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Genetic polymorphism of interleukin-1 receptor antagonist
in Type 1 diabetic children
Neveen T. Abed1, Ismail A. Ramadan1, Shuzan A. Mohammed2 and Eman M. El-Shanawany1

BACKGROUND: Interleukin-1 receptor antagonist (IL1RN) variable number tandem repeats (VNTRs) are not fully understood in Type
1 diabetes mellitus (T1DM). It may affect IL1RN level and modify the disease risk. We aimed to study IL1RN VNTR polymorphism in
Egyptian children with T1DM to clarify its potential role as a risk factor for T1DM and its effect on plasma IL1RN level.
METHODS: A case-controlled study including 200 children (120 T1DM and 80 controls) was carried on. All children were subjected
to genotyping of IL1RN VNTR. Plasma IL1RN was estimated by ELISA.
RESULTS: The A1A2 and LS genotypes and A2 allele were significantly higher among cases compared to controls with increased
T1DM risk (OR= 5.35, 2.56 and 3.13, respectively). The S allele was significantly elevated in cases compared to controls with 2.09-
fold increased risk of having T1DM. The median plasma IL1RN significantly decreased in cases compared to controls. Within cases,
IL1RN was significantly decreased in LS versus LL genotype.
CONCLUSIONS: There is a strong relationship between IL1RN VNTR and T1DM in Egyptian children. A1A1 genotype, LL genotype,
A1 allele, and L allele were protective. A1A2 and LS genotypes, short (S), and A2 alleles were risk factors. IL1RN was decreased in
T1DM, especially in LS genotype.
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IMPACT:

● The relationship between IL1RN gene polymorphism and risk for T1DM among Egyptian children.
● Plasma IL1RN protein level in T1DM.
● Low IL1RN protein level in T1DM patients could be therapeutic targets for IL1RN medications in the future.

INTRODUCTION
Type 1 diabetes mellitus (T1DM) is a chronic disease characterized
by the inability of the body to produce insulin due to immune
destruction of pancreatic beta cells. Although onset always occurs
in children, the disease is possible in adults.1

Expression of interleukin-1 (IL1) and tumor necrosis factor-α
(TNFA) has been revealed from islets of pancreas from T1DM, and
these cytokines can cause beta cell destruction in vitro.2 IL1 family
is a collection of 11 cytokines. IL1A and IL1B are the most studied
elements, because they were discovered early and because they
have strong pro-inflammatory effect. Interleukin-1 receptor
antagonist (IL1RN) is a natural antagonist for them.3

IL1A, IL1B, and IL1RN bind IL1 receptor (IL1R). IL1RN organizes
IL1A and IL1B pro-inflammatory action by competing with them for
receptor’s binding sites.3 IL1RN is motivated to terminate the acute
pro-inflammatory state and prevent chronic inflammation from
destroying healthy cells. Functional polymorphism in cytokine genes
can influence the levels of cytokine production. Altered levels of
IL1RN have been demonstrated in the pathogenesis of several
inflammatory or auto-immune diseases.4

IL1RN is expressed from IL1RN gene, which is located in
chromosome 2, specifically 2q13-2q21.5 A polymorphism due to

the presence of the 86 bp variable number tandem repeat
(VNTR) has been demonstrated in intron 2 of the corresponding
gene. This polymorphism resulted in the presence of six alleles,
each of which corresponds to different number of repeats.6 The
IL1RN VNTR is represented by 6 different alleles: the most
frequent allele I (A1; 4 repeats, 412 bp), allele II (A2; 2 repeats,
240 bp), allele 3 (A3; 5 repeats, 498 bp), allele 4 (A4; 3 repeats,
326 bp), allele 5 (A5; 6 repeats, 584 bp), and allele 6 (A6; 1 repeat,
154 bp).7 These alleles are categorized by their length into long
and short alleles. The long allele has >2 repeats. So A1, A3, A4,
and A5 are long alleles (IL1RN*L); however, A2 and A6 are short
alleles (IL1RN*S). The LL genotype is a genotype that has
two long alleles and the SS genotype contains two short alleles.
The LS genotype contains one long and one short allele.7

The biological actions of IL1RN and the accurate molecular
effects of the IL1RN polymorphisms are not completely evident.
Functional polymorphism may influence the level of IL1RN
production.8

This study aims to study IL1RN VNTR polymorphism in Egyptian
children with T1DM. We aimed also to clarify the potential role of
this polymorphism as a risk factor for T1DM and to know its effect
on the plasma level of the encoded protein (IL1RN).
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PATIENTS AND METHODS
The study was carried out at the Pediatrics Department, Benha
University Hospital in cooperation with the Medical Biochem-
istry and Molecular Biology Department during the period from
April 2018 to June 2020. Informed written consent from parents
of the children or health care providers was taken. The study
was approved by the Ethical Committee of Benha University
conferring to the World Medical Association Declaration of
Helsinki.

Patients
This is a case–control study. It included 200 Egyptian children
divided into two groups. Group 1 included 120 patients with T1DM
whose ages ranged from 2 to 18 years. Group 2 included 80 age-
and sex-matched healthy unrelated controls. Patients suffering
diabetic complications were excluded.

Methods
Data were collected by physicians on a standard form. Diabetes
mellitus was diagnosed according to the American Diabetes
Association guidelines.9

All patients were subjected to:

Complete history taking, including age, sex, and history of the
present illness, which included the onset of the disease, disease
duration, manifestations of diabetes, insulin regimen, dose, and
metformin use.
Full clinical examination with stress on body mass index (BMI), which
was calculated by weight in kilogram divided by square of height in
meters, BMI interpretation (underweight: BMI is below the 5th
percentile, healthy weight: BMI is between 5th and 85th percentiles,
overweight: BMI lies between 85th and 95th percentiles, and obese:
BMI lies above the 95th percentile.10

Investigations that included complete blood count, liver and kidney
function, serum electrolytes, albumin/creatinine ratio, thyroid
functions, glycosylated hemoglobin (HbA1c), celiac screening, and
fundus examination (if needed to exclude diabetic complications).
Genotyping of IL1RN VNTR and estimation of IL1RN plasma
protein level.

Sampling. A 2-ml venous blood sample was withdrawn from
each subject on ethylene diamine tetra-acetic acid (EDTA) and
divided into 2 parts. One part (0.5 ml) was added to a sterile
vacutainer tube for IL1RN VNTR. The other part (1.5 ml) was
centrifuged at 3000 rpm to separate plasma for estimation of
IL1RN protein level. Both EDTA blood and plasma were kept in
sterile Eppendorf tubes at −80 °C for further assessment.

(A) Genotyping of IL1RN VNTR by DNA amplification and
fragment size analysis:
Steps:

1. Genomic DNA extraction: DNA was extracted from 100 µl
EDTA blood sample by the Quick-DNATM Miniprep Kit (Zymo
Research), including proteinase K for US-based manufac-
turers. Then Nanodrop 2000 (Thermo-Fisher Scientific,
Wilmington) was used to detect DNA purity and concentra-
tion. Pure DNA preparations had an optical density ratio
(260/280) of 1.7–2.11

2. DNA amplification: Sequence-specific primers for IL1RN
VNTR polymorphism (rs2234663; also called rs380092) were
used; FP: 5′-CTCAGCAACACTCCTAT-3′ and RP: 5′-TCCTGGTC
TGCAGGTAA-3′.12 The reaction mix for each sample
contained: 3 µl extracted DNA, 1.5 µl FP, 1.5 µl RP, 12.5 µl
Dream Taq Hot Start PCR master mix and up to 25 µl
distilled water. The master mix and primers were supplied
by Thermo Fisher Scientific Incorporation. The PCR condi-
tions were initial denaturation (95 °C for 5 min) then
denaturation (95 °C for 20 s), annealing (58 °C for 30 s) and
extension (72 °C for 20 s) for 35 cycles and final extension at
72 °C for 10 min. PCR products (10 µl) and 100 base-pair
ladder (5 µl) were run in 2.5% agarose gel with 0.3 µg/ml
ethidium bromide to check PCR products. Bands were
visualized using UV transilluminator (254 nm) and imaged
with a digital camera 8 mega pixel and analyzed by the
computer software (Alpha InoTech Gel Documentation
System). The given bands of the amplified DNA of IL1RN
VNTR were shown at 412 bp for A1allele, 240 bp for A2
allele, and 498 bp for A3 allele. The homozygous A1A1
genotype was represented on the gel by one band (412 bp).
Other genotypes were represented on the gel by 2 bands;
(412 bp and 240 bp for A1A2), (412 bp and 498 bp for A1A3)
and (240 bp and 498 bp for A2A3) (Fig. 1).

(B) Estimation of IL1RN protein by enzyme-linked immunosor-
bent assay (ELISA):
Quantitative sandwich ELISA estimation of human IL1RN

protein in plasma was done using the Human Interleukin 1
Receptor Antagonist ELISA Kit (Wuhan Fine Biotech Co., Ltd.,
China). The kit sensitivity was 18.75 pg/ml. The detection range
was 31.25–2000 pg/ml. The standard concentrations were 0,
31.25, 62.5, 125, 250, 500, 1000, and 2000 pg/ml. Optical density
(OD) of the developed color was measured at 450 nm using
Infinite F50 Absorbance Microplate Reader with the Magellan
Tracker software (Tecan Trading AG, Switzerland). A standard
curve was plotted on a graph paper with the OD on the
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Fig. 1 Agarose gel electrophoresis of IL1RN VNTR polymorphism. The A1A1 genotype is shown in lanes 6a, 8a, 9a, 10a, 1b, and 2b→ 412 bp.
The A1A2 genotype is shown in lanes 3a, 5a and 7a→ 240 and 412 bp. The A1A3 genotype is shown in lanes 1a, 2a and 4a→ 412 and 498 bp.
The A2A3 genotype is shown in lanes 3b and 4b→ 240 and 498 bp).
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horizontal axis and plasma IL1RN protein level (pg/ml) on the
vertical one.13

Statistical methods
Data were collected and analyzed using SPSS vs.25. Numerical
data were summarized as mean ± standard deviation (SD) or
median and interquartile range. Categorical data were summar-
ized as numbers and percentages. Comparisons between both
groups were done using independent t test or Mann–Whitney U
test (with z value) for numerical data after performing the
normality test. Chi-square test or Fisher’s exact test, if appropriate,
were applied for categorical data. Logistic regression analysis was
used for calculating odds ratios (ORs) with 95% confidence
intervals (CIs) for different genotypes and alleles. P value < 0.05
was considered significant.

RESULTS
The demographic characteristics of the studied children
The present study included 200 Egyptian children: 120 diabetic
patients (72 females and 48 males) and 80 healthy controls
(42 females and 38 males). The mean age ± SD of patients was 9 ±
2 years. The mean age ± SD of the controls was 9 ± 3 years. There
were no significant differences between patients and controls as
regards age and sex (P= 0.946 and 0.458, respectively; Table 1).

The clinical characteristics within T1DM cases
Among patients, the mean ± SD of age at onset of diabetes was
9.17 ± 2.12 years. Mean ± SD of the disease duration was 5 ±
6 months. As regards BMI percentile, majority of cases were
normal weight 40.0%, 33.3% of cases were underweight, 13.3%
were overweight, and 13.3% were obese. As regards the
associated disorders, celiac disease and Hashimoto thyroiditis
were found in cases (4% for each). Ketoacidosis was seen in
83.3% of cases at the disease onset. The mean ± SD of HBA1c was
8.9 ± 1.4% (Table 2).

IL1RN VNTR genotype and allele distribution
In the current study, only A1, A2, and A3 alleles were obtained but
the other alleles were not. Four different genotype categories
were identified (A1A1, A1A2, A1A3, and A2A3). The LL genotype in
the current study included A1A1 and A1A3 while the LS genotype
included A1A2 and A2A3. The homozygous SS genotype (A2A2)
was not found in this study (Table 3).
The A1A1 genotype was the commonest in the healthy controls

(65.0%) compared to cases (28.3%). The A1A2 genotype was
significantly higher among cases (58.3%) compared to controls
(25.0%) with increased risk of occurrence of T1DM (OR= 5.35 and
95% CI= 2.11–13.59, P < 0.001). There was no significant differ-
ence between the 2 groups as regards A1A3 (P= 0.160) and A2A3
(P= 0.409) (Table 3).
On categorization of the studied groups by short allele carriers,

there was significantly increased LS genotypes (A1A2 and A2A3)
among cases compared to controls (60.0 versus 25.0%, respec-
tively), with 2.56-fold increased risk of having T1DM and 95% CI of
1.67–3.90 (P < 0.001; Table 3).

The A1 allele was the commonest among controls (82.5%). The A2
allele was significantly elevated in cases (30.0%) compared to
controls (12.5%) with higher risk of T1DM (OR= 3.13 and 95% CI=
1.44–6.78, P= 0.004). There was no significant difference between
both groups as regards A3 allele (P= 0.402; Table 3).
With respect to the long (*L) and short (*S) alleles, the *S allele

significantly increased among cases (30%) versus controls (12.5)
with 2.09-fold increased risk of T1DM and 95% CI of 1.39–3.14
(P < 0.001; Table 3).

Plasma IL1RN protein level
The median plasma IL1RN protein level was significantly lower
among cases (61.5 pg/ml) compared to controls (101.5 pg/ml) (P <
0.001; Fig. 2).
On categorizing the cases by genotypes, IL1RN was significantly

decreased in LS versus LL genotype among cases (P < 0.001). The
median plasma IL1RN was 41.5 pg/ml in LS genotypes (A1A2 and
A2A3) versus 87.0 pg/ml in LL genotypes (A1A1 and A1A3) (Fig. 2).

DISCUSSION
IL1RN is considered a naturally occurring competitive inhibitor
of IL1-produced pro-inflammatory action. It is produced by
numerous cells that synthesize IL1B, especially pancreatic islets,
hepatocytes, adipocytes, neutrophils, and macrophages.2 The
number of 86-bp repeats in the IL1RN VNTR polymorphism of
intron 2 does not change the IL1RN amino acid sequence but
may be of functional importance as the repeated sequences
contain putative binding sites for transcription factors.14 Our
study revealed that the A1A2 genotype was significantly higher
among cases compared to controls with increased risk of
occurrence of T1DM by 5.35-fold. Also, the short allele carrier
genotypes (LS; A1A2 and A2A3) significantly increased among
cases compared to controls with 2.56-fold increased risk of
having T1DM. The A2 allele was significantly elevated in cases
compared to controls with higher risk of T1DM by 3.13-fold.
With respect to long (*L) and short (*S) alleles, the *S allele
significantly increased among cases versus controls with 2.09-
fold increased risk of T1DM.
These findings agreed with a study performed on Saudi children

with T1DM; the study demonstrated that IL1RN A2 allele and A1A2
genotype showed higher frequencies in T1DM than in controls
and had nearly twice time risk of T1DM (OR= 1.97 for A1A2
genotype). And the short allele was associated with increased

Table 1. Demographic characteristics of the studied groups.

Variables T1DM cases (n= 120) Controls (n= 80) P

Age (years), mean ± SD 9 ± 3 9 ± 2 0.95

Sex

Male, n (%) 48 (40.0) 38 (47.5) 0.46

Female, n (%) 72 (60.0) 42 (52.5)

Independent t test was used for age. Chi-square test was used for sex.

Table 2. Clinical characteristics of the Type 1 diabetes mellitus cases.

Variables T1DM cases (n= 120)

Mean ± SD or n (%)

Age of onset (years) 9.17 ± 2.12

Disease duration (years) 5 ± 6

Ketoacidosis at onset 100 (83.3)

Associated disorders

Celiac disease 8 (6.7)

Hashimoto thyroiditis 8 (6.7)

No disorders 104 (86.7)

BMI percentile

Underweight 40 (33.3)

Normal weight 48 (40.0)

Overweight 16 (13.3)

Obese 16 (13.3)

HBA1c (%) 8.9 ± 1.4

BMI body mass index, HBA1c glycosylated hemoglobin.
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production of IL1RN.15 Moreover, the polymorphisms linked to
TNFA and IL1RN genes were considered genetic markers for T1DM
among Egyptians with an important impact on family counseling
and management.16 Also, A2 allele of IL1RN gene was found to
serve as susceptibility indicator for coronary artery disease in
T2DM (OR= 2.2).17 In addition, homozygous persons for allele 2 of
the IL1RN gene (A2A2) were reported to have more prolonged
and severe pro-inflammatory reaction than those genotypes.18

IL1RN A2 allele was also related to the severity (diabetic
nephropathy) in both types of diabetes rather than the suscept-
ibility.19 In a study performed on the gene polymorphism of IL1RN
and IL4 in Egyptian and other population, IL1RN and IL4 VNTR was
found to have highly polymorphic content. Thus, VNTR were
considered useful tools in genetic studies in population with
different ethnic variations. These tools may help determine disease
susceptibility and clinical management of patients.20 Also, many
studies were confirming the association of IL1RN gene VNTR
polymorphism with the risk of other diseases, such as breast
cancer,21 cutaneous melanoma,22 osteoarthritis,23 and vitiligo.24

In contrast, our results disagreed with a previous study that
showed non-significant difference in the A2 prevalence between

cases and controls and concluded that IL1RN VNTR is not a
diabetic marker.25

As regards the plasma IL1RN protein, the present study found
significantly lower level in T1DM cases compared to controls.
Among cases, IL1RN significantly decreased in the genotypes with
short A2 allele (A1A2 and A2A3) compared to genotypes with long
alleles. Our results agreed with some researchers who found that
the plasma IL1RN levels were decreased among T2DM than non-
diabetic controls (median IL1RN= 89 versus 140 pg/ml, respec-
tively).17 In addition, a mild decline in the IL1RN levels was
reported, 3 months after the onset of T1DM in patients not
undergoing remission.26 Levels of IL1RN were positively associated
with insulin resistance.27

Moreover, females with gestational diabetes had lower plasma
IL1RN levels that was reported to be a marker for diagnosing and
identifying gestational diabetes mellitus and those at risk of
developing postpartum T2DM.28 IL1RN was related to the
preserved β cell function in T1DM and was suggested to be a
new therapeutic line.29

Pancreatic β cell-derived IL1RN is essential for the local defense
of β cells to maintain normal function and proliferation.30 Also,

Table 3. Genotype and allele distribution of IL1RN VNTR polymorphism in the studied groups.

IL1RN VNTR T1DM cases (n= 120) Controls (n= 80) Chi square P OR (95% CI)

Genotypes n (%)

A1A1 34 (28.3) 52 (65.0) R

A1A2 70 (58.3) 20 (25.0) 26.61 <0.001Δ 5.35 (2.11–13.59)

A1A3 14 (11.7) 8 (10.0) 3.2 0.160 1.66 (0.93–2.97)

A2A3 2 (1.7) 0 (0.0) FET 0.409 —

IL1RN LL 48 (40.0) 60 (75.0) R

IL1RN LS 72 (60.0) 20 (25.0) 23.7 <0.001Δ 2.56 (1.67–3.90)

Alleles

A1 152 (63.3) 132 (82.5) R

A2 72 (30) 20 (12.5) 17.67 0.004Δ 3.13 (1.44–6.78)

A3 16 (6.7) 8 (5.0) 1.54 0.402 1.74 (0.50–6.03)

*L (A1 and A3) 168 (70) 140 (87.5) R

*S (A2) (30) 20 (12.5) 16.6 <0.001Δ 2.09 (1.39–3.14)

LL genotype with 2 long alleles (A1A1 and A1A3), LS genotype with one long allele and another short one (A1A2 and A2A3), *L long allele (>2 repeats; A1 and
A3), *S short allele (≤2 repeats; A2), R reference genotype or allele.
ΔHigh significant.
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Fig. 2 Plasma IL1RN (pg/ml) among the studied population. a T1DM versus controls, b LS versus LL genotype of T1DM. IQR interquartile
range, ZMWU z value of Mann–Whitney U test, LL genotype with 2 long alleles, LS genotype with one short and one long allele.
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administration of IL1RN successfully improved the β cell function
in T2DM with enhanced insulin secretion and proper glycemic
control pointing to the therapeutic potential of IL1 blockade.31

Intriguingly, a recombinant IL1RN (anakinra) is approved for use in
humans as an anti-inflammatory therapy in many diseases, such as
rheumatic diseases, ankylosing spondylitis, T2DM, and systemic
inflammatory diseases.32 In addition, Dewberry and his colleagues
studied IL1RN VNTR polymorphism in atherosclerosis and found
that A2 allele was associated with reduced IL1RN.33

In contrast to our results, the anti-inflammatory IL1RN was
reported to be the most elevated cytokine in the serum of T2DM
patients.34 We disagree also with a former study that found lower
IL1RN levels in T1DM (A1/A1) genotype compared with patients
carrying (A1/A2) genotype.35 In Saudi children with T1DM, IL1RN
levels were increased in A1A2 genotype children.15

This discrepancy concerning findings of the above-mentioned
studies could be attributed to the different ethnicity, different
experimental designs, and/or the presence of heterogeneity with
other polymorphisms in the IL1RN gene.

CONCLUSION
There is a strong relation between IL1RN VNTR and T1DM in
Egyptian children. A1A1 genotype, LL genotype, A1 allele, and
long allele (L) were protective. A1A2 and LS genotypes, short (S),
and A2 alleles were risk factors. IL1RN was decreased in T1DM,
especially in LS genotype.

RECOMMENDATIONS
Further large-scale studies are needed to help other alleles
of IL1RN VNTR to be presented. Low protein level in T1DM
patients could be therapeutic targets for IL1RN medications in
the future. Also, other polymorphisms in IL1RN gene should be
studied.
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