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Background: Genetic susceptibility has a crucial role in the development of type 1 diabetes 
mellitus (T1DM). Several genes were found to be involved; one of the most important genes 
is interleukin 2 receptor α (IL2RA) gene which was found to be associated with T1DM in 
several countries. 

Objective: Investigating the potential association of T1DM, its age of onset, and its 
complications with IL2RA receptor gene polymorphism in an Egyptian sample of type 1 
diabetics. 

Methodology: A case control study was conducted enrolling 100 cases suffering from T1DM 
and 100 healthy controls of comparable age and sex. Assessment of random blood sugar, 
HbA1c, and genetic study of IL2RA rs706778 gene polymorphism were done for all studied 
subjects. 

Results: The AA and AG genotypes of IL2AR/CD25 rs706778 were significantly more 
prevalent among studied diabetics compared to controls. Furthermore, the mutant allele A 
was significantly more prevalent among diabetics while the G allele was significantly more 
prevalent among controls. Diabetics with AA genotype had significantly older onset of the 
disease compared to their peers with AG and GG genotypes. On the other hand, GG genotype 
was significantly more prevalent among diabetics with delayed puberty. Interestingly, AG 
genotype was significantly more prevalent among enrolled diabetics with neuropathy, 
retinopathy, micro albuminuria, hypertriglyceridemia, and hypercholesterolemia compared 
to studied diabetics without such complications. 

Conclusion: T1DM was significantly associated with IL2RArs706778 polymorphism in the 
current study, and it appears to be a risk factor for its age of onset and the development of 
its complications.
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Introduction
Type 1 Diabetes Mellitus (T1DM) is the most common 
metabolic and endocrine disorder in children and young 
adults. Data from the large epidemiological studies all over 
the world show that on the basis of annual rates, all the 
increase in the incidence of T1DM is about 3% and about 
79,000 children all over the world are estimated to develop 
it every year [1].

T1DM is an organ-specific, chronic disease [2]; causes of 
which are still unknown; nevertheless, there is a very strong 

evidence for the genetic predisposition to the disease and a 
clear, but still circumstantial, indicator for environmental 
factors that might lead to the auto-immune destruction 
of pancreatic B cells, a process in which auto reactive 
T cells play a pivotal role [3]. Such destruction leads to 
the development of a type of diabetes with complete 
dependence on insulin hormonal therapy; T1DM [4].

Many years of progressive auto-immune effects always 
lead to the clinical age of onset of T1DM. This long pre-
diabetic phase is usually asymptomatic and rarely detected 
[5]. There is a growing body of evidence to suggest that in 
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T1DM, such auto-immune destruction is the direct end-
result of the failure of the immune regulatory system [6].

Rate of T1DM in siblings is about 6% and in monozygotic 
twins is about 35 to 50% indicating that both genetic and 
non-genetic environmental risk factors interplay leading to 
its occurrence. Therefore, T1DM is well known to be a multi-
factorial disease [7,8]. Genetic susceptibility might also affect 
body responses to environmental risk factors or physiological 
pathways (e.g., interferon induced helicase) [9].

Interleukin 2 receptor alpha (IL2RA) gene is a part of 
a high-affinity IL2 receptors complex system which is 
expressed on the regulatory T cells (T regs). Regulatory 
T cells are a subset of T cells that have a strong ability to 
suppress auto-reactive T cells while it is induced in other 
T cells [3]. 

Allelic differences in the region of IL2RA gene accounts 
for the genetic predisposition implicated in T1DM.The 
alpha chain of the IL2 receptor complex is a vital molecule 
that is expressed on T cells upon its activation and on 
natural T regs at baseline. T regs need IL2 for their growth 
and survival [10].

Because of such strong evidences of genetic susceptibility 
for the development of T1DM, the current study was 
designed to investigate the potential association of T1DM, 
its age of onset and the development of its complications 
with IL2RA receptor gene polymorphism in a sample 
of Egyptian type 1 diabetic children and adolescents 
compared to their age and gender matched non-diabetic 
counterparts.

Study Design and Research Methodology
The current case control study was carried out according 
to the code of ethics of the World Medical Association 
Declaration of Helsinki (1998) [11] for experiments 
involving humans. The study protocol was approved by 
the Ethical Committee of the Scientific Research, Institute 
of Postgraduate Childhood Studies, Ain Shams University. 
The study objectives, steps, and the potential benefits and 
side effects were discussed with caregivers of all included 
children as well as their children if older than 12 years 
of age. Consequently, written informed consent was 
obtained from the legal caregivers of all enrolled children. 
Confidentiality of all data and test results of all studied 
children were protected. 

Participants

Two hundred children were enrolled in the current study; 
they were classified into 2 study groups as follows

Group I (Children with Type I DM)

It included 100 diabetic children who were chosen by 
simple random sampling technique [12] from those under 
regular follow up at Diabetes Specialized Outpatient 
Clinic, Children’s Hospital, Ain Shams University, Egypt 
during the period of the clinical and laboratory part of the 
study from June 2014 to June 2016. Their ages ranged 

between 5 and 18 years with a mean age of 13.7 ± 4.1 
years. They were 53 females (53%) and 47 males (47%) 
with a female to male ratio of 1.13. All included cases 
were diagnosed as Type I DM using C peptide protein 
test and were under regular treatment with human insulin 
therapy (mean dose of which was 1.0 ± 0.29 Unit/Kg). The 
mean age at onset of the disease was 7.1 ± 3.9 years while 
the mean duration of having the disease was 5.2 ± 4.1 
years. Any diabetic child with associated chronic physical 
illness, handicap, genetic syndrome, and or systemic 
infections was excluded from the study.

Group II (Controls)

It enrolled 100 physically healthy children aged between 6 
to 17 years with a mean age of 13.1 ± 4.3 years; they were 
54 (54%) males and 46 females (46%). Controls were 
selected consecutively from children attending Outpatient 
Clinic, Children’s Hospital, Ain Shams University, Egypt 
for either growth monitoring or regular check-up during 
the period of the clinical and laboratory part of the study 
from June 2014 to June 2016.

Procedure

All participants were subjected to the following

1. Full history taking laying stress on age at onset 
of type I DM in enrolled cases, disease duration, 
details of insulin therapy (type, dose, and 
frequency), disease presentation and complications, 
family history, and past history of any concomitant 
disease, handicap, medications and or operations 
[13].

2. Thorough clinical examination with special 
emphasis on vital data, and all body systems examination 
[14], Weight in Kg, height in meters, and body mass index 
(BMI=weight in kg/height2 in meters) of all enrolled children 
and adolescents were assessed and interpreted according to 
the Egyptian growth charts [15] while staging of puberty was 
evaluated according to Tanner’s staging [16].

3. Biochemical assessment which included:

• Random blood glucose measurement using 
colorimetric method; its normal value is less than 
or equal TO 140 mg/dl [17].

• Determination of glycosylated hemoglobin 
(HbA1c) using quantitative colorimetric method 
glycol hemoglobin in whole blood sample; its 
normal range lies between 4.5 and 6% [18].

• Total blood cholesterol level measurement; its 
normal value is less than 150 mg/dl [19].

• Blood triglyceride level, its normal value is less 
than 200 mg/dl [19].

•  Quantitative assessment of urinary microalbumin 
for detection of diabetic nephropathy complication. 
Normoalbuminuric is defined as 24 h urinary 
albumin excretion resamples had te of <20 µg/
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values >0.05, significant at “p” values <0.05 and highly 
significant at “p” values <0.01.

Results
Cases and controls were well matched regarding their 
mean age (“t”=1.4634, p=0.1465) and gender distribution 
(X2=0.9801, p=0.3222). Positive family history of DM 
was significantly more encountered in enrolled diabetics 
(72%) compared to controls (35%); X2=27.5148, p<0.0001 
as well as consanguinity; X2=21.4286, p<0.0001. Body 
mass index (BMI) was above the 95th percentile in 7% of 
enrolled diabetics, between the 5th and the 95th in 47%, and 
below the 5th in 46% of them while all controls had BMI 
between the 5th and the 95th percentiles (p=0.0071, <0.0001 
and <0.0001, respectively) (Table 1). Microalbuminuria 
was the most frequently recorded complication in 
studied diabetics (61%) followed by hypertension (16%) 
while hypercholesterolemia was the least (7%). Other 
complications included neuropathy, retinopathy, and 
hypertriglyceridemia (9% for each) (Table 1 and Figure 
2). The studied diabetic sample included 74 adolescents 
(74%) compared to 72 of controls; 22 of them showed 
delayed puberty (29.73%) compared to none of controls; 
X2=34.29, p<0.0001 (Table 1).

Random blood sugar and HbA1c were significantly higher 
in enrolled diabetics compared to controls (“t”=22.3286, 
p<0.0001, “t”=31.6298, p<0.0001, respectively) (Figures 
3 and 4).

The AA and AG genotypes of IL2AR/CD25 rs706778 
were significantly more prevalent among studied diabetics 
compared to controls while GG genotype was significantly 
less prevalent in diabetics compared to controls (p<0.0001 
for all) (Table 2 and Figure 5). Furthermore, the mutant 
allele A was significantly more prevalent among diabetics 
while the G allele was significantly more prevalent among 
controls (p<0.0001) (Table 3 and Figure 6).

AA genotype of IL2AR/CD25 rs706778 polymorphism 

min while microalbuminuria is defined as albumin 
excretion rate of 30-300 mg/dl/24 h [17].

4. Genetic study

• Molecular identification of IL2AR/CD25 
polymorphism was carried out using real time PCR 
allelic discrimination. The region of interest was 
intron 1 of IL2AR/CD25 allele on chromosome 
10p15 (i.e., rs706778). Allelic discrimination assay 
is a multiplexed end-point assay which defines 
single nucleotide sequence variants using TaqMan 
probe based reagent configuration [20].

• For each sample in allelic discrimination assay, 
a specific pair of fluorescent dye detectors was 
used; two TaqMan® MGB (minor groove binder) 
probes that target a particular single nucleotide 
polymorphism (SNP) site. One fluorescent dye 
detector is a perfect match to the wild type (allele 
1 in the current study was G allele) while the 
other fluorescent dye detector was a perfect match 
to the mutant allele (allele 2 in the current study 
was A allele) (Figure 1). Accordingly, allelic 
discrimination classified tested samples into 
homozygotes (samples with only allele 1 or 2; GG 
or AA) or heterozygotes (samples with both alleles 
1 and 2; AG) [21].

5. Data analysis was done using Statistical Package 
for Social Science (SPSS version 22) [22]. Means and SD 
were calculated for numerical variables while frequencies 
were calculated for categorical ones. Chi-square test or 
Fisher’s exact test were used to compare studied groups 
concerning categorical variables while Student’s “t” test 
was used to studied groups regarding measured numerical 
variables. Z test was used in comparing the frequency 
distribution of the tested alleles and genotypes between 
studied groups with calculation of confidence interval (CI) 
and odd ratio at confidence level (CL)=95%. The obtained 
results were considered statistically insignificant at “p” 

Figure 1. Results from matches and mismatches between target and probe sequences in TaqMan®SNP genotyping assays 
(http://www.dnalink.com)

http://www.dnalink.com
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Figure 2. Bar graph showing the frequency distribution of the recorded complications among studied diabetics

Figure 3. Bar graph showing means values of random blood sugar (mg/dl) in studied diabetics compared to controls

Groups
Variables

Group I
(Diabetics)

No=100 

Group II
(Controls)

No=100 X2 P value

No (%) No (%)
Gender distribution

Males 47 (47%) 54 (54%) 0.9801 0.3222Females 53 (53%) 46 (46%)
Positive family history of DM 72 (72%) 35 (35%) 27.5148 <0.0001**

Positive consanguinity 45 (45%) 15 (15%) 21.4286 <0.0001**
BMI percentile distribution

<5th percentile 46 (46%) 0 (0%) 72.1088 <0.0001**
5th-95th percentile 47 (47%) 100 (100%) 72.1088 <0.0001**
>95th percentile 7 (7%) 0 (0%) 7.2539 0.0071**

Distribution of encountered complications
Neuropathy 9 (9%) 0 (0%) 9.4241 0.0021**

Hypertension 16 (16%) 0 (0%) 17.3913 <0.0001**
Retinopathy 9 (9%) 0 (0%) 9.4241 0.0021**

Micro-albuminuria 61 (61%) 0 (0%) 87.7698 <0.0001**
Hypercholesterolemia 7 (7%) 0 (0%) 7.2539 0.0071**
Hypertriglyceridemia 9 (9%) 0 (0%) 9.4241 0.0021**

Delayed puberty in adolescents 22/74 (29.73%) 0/72 (0%) 34.29 <0.0001**

Table 1. Statistical comparison between studied diabetics and controls regarding frequency distribution of gender, 
positive family history of DM, body mass index and encountered complications

Chi-square test (X2) was used for statistical comparison between cases and controls
P>0.05=statistically insignificant; p<0.01**=statistically highly significant 
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had significantly older onset of the disease compared 
to their peers with AG and GG genotypes. On the other 
hand, GG genotype was significantly more prevalent 
among diabetics with delayed puberty compared to their 
counterparts with normal puberty. Disease duration did not 
show a significant association with any of the encountered 
genotypes while positive family history of DM and higher 
BMI were significantly more encountered in diabetics 
with AA and AG genotypes (Table 4).

Interestingly, AG genotype of the studied IL2AR/
CD25 rs706778 polymorphism was significantly more 
prevalent among enrolled diabetics with neuropathy, 
retinopathy, micro albuminuria, hypertriglyceridemia, 
and hypercholesterolemia compared to studied diabetics 
without such complications. On the other hand, 
hypertension did not show a significant association with 
any of the encountered genotypes (Table 5).

Figure 4. Bar graph showing mean values of HbA1c (%) in studied diabetics compared to controls

Groups
Variables

Group I
(Diabetics)

No=100

Group II
(Controls)

No=100 Z CI at CL=95% Odd Ratio P value

No (%) No (%)
AA 35 (35%) 3 (3%) 4.589 5.1388-58.9863 17.4103 <0.0001**
AG 35 (35%) 9 (9%) 4.159 2.4495-12.1011 5.4444 <0.0001**
GG 30 (30%) 88 (88%) 7.527 0.0279-0.1224 0.0584 <0.0001**

Z test was used for statistical analysis
OR: Odd Ratio; CI: Confidence Interval; CL: Confidence Level
p<0.01**=highly significant

Table 2. Frequency distribution of different IL2RA rs706778 polymorphic genotypes encountered among studied 
diabetics compared to controls

Figure 5. Bar graph showing frequency distribution of different IL2RA rs706778 polymorphic genotypes encountered 
among studied diabetics compared to controls (Using Z test; p<0.0001)
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Discussion
The exact etiology of T1DM is still not well defined but 
there is an agreement that it is a multifactorial disorder 
where both strong hereditary susceptibility and potentially 
hazardous environmental factors interact together with 
subsequent development of the disease [3,23]. The 
pathogenesis of T1DM entails autoimmune destruction of 
pancreatic beta cells, the insulin producers, with for life 
dependency on insulin replacement [24].

Because of the strong evidences of genetic susceptibility 
for the development of T1DM [25], the current study was 
designed to investigate the potential association of T1DM, 
its age of onset, and related complications with IL2AR 
receptor gene polymorphism in a sample of Egyptian type 
1 diabetics. 

The mean age of the enrolled diabetics was 13.7 ± 4.1 
years while the mean age at onset of the disease was 7.1 ± 
3.9 years and that of illness duration was 5.2 ± 4.1 years. 
In a wide retrospective study done at Mansoura city in 
Nile Delta, Egypt, the mean age of diabetics were 12 and 
10 years in females and males respectively [26] while in 
Habeeb et al. [27] study, it was 15.3 ± 2.9 years.

In the current study, 33% of enrolled diabetics had a 
disease onset before the age of 5 years. This frequency 
of younger age of onset was higher than that recorded 
by Gyürüs [28] among Hungarian children in the first 
four years of life which was 22.5%. The recorded high 
frequency of the early onset of the disease in our study 
might be due to the interaction between strong genetic 
susceptibility (72% positive family history) and potential 
exposure to environmental risk factors that might initiate 
an auto-immune response or enhance and exaggerate 
already existing B cell destruction [4]. 

Female to male ratio in the present study was 1.13 
(females=53% and males=47%). Such finding was similar 
to that of El-Ziny et al. [26] who found that females 
represented about 55.7% of their total studied diabetics 
(1600 children with T1DM during the period from 1994 
to 2011). In general, there is no consensus about gender 
distribution in DM. Wandell et al. [29] reported no gender 
difference in diabetic children from 0 to14 years of age but 
in subjects aged from 15 to 39 years males were more up 
to 2 folds than females.

Positive family history of the disease is considered as a 
risk factor for the development of T1DM [23]. Family 

Figure 6. Bar graph showing frequency distribution of different IL2RA rs706778 polymorphic alleles encountered 
among studied diabetics compared to controls (Using Z test; p<0.0001)

Groups 
Variables

Group I
(Diabetics)

No=200
(100 × 2 alleles) 

Group II
(Controls)

No=200
(100 × 2 alleles)

Z CI at
CL=95% O R  “p”

No (%) No (%)

A 105 (52.5%) 15 (7.5%)
8.607 7.5195-24.7118 13.6316 <0.0001**G 95 (47.5%) 185 (92.5%)

Z test was used for statistical analysis
OR: Odd Ratio; CI: Confidence Interval; CL: Confidence Level
p<0.01**=highly significant

Table 3. Frequency distribution of different IL2RA rs706778 allelic polymorphism encountered among studied diabetics 
compared to controls
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IL2RA rs706778
Polymorphism

Age at onset <5 years Age at onset between 5-10 
years Age at onset >10 years

No=33 No=46 No=21
No % No % No %

AA 10 30.30 9 19.57 16 76.19
AG 12 36.36 18 39.13 5 23.81
GG 11 33.33 19 41.30 0 0
Test Chi2 test=84.7535

P value <0.0001**

IL2RA rs706778
Polymorphism

Puberty Family History  Disease Duration
Normal
No=52

Delayed
No=22

Positive
No=72

Negative
No=28

<5 years
No=47

>5 years
No=53

No % No % No % No % No % No %
AA 23 44.23 8 36.36 30 41.67 5 17.86 17 36.17 19 35.85
AG 20 38.46 7 31.82 28 38.89 7 25.00 18 38.30 16 30.19
GG 9 17.30 7 31.82 14 19.44 16 57.14 12 25.53 18 33.96
Test Fisher’s exact test

P value 0.0491* <0.0001** 0.3772

IL2RA rs706778
Polymorphism

BMI<5th percentile
No=46

BMI=5th-95th percentile 
No=47

BMI>95th percentile
No=7

No % No % No %
AA 7 15.22 21 44.68 7 100
AG 21 45.65 14 29.79 0 0
GG 18 39.13 12 25.53 0 0
Test Chi2 test=149.3339

P value <0.0001**
Chi-square test (X2)/Fisher’s exact test were used for statistical comparison between different studied diabetic groups
P>0.05=statistically insignificant; p<0.05*=statistically significant, p<0.01**=statistically highly significant 

Table 4. Frequency distribution of the studied polymorphism in different recorded categorical clinical variables among 
studied diabetics

IL2RA rs706778
Polymorphism

Neuropathy Retinopathy Hypertension 
Positive

No=9
Negative
No=91

Positive
No=9

Negative
No=91

Positive
No=16

Negative
No=84

No % No % No % No % No % No %
AA 3 33.33 33 36.26 2 22.22 33 36.26 5 31.25 30 35.71
AG 6 66.67 28 30.77 5 55.56 30 32.97 7 43.75 28 33.33
GG 0 0 30 32.97 2 22.22 28 30.77 4 25.00 26 30.95
Test Fisher’s exact test

P value <0.0001** 0.0045** 0.2879

IL2RA rs706778
Polymorphism

Micro-albuminuria Hypertriglyceridemia Hypercholesterolemia
Positive
No=61

Negative
No=39

Positive
No=9

Negative
No=91

Positive
No=7

Negative
No=93

No % No % No % No % No % No %
AA 14 22.95 21 53.85 0 0 35 38.46 2 28.57 32 34.41
AG 26 42.62 9 23.08 5 55.56 30 32.97 5 71.43 31 33.33
GG 21 34.43 9 23.08 4 44.44 26 28.57 0 0 30 32.26
Test Fisher’s exact test

P value <0.0001** <0.0001** <0.0001**
Fisher’s exact test was used for statistical comparison between different studied diabetic groups
P>0.05=statistically insignificant, p<0.01**=statistically highly significant 

Table 5. Frequency distribution of the studied polymorphism in different recorded clinical and biochemical complications 
among studied diabetics
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history of DM was recorded in 72% of enrolled diabetics 
in the present study that was significantly higher compared 
to controls p<0.0001. Such finding was also much higher 
than that obtained by Gyürüs [28] which was 12.5% and 
that reported by Tawfik et al. [30] in their study in one 
of the delta governorates in Egypt (32.5%). On the other 
hand, consanguinity is a long standing habit in Egypt 
and is considered as a risk factor for the development of 
multifactorial disorders including DM [31]. Consanguinity 
rate in diabetics enrolled in the current study (45%) was 
also significantly higher compared to controls (15%); 
p<0.0001. 

Mean random blood sugar (RBS) of our studied diabetics 
was 238.9 ± 58.4 mg/dl while the mean HbA1c was 10.1 ± 
1.8%. Those means are higher than those recorded by other 
investigators in other countries. Abourazzak et al. [32] 
found that the mean RBS in a French sample that included 
378 diabetic children was 171 mg/dl while Nansel et al. 
[33] found that the mean HbA1c was about 8.4% among 
340 American diabetic children. On the other hand, the 
mean HbA1c in another Egyptian study conducted by 
Tawfik et al. [30] and included 80 diabetic children at 
Menoufya governorate was closer to our study (9.4%). 
Such variation in the level of control of DM in different 
countries might reflect a spectrum of socio-cultural and 
environmental factors that might interfere with the patient 
compliance to dietary control and insulin therapy as well 
as the lack of awareness of how serious the complications 
of poorly controlled diabetes. 

BMI is related mainly to the degree of control of DM. 
Bad control of metabolism could result in ketoacidosis 
and its complications, hypoglycemia, and poor growth 
[4]. In spite of that T1DM is an insulin-deficient disorder, 
features of insulin resistance are increasingly common 
[34]. Weight gain that occurs due to intensive insulin 
therapy in patients with T1DM could be attributed to 
decreased glycosuria and improved energy utilization and 
better dietary flexibility [33]. 

In the current study, body mass index (BMI) was above the 
95th percentile in 7% of enrolled diabetics, between the 5th 
and the 95th in 47% and below the 5th in 46% of them while 
all controls had BMI between the 5th and the 95th percentiles 
(p=0.0071, <0.0001 and <0.0001, respectively). This 
result is different from that obtained by Nansel et al [33] 
who found overweight in 35% of their diabetic children 
and Habeeb et al. [27] who reported BMI˃85% in 40% 
of their studied sample. The high frequency of low BMI 
among our cases could be explained by poor control of 
diabetes and less compliance to insulin therapy as proved 
by the recorded high mean values of RBS and HbA1c. 

Microalbuminuria was the most frequently recorded 
complication in our studied diabetics (61%) followed by 
hypertension (16%) while hypercholesterolemia was the 
least (7%). Other complications included neuropathy, 
retinopathy, and hypertriglyceridemia (9% for each). 

Demirel et al. [35] conducted a cross-sectional study on 
children with T1DM who were over 11 years of age or 
had diabetes duration of two years and found that the 
frequency of neuropathy and micro albuminuria to be 
about 0.6% and 16.1%. None of their patients had diabetic 
retinopathy. Hypertension and dyslipidemia rates were 
12.3% and 30.3%, respectively. The differences between 
our findings and those of Demirel et al. [35] could be due 
to the different mean age and disease duration of their 
study compared to ours. 

In general, nephropathy is the commonest well known 
micro vascular complication in adolescents with T1DM 
and the one with the earliest onset. Cho et al. [36] and 
Harjutsalo et al. [37] reported micro albuminuria rates 
of 3% and 25.4%, respectively which were found to be 
dependent on disease duration. The reported rate of the 
same complication was much higher in our study (61%) 
and could be attributed to poorer control of the disease in 
our enrolled diabetics compared to theirs.

On the other hand, the current studied diabetic sample 
included 74 adolescents (74%) compared to 72 of controls; 
22 of them showed delayed puberty (29.73%) compared 
to none of controls; X2=34.29, p<0.0001.The same results 
were obtained also by Elamin et al. [38] and Rohrer et al. 
[39] who reported similar delay in the mean age of puberty 
in adolescents with T1DM in Sudan and Germany. Elamin 
et al. [38] related that delay in puberty in T1DM to the 
long disease duration and high concentration of HbA1c; 
similar explanation is also applicable in our study. 

The relation between T1DM and IL2RA locus was 
identified by Vella et al. [20] using a multi-locus genetically 
associated tests. They employed a tag single nucleotide 
polymorphism (SNP) approach in a large sample of 
T1DM (7,457 patients and controls and 725 multiplex 
families) and documented a strong statistical association 
of a locus in IL2RA region and the disease. Such finding 
was replicated by Qu et al. [40] who found a highly 
significant association between 2 intronic SNPs (rs706778 
and rs3118470) in the 5´ terminal of IL2RA gene and 
T1DM while other 10 studied SNPs failed to show similar 
association. Similarly, Kawasaki et al. [41] had found a 
significant association of rs706778 and also rs3118470 
with an increased risk of the T1DM unlike 2 other studied 
SNPs. T1D Genetics Consortium (T1DGC), in a trial to 
confirm and finally map the reported associations between 
the different SNPs and T1DM collected DNA samples 
from affected sib pair (ASP) families and genotyped 
polymorphic markers. Such mapping documented the 
significant association betweenrs706778 polymorphism 
and T1DM although it was not the most associated SNP 
with the disease [42]. 

In the current study, the AA and AG genotypes of IL2AR/
CD25 rs706778 were significantly more prevalent among 
studied diabetics compared to controls (OR=17.4103, 
5.4444, respectively); P<0.0001 for both. Furthermore, 
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the mutant allele A was significantly more prevalent 
among diabetics while the G allele was significantly more 
prevalent among controls (OR=13.6316; P<0.0001). 
Different studies in Europe found similar relations 
of different degrees between T1DM and IL2RA 
polymorphisms including Belgium [43], Finland [44] and 
Poland [45] with ORs =1.59, 1.5 and 1.3, respectively. 
Furthermore, Kawasaki et al. [41] found that “A” allele of 
IL2AR rs706778 to be significantly higher in patients with 
T1DM with an odd Ratio of 1.32. Relation of these alleles 
is secondary to the association of HLA-DR alleles of the 
HLA class II with T1DM in many ethnic groups [7].

In Egypt, two studies evaluated the distribution of CTLA-
4 (+49 A/G) gene variants and their association with 
the clinical and laboratory findings in Egyptian diabetic 
children. Tawfik et al. [30] found AA, AG and GG 
genotypes of CTLA-4 polymorphism in 42.5%, 52.5% 
and 5%, respectively of their sample with T1DM with 
insignificant differences compared to controls. On the other 
hand, Arafa et al. [46] found AA genotype in 20%, AG in 
65% and GG in 15% with significant association between 
AG polymorphism and T1DM. To the best knowledge of 
the authors of the present study, this is the first study in 
the Middle East that investigated the potential association 
of T1DM, its age of onset, and related complications with 
IL2ARrs706778 polymorphism. 

Diabetics with AA genotype in the current study had 
significantly older onset of the disease compared to their 
peers with AG and GG genotypes. Those findings are 
different from the results obtained by Kawasaki et al. 
[41] and Fichna et al. [45] who excluded any association 
between age at onset of T1DM and IL2RA polymorphism. 
On the other hand, Aminkeng et al. [43] found that children 
with polymorphism in the IL2RA gene have younger 
age of onset than other diabetic patients but without any 
statistical significance; taking in consideration the fact 
that Aminkeng et al. [43] considered the early onset to 
be before 15 years of age. IL2RA gene is expressed in 
different cell types including β cells of pancreatic islets 
where its role as an IFN-γ down-regulator is protective 
against cytokine mediated apoptosis. Such protective 
function of the gene if weakened or lost could affect the 
age of onset of T1DM [47]. 

On the other hand, GG genotype was significantly more 
prevalent among our diabetics with delayed puberty while 
positive family history of DM was significantly more 
encountered in diabetics with AA and AG genotypes. It is 
well known that genetic factors has a pivotal key role in 
disease development, for instance, the risk for diabetes in 
patient siblings is much higher than its risk in the general 
population [48]. There is only one available study that 
evaluated and disproved the association of IL2RA gene 
polymorphism with family history of T1DM [43]. 

Łuczy´nski et al. [49] found that overweight and 
obesity to be associated with gene SNP in both control 

and diabetic children but the effect was less in diabetic 
children. In contrast, Aminkeng et al. [43] reported 
insignificant association between genotypes and BMI. 
Furthermore, Nansel et al. [33] found similar prevalence 
of overweight and obesity in the general United States 
youths and diabetics. In the current study, higher BMI was 
significantly more encountered in enrolled diabetics with 
AA and AG genotypes

In general, DM is associated with high risk of 
cardiovascular disorders (CVD) due to shared 
pathological pathways of inflammation and endothelial 
dysfunction [50] but in T1DM, it is not common to 
develop CVD without kidney impairment [34]. On 
the other hand, some researchers found significant 
association between retinopathy or nephropathy and 
HLA class I or II but other researchers have failed to 
show such association. Meanwhile, MHC Class II 
genes are considered as significant protective elements 
against one or more of the micro vascular complications 
of DM [51]. Diabetic nephropathy runs in families 
and retinopathy is another damaging micro vascular 
complication that has inherited causes [52].  

Finally, Monti et al. [53] found that DM complications 
(neuropathy, retinopathy, and nephropathy) were more 
common in patients with family history of DM compared 
to those without such history suggesting a genetic basis 
for these complications. Interestingly, AG genotype 
was significantly more prevalent among our studied 
diabetics with neuropathy, retinopathy, microalbuminuria, 
hypertriglyceridemia and hypercholesterolemia compared 
to studied diabetics without such complications.

Conclusion
T1DM was significantly associated with IL2RArs706778 
polymorphism in the current study, and it appears to be a 
risk factor for its age of onset and the development of its 
complications.

Study Limitations and Future Scope
The current study enrolled 100 type 1 diabetics and 100 
controls of comparable age and sex which might be 
considered as inadequate sample to generalize its findings. 
Also the value of the statistical significance of the reported 
ORs of the studied genotypes and alleles in our diabetics 
compared to controls is compromised by the relatively wide 
confidence interval. Accordingly, it is recommended to 
conduct a future nationwide screening of IL2RArs706778 
polymorphism in Egyptian diabetics as well as healthy 
controls of comparable age and sex focusing on those 
with positive family history of the disease to explore if 
the results of our novel study could be generalized or not. 
Finally, it is wise to apply strict monitoring of HbA1c 
with implementation of rigid dietary control and proper 
adjustment of insulin dosage for our diabetics to attain a 
better degree of disease control and reduce the prevalence 
of its serious complications among them.
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