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pattern among Egyptian children with type 1 
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Abstract 

Background: Type 1 diabetes mellitus (T1D) results from environmental and genetic factors.

We aimed to investigate the distribution of PTPN22, IL2RA rs11594656, and rs2104286 variants and its association with 
T1D in children.

A case-control study conducted on 100 diabetic patients and 100 control children. PTPN22 gene, IL2RA rs11594656, 
and rs2104286 polymorphisms study were done by PCR followed by restriction fragment length polymorphism (RFLP) 
assay.

Results: T allele of PTPN22 gene was presented more frequently 47% in patient group versus 30% in controls, while 
C allele was 53% in the diabetic group versus 70% in controls showing a statistically significant difference between 
patient and control groups. Similarly, TT 1858 genotype was found in higher frequency with a statistically significant 
difference in favor of T1D patients (p = 0.038), OR (CI 95% 3.16 (1.28–7.09).

For IL2RA rs11594656 polymorphism, the frequency of TT, TA, and AA in patients at percentages of 20%, 60%, and 20% 
versus 4%, 60%, and 36% in controls respectively showed significant difference (p = 0.045). Also, T allele was detected 
more in patients group as evidenced by p = 0.059, OR (95% CI) of 2.38(1.49–6.12). Whereas, IL2RA rs2104286 polymor-
phism revealed a difference of otherwise non-statistical significance (p = 0.091). Those who harbored homozygous 
pattern of both IL2RA polymorphisms frequently had DKA and high mean HbA1C values.

Conclusion: PTPN22 (C1858T) and IL2RA rs11594656 polymorphisms increased the risk of T1DM development, while 
IL2RA rs2104286 polymorphism did not display any significant association among children with T1D. Having more 
than one risk allele could affect progression and control of T1D.
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Background
Type 1 diabetes mellitus (T1D) is a genetically complex 
disorder of glucose homeostasis that results from auto-
immune destruction of the insulin-secreting cells of 
the pancreas. The development of T1D results from the 
interplay between environmental factors and several 
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genes that participate in the susceptibility of this com-
mon metabolic disorder [1].

Genes for T1D may provide susceptibility to, or pro-
tection from, the disease. Although many chromosomal 
loci associated with such activities have been located, few 
true genes have been identified which can divide into 2 
major subdivisions: human leukocyte antigen (HLA) 
genes and another major group named collectively as 
non-HLA genes. HLA is accounting for about 60% of 
genetic susceptibility for the disease. The HLA genes are 
a cluster of genes on chromosome 6 p 2 1[2]. The genes 
encode glycoproteins that are found on the surfaces of 
most cells and help the immune system to distinguish 
between self and non-self [3]. About 20 non-HLA loci 
contributing to disease susceptibility have been identified 
include the insulin gene, cytotoxic T-lymphocyte anti-
gen-4 gene (CTLA-4), PTPN22 gene, and IL2RA gene 
[4].

(PTPN22) Protein tyrosine phosphatase non-receptor 
type 22 is a protein encoded by the PTPN22 gene located 
on the short arm of chromosome 1 (1p13.2) [4].

A C to T substitution at position 1858(C1858T) is a 
common mutation in the PTPN22 gene that results in 
the substitution of amino acid arginine with tryptophan 
at codon 620 (R620W), this single-nucleotide polymor-
phism (SNP) at position 1858 of PTPN22 was reported to 
be associated with T1D in many populations [5].

In human species, interleukin 2 receptor alpha (IL2RA) 
is a protein that is encoded by the IL2RA gene. This gene 
is located on the short arm of Chromosome10 (10p15.1).

However, IL2RA is a transmembrane protein of type 
1 that is located on the surface of activated B cells, acti-
vated T cells, some myeloid precursors, oligodendro-
cytes, and thymocytes.

It has an essential role in the immune response of T 
cells and prevents autoimmune diseases with maintain-
ing immune homeostasis [6].

It was suggested that single-nucleotide polymorphisms 
(SNPs) in the interleukin 2 receptor alpha (IL2RA) gene 
is associated with type T1D, including rs11594656, 
rs2104286, rs3118470, rs41295061, and rs706778.

In our study, the genetic risk factors for the develop-
ment of T1D were the five SNPs in the IL2RA gene. How-
ever, rs11594656, rs2104286, and rs41295061 were the 
most associated SNPs [7].

Aim of the work
For these considerations of population variations, this 
study aimed to investigate the relation of PTPN22 1858 
C/T gene polymorphism and T1D in a random group of 
Egyptian children known to be diabetic. Also, the asso-
ciation between IL2RA rs11594656 and rs2104286 poly-
morphisms and T1D within the same group.

Methods
The present study was carried out on 100 Egyptian chil-
dren with T1D (group I) from our pediatric department 
and endocrinology clinic at the Menoufia University 
Hospitals, Egypt, including 38 males and 62 females; 
their ages ranged from 2 years to 16 years with variable 
duration of illness and degree of diabetes control, diag-
nosed according to the criteria of American Diabetes 
Association (ADA).

The exclusion criteria
Children with T2D with secondary diabetes or those with 
primary renal illness were excluded from the study.

Equal number of age- and sex-matched Egyptian chil-
dren, who had negative family history of auto-immune 
disorders and normal glucose parameters, were taken as 
control group (group II). A local ethical committee for 
a research study approved the study (approval number: 
53631373). The ethical guidelines of the 1964 Declaration 
of Helsinki and its later amendments were followed dur-
ing the study.

After taking informed consent, all patients and controls 
were subjected to the following:

Detailed history taking including family pedigree, com-
plete examination of all body systems including anthro-
pometric measurements was done followed by molecular 
study of PTPN22 gene polymorphism and that of IL2RA 
rs11594656, rs2104286 polymorphisms were analyzed by 
PCR-RFLP, and the procedure was completed through 
these steps:

DNA extraction using DNA was extracted by DNA 
extraction kit (Gene JET Whole Blood Genomic DNA 
Purification Mini Kit) according to the manufacturer’s 
instructions. As a second station, polymerase chain reac-
tion (PCR) where genomic DNA was amplified using 
PCR after adjustment of thermal cycler conditions for 
which different sets of specific primers were used as fol-
lows; forward and reverse primers for amplification of 
PTPN22 C1858T polymorphism were; forward primer: 
5′-ACT GAT AAT GTT GCT TCA ACGG-3′ and reverse 
primer: 5′-TCA CCA GCT TCC TCA ACC AC-3′ to be 
ready for digestion with RsaI. The enzyme-digested prod-
uct was analyzed by 1.5% agarose gel electrophoresis 
after ethedium bromide staining to be visualized under 
UV. Upon recognition of its specific targeted site of the 
amplified sequence, the enzyme cuts the C allele into 2 
fragments of 172 bp and 46 bp, while the T allele remain 
intact (218 bp).

Genotyping of IL2RA SNPs rs11594656 polymor-
phism was done by using the following primers; forward 
primer: 5-CTC CCC AGT CAT TCA CCA AA-3 and the 
reverse primer: 5-TCT TTT GGC TTT TCT CAC TAT GAT 
GCC GTC -3, and then, Bsm AI enzyme-digest product 
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Table 1 Demographic and laboratory data the two studied groups

DKA diabetic ketoacidosis, HbA1c glycated hemoglobin, χ2 chi-square test, FE Fisher’s exact, IQR inter-quartile range, t Student’s t test, U Mann-Whitney test, p p value 
for comparing between the studied groups

*Statistically significant at p ≤ 0.05

T1DM(n = 100) Control(n = 50) Test of sig. P

No. % No. %

Sex χ2 = 0. 0.729

 Male 47 47 55 55 12

 Female 53 53 45 45

Consanguinity 1.27 0.79

 Positive 18 18 10 10

 Negative 82 82 90 90

Family history 32.14* < 0.001*

 Positive 45 45 0 0

 Negative 55 55 100 100

Age (years) t = 0.7 0.492

Mean ± SD 8.48 ± 4.514.07 6.83 ± 3.12 6

 Range 2–16 1–14

Systolic blood pressure (mm/hg)
 Mean ± SD 107.4 ± 6.10 110.0 ± 4.50 t = 3.199* 0.002*

Diastolic blood pressure (mm/hg)
 Mean ± SD 67.78 ± 5.95 67.0 ± 6.44 t = 0.841 0.401

BMI (kg/m2) 18.07 ± 3.12 519.63 ± 4.07 0.831

 Range 12.50–26.00 14.00–27.00 χ2 = 0.593

Age of onset
 2 years 10

 > 2–5 years 31

 > 5 years 59

Duration of illness
 < 1 year 60

 1–5 years 29

 > 5 years 11

Presentation
 DKA 64 64

 Classic symptoms 36 36

HbA1c interpretation
 Impaired 62 62 0 0.0 χ2 = 157.50* < 0.001*

 Good 38 38 100 100.0

HbA1C%
 Min.–max 5.12–14.10 5.38–6.51 t = 14.165* < 0.001*

 Mean ± SD 9.03 ± 2.07 4.94 ± 0.34

 Median (IQR) 9.0(7.2–10.0) 5.85(5.7–6.2)

FBS (mg/dl)
 Mean ± SD 210.52 ± 46.46 91.0 ± 8.76

 Median (IQR) 200.0(180.0–250.0) 91.0(85.0–98.0)

2-h pp (mg/dl)
 Mean ± SD 257.11 ± 40.31 154.80 ± 11.47

 Median (IQR) 260.0(220.0–300.0) 155.5(145.0–165.0)
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was electrophoresed on a 1.5% agarose gel. The digested 
A allele was cut into 2 fragments of 211 bp and 101 bp, 
while the T allele remain intact 312 bp. For genotyping of 
IL2RA SNPs rs2104286 polymorphism, forward primer: 
5-GCA GGT GTC AAC GCA AAA AC-3 and Reverse 
primer TCC CTG GAA TGT CAC TGA TG -3 were applied 
followed by visualization of NdeI-digested product on 
1.5% agarose gel, yielding a digested G allele cut into 2 
fragments, while the A allele remained intact (288 bp).

All the above steps of molecular analysis were done also 
in the genetic lab of our Genetic and Endocrinology Unit, 
Pediatric Department, Faculty of Medicine, Menoufia 
University Hospitals.

Statistical analysis
All data were tabulated then statistically analyzed 
through SPSS 20.0 (SPSS Inc., Chicago, IL, USA), 
expressed as mean ± SD. The difference between the 
studied parameters in the two groups was assessed via 
Student’s t test. The frequencies were actually expressed 
in percentages (%), the differences in genotyping and 
allele frequencies in between the studied groups were 

assessed by chi-square (χ2). Probability (P) was consid-
ered of statistical significance at values less than 0.05 [8].

Results
The study included 100 patients with T1D (group I), 47 
males (47%) and 53 females (53%) and their ages ranged 
from 2 to 16 years with a mean age of 8.48 ± 4.07. Equal 
number of healthy children, matched for age and sex 
were taken as controls. Forty-five (45%) patients had a 
family history of diabetes mellitus, 55(55%) patients were 
without a family history of diabetes. Of the diseased chil-
dren, 82(82%) showed negative consanguinity. Baseline 
characteristics and laboratory data of studied groups at 
the time of the study were shown in (Table  1). Accord-
ing to their clinical aspects, 64% of diabetic children pre-
sented with DKA. However, 36% presented with classic 
symptoms. Regarding FBS, 2h/PP, and HbA1c, there were 
statistically significant difference between patient and 
control groups (P <0.05), while the mean of cholesterol, 
LDL, triglyceride, and thyroid function (TSH, FT4) did 
not show any significant changes between T1D patient 
and control subjects (P >0.05).

Table 2 Genotype distribution and allele frequency of PTPN22 gene, IL2RA rs11594656, and IL2RA rs2104286 polymorphisms among 
the studied patients and control groups

PTPN22 protein tyrosine phosphatase, non-receptor type 22; IL2RA interleukin 2 receptor alpha subunit

*Significant

T1DM group
(N = 100)

Control group
(N = 100)

Chi-square
(χ2)

P value

No. % No. %

PTPN22 gene 0.028*
    - TT (homozygous) 5 5.00 0 0.0 6.20

    - TC (heterozygous) 84 84.0 60 60.0

    - CC (wild variant) 11 11.0 40 40.0

Alleles (frequency number) 0.038*
OR(95%CI)
3.16(1.28-7.09)

    - T 94 47.00 60 30.00 4.11

    - C 106 53.00 140 70.00

IL2RA rs11594656 0.045*
    - TT (homozygous) 20 20.0 4 4.00 3.67

    - TA (heterozygous) 60 60.0 60 60.00

    - AA (wild variant) 20 20.0 36 36.00

Alleles (frequency number) 2.08 0.059

    - T 100 50.00 68 34.00 OR(95%CI)
2.38(1.49-6.12)    - A 100 50.00 132 66.00

IL2RA rs2104286

    - AA (homozygous) 60 60.0 57 57.00 0.73 0.091

    - AG (heterozygous) 36 36.0 36 36.00

    - GG (wild variant) 4 4.0 7 7.00

Alleles (frequency number) 0.86 0.089
OR(95%CI)
0.48(0.19-1.18)

    - A 156 78.00 150 75.00

    - G 44 22.00 50 25.00
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In respect to PTPN22 gene, the genotypic results 
revealed that 5(5%) had TT, 84(84%) TC, and 11(11%) 
had CC for the patient group, while in the control group 
the genotypic results were 0%, 60%, and 40% for TT, TC, 
and CC variants respectively, and these results showed 
a statistically significant difference between patient and 
control groups (p = 0.028).

As for allelic distribution, frequency of T allele was 
more (47%) in the diabetic group versus (30%) in con-
trols, while C allele was 53% in the diabetic group versus 
70% in controls, with a statistically significant difference 
(P = 0.038), OR [CI 95% 3.16 (1.28–7.09)].

The frequency distribution of IL2RA rs11594656 for 
TT, TA, and AA differed significantly in patients 20%, 
60%, and 20% versus 4%, 60%, and 36% in controls respec-
tively (p = 0.045). Moreover, T allele was presented fre-
quently in T1D patients than in control individuals; p = 
0.059, OR (CI 95%) 2.38(1.49–6.12).

On the other hand, IL2RA rs2104286 showed higher 
frequency number of A allele (75%) in the group of 
patients with T1D versus (78%) in controls in comparison 

to G allele, but this difference was not of statistical sig-
nificance (p = 0.089) (Table 2).

While considering the relation between demographic 
and clinical data of patients to the genotypic variants of 
PTPN22, it showed no significant difference regarding 
sex distribution. Similar results were observed in relation 
to age at onset of the disease, duration of T1D and pat-
tern of presentation (Table 3).

Of much interest, grouping of patients revealed that 
there were 11 of them had homozygous pattern of both 
IL2RA rs11594656 and IL2RA rs2104286 polymor-
phisms with the following characteristics: their ages at 
onset of diabetes ranged from 3 to 11 years with mean 
of 6.65 ± 3.93. Duration of illness was 4.5–10 years with 
a mean of 3.75 ± 1.99 years. Positive consanguinity was 
reported in only 2 (22.2%) patients. However, 8 (72.6%) 
patients had a family history of diabetes mellitus. Fur-
thermore, those patients presented recurrent attacks of 
DKA in 9 (81.8%) patients. HbA1C was 8.80–12.30 with 
a mean of 10.77 ± 1.73; a reliable indicator of poor con-
trol of T1D (Table 4).

Table 3 Relation between different PTPN22 genotypes and patients’ demographics and clinical data

DKA diabetic ketoacidosis

*Significant

PTPN22 genotype χ2 P value

TTI

(N = 5)
TCII

(N = 84)
CCIII

(N = 11)

No. % No. % No. %

Age/year

    • < 5 years 3 60 16 19.05 2 18.18 1.61 I vs. II = .327

    • 5–10 years 1 20 31 36.90 7 63.64 I vs. III = .303

    • 10 years 1 20 37 44.05 2 18.18 II vs. III = .064

Sex FE = 3.24 I vs. II = .135

    • Male 5 100 47 55.95 1 9 I vs. III = .058

    • Female 0 0 37 44.05 10 91 II vs. III = .052

Family history FE = 2.85 I vs. II = .211

 Positive 1 20 41 48.80 3 27.27 I vs. III = .787

 Negative 4 80 43 51.19 8 72.72 II vs. III = .180

Consanguinity FE = 1.23 I vs. II = 0.054

 Positive 4 80 11 13 3 27 I vs. III = 0.061

 Negative 1 20 73 87 8 73 II vs. III = .222

Age of onset/year

    • 2 years 3 60 10 11.90 3 27.27 4.13 I vs. II = .020

    • > 2–5 years 0 0 13 15.48 2 18.18 I vs. III = .239

    • > 5 years 2 40 61 72.62 6 54.55 II vs. III = .162

Presentation of illness I vs. II = .590

    • DKA 52 62 8 73 4 80 1.89 I vs. III = .292

    • Classic 32 38 3 27 1 20 II vs. III = .562

Complication: recurrent DKA 3 60 14 16.65 6 54.5 KW = 1.26 I vs. II = .071
I vs. III = .636
II vs. III = .071
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Distribution of electrophoretic bands of PTPN22 
C1858T, IL2RA rs11594656, and IL2RA rs2104286 gen-
otype in patients with T1D and control subjects was 
shown in Figs. 1, 2, and 3 in order.

Discussion
Susceptibility to T1D is determined by complex interac-
tions between several genetic loci and environmental fac-
tors. Many of them harbor functional candidates likely 
involved in autoimmunity and potentially in T1D patho-
genesis, and relevant examples are PTPN22 and IL2RA 
genes [9–11].

In our study, we found a statistically significant differ-
ence between patient and control groups regarding fam-
ily history (p < 0.001). This finding was in agreement with 
Pociot et  al. [12] who reported that the risk to develop 
T1D increases to1 in 20 in a population who have the 
first-degree relative with T1DM, while the risk among the 
general population is 1 in 300.

In our study, the distribution of PTPN22 (C1858T) 
polymorphisms revealed that the distribution of the 
homozygous pattern (TT) was a 5% in patient group 
versus 0% in the control group, while heterozygous pat-
tern (TC) was 84% inpatient group versus 60% in the 
control group. On the other hand, wild variant (CC) 
was 11% in patient group versus 40% in the control 
group, all these results of genotypic variation showed a 
statistically significant difference between patients and 

controls (p = 0.028). These findings were obvious while 
analyzing the allelic distribution of high frequency of 
T allele that was of statistical significance between the 
studied groups.

Our genotypic results were in agreement with Bottini 
et  al. [13], who firstly reported an association between 
the PTPN22 polymorphism and T1D from North 
America and Sardinia. On the frame of the necessity 
of throughout additional research to clarify the varied 
geographic distribution, recent several studies involved 

Table 4 Data of diabetic patients have homozygous pattern of 
both IL2RA rs11594656 and IL2RA rs2104286 polymorphisms

Variables IL2RA polymorphisms

No. %

Age of onset/years:

    - Mean ± SD 6.65 ± 3.93

    - Range 3–11

Duration of illness:

    - Mean ± SD 3.75 ± 1.99

    - Range 4.5–10

Consanguinity

 Positive 4 22.2%

 Negative 7 77.7%

Family history

 Positive 8 72.6%

 Negative 3 27.4%

Complication (recurrent DKA)

 Present 9 81.8%

 No 2 18.2%

HbA1c (%)

 Mean ± SD 10.77 ± 1.73

 Range 8.80–12.30

Fig. 1 Distribution of in PTPN22 C1858T genotype in diabetic 
patients and controls. Genotyping of PTPN22 from left: • Lane 1: DNA 
ladder 100bp. Band (T) at (218) bp Band (C) two fragments at (172) 
bp and (46) bp • Lane 2, and 8: Homozygous (CC genotype) only (C) 
band present. • Lane 3, 4, 5, 6, and 7: Heterozygous (TC) where both T 
band and C band
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different populations had explored the relationship 
between PTPN22 and T1M including those from Italy 
[14, 15], Spain [16], Denmark [17], Finland [18], Brazil 
[19], France [20], Germany [21, 22], the UK [23], Poland 
[24], Greece [25], China [26], and Egypt [27]. On the 
contrary, other studies were reported which denied the 
association between 1858C/T polymorphism and suscep-
tibility to T1D [28, 29].

These contradictory results can be explained by the 
limited size of the sample, genetic heterogeneity among 
the studied populations, the different environmental fac-
tors involved in the pathogenesis of T1D, or other meth-
odological issues.

Regarding the association between gender, age 
of onset of T1D, type of presentation, and PTPN22 
C1858T in T1D patients, in our study, there was sta-
tistically insignificant difference between PTPN22 
genotypes (TT, TC, and CC) and the above mentioned 
parameters (P > 0.05); these results agreed with some 
studies [26, 28]. On the other hand, they were in disa-
greement with others who found gender differentiation 
in favor of females [27, 30].

In the present study, the distribution of IL2RA 
rs11594656 gene polymorphisms revealed that TT, TA, 
and AA in T1DM patients were frequently observed at 
ratio of 20%, 60%, and 20% respectively versus 4%, 60%, 
and 36% in controls with a statistically significant dif-
ference (p = 0.045). Obviously, a predominance of TT 
genotype was seen in patients than controls, and these 
findings agreed with the studies which reported that 
IL2RA rs11594656 (TT genotype) as a risk of developing 
T1D [7, 24, 27, 31], compared to others with opposing 
results [32–34].

Although our results had considered (TT) genotype of 
IL2RA rs11594656 a significant risk factor of develop-
ing T1D regardless of the patients’ clinical presentation, 
reviewing data from past literature showed association of 
T allele with younger age of onset of T1D [24, 30–37].

While analyzing the distribution of IL2RA rs2104286 
gene polymorphisms, findings of the current study 
showed genotype frequencies as follows: AA, AG, and 
GG in T1DM patients was 60%, 36%, and 4% respectively 
versus 57%, 36%, and 7% in controls; these results were 
of non-statistical significance as shown by p = 0.091. The 
same was evident as regards the low frequency of A allele 
of IL2RArs2104286 polymorphism p = 0.86, OR [CI 95% 
0.48 (0.19–1.18)]. Our results were found to be in agree-
ment with some related research studies who reported 
that the studied polymorphism did not display any signif-
icant association with T1D [24, 32] in contrast to others 
that provided evidence for the association between T1D 
and rs2104286 [7, 31, 37]. Population differences and 
diversity in the influence of genetic/environmental fac-
tors could be claimed for this discrepancy.

In the current study, 11 patients representing 11% of 
the whole sample of T1D patients were detected to have 
a homozygous pattern of both IL2RA rs11594656 and 
IL2RA rs2104286 polymorphisms characterized by posi-
tive family history of diabetes (72.6%), poor diabetes con-
trol with HbA1C values ranged 8.80–12.30% and mean 
values of 10.77 ± 1.73, in addition to documented history 
of recurrent attacks of DKA in 81.8%. These findings may 
indicate that the conjunction of the homozygous pat-
tern of both IL2RA rs11594656 and IL2RA rs2104286 
polymorphisms played an important role in the degree of 
glycemic control of T1D with the need for further efforts 

Fig. 2 Distribution of in IL2RA rs11594656 genotypes in diabetic 
patients and controls. Genotyping of IL2RA rs11594656 genotypes 
from left: • Lane 1: DNA ladder 100bp. Band (T) at (312) bp Band 
(A) two fragments at (211) bp and (101) bp • All Lanes showing: 
Homozygous (AA genotype) only (A) band present as two fragments 
at 211bp and 101 bp

Fig. 3 Distribution of in IL2RA rs2104286 genotypes in diabetic 
patients and control samples. Genotyping of IL2RA rs2104286 
genotypes from left: • Lane 1: DNA ladder 100bp. Band (A) at (288) 
bp Band (G) appears as two fragments. • Lanes 2, 3, 4, 5, and 7: 
Heterozygous (AG) where both A band and G band • Lane 6,and 8 
:Homozygous (GG genotype)
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paved towards better life expectancy of those children 
based on the fact that realized the polygenic nature of 
T1DM [38, 39].

Although previous studies reported the association 
between PTPN22 1858 C/T SNP and many autoimmune 
diseases, Elsisi et al. denied any further evidence that the 
PTPN22 gene may play a role in the genetic susceptibility 
to T1D in Egyptian children [28].

However, a recent Egyptian study reported that T allele 
of PTPN22 gene and TT genotype of IL2RA were associ-
ated with T1D [27].

This finding was prominent in female patients and 
those with early onset diabetes. Our study is considered 
accumulated evidence for the use of these analyzed genes 
as biomarkers for T1D susceptibility among Egyptian 
children.

The study was conducted in a relatively small num-
ber of patients; so further studies on a larger sample of 
patients are recommended to confirm our finding. Also, 
the effect of PTPN22 (C1858T) and IL2RA rs11594656 
polymorphisms on diabetes-related antibodies, control 
of the disease, and insulin requirements should be eluci-
dated in further studies.

Conclusions
Our study suggests that PTPN22 and IL2RA rs11594656 
polymorphism increase the risk of T1D, while IL2RA 
rs2104286 polymorphism showed a non-significant dif-
ference for association with T1D. Our findings can be a 
baseline step for the clustering strategies approximated 
for the use of these analyzed genes as genetic biomark-
ers for T1D susceptibility among Egyptian children and 
adolescents.
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