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Background: Type 1 diabetes (T1D) is a T-cell mediated autoimmune 

disease. Protein  tyrosine phosphatase non-receptor type 22 (PTPN22) gene 

is a powerful inhibitor of T-cell activation. The single nucleotide 

polymorphism (SNP) of PTPN22 1858C>T is a gain-of-function increasing 

reactivity of immune system and risk of autoimmune diseases. Our aim was 

to evaluate PTPN22 1858C>T gene polymorphism in T1D and diabetic 

complications risk in Egyptian pediatric patients. 

Methods: PTPN22 1858C>T gene polymorphism was analyzed using 

polymerase chain reaction-restriction fragment length polymorphism (PCR-

RFLP) assay in 50 T1D pediatric patients and 100 healthy control subjects 

matched on age and sex.   

 

Results: The frequency of wild genotype CC was statistically higher among 

controls (92%) versus T1D patients (74%), while the mutant CT/TT 

genotypes were statistically higher among patients (26%) versus controls 

(8%) (p=0.003). Higher mutant T allele frequency in patients (17%) versus 

controls (4%) was found, while C allele showed higher frequency among 

controls (96%) versus patients (83%) (P < 0.001). 

 

Mutant  genotypes CT/TT showed stat ist ically significant higher 

frequencies among T1D patients with hypoglycaemic attacks, fundus 

abnormalities and peripheral neuropathy (p=0.029, p=0.001 and p=0.002), 

respectively.  

 

Conclusion: Our study revealed the role of PTPN22 1858C>T gene 

polymorphism in T1D; thus, it may be concidered as a genetic risk factor in 

T1D and diabetic complications in Egyptian pediatric patients. 
 

Copy Right, IJAR, 2015,. All rights reserved 

 

 

INTRODUCTION  

 
Type 1 diabetes (T1D) is a T-cell mediated autoimmune disease leading to autoimmune destruction of insulin-

producing β-cells in the pancreas and loss of insulin secretion resulting in severe hyperglycaemia. T1D results from 

a complex interaction between environmental and genetic factors 
(1)

. The increased incidence rates for T1D observed 

in monozygotic twins and other relatives of patients suggest that some fraction of the disease risk is inherited 
(2)

.
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Several gene polymorphisms have been identified as pathogenic risk factors for the development and progression of 

T1D 
(3-6)

. 

 Family of protein tyrosine phosphatases (PTPs) are involved in preventing spontaneous T-cell activation by 

dephosphorylating and inactivating T-cell receptor-associated kinases and their substrates 
(7)

. PTPs act in a 

coordinated manner with protein tyrosine kinases to control cell signaling thereby regulating various physiological 

processes through formation of a complex with C-terminal Src Kinase (CSK) and suppression of the downstream 

mediators of T-cell receptor (TCR) signalling 
(8,9)

. Malfunctioning of PTPs has major pathological implications 
(10)

. 

Protein tyrosine phosphatase non-receptor type 22 (PTPN22) gene is localized on chromosome 1p13.3-13.1 

encoding for an 807-amino acid residue protein referred to as lymphoid tyrosine phosphatase (LYP), a powerful 

inhibitor of T-cell activation. In conjunction with protein tyrosine kinases, LYP restricts the response to antigens by 

disrupting protein tyrosine phosphorylation events that control cell activation and differentiation. Subsequently, this 

negative control mechanism prevents spontaneous T-cell activation and reverts activated T-blasts to a resting 

phenotype 
(11)

. 

The single nucleotide polymorphism (SNP) of PTPN22 1858C>T is the change of cytosine to thymidine at 

nucleotide 1858 in exon 14. PTPN22 1858C>T SNP leads to the substitution of arginine (R) with tryptophan (W) at 

codon 620 in LYP (R620W) located in the N-terminal proline-rich motif  that binds LYP to the SH3 domain in CSK 

leading to a gain-of-function form of the protein
(12)

.In vitro experiments showed that only LYP with arginine 620 

(allele 1858C) forms a complex with T-cell receptor-associated kinases whereas LYP with tryptophan 620 (allele 

1858T) binds less efficiently
(13)

.Accordingly, the PTPN22 1858T allele raises the potential for a ‘hyper-reactive’ 

pathogenetic T-cell response where the TCR associated kinases might exhibit an uncontrolled Tcell induction, and 

this may increase the overall reactivity of the immune system thus predisposing an individual to autoimmune disease 
(12)

. 

Several studies showed that PTPN22 1858C>T gene polymorphism is associated with multiple autoimmune diseases 

and T1D 
(11, 14-18)

. Numerous studies revealed the correlation between 1858C>T SNP with rheumatoid artheritis (RA) 
(7, 13, 19-22)

, systemic lupus erythematosis (SLE) 
(8, 23, 24)

, T1D 
(11, 25, 26)

,
 
Graves' disease 

(9, 25, 27)
, Myasthenia Gravis 

(26)
 

and Wagners' granulomatosis 
(28)

. However, this association may be questionable for some of these diseases, such as 

SLE and RA, as a number of studies failed to demonstrate it 
(29, 30)

.
 
At the same time, no association was found with 

multiple sclerosis 
(31, 32)

, Crohn's disease 
(33-35)

, ulcerative colitis 
(35)

, psoriasis and psoriatic arthritis 
(32)

. 

Given the growing evidence that PTPN22 1858C>T gene polymorphism is associated with autoimmunity in general 

and T1D in specific as patients produce autoimmune antibodies against their own β-cells of pancreas, we analyzed 

this polymorphism in Egyptian pediatric patients with T1D and its association with diabetic complications . To our 

knowledge diabetic complications were not investigated with PTPN22 1858C>T gene polymorphism so far.   

 

Materials and methods 
Materials  

The present study included 50 pediatric patients with T1D together with 100 healthy age and sex matched controls. 

Both patients and controls were recruited from Pediatric Diabetes Endocrinology Outpatients Clinic of Beni-Suef 

University Hospital. The study design was approved by the Scientific Research Committee, Faculty of Medicine, 

Beni-Suef University. Data confidentiality was preserved according to the Revised Helsinki Declaration of Bioethics 

(2008)
 (36)

. Informed consent was obtained from all the parents of children who agreed and participated in this study. 

 Patients were subjected to [1] full history taking including age ,duration of disease, attacks of diabetic ketoacidosis 

(DKA) and attacks of hypoglycaemia, [2] full clinical examination including weight (Wt), height (Ht), body mass 

index (BMI) and peripheral neuropathy (p. neuropathy), [3] clinical investigations including fundus examination and 

[4] laboratory investigations including random blood sugar (RBS) and  glycated haemoglobin (HbA1c). The 

diagnosis of T1D was based on the 2010 Clinical Practice Recommendations of the American Diabetes Association 

(ADA)
 (37)

. Exclusion criteria were [1] suspected non-type 1 diabetes (type 2 diabetes, maturity-onset diabetes of the 

young (MODY) or secondary diabetes), [2] recent manifestations of active infection, [3] decline of enrolment into 

the study by patients or parents and [4] presence of other autoimmune disease. 

 

Methods 

DNA extraction 

 Peripheral blood samples of the patients were collected in tubes containing ethylenediaminetetraacetic acid (EDTA) 

for DNA isolation. The genomic DNA was extracted from each blood sample using QIAamp DNA mini Blood kit 

(cat. no.51304) {Qiagen, Germany} according to the manufacturer's instructions. 

PTPN22 1858C>T genotype analysis 
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PTPN22 1858C>T polymorphism was determined using polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP) assay. The PCR primers were: 5′-GAT AAT GTT GCT TCA ACG GAA TTT A-3′ 

(forward) and 5′-TCA CCA GCT TCC TCA ACC ACA-3′ (reverse) 
(38)

. 

PCR assay was performed for each sample in a final reaction volume of 25 μL, using 5 μL DNA, 12.5 μL universal 

master mix, 1 μL PTPN22 1858C>T forward primer, 1 μL PTPN22 1858C>T reversed primer, together with 5.5 μL 

distilled water (DW). 

The PCR conditions were as follows: 35 cycles of amplification consisting of denaturation at 94°C for 1 min, 

annealing at 55°C for 1 min, extension at 72°C for 1 min, followed by a final extension at 72°C for 10 min 
(38)

.All 

reactions were done using the thermal cycler Applied Biosystems (Perkin-Elmer 9600, USA). 

After amplification, the PCR products were treated with the restriction endonuclease XcmI (Fermentas Life 

Sciences, Cat. No. R0533S,) at 37°C overnight 
(38)

.The products were then resolved on 2% agarose gel 

electrophoresis containing ethidium bromide, then visualized using UV transilluminator. DNA molecular weight 

marker (QIAGEN GelPilot 50 bp Ladder (100) {cat no. 239025}) was used to assess the size of PCR-RFLP 

products. After digestion of the PCR product with XcmI, the amplicon with homozygous wild genotype CC remains 

uncut yielding a 218-bp band, whereas the amplicon with homozygous mutant genotype TT of PTPN22 is cleaved 

by XcmI yielding 174 and 44-bp fragments, while the amplicon with heterozygous mutant genotype CT yields three 

fragments of 218, 174 and 44-bp length (Figure 1). 

 

Statistical methods 

Data were analyzed using SPSS win statistical package version 17. Numerical data were expressed as mean and 

standard deviation or median and range as appropriate. Qualitative data were expressed as frequency and percentage. 

Chi-square test was used to examine the relation between qualitative variables. For quantitative data, comparison 

between two groups was done using Mann– Whitney test (non-parametric t-test). Odds ratio (OR) with its 95% 

confidence interval (CI) was used for risk estimation. A p-value < 0.05 was considered significant 
(39)

. 

 

Results 
Fifty T1D patients including 19 males (38%) and 31 females (62%) with mean age 10.8 ± 4.6 years were enrolled in 

our study .The control group comprised 100 healthy subjects including 39 males (39%) and 61 females (61%) with 

mean age 11 ± 4.2 years who were sex and age matched with patients group (P =0.906 and p= 0.823), respectively. 

As regards RBS (mg/dl) and HbA1c (%), the mean values were significantly higher in the patients group versus the 

control group 228.3±81.7 mg/dl ( 12.7± 4.5 mmol/L)versus 104.8±9.7 mg/dl (5.8±0.5 mmol/L) and 9.8±2.7 % 

versus 5.5±0.3 %, respectively (p < 0.001). 

The frequency of wild genotype CC of PTPN22 1858C>T gene polymorphism was statistically higher among 

control group (92%) versus T1D patients group (74%), while the mutant heterozygous CT and homozygous TT 

genotypes were found to have statistically higher frequency among T1D patients group (26%) versus control group 

(8%) (OR=4.041, 95%CI=1.547-10.551, p=0.003). Higher mutant T allele frequency in patients group (17%) was 

observed when compared with healthy control (4%), while C allele showed higher frequency among control group 

(96%) versus T1D patients group (83%) (OR=4.916, 95%CI=2.041-11.838, p < 0.001) (table1).  

When evaluating RBS and HbA1c at different cut off levels with PTPN22 genotype frequency among patients group, 

no statistically significant differences were found (p > 0.05) (table 2). 

As  regards age,  duration of disease, number of DKA attacks , number of hypoglycaemic attacks ,weight , height 

and BMI among  patients group, no statistically significant differences between  mutant and wild genotypes were 

found (p > 0.05) (table 3). Concerning  the same variables, only statistically  significant difference between  T and C 

alleles was found as  regards number of DKA attacks (p= 0.018) (table 4). 

When compar ing PTPN22 1858C>T genotype and allele frequencies as regards diabet ic  

complicat ions,  we found that  mutant  genotypes CT/TT showed  statistically significant higher 

frequencies among T1D patients with hypoglycaemic attacks, fundus abnormalities and peripheral neuropathy 

(OR=8.182, 95%CI=1.000-69.747, p=0.029) (OR=18.500, 95%CI=1.817-188.389, p=0.001) and (OR=8.267, 

95%CI=2.001-34.15, p=0.002), respectively (table 5). Mutant  T allele showed statistically significant higher 

frequencies among T1D patients with fundus abnormalities and peripheral neuropathy (OR=18.667, 95%CI=4.149-

83.977, p < 0.001) and (OR=7.118, 95%CI=2.303-22.002, p < 0.001), respectively (table 6).   

 

Table 1: Frequency of PTPN22 genotypes and alleles among studied groups 

P-value 95% CI OR Control 

Freq (%) 

T1D 

Freq (%) 

Genotype 
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0.003 

 

1.547-10.551 

 

 

4.041 

8(8.0%) 13(26.0%) Mutant TT/CT 

92(92.0%) 37(74.0%) Wild CC 

<0.001 2.041-11.838 4.916 4.0% 17.0% T 

96.0% 83.0% C 

 

 

Table 2: PTPN22 genotypes among patients group at RBS and HbA1c   cut off levels 

P-value 95% CI OR Genotype Freq (%) Variable 

Wild 

CC 

Mutant 

TT/CT 

 

- 

0.262 

 

0.864 

 

- 

0.419-24.417 

 

0.200-6.805 

 

1 

3.200 

 

1.167 

 

8(80 %) 

5(55.6 %) 

 

24(77.4 %) 

 

 

2(20.0 %) 

4(44.4 %) 

 

7(22.6 %) 

 

RBS (mg/ dl ) 

< 140(< 7.8 mmol/L) 

140-< 200 vs < 140 

(7.8- <11.1 vs< 7.8 mmol/L) 

≥ 200 vs < 140 

(≥ 11.1 vs < 7.8 mmol/L) 

 

- 

0.342 

 

- 

0.040-3.222 

 

1 

0.357 

 

 

7(87.5 %) 

30(71.4 %) 

 

1(12.5 %) 

12(28.6%) 

HbA1c  (%) 

< 7 

≥ 7 

 

 

Table 3: statistical comparison between PTPN22 genotypes among patients group as regards different studied 

variables 

P-value Genotype Variable 

 Wild 

CC 

Mutant 

TT/CT 

 

0.859 

 

10.9±4.5 

11 ( 2-18 ) 

 

10.5± 5 

10 ( 2-18 ) 

Age (years) 

Mean± SD 

Median 

 

0.334 

 

28.5± 21.9 

24 ( 1-84 ) 

 

57.1± 63.5 

36 (1-192 ) 

Duration (months) 

Mean± SD 

Median 

 

0.106 

 

1.2± 1.2 

1 (0-6 ) 

 

1.5± 0.9 

1 (0-3 ) 

No of DKA attacks 

Mean± SD 

Median 

 

0.220 

 

1.5± 1.5 

2 (0-5 ) 

 

2.1± 1.5 

2 ( 0-5 ) 

No of hypoglycaemic attacks 

Mean± SD 

Median 

 

0.506 

 

35.5± 15.2 

33 ( 11-67 ) 

 

37.8± 15.4 

36 ( 13-58 ) 

Wt ( kg ) 

Mean± SD 

Median 

 

0.912 

 

136.1± 24.4 

 

135.4± 26 

Ht ( cm ) 

Mean± SD 
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0.314 

 

18.4 ± 2.9 

 

19.9± 4.2 

BMI (kg/m
2
) 

Mean± SD 

 

Table 4: statistical comparison between PTPN22 alleles among patients group as regards different studied variables 

P-value            Allele Variable 

 C T 

 

0.883 

 

10.9 ± 4.5 

11 (2-18 ) 

 

10.6± 5.1 

10 ( 2-18 ) 

Age (years) 

    Mean± SD 

    Median 

 

0.302 

 

32.1± 32.2 

24 ( 1-192 ) 

 

54.3± 58.7 

36 ( 1-192 ) 

Duration (months) 

    Mean± SD 

    Median 

 

0.018 

 

1.3± 1.1 

1 ( 0-6 ) 

 

1.6± 0.9 

2 ( 0-3 ) 

No of DKA attacks 

    Mean± SD 

    Median 

 

0.089 

 

1.5± 1.5 

2 (0-5 ) 

 

2.3± 1.7 

2 ( 0-5 ) 

No of hypoglycemic attacks 

    Mean± SD 

    Median 

 

0.349 

 

35.6± 14.9 

36 ( 11-67 ) 

 

38.6± 16 

36 ( 13-58 ) 

Wt ( kg ) 

    Mean± SD 

    Median 

 

0.847 

 

136.1 ± 24.2 

 

135.2± 26.6 

Ht ( cm ) 

    Mean± SD 

 

0.149 

 

18.5 ± 2.9 

 

20.4± 4.7 

BMI (kg/m
2
) 

    Mean± SD 

 

Table 5: PTPN22 genotypes among patients group as regards diabetic complications 

P-value 95% CI OR   Genotype freq(%) Variable 

Wild 

CC 

Mutant 

TT/CT 

 

0.446 

 

0.252-21.372 

 

2.323 

 

31(72.1%)    

6(85.7 %) 

 

12(27.9 %) 

1(14.3 %) 

DKA  

YES 

NO 

 

0.029 

 

1-69.747 

 

8.182 

 

22(64.7 %) 

15(93.7 %) 

 

12(35.3 %) 

1(6.3 %) 

Hypoglycaemia 

YES 

NO 

 

0.001 

 

1.817-188.389 

 

18.500 

 

0(0.0 %) 

37(82.2 %) 

 

5(100.0 %) 

8(17.8 %) 

Fundus abnormalities 

YES 

NO 

 

0.002 

 

2.001-34.155 

 

8.267 

 

6(42.9 %) 

31(86.1 %) 

 

8(57.1 %) 

5(13.9 %) 

P.neuropathy 

YES 

NO 

 

Table 6: PTPN22 alleles among the patients group as regards diabetic complications 

P-value 95% CI  

OR 

     Allele % Variable 

C T 

 

0.290 

 

0.362-24.392 

 

2.971 

 

81.4 % 

92.1 % 

 

18.6 % 

7.1 % 

DKA 

YES 

NO 

 

0.050 

 

0.908-19.840 

 

4.245 

 

77.9 % 

93.7 % 

 

22.1 % 

6.3 % 

Hypoglycaemia 

YES 

NO 

 

<0.001 

 

4.149-83.977 

 

18.667 

 

30.0 % 

88.9 % 

 

70.0 % 

11.1 % 

Fundus abnormalities 

YES 

NO 
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<0.001 

 

2.303-22.002 

 

7.118 

 

60.7 % 

91.7 % 

 

39.3 % 

8.3 % 

P.neuropathy 

YES 

NO 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: PCR-RFLP analysis of PTPN22 (1858C>T) gene polymorphism using XcmI restriction enzyme analysis 

by agarose gel electrophoresis: 

M: DNA molecular weight marker (50–500 bp) 

Lanes 1, 2, 3, 5, 7, 9, 10, 11, 12: homozygous wild genotype CC represented by one band at 218 bp.  

Lanes 4 and 8: heterozygous mutant genotype CT represented by three bands at 218, 174 and 44 bp. 

Lane 6: homozygous mutant genotype TT showing two bands at 174 and 44 bp. 

 

 

Discussion 
An increasing amount of investigations has associated the presence of the 1858C>T polymorphism in the PTPN22 

gene to the onset of several autoimmune diseases including T1D. Kyogoku et al. (2004) 
(23)

 proposed that the 

PTPN22 1858C>T gene polymorphism may predispose individuals to autoimmune diseases by facilitating the 

generation of certain disease-associated autoantibodies, thereby contributing to disease progression. Hermann et al. 

(2006) 
(40) 

showed evidence that the PTPN22 1858C>T variant regulates T1D specific autoimmunity and strongly 

affects the progression from preclinical to clinical diabetes.  

In our study, PTPN22 1858C>T gene polymorphism was compared among 50 Egyptian children with T1D versus 

100 normal age and sex matched healthy controls. We found that the frequency of CC wild genotype and C allele 

were statistically higher among control group versus T1D patients group, while the CT/TT mutant genotypes and T 

allele were found to have statistically higher frequency among T1D patients group versus control group.  

These findings are in agreement with those found by Bottini et al. (2004) 
(11)

, Maier and Wicker (2005) 
(41)

, Kahles et 

al. (2005) 
(42)

,  Zheng and She (2005) 
(43)

, Onengut-Gumuscu et al. (2006) 
(2)

, Chelala et al. (2007) 
(44)

, Santiago et al. 

(2007) 
(45)

, Zoledziewska et al. (2008) 
(46) 

, D'Silva et al. (2008) 
(47)

 and Zhebrun et al. (2011) 
(9)

.
 
 
 
Giza et al. 2013 

(48)
 
 

reported that mutant CT/TT genotypes as well as T allele were found more frequently in T1D patients than in 

healthy individuals but at non statistically significant level. 
  
Almasi et al. (2014) 

(49)
 reported that T allele frequency 

http://diabetes.diabetesjournals.org/search?author1=Weipeng+Zheng&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Jin-Xiong+She&sortspec=date&submit=Submit
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was significantly increased in T1D patients with Hashimoto's thyroiditis compared with T1D only indicating that 

T1D carriers of the T1858 allele could be at enhanced risk for other comorbid autoimmune disorders.  

The present study revealed absence of association between PTPN22 1858C>T gene polymorphism and glycaemic 

control as assessed by HbA1c. Bottini  and co-workers  (2006)
 (50)

 suggested the use of PTPN22 SNP as a prognostic 

factor for disease severity and variability in autoimmune diseases, but also requested further studies taking this point 

under investigation. Petrone et al. (2008)
 (6)

 found an association between the T allele of PTPN22 1858C>T and low 

fasting C-peptide (as a surrogate marker of residual beta-cell mass) and poorer glycemic control (HbA1c). Nielsen et 

al. (2011)
 (51)

 revealed no significant PTPN22 genotype differences in clinical and demographic data at diabetic 

disease onset.  The authors did not find any statistically significant difference between carriers of 

the PTPN22 variant and glycaemic control (HbA1c).   

Although our study provides another replication of the association of the PTPN22 1858C>T gene polymorphism 

with T1D, to our knowledge this studied genetic polymorphism was not investigated with diabetic complications 

so far. Our study analyzed PTPN22 1858C>T gene polymorphism with T1D and its association with diabetic 

complications in Egyptian pediatric patients. Statistically significant difference between T and C alleles was 

found as regards number of DKA attacks. Mutant  genotypes CT/TT showed statistically significant higher 

frequencies among T1D patients with hypoglycaemic attacks, fundus abnormalities and peripheral neuropathy. 

Mutant  T allele showed statistically significant higher frequency among T1D patients with fundus 

abnormalities and peripheral neuropathy. 

Several academic laboratories have begun small molecule inhibitors of LYP as a treatment of autoimmunity by 

reverting the gain-of-function of LYP-W620 and restoring normal levels of TCR signalling in autoimmune patients 

carrying the 1858T allele 
(50)

.Gianchecchi et al. (2013) 
(52)

 highlighted the pathogenic significance of the 1858C>T 

PTPN22 polymorphism in human autoimmunity with special reference to T1D. The authers reported that the genetic 

variation in PTPN22 was shown to induce altered function of T and B-lymphocytes and speculated on the possible 

development of novel therapeutic treatments in human autoimmunity aiming to selectively target the variant LYP 

protein in autoreactive T and B lymphocytes.  

In conclusion, our study revealed that PTPN22 1858C>T gene polymorphism may be considered as a genetic 

risk factor in T1D and diabet ic complicat ions in Egyptian paediatric patients.   

Further studies investigating PTPN22 1858C>T gene polymorphism with diabetic complications on larger 

populations are recommended. Also, further studies with sufficient information as regards the effect of the studied 

genetic polymorphism in the response to therapy are recommended.  

Conflicts of interest: The authors have no conflicts of interest to declare. The authors alone are responsible for the 

content and writing of the paper. The authors did not receive any funds from any source. 

Ethical considerations: All patients and parents of children patients or healthy controls included in this study gave 
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