Genotypic and Phenotypic Expression of Disease in Type I Diabetic Children Exclusively Breastfed in Infancy
Naglaa F. Alhusseini, MD**, Amal Idris, MD**, Azza MA Abul-Fadl, MD*,
 Duaa El-Refae, MD*, Heba Rasmy, MSc*

Benha Faculty of Medicine, Pediatric Department* and Biochemistry and Molecular Biology Department**

Abstract

Background: Exposure to infant milk formula (IMF) or cow's milk in the first year of life and its association with susceptibility genes has attracted much attention in their possible role in inducing autoimmune destruction of islet beta cells and Type 1 Diabetes (T1D).
Aim: To investigate the relationship between exclusivity and duration of breastfeeding and the genetic basis of this disease in patients with TID.

Methods: The study included 24 diabetic children with TID matched with 21 controls. All the children were exposed to detailed history of the disease process and anthropometry for weight, height and body mass index. Blood samples were collected from all 45 cases for measuring HLA-DRB1 allelic polymorphism for the susceptible genes of HLA-DRB1 0301, 0302, 0401 and 0402 by polymerase chain reaction sequence specific primer (PCR-SSP) done by genomic DNA extraction using Genomic DNA purification kits.

Results: Allelic polymorphism for the susceptible genes of HLA-RB1 were shown to be higher in the diabetic group compared to the control group especially for the 0302 and 0401 alleles at P<0.05, but was not significant for HLA-RB1-0301 and 0402 at P>0.05. TID cases who were exposed to IMF early in life exhibited earlier onset of the disease, more frequent episodes of DKA and significantly higher BMI at P<0.05.
Conclusions: Exclusive breastfeeding in the first 6 months of life exerts protection against TID most possibly by promoting complete maturation of gene expression. While exposure to other milks early in life may exert gene modulatory effects and amplify allelic polymorphism increasing susceptibility to the disease. 

________________________________________________________________________________

Introduction

Diabetes mellitus affects over 200 million people worldwide and is one of the most rapidly growing diseases worldwide, rising at the rate of 3 per annum, mostly among children, and is a prime cause of excess cardiovascular morbidity and mortality(1). Type 1 diabetes mellitus (T1D) accounts for 10% of all diabetes cases (2). It has been long established that approximately half of the genetic risk for T1D is conferred by the genomic region harboring the human leukocyte antigen HLA class II genes (primarily HLA-DRB1, -DQA1 and -DQB1 genes), which encode the highly polymorphic antigen-presenting proteins. The greatest risk arises when both haplotypes are present in the same individual (3,4). 

Increasing environmental pressure may widen the array of susceptible genotypes (5). Exposure to certain food components in the first year of life seems to be critical in the onset of islet autoimmunity for young children (6). Critical to this is that children initially exposed infant milk formula (IMF) or cow's milk in the early months of life who demonstrated an increased risk of islet autoimmunity compared with exclusively breastfed for six months (7,8). 

However, some prospective studies in genetically selected children have found only a weak association between breastfeeding duration or timing of exposure to cow’s milk and islet autoimmunity indicating that an antigenic basis for the association between TID and cow’s milk is unlikely. The elevated immune response to cow’s milk proteins in T1D may be interpreted as an association between increased gut reactivity and T1D risk, perhaps accentuated by the T1D risk HLA DR3-DQ2 haplotype, rather than an association with milk antigens specifically (9,10). It is also possible that appearance of cow’s milk antibodies is a consequence, rather than a cause of the diabetogenic process, resulting from chance antigenic cross reactivity between cow’s milk and pancreatic b-cell peptides, with the resulting antibodies playing no direct role in T1D (11, 12,13,14,15). 

This controversy has prompted us to investigate the relationship between exclusivity and duration of breastfeeding and the genetic basis of this disease in such infants within Egyptian settings.

Subjects and Methods

This is a retrospective cross sectional case control observational study including 45 subjects whose age ranged from 5 to 11 years, attending Pediatric Department Benha University Hospital for management and follow up of TID, during the period from June 2010 to January 2011. Ethical considerations included consent from the hospitals and from the parents and explanation to the cases of the procedure and its outcome to them and their family. The case selection was based on the following: Group (1a) with 12 children who gave a history of being exclusively breastfed, and Group (1b) 12 children who gave a history of mixed or artificial formula or cow milk from the early months of life. These were age and sex matched with the 24 cases of TID (Group 2) who were subdivided according to their history of infant feeding  practices into group (2a) exclusively breastfed (12 cases) and group (2b): who gave a history of mixed or artificial formula or cow milk in the early months of life (12 cases). The TID cases presented with clinical symptoms of polyuria, polydypsia, polyphagia and weight loss. Their laboratory diagnosis was confirmed by fasting glucose and C peptide <0.2 pmol/ml (type 1diabetes). They were subjected to a thorough history taking and Clinical examination with special emphasis on age at the onset of diabetes duration of diabetes, degree of glycemic control, known by the frequency of hypo and/or hyperglycemic episodes during the 2 years prior to the study, family history (of TID or autoimmune disease) and dietetic history the first two years of life including intake of milk (breast milk and breast milk substitutes—bottled cow’s milk, milk-based formula, soy milk formula) and food (cereals , fruit, vegetables, steamed bread , brand and any other food) Anthropometric measurements  included weight (wt) to the nearest gram, standing height (ht) to the nearest cm and body mass index (BMI) using the formula of wt in kg/ht in meters squared. The skin, teeth and abdomen were examined to exclude any liver enlargement suggestive of fatty liver. Fundus examination was done to detect retinopathy by direct ophthalmoscope. Laboratory investigations included: serum Thyrotrophin-stimulating hormone (TSH) and thyroxine (T4) by imuno-assays, to exclude auto immune thyroiditis serum triglycerides and cholesterol and mean glycosylated hemoglobin (HbA1c), serum creatinine SGPT and urinary albumin excretion (UAE): It was repeated on three occasions one month apart. UAE was determined in relation to urinary creatinine. Microalbuminuria was defined when two of three samples showed an excretion rate of 30-300 ug/mg urine creatinine. 
HLA-DRB1 polymorphism analysis using polymerase chain reaction sequence specific primer (PCR-SSP) was done by genomic DNA extraction using Genomic DNA purification kits of Fermetas in Germany, following the manufacture instructions and according to standard protocols .(16) .
The extracted DNA was checked for quality and purity by run on agarose gel (1%) and then stored at -20oC until further processing. Measurement of samples extracted DNA concentrations as done by UV Spectrophotometer (17). Primers were designed for amplification of DRB1 (0301, 0302, 0401 0402, alleles). Amplification was done using Dream Taq Green PCR Master Mix (2x) supplied by Fermentas, Germany. G storm thermal cycler U.K was used for amplification according to the following program: initial denaturation at 95 ºC for 3 min., 35 cycles of denaturation at 95 ºC for 1 min, annealing at 52 ºC for 1 min and extension at 72 ºC for 2 min., followed by final extension at 72 ºC for 10 min. then hold at 4ºC. The amplified DNA was analyzed by electrophoresis. About 10 μL of each reaction mixture and 1000 base pair (bp) ladder(Molecular weight marker) was separated on 2% agarose gel containing 0.3 ug mL−1 of ethidium bromide. The bands were visualized using UV Transilluminator (254 nm) and photographed using a digital camera 8 mega pixel. The image was transferred to be analyzed by computer software (Alpha InnoTech Gel Documentation System). (18). Anti-contamination measures included: Aerosol resistant pipette tips were used to handle all liquids; separate areas were used to set up amplification reactions, and add DNA template; amplification products were analyzed in another laboratory, multiple water blanks were included as negative controls in every analysis.

Statistical analysis: The collected data was tabulated and analyzed using SPSS (Statistical package for social sciences) version 17 soft ware and Microsoft Office Excel was used for data processing and data analysis. Categorical data were presented as number and percentages while quantitative data were expressed as mean and standard deviation. Chi square test (X2), “Z” test, student “t” test and ANOVA (F) test were used as tests of significance. The cut off level of significance is at 0.05. Correlation coefficient estimation was done using Pearson’s Product correlation coefficient: it evaluates the linear association between 2 quantitative variables (an independent variable, X and a dependent variable Y) with values of “r” ranging from -1 to 1. 

Results

The 45 cases included 24 females and 21 males. Their ages ranged from 5 to 11years with a mean of 9.1 + 1.7years in control, and 7.7 + 2.01 years in diabetic group. 

Allelic polymorphism for the susceptible genes of HLA-DRB1 were  shown to be higher in the diabetic group compared to the control group especially for the 0302 and 0401 alleles at P<0.05 but was not significant for HLA-DRB1-0301 and 0402 at P>0.05 as shown in table (1). 

During the first six months of age there was higher percentage of cow based formula (52.4%) taken by control group more than the diabetic group (8.3%) but there was higher percentage of both raw cow milk and soya based formula in diabetic group (45.8%, 8.3%) than the control group (9.5%, 0%) at p=0.001). Also there was significant higher percentage (X2=29.1, p=0.001) of store brand named formulas [Similac, Nestle, and Enfamil] (12.5%), carbohydrate diet (12.5%), and vegetables (25%) taken by diabetic group more than non diabetic group (4.8%, 4.8%, and 0%) at P<0.001 as shown in figure (1).

Significant differences were found in the TID group in relation to type of feeding regarding both weight (t=5.08, p<0.05) and BMI (t=4.9, p=0.001) which appeared higher in the formula fed, but not height. Also age of onset was significantly earlier in the mixed and formula fed (3+1 and 2.16+1.16 years) compared to 4+2.1 years in the exclusively breastfed (EBF). Diabetic Ketoacidosis (DKA) attacks were also significantly higher in the formula fed (2.33+0.52 and 2.5+1.38)  in the mixed and formula fed compared to 1.4+0.67 times in the EBF children the DIT, as shown in table (2).

With regards to early feeding practices the allelic polymorphism for susceptible genes of TID were significantly higher in those exposed to infant milk formula for the HLA-DRB1 0302 at P<0.05 but not for HLA-DRB1 0301, 0401 and 0402 at P>0.05 as shown in Figure (2). However the percent distribution for all alleles for TID susceptibility were high in those who were exclusive breastfeeding as shown in table (3). Also gene expression for allelic polymorphism was statistically significantly higher in the exclusively breastfed control subjects compared to IMF and mixed groups at P<0.05 at shown in table (4).

In relation to homozygosity and heterozygosity of DRB1*03 and *04 alleles found in this study there was higher percentage of HLADRB1*03 Homozygosity (37.5%) in control more than diabetic group (34.8%) while there was higher percentage of HLADRB1*03 heterozygosity (in the diabetic group(34.8% versus 0%) especially in 03/04, and 03/07 as shown in table (5).
Discussion

Our study showed that a considerable proportion of the children with TID were exposed to IMF brands and cereals. Many studies have demonstrated similar findings, indicating that exclusive breastfeeding protects against TID(8,9,10,11,12,13). Still it remains a controversial issue as there is some disagreement between studies (19). However Gerstein(20) performed a meta-analysis of retrospective case-control studies which showed that short-term breastfeeding (for 3 months) was associated with an increased risk of type 1 diabetes, with an odds ratio (OR) of 1.43. Most prospective studies that have explored the association between breastfeeding and the emergence of b-cell autoimmunity have reported that breastfeeding has no effect (21,22). While the studies that have indicated that short-term breastfeeding may be a risk factor for the appearance of signs of b-cell autoimmunity looked at overall breastfeeding without any differentiation between exclusive and partial or full breastfeeding (23). 

A nutrition intervention trial pilot to reduce IDDM in the genetically at risk were randomized at weaning to either a highly hydrolyzed formula or a conventional cow milk–based formula before the age of 8 months, follow-up to a mean age of 4.7 years resulted in a decrease in most signs of b cell autoimmunity in the range of 50–60% (24). 

In our study, we noticed that gene expression for polymorphism of the HLA-DRB1 alleles was high among the exclusively breastfed, whereas allelic polymorphism was low among those who were exposed to IMF brands or cows milk, indicating that IMF may have an effect on modulating gene expression by interfering with allelic polymorphism. Hence for the disease to be expressed in an individual all the alleles of the susceptible gene needed to present. While in those exposed to IMF or other milks any representation of the susceptible allele results in amplification of gene expression triggering the disease process. Furthermore phenotypic features of the disease were more severe in the IMF fed group as the disease appeared earlier and ran a severer course with more attacks of DKA. Also BMI was higher in this groups indicating the cross reactivity with other genes that predispose to obesity may even accentuate the clinical picture and course of the disease.

Epigenetics is the study of changes in phenotype or gene expression caused by mechanisms other than changes in the underlying DNA sequence. The former changes are in most cases environmentally induced. There is a series of dietary components associated with altered DNA methylation (25). 

It has been hypothesized that epigenetic changes in early life that lead to chromatin remodeling and regulation of gene expression underlie the developmental programming of obesity, type 2 diabetes, and the metabolic syndrome(26). Accumulated evidence suggests that the environment modifies the immune system through epigenetic mechanisms (ie, altered T cell DNA methylation) to induce systemic lupus erythematosus, which raises the possibility that epigenetics contributes to the development of other forms of autoimmunity as well(25).

In our series early infant feeding practices seemed to affect and control on the disease process by modulating gene expression. While with formula feeding there is more cross reactivity between genes, hence the predisposition to immune reactions and early appearance of antibodies with cross reactivity with body cells and tissues. The breast milk which orchestrates the genes of disease susceptibility and immune system maturation is suddenly interrupted by a competitor that is not only there on temporary basis but is there to take over and replace Breastmilk during this critical period of growth, development, functional differentiation and maturation of the immune system and the genetic susceptibility. 

Breast milk is rich in omega 3 polyunsaturated fatty acids, while it low or ineffective in cow's base formula (27). Several randomized control trials showed that code liver oil, and exposure to omega 3 polyunsaturated fatty acids resulted in reduced risk of TID in the trial groups (28,29,30). The omega 3 polyunsaturated fatty acids probably exerts its effect on DNA synthesis and gene modulation (31,32,33). This could explain the mechanism whereby exclusive breastfeeding acts to mature the genotype and phenotypic pictures of various conditions and diseases in individuals. 

We conclude that early infant feeding play an important role in the genetic and phenotypic expression of TID. Early exposure to IMF and cereal manufactured and processed brands probably weaken gene expression by modulating its alleles, amplifying their effect and increasing susceptibility to the disease. They may also cross react with other genes augmenting the presentation and phenotypic features of the diseases and worsening its course and hastening progress and complications. 

Moreover combinations of susceptibility genes interact with environmental modifiers to precipitate autoimmune destruction of islet beta cells and T1D. This interaction has become increasingly penetrant in recent decades. Although the major genetic determinant the HLA on chromosome 6 has been known for decades, recent advances in genetic technology coupled with deoxyribonucleic acid (DNA) collections have resulted in an explosion of information on the genetic determinants of autoimmune diabetes. To date, more than 40 predisposing loci have been identified and hundreds are in the pipeline but the molecular effects of most remain to be determined (5). It remains to reveal how Breastmilk and exclusive breastfeeding can play a role in the expression of these genes.
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Figure (1) A Comparison of the Infant feeding practices in the grups under study
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Fig (2): Gel electrophoresis of the amplified products of targeted HLA- DRB1 genes alleles 
 M; DNA marker (1000bp ladder) Lanes 1,4,5 indicate 212bp amplified product bands for  0301 and 0302. Lanes 2,3 indicated 197bp, 376bp bands for 0401and 0402 alleles . 

Table 1 Distribution of the study groups according to allelic polymorphism of susceptible genes.

	            Group

Alleles
	Control (n=21)
	Diabetic (n=24)
	Z
	P

	HLA-DRB1

0301

0302

0401

0402
	6(28.6%)

4(19.1%)

3(14.3%)

1(4.8%)
	12(50%)

16(66.7%)

11(45.8%)

3(12.5%)
	1.46

-3.2

-2.3

-0.91
	>0.05

< 0.001

< 0.05

>0.05


Table 2: Comparison of growth parameters and clinical profile of the TID patients according to their mode of feeding in early infancy.

	           Group

Parameter


	Exclusive

n=12
Mean ±SD
	Mixed

n=6
Mean ±SD
	Artificial

n=6
Mean ±SD
	F
	P

	Weight(kg)
	20±4.4
	25±2.7
	25.8±4.6
	5.08
	<0.05

	Height(cm)
	117.5±12
	111.8±5
	113.5±6.9
	0.798
	>0.05

	BMI
	14.5±0.8
	20±1
	20±2.16
	4.9
	< 0.001

	Onset of DM(y)
	4.4±2.1
	3±1
	2.16±1.16
	3.78
	<0.05

	DKA(no of attacks)
	1.42+0.67
	2.33+0.52
	2.5+ 1.38
	4.06
	<0.05


Table (3): Allelic polymorphism of the susceptible genes of type1 DM accoridng to the mode of feeding in early infancy.

	Group

Alleles
	Exclusive

n=12
	Mixed

n=6
	Artificial

N=6
	X2
	P

	HLA-DRB1

0301

0302

0401

0402
	5(41.7%)

8(66.7%)

5(41.7%)

1(8.3%)
	4(66.7%)

6(100%)

0(0%)

0(0%)
	3(50%)

2(33%)

1(16.5%)

2(33%)
	1

6

3.5

3.4
	>0.05

< 0.05

>0.05

>0.05


Table (4): Distribution of allelic polymorphism of the susceptible genes in the control group according to the mode of feeding in early infancy.

	Group

Alleles
	Exclusive

n=12
	Mixed

n=6
	Artificial

n=6
	X2
	P

	HLADRB1

0301

0302

0401

0402
	5(45.5%)

4(63.4%)

2(18.2%)

1(9.1%)
	1(16.7%)

0(0%)

1(16.7%)

0(0%)
	0(0%)

0(0%)

0(00%)

0(0%)
	3.55

4.49

0.83

0.96
	>0.05

>0.05

>0.05

>0.05


Table (5): Percent frequency of HLA-DRB1*03 and HLA-DRB1*04

Homozygosity and heterozygosity among the study groups;

	Group

HLA-DRB1
	Control  (n=8)
	Diabetic  (n=23)

	03/03
	3 (37.5%)
	8 (34.8%)

	03/04
	0 (0%)
	8 (34.8%)

	04/04
	1 (12.5%)
	3 (13.0%)

	03/nt(not tested)
	4 (50.0%)
	4 (17.2%)


التعبير الجينى والنمطى الظاهرى لمرض السكر( النوع الأول) مع الرضاعة الطبيعية الحصرية عند الأطفال الرضع

الدكتورة/ نجلاء الحسينى** – الأستاذة الدكتورة/أمال إدريس** - الأستاذة الدكتورة/عزة محمد عبد المنعم أبو الفضل* -  الدكتورة/ دعاء الرفاعى *- الدكتورة/هبة رسمى*
أقسام الأطفال * و الكيمياء الحيوية و البيولوجية الجزيئية** بكلية الطب بجامعة بنها 

المقدمة : إن مرض السكر يعتبر  واحد من أهم ألامراض المنتشرة في ألعالم ويعتبر سبب هام لأمراض القلب والأوعية الدموية . إن النوع الأول لمرض السكريمثل 10 % من مرضى السكر وسببه تكسيرخلايا "ب" فى الينكرياس المنتجة للإنسولين وينقسم إلى نوعين نوع غير معروف السبب ونوع نتيجة التآكل المناعى وهذاالنوع الثانى هو الأكثر وسببه تكسير خلايا "ب"  لنفسها نتيجة تفاعل العوامل الجينية مع العوامل البيئية .

ومن أهم العوامل البيئية الإلتهابات الفيروسية والعوامل الغذائية خاصة طبيعة الرضاعة والطعام خلال السنة الأولى من عمر الطفل حيث وجدت بعض الدراسات أن إدخال اللبن البقرى للطفل خلال الشهور الأولى من العمريزيد من حدوث النوع الأول من مرض السكرلإحتوائه على بروتين يشبه بروتين خلايا  "ب"  فى البنكرياس. 

ولكن البعض الآخر من الدراسات وجد انها نتيجة تأثير بروتين اللبن البقرى على بعض الجينات خاصة ( إتش إل أ  دى آر3 دى كيو2  ).

ومن ثم فإن الهدف من هذه الدراسة هو معرفة العلاقة بين الرضاعة الطبيعية والأسس الوراثية فى ظهور النوع الأول لمرض السكرعند الأطفال. 

طرق البحث :اجريت الدراسة على عدد 24 طفل مريض بالنوع الأول لمرض السكر و21 طفل أصحاء كمجموعة حاكمة . وقد أجريت على الأطفال الفحوصات الطبية وتشمل 1- فحوصات معملية فى الدم(نسبة سكر صائم وساعتين بعد الأكل ,وظائف كبد  ووظائف  كلى  وتحليل بول) 2- تحليل الهندسة الوراثية  لجينات (جين  إتش إل أ  دى آرب 1) بإستخدام تحليل ال بى سى آر.

النتائج والخلاصة: الرضاعة الطبيعية الحصرية خلال ال 6 أشهر الأولى من حياة الطفل تمارس الحماية ضد النوع الأول لمرض السكر . ربما عن طريق تعزيز النضج الكامل في التعبير الجيني. في حين التعرض لأنواع اخرى من الحليب و بالأخص اللبن الصناعى في الشهور الأولى من حياة الطفل يؤدى الى تأثيرات جينية و زيادة قابلية تعدد الأشكال والمضاعفات لهذا المرض.
