 

 
Allelic frequencies 

Allele I 
Allele II 
Allele V 

 

 
25 
13 
16 
13 
15 
10 

 
 

78 
49 
57 

 
27.1 
14.1 
17.4 
14.1 
16.3 
10.9 

 
 

42.39 
26.63 
30.98 

 
17 
7 
9 
4 
10 
4 
 
 

48 
22 
32 

 
33.3 
13.7 
17.7 
7.8 
19.6 
4.8 

 
 

47.06 
21.57 
31.37 

 
17 
4 
8 
5 
8 
3 
 
 

47 
16 
27 

 
37.8 
8.9 

17.8 
11.1 
17.8 
6.7 

 
 

52.22 
17.78 

30 

GroupⅠ: P. value= 0.001,   Group Ⅱ P. value= 0.0001, Group Ⅲ P. value= 0. 
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Table (2): The genotype distribution of IL-1Ra polymorphism 
 n (%) n (%) n (%) 

Genotype frequencies 
I- 410 
II- 240 
V- 595 

I/II 410/240 
I/V 410/595 
II/V 240/595 

 
Allelic frequencies 

Allele I 
Allele II 
Allele V 

 
25 
13 
16 
13 
15 
10 
 
 

78 
49 
57 

 
27.1 
14.1 
17.4 
14.1 
16.3 
10.9 

 
 

42.39 
26.63 
30.98 

 
17 
7 
9 
4 
10 
4 
 
 

48 
22 
32 

 
33.3 
13.7 
17.7 
7.8 

19.6 
4.8 

 
 

47.06 
21.57 
31.37 

 
17 
4 
8 
5 
8 
3 
 
 

47 
16 
27 

 
37.8 
8.9 
17.8 
11.1 
17.8 
6.7 

 
 

52.22 
17.78 

30 

 

GroupⅠ: P. value= 0.001,   Group Ⅱ 

P. value= 0.0001, Group Ⅲ P. value= 

0.0018 

Parameter 

GroupⅠ  
(Obese) 

no 26 

Group Ⅱ 
(Over weight) 

no 19 

Group Ⅲ 
( Normal) 

no 20 
    F P-value 

Tukey's test 
 

GroupⅠ&Ⅱ         GroupⅠ&Ⅲ          Group Ⅱ&Ⅲ 

Wight (Wt) 
Mean ±‎ SD 

‎ 
99.123‎ ± ‎25.391‎ 

‎ 
80.865‎ ‎±‎ 8.313‎ 

‎ 
66.820‎ ‎± ‎6.390‎ 

‎ 
20.837‎ 

‎ 
<0.001*‎ 

 
0.002* <0.001*  0.03* 

Height(Ht) 
Mean ±‎ SD 

‎ 
172.423‎‎ ±‎‎ 6.451‎ 

‎ 
170.950‎‎ ±‎‎ 9.128‎ 

‎ 
170.850‎ ±‎‎ 9.466‎ 

 
0.267 

 
0.767 

 

BMI 
Mean ±‎ SD 

‎ 
33.185‎ ±‎7.742‎ 

‎ 
27.720‎ ‎±‎ ‎2.759‎ 

‎ 
22.970‎ ‎±‎ 2.506‎ 

 
21.346 

 
<0.001* 

 
0.003*    <0.001*  ‎0.016*‎ 

Age 
Mean ±‎ SD 

‎ 
43.120‎ ‎± ‎15.439‎ 

‎ 
35.650‎ ‎±‎ ‎6.706‎ 

‎ 
34.350‎ ‎±‎ ‎8.190‎ 

 
4.073 

‎ 
0.022*‎ 

 
0.077 0.031*      0.929 

SBP 
Mean ±‎ SD 

‎ 
120.885‎‎ ± ‎8.557‎ 

‎ 
117.421‎ ‎±‎ 6.858‎ 

‎ 
113.800‎ ±‎ ‎8.464‎ 

 
4.370 

 
0.017* 

 
 0.336                   0.012*                         0.347 

DBP 
Mean ±‎ SD 

‎ 
73.308‎ ‎± ‎5.350‎ 

‎ 
70.632‎ ‎±‎ 5.166‎ 

‎ 
70.850‎ ‎±‎ ‎5.373‎ 

 
1.831 

 
0.169 

 

Cholesterol 
Mean ±‎ SD 

‎ 
171.154‎ ‎± ‎28.624‎ 

‎ 
165.300‎ ‎±‎ 30.831‎ 

‎ 
140.000‎ ‎±‎ ‎17.583‎ 

 
8.366 

 
0.001* 

 
 0.740          0.001*      0.01* 

Triglycerides 
Mean ±‎ SD 

‎ 
182.538‎ ± ‎74.605‎ 

‎ 
132.600‎ ‎±‎ ‎32.837‎ 

‎ 
104.300‎ ‎±‎ ‎31.498‎ 

 
12.836 

 
<0.001* 

 
 0.007* <0.001* 0.220 

FBS 
Mean ±‎ SD 

‎ 
87.154‎ ‎± ‎8.312‎ 

‎ 
84.700‎ ‎±‎ 5.957‎ 

‎ 
83.900‎ ‎±‎ 8.819‎ 

 
1.094 

‎ 
0.341‎ 

 

IRA 
Mean ±‎ SD 

‎ 
62.400‎ ‎± ‎58.947‎ 

‎ 
48.132‎ ‎±‎ ‎62.397‎ 

‎ 
20.611‎ ‎±‎ 17.211‎ 

 
3.776 

 
0.028* 

 
 0.621 0.022*  0.216 

BI 
Mean ±‎ SD 

‎ 
7.757‎ ‎± ‎5.791‎ 

‎ 
4.695‎ ±‎ ‎3.176‎ 

‎ 
3.619‎ ±‎ ‎3.484‎ 

 
5.394 

 
0.007* 

 
 0.063                         0.008*                     0.728 
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