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Type 1 diabetes is a multifactorial disease with an early 
age of onset, in which the insulin producing ß cell of the 
pancreas are destroyed because of autoimmunity. It is 
the second most common chronic disease in children 
and account for 5% to 10% of all diagnosed cases of 
diabetes. India is having an incidence of 10.6 cases/
year/100,000, and recent studies indicate that the 
prevalence of type 1 diabetes in India is increasing. 
However in view of poor health care network, there 
is no monitoring system in the country. Of the 18 
genomic intervals implicated for the risk to develop 
type 1 diabetes, the major histocompatibility complex 
(MHC) region on chromosome 6p21.31 has been the 
major contributor estimated to account for 40-50%, 
followed by 10% frequency of INS-VNTR at 5´ ß anking 
region of the insulin gene on chromosome 11p15.5. 
However, population studies suggest that > 95% of 
type 1 diabetes have HLA-DR3 or DR4, or both, and 
in family studies, sibling pairs affected with type 1 
diabetes have a non-random distribution of shared 
HLA haplotypes. As predisposing genetic factors such 
as HLA alleles are known, immunological interventions 
to prevent type 1 diabetes are of great interest. In 
the present study we have reviewed the status of 
molecular genetics of the disease and the approaches 
that need to be adopted in terms of developing patient 
and suitable control cohorts in the country.
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Introduction

Diabetes mellitus is a metabolic disease, characterized 

by high glucose level in blood (hyperglycemia). Diabetes 
mellitus is divided into type 1 diabetes mellitus and 
type 2 diabetes mellitus. Type 1 diabetes, previously 
encompassed by the terms insulin-dependent diabetes 
mellitus (IDDM) or juvenile-onset diabetes, results 
from a cellular-mediated autoimmune destruction of 
the ß cell of the pancreas.[1] The terms type 1 and type 
2 �diabetes mellitus are retained, with Arabic numerals 
being used rather than Roman numerals.[2] The class, 
or form, named type 1 diabetes encompasses the vast 
majority of cases that are primarily due to pancreatic 
islet β cell destruction and that are prone to ketoacidosis. 
This form also includes those cases currently ascribable 
to an autoimmune process and those for which an 
etiology is unknown. It does not include those forms of 
ß cell destruction or failure for which non-autoimmune-
speciÞ c causes can be assigned (e.g., cystic Þ brosis). In 
the majority of cases, type 1diabetes is the result of 
autoimmunity directed at the pancreatic ß cells, known 
as type 1A-Diabetes.[3] A proportion of cases, however, 
does not have evidence of autoimmunity and are 
currently classiÞ ed, according to the American Diabetes 
Association (ADA), as idiopathic, type 1B-Diabetes[2]. A 
minority of Asian or African type1-B patients suff ers 
episodic ketoacidosis and has varying degrees of insulin 
deÞ ciency between these episodes. This form of diabetes 
is strongly inherited, but lacks immunological evidence 
for ß cell autoimmunity and it is not human leukocyte 
antigen associated.[4-6] 

Traditionally type 1 diabetes was characterized by the 
presence of certain clinical presentation in blood and the 
age of onset. ADA 1997 has prescribed new guidelines 
based on pathogenic process and use of insulin 
requirement for the classiÞ cation of type 1 diabetes. Type 
1 diabetes is characterized by the presence of antibodies 
to a 65 kD Glutamic Acid Decarboxylase antigen (GAD), 
Insulinoma-associated protein-2 antibodies (IA-2 
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orICA512), which is now known as protein- tyrosine 
phosphatase (PTP),[7] insulin autoantibodies (IAAs), and 
islet cell autoantibodies (ICAs), in blood that identify the 
autoimmune process that leads to ß cell destruction.[2]

Studies on human and animal models indicate MHC 
class II�mediated eff ects on the T cell repertoire in the 
thymus on disease susceptibility.[8] In humans, there 
are two major classes of T lymphocytes: CD8+ cytotoxic 
lymphocytes and CD4+ helper lymphocytes. CD8+ 

cytotoxic lymphocytes recognizes processed antigens 
bound to MHC class I molecules on the surface of cells 
(e.g. β cell), while CD4+ helper lymphocytes recognizes 
processed antigens bound to MHC class II molecules on 
the surface of antigen-presenting macrophages (APC)
and dendritic cells. In type 1 diabetes, the direct cell-to-
cell interaction between antigen-speciÞ c CD8+ cytotoxic 
T lymphocytes and autoantigens on β cells results in β 
cell killing. Antigen-speciÞ c CD4+ helper T lymphocytes 
act by recognizing autoantigens that have been picked 
up and processed by APCs expressing class II molecules. 
This indirect mechanism results in the release of a 
variety of eff ector molecules and is called as bystander 
killing. These events in the thymus could aff ect both 
the CD4 and CD8 T cell repertoires. Susceptibility may 
arise through positive selection of autoreactive T cells by 
positively associated class II alleles, whereas protection 
may occur via negative selection of T regulatory cells, 
mediated by negatively associated alleles.[9]

The INS-VNTR locus aff ects expression of the insulin 
gene and its precursors in the thymus. The destructive 
process leads to severe insulin depletion, which results 
in hyperglycemia, also an increase in fat breakdown and 
fatt y acid oxidation, resulting in the excessive production 
of ketones. Some patients, particularly children and 
adolescents, may present with ketoacidosis at the Þ rst 
manifestation of the disease. If left  untreated, these 
metabolic disturbances lead progressively to central 
nervous system depression, coma, and death. Therefore, 
the disease requires life long treatment with exogenous 
insulin for survival, an alternative could be whole 
pancreas or islet cell transplantation.[10] 

Age of onset

The rate of ß cell destruction varies from patient to 
patient, but tends to be more aggressive in infants and 
adolescents of 10-14 years of age group, i.e., pubertal age 
group. Hence, type 1 diabetes usually presents during 
childhood or adolescence, although it may develop much 
later in life, even in the 8th and 9th decades of life. The 

variation in age at onset could be indicative of disease 
heterogeneity, with diff erent mechanisms leading to ß 
cell destruction in childhood onset versus adult onset 
diabetes.[11]

It has been observed that the onset of type 1 diabetes 
in younger children may be associated with a much 
stronger inß uence of DRB1*0301/DRB1*04 and INS I/I 
genotypes, while the development of type 1 diabetes 
in older children is especially influenced by the 
combination of INS I/I and CTLA4 G/G homozygosity. 
It is suggested that combined affect of INSI/I and 
CTLA4G/G genotype in older children with type 1 
diabetes is related to time of puberty as during puberty 
immune response and hormonal requirements are at 
high levels.[12] The explanation for children having the 
combined INS I/I and CTLA4 G/G genotype, develops 
type 1 diabetes at a later age of onset involve insulin 
requirements and the immune response, both of which 
are at their peak during puberty. Thus, any mechanism 
resulting in reduced insulin secretion and/or inhibition 
of the immune response would be likely to result in type 
1 diabetes. The experimental observation is that, most of 
the cases class III alleles are coupled with higher levels 
of INS transcription than class I alleles in the thymus. 
The higher INS expression may more effi  ciently induce 
tolerance to insulin.[13] 

Screening for type 1 diabetes in presumably 
healthy individuals

Type 1 diabetes usually being an autoimmune 
disease, characterized by the presence of a variety 
of autoantibodies to protein epitopes on the surface 
of or within the ß cell of the pancreas. The presence 
of such markers before the development of overt 
disease can identify patients at risk.[14] Markers of the 
immune destruction of the β cell include ICAs, IAAs, 
GAD65, and autoantibodies to the IA-2 and IA-2- ß.[15,16] 
Therefore, those with more than one autoantibody 
(i.e., ICA, IAA, GAD, IA-2, and TTG) are at high risk.
[12] During initial detection of fasting hyperglycemia, 
85-90% of individuals shows presence of one or more of 
these autoantibodies. Also, the disease has strong HLA 
associations, with linkage to the DQA and B genes, and 
also it is inß uenced by the DRB genes.[17-20] 

Recently a new autoantibody zinc transporter isoform 
8(ZnT8) has shown strong association with type 1 
diabetes. The results point out that variant residue 
at amino acid 325 is a key determinant of humoral 
autoreactivity to zinc transporter isoform 8 (SLC30A8). 
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Type 1 diabetes is associated linked to stress responses 
and ZnT8 causes changes in the secretory pathway, 
which lead to cell apoptosis and thus directly to 
reduction of β cells mass or activation of underlying 
autoimmunity.[21,22] 

These HLA-DR/DQ alleles can be either predisposing 
or protective. In this form of diabetes, the rate of β 
cell destruction is quite variable, being rapid in some 
individuals (mainly infants and children) and slow 
in others (mainly adults). The protective haplotype is 
HLA-DR2: With 0102, 0602, and 1501. Main predisposing 
haplotypes in Caucasians (95%) are:HLA-DR2: With 
0102, 0502 and 1601;HLA-DR3: also associated with 
Xp11 locus; and HLA-DR4: With 0301, 0302 and 0401 or 
0402.[23-25] Many studies have implicated HLA-DQ 
molecules, especially DQ8 and DQ2, in governing 
susceptibility to type 1 diabetes, whereas DQ6 is 
associated with protection.[26]

At present, however, many reasons preclude the 
recommendation to test individuals routinely for the 
presence of any of the immune markers outside of a 
clinical trials sett ing. First, cut-off  values for some of the 
assays for immune markers have not been completely 
established for clinical sett ings. Second, there is no 
consensus yet as to what action should be taken when 
a positive autoantibody test is obtained. Though, recent 
advancement in anti-CD3 monoclonal antibodies and 
GAD vaccination has given some measures that might 
prevent or delay the clinical onset of disease. The trial of 
alum-formulated GAD (GAD-alum) treatment in recent 
onset of type 1 diabetes patients showed that it does 
preservation of residual insulin secretion, although it 
did not change the insulin requirement.[27-29] 

Incidence

The incidence of type 1 diabetes has shown remarkable 
variations between ethnic groups: higher risks among 
Caucasians (with the highest incidence rates found in 
northern Europe), less in Blacks and extremely low 
in Asians.[30] These inter-ethnic diff erences are said to 
point to a genetically determined susceptibility in the 
incidence of type 1 diabetes. The incidence rate of type 
1 diabetes occurring below the age of 15 years varies 
considerably across the world. In Caucasian populations, 
including those in Northern Europe, type 1 diabetes 
incidence rates are high with rates in excess of 20 cases/
year/100,000 individuals. In contrast, countries in Asia 
have extremely low type 1 diabetes incidence rates, less 
than 1 case/year/100,000 individuals. This low incidence 

rate in the Asian population may be related to the 
population frequency distribution of susceptible.[31]

Indian Perspective

The early work on type 1 diabetes was done by Ahuja. 
In his work he mentioned that in Asia type 1 diabetes 
is of low frequency.[32] 

The incidence of type 1 diabetes from Madras was reported 
to be 10.5/100,000 per year. Also another study which 
was conducted for about ten years in South Indian based 
diabetes group suggested that the frequency of type 1 
diabetes is around 2-5 % of diabetes.[33,34]

Many studies on Indians living abroad did show 
that Asian Indian children, when exposed to adverse 
environmental factors developed type 1 diabetes as 
much as the white Caucasian children do.[35]

The problem of epidemiological study in India is that 
the studies till date is going on in Hospitals, that too 
single hospitals .The data is from regions, but not as 
Indian data.

The previous studies showed that in India, the 
prevalence of type 1 diabetes varies from about 1.6 to 
10.1 per hundred thousand.[35,36] The epidemiological 
study conducted in South Indian population for a period 
of four years, indicated that the prevalence of type 1 
diabetes in India is increasing. The prevalence of type 
1 diabetes in India is 10.1-10.6 per hundred thousand.[37] 
In view of lack of eff ective monitoring mechanism, it is 
not possible to know exact number of suff erers.

Susceptibility determinants of type 1 diabetes

The disease runs in families, with a 6% risk that a sibling 
will develop the disease, compared with a 0.4% risk in the 
normal population. However, the patt ern of inheritance 
is complex. Twin studies suggest that approximately one 
third of the disease susceptibility is genetic. Several loci 
are involved, and it is possible that the heterozygote has 
an increased susceptibility compared to the homozygote 
on some of the loci. Increased concordance for type1 
diabetes in MZ twins (30%-50%), compared to that in DZ 
twins (4.8%-27%) and in siblings (4.4%-12.5%), suggests 
that susceptibility is determined partly by genetic factors, 
although the relatively low concordance rate among 
identical twins suggests that the susceptibility genes 
have low penetrance; that is, not all individuals who are 
genetically �at risk� of type 1 diabetes will develop the 
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disease. Discordance between identical twins may reß ect 
the generation of disparate immunological repertoires, 
through random rearrangement of the genes encoding 
T-cell receptors and ß cell receptors, stochastic events, 
or somatic mutations.[38-44] 

Environmental factors

Epidemiological evidence supports the role of 
environmental factors in the development of human 
type 1 diabetes. An epidemiological relationship 
between viral infections and type 1 diabetes has 
been documented. Environmental factors modify the 
incidence and prevalence of diabetes in animal models.[45]

Environmental factors include viral infections; dietary 
factors in early infancy, vaccination, climatic inß uences, 
toxins, and stress. Certain viruses have been associated 
with β cell destruction. Type 1 diabetes occurs in patients 
with congenital rubella,[46] although most of these 
patients have HLA and immune markers characteristic 
of type 1 diabetes. In addition, coxsackievirus B, 
cytomegalovirus, adenovirus, and mumps have been 
implicated in inducing certain cases of the disease. It 
is generally believed that the environmental agents 
trigger disease development in genetically susceptible 
individuals.[47-49] 

Several population studies have found a link between 
exposure to cow�s milk and increased risk for type 1 
diabetes in genetically susceptible individuals. A few 
studies have also shown an increased risk for infants 
exposed to cow�s milk or cow�s based formulas within 
three months, and also in later life. It has been found 
that infants fed cows milk had increased levels of bovine 
insulin anti-bodies compared to bovine insulin appear 
to cross-react with human insulin. Bovine insulin is 
considered immunogenic because it diff ers from human 
insulin by three amino acids.[50]

It is shown that mouse models develop type 1 diabetes 
following repeated injections of low-dose streptozotocin, 
an agent with selective toxicity to β cells. Evidence that 
islet autoantigens, including GAD or the p69 antigen, 
share cross-reactive determinants with known pathogens 
(e.g. Coxsackie virus B4) or exogenous antigens BSA 
(bovine serum albumin) raise the possibility that 
common environmental factors can be involved in 
breaking self tolerance. A direct interaction with islet β 
cells, as in the case of streptozotocin or Coxsackie virus 
B4, may alter the antigenicity of islet autoantigens. An 
anti β cell response can be elicited by cross-reactive 

antigens (molecular mimicry). Alternatively, the 
interaction with lymphoid or antigen presenting cells 
as in the case of viral infections are proposed to explain 
disease acceleration or protection possibly conferred by 
environmental factors.[51] However, recent observations 
suggest a more complex model in which exposure 
to multiple environmental factors throughout life 
inß uences the penetrance and expression of genetically 
determined immune dysregulation. This model is 
supported by the observation that multiple infections 
during the Þ rst few years of life are associated with a 
decreased risk of developing type 1 diabetes, whereas 
an increased risk is associated with perinatal infections. 
This suggests that environmental factors may modify 
the developing immune system in an age dependent 
manner and may therefore promote or att enuate disease 
at diff erent stages of development, depending upon the 
timing and number of exposures.[11]

Increased levels of picornavirus named Ljungan virus 
(LV) antibodies in newly diagnosed type 1 diabetes 
patients show a possible zoonotic relationship between 
Ljungan virus infection and human type 1 diabetes.[52] It 
has been observed in bank voles (Clethrionomys glareolus) 
kept in captivity develop diabetes mellitus to a signiÞ cant 
extent. A LV has been found in the pancreas of these 
bank voles. Moreover, LV infections in combination with 
environmental factors cause glucose intolerance/diabetes 
in normal mice.[53] The work demonstrates that diabetes-
like disease can be virus-induced in a mouse model. 
Early in utero viral insults can set the stage for disease 
occurring during adult life, but the Þ nal manifestation of 
diabetes is dependent on the combination of early viral 
exposure and stress in adult life.[54]

Gene - environment interactions

Most postulated mechanisms for environmental 
effects on the risk of type 1 diabetes involve the 
initiation of disease; either due to cross reactivity of 
immune responses to food or microorganisms to β cell 
constituents, or through tissue tropism and cytotoxicity 
of infectious agents, resulting in antigen shedding and 
priming of an autoimmune response. 

Several infections might have to act in concert to 
precipitate clinical autoimmunity and in some infections 
viruses may play a role in prevention rather than 
precipitation of disease. A molecular constituent 
of Mycobacterium bovis cell wall (mycolylarabino-
galactanpeptidoglycan; MAPG) capable of preventing 
diabetes in nonobese diabetic (NOD) mice. This appears 
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to be the molecular basis of the diabetes protection 
att ributed to complete Freund�s adjuvant (CFA) and 
whole Mycobacterium bovis in the model. In contrast, 
exposure of intact skin to bacterial robosylating exotoxin 
can exacerbate disease in NOD mice. Again, the eff ect 
appears to be a modulation of on-going inß ammation, 
rather than due to conventional antigen priming.[55] 

The human intestinal microbial environment also 
inß uences type 1 diabetes pathogenesis. The experiments 
on NOD mice has shown that it can be aff ected by the 
microbial environment in the animal housing facility or 
by exposure to microbial stimuli, such as injection with 
mycobacteria or various microbial products. Till date the 
work has been done on NOD mice. The knowledge-based 
use of live microbial lineages or microbial products could 
present new therapeutic options for disease�s future 
perspective.[56]

An RNA helicase named IFIH1 is also involved in the 
innate immune response to viral infection as a risk factor 
for type 1 diabetes. IFIH1 is located on 2q24 (IDDM19)[57]

Risk Factors

There have been two ideas in developing type 1 diabetes 
autoimmune diseases - 
� One is to directly att ack the ß cell,
� Another by affecting the developing immune 

system thus interfering with the future self/non-self 
discrimination capacity. 

This latt er idea has been elaborated by immunologists 
based on experimental studies suggesting that infrequent 
infections and more widespread use of vaccinations lead 
to an increased risk of both atopic disease and childhood 
diabetes.[58] Vaccinations have been investigated as 
possible modulators of the risk of childhood diabetes. 
The findings has given mixed results, hence it is 
inconsistent, like no detectable eff ect on incidence of 
type 1 diabetes was reported aft er removal of either 
Bacille Calmett e-Guerin (BCG) or pertussis from the 
Swedish national immunization programme, where as 
the elimination of mumps by a vaccination programme 
in Finland has been linked to the subsequent arrest of 
the incidence increase in diabetes among children aged 
5-9 years, though the incidence among children aged 0-4 
years has continued to rise.[59-61] 

BCG vaccination has an immune-modulatory role and 
is associated with decreased autoantibody positivity in 

South Indian diabetic patients.[62] 

Biomarkers

The autoimmune etiology of type 1 diabetes is also 
reß ected by the presence of circulating autoantibodies, 
speciÞ c for ß cell proteins including insulin (IAAs), 
65-kDa isoform of GAD-1 and insulinoma-associated 
protein-2 (IA-2).[63,64]

IA-2, a member of the protein tyrosine phosphatase 
family; is a major auto antigen in type 1 diabetes.[65] IA-2 
antibodies are more prevalent in patients with younger 
age of disease onset and in patients with diabetes 
susceptibility with HLA-DR4 alleles.[66] IA-2 antibodies 
are detected in 60�70% of type 1 diabetic patients and 
are associated with rapid progression to diabetes in 
relatives of patients.[67,68]

These autoantibodies are detectable in 85�90% of 
subjects with diabetes at the time of diagnosis. The 
appearance of the autoantibodies precedes the clinical 
onset of disease, often by several years. The other 
established autoantibodies are islet cell autoantibodies 
(ICAs), a protein tyrosine phosphatase with unknown 
function in the islet cell.[69-71] ICA has been found in the 
majority of type 1 diabetics of recent onset, with the 
percentage falling rapidly thereaft er, and is associated 
with an increased incidence of the HLA B-8 haplotype.[65] 
GAD65 and IA-2 antibodies are present in approximately 
26% cases of type 1 diabetes in North India.[58]  

The frequency of GAD65 and ICA512 antibodies in 
Indian type 1 diabetes patients is similar to that in 
Caucasians.[72,73] 

However, in recent onset of type 1 diabetes patients 
reports lower frequency of ICA than that reported in 
White Caucasian populations. These variations in ICA 
frequency could, in part, be related to diff erences in 
HLA associations between North Indian and White 
Caucasians.[74] 

The presence of antibodies against an as yet unidentiÞ ed 
38-kDa Glycated islet cell membrane associated (GLIMA) 
protein has been proposed as a new biological marker of 
pre-clinical and recent-onset type 1 diabetes.[66,67] 

Antibodies to the 64,000 Mr proteins are, however, the 
earliest and most reliable predictive marker of type 1 
diabetes. GAD65 is reported that the 64,000 Mr Islet cell 
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autoantigen is a form of glutamate decarboxylase, the 
enzyme responsible for the synthesis of γ-amino butyric 
acid (GABA) in brain, peripheral neurons, pancreas, 
and other organs. The GAD2 gene encodes GAD65 
shares ten identities and nine similarities with the P2-C 
protein of coxsackievirus, an agent oft en suggested 
arising by �molecular mimicry� between GAD and a 
viral polypeptide.[69,75-77]

Minor marker studies also include the Tissue 
Transglutaminase Antibody (TTG-Ab). The TTG is an 
85-kDA protein. It is intracellular enzymes released 
from cells during wounding and belongs to family of 
calcium dependent enzymes that catalyze cross-linking 
of proteins. The study reports from India shows that type 
1 diabetes patients have a signiÞ cantly high proportion 
of TTG-Ab compared to healthy controls.[19]

Genetic factors

The genetic determinants of susceptibility to type 1 
diabetes are bett er understood than the environmental 
risk factors. The Þ rst diabetes susceptibility genes to 
be identiÞ ed were the human leukocyte antigen (HLA) 
genes, located on chromosome 6p21.31. Subsequent 
studies demonstrated an association between the disease 
and the insulin gene region on chromosome 11p15.5. 
About 18 regions of the genome have been linked with 
inß uencing type 1 diabetes risk. These regions, each 
of which may contain several genes, have been labeled 
IDDM1 to IDDM18. The best studied is IDDM1, which 
contains the HLA genes that encode immune response 
proteins. There are other non-HLA genes, which have 
been identiÞ ed. One of these non-HLA genes, IDDM-2, 
is the insulin gene, and the other non-HLA gene IDDM-
3, maps close to CTLA4, which has a regulatory role in 
the immune response (chromosome 15q26).[78,79] Also, 
PTPN22 (protein tyrosine phosphatase, non-receptor 
type 22), and the regions around the interleukin 2 
receptor alpha (IL2RA/CD25) and interferon-induced 
helicase 1 genes shows association with type 1 
diabetes.[25] The deÞ ned and putative genetic factors for 
type 1 diabetes are presented in Table 1.

Human Leucocyte Antigen (HLA) Genes 
An association between HLA class I alleles and type 1 
diabetes were Þ rst discovered by serological typing in 
the early 1970s.[80,81] Subsequently, a closer association 
was demonstrated between HLA DR3 and DR4 alleles 
with the type 1 diabetes.[82] The major histocompatibility 
complex (MHC) region on chromosome 6p21.31 (IDDM 
1) is a major susceptibility locus for the common 

mulitfactorial form of type 1 diabetes, estimated to 
account for 40%-50% of λs. The MHC spans a 3.5 Mb 
region of chromosome 6p21.31 and consists of over 200 
genes arranged into three sub regions, class I, class II, 
and class III.[83] 

In Caucasians, the HLA-DQ heterodimers encoded by 
the DQA1*0301, DQB1*0302 and DQA1*0501, DQB1*0201 
alleles have the strongest association with type 1 
diabetes.[84] These alleles are in linkage disequilibrium 
with the HLA-DR4 and -DR3 alleles. In these populations, 
only half of the people inherit an allele of DR gene called 
DR3 and DR4, and less than 3% of the people have two 
alleles. However, in type 1 diabetes at least one allele 
of DR3 or DR4 is found in 95% in Caucasians, and 
individuals with both DR3 and DR4 are particularly 
susceptible to type 1 diabetes, whereas, the DR2 allele 
is protective.[85] DQB1*0302 differs from DQB1*0301 
at position 57, where it lacks an aspartic acid residue. 
Sequences in the DQB1 gene that code for an amino 
acid other than aspartic acid at position 57 (non-ASP57) 
are highly associated with type 1 diabetes.[86] It is 
suggested that the amino acid residue at position 57 of 
the DQ-β chain appears to be critical for peptide binding 
and recognition.[87] The diabetes risk of non-ASP57 is 
further increased when the haplotype also contains 
the DRB1*0401 allele, suggesting the possible existence 
of at least two separate loci of susceptibility.[88] Almost 
all studies are consistent in demonstrating positive 
associations between type 1 diabetes and DRB1*0401-
DQA1*0301-DQB1*0302 and DRB1*0301-DQA1*0501-
DQB1*0201 haplotypes, with the strongest association 
seen in the heterozygote for the high-risk haplotype. In 
addition to these two high-risk HLA haplotypes, there 
are other less common HLA haplotypes associated with 
high diabetes risk in diff erent population[87,89-93] [Table 2]. 

Type 1 diabetes is supposed to be less frequent in Asians 
than in Caucasians. It is suggested that low incidence of 
type 1 diabetes in Asians are due to genes, which protect 
against type 1 diabetes. In general, in Asians, it is very 
common that the protective DR4 is associated with the 
susceptible DQ alleles while the neutral/protective DQ 
allele is associated with the susceptible DR4 alleles. 
This counterbalancing inß uence between susceptible 
DRB1 and protective DQB1, and vice versa, might be 
an important factor responsible for the low incidence 
of type 1 diabetes in Asians. In Asians, in addition to 
DQB1*0302, DQB1*0401 on DR4 haplotypes is positively 
associated with type 1 diabetes. This contribution of the 
DQ molecules to overall disease susceptibility might be 
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genotype dependent and/or may be inß uenced by the 
DRB1*04 allele on the haplotype.[95] 

The homozygosity and heterozygosity of DRB1*0301 
and DRB1*04 alleles signiÞ cantly associated with type 
1 diabetes in North India.[96-98] SigniÞ cant increase of 
DRB1*0301 and DQB1*0201 in the patients is observed 
in North Indian studies. It is also observed that 
DRB1*0401 and DRB1*0405 is signiÞ cantly increased and 
DRB1*0403 and DRB1*0404 to be signiÞ cantly decreased 
in the patients as compared to controls. The studies 
demonstrate that DR3 and DQ2 are positively associated 
with type 1 diabetes.[26,98]The Indian samples show 
HLA-C*0702 allele whereas the European 8.1AH has 
the HLA-C*0701 allele. The Indian samples also diff ers 
from the European 8.1AH at DRB3 in that they had 
DRB3*02 whereas the European 8.1AH has DRB3*0101. 
The Indian samples shared HLA-B*0801 and DQB1*02 

with the European 8.1AH.[99-102]

Molecular analysis of DR4 sub typing revealed the 
heterogeneous prevalence of the DR4 subtypes in the 
type 1 diabetes patient group. Distribution of DR4 
alleles in the healthy Indian population has revealed the 
presence of *0403 as the most frequent allele, followed 
by *0404, *0405, *0401, *0406, and *0412 in descending 
order of frequency.[103]

It is observed that the DRB1*0403 frequency is more in 
the Japanese, but rarely in Caucasians. The distribution 
of HLA-A*02 subtypes suggest that Asian Indians have 
shared parallel natural selection driving forces and racial 
admixing with the Oriental populations, which has led 
to analogous inß uence on HLA diversity.[104]

In the North Indian study reported that the haplotype 

Table 1: DeÞ ned and putative genetic factors for type 1 diabetes[80]

Locus Chromosome Candidate genes Markers  LOD λS

IDDM1 6p21.31 HLA DR/DQ TNFA 116.38  3.35
IDDM2 11p15.5 Insulin VNTR D11S922  1.87 1.16
IDDM3 15q26 D15S107 D15S107 NR NR
IDDM4 11q3.3 MDU1, ZFM1, RT6, ICE,  FGF3, D11S1917 NR  NR
  LRP5, FADD, CD3 
IDDM5 6q25 SUMO4, MnSOD ESR, a046Xa9 NR NR
IDDM6 18q21-21 JK (Kidd), ZNF236 D18S487, D18S64 NR NR
IDDM7 2q31-33 NEUROD D2S152, D251391 3.34 1.19
IDDM8 6q25-27  D6S-281,-264,-446 NR NR
IDDM9 3q21�25  D3S1303, D10S193 NR NR
IDDM10 10p11�q11  D10S565 3.21 1.12
IDDM11 14q24.3�q31 ENSA, SEL-1L D14S67 NR NR
IDDM12 2q33 CTLA-4 (AT)n 3'UTR, A/G,Exon1  3.34 1.19
IDDM13 2q34 IGFBP2, IGFBP5,   D2S137, D2S164, D2S1471 NR NR
  NEUROD, HOXD8 
IDDM15 6q21  D6S-283,-434,-1580 NR NR
IDDM16 14q32 IGH  NR NR
IDDM17 10q25.1   D10S1750,D10S1773 NR NR
IDDM18 5q31.1�33.1 IL-12B IL-12B NR NR
IDDM19 2q24.3 IFIH1  NR NR
 1q42   D1S1617  NR  NR 
 16p12-q11.1    D16S3131  1.88  1.17 
 16q22-q24    D16S504  2.64  1.19 
 17q25      NR NR
 19q11      NR NR
 3p13-p14    D3S1261  1.52  1.15 
 9q33-q34    D9S260  2.20  1.13 
 12q14-q12    D12S375  1.66  1.10 
 19p13.3-p.13.2    INSR  1.92  1.15 
PTPN22  1p13  PTPN22(LYP) SNP=R620W NR  1.05
SUMO4 6q25 (IDDM5) SUMO4 SNP=M55VA allele163 [G] NR  NR
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Table 2: Distribution of HLA Class II alleles across different population[89-104]

Population Susceptibility Protective

Caucasians DQA1*0301,  HLA-DR2=DRB1*1501�DQA1*0102�DQB1*0602
 DR3= DRB1*0301-DQB1*0201 
 DR4=DRB1*0401-DQB1*0302 
 DQA1*0501  
 HLADRB1* 0301�DQA1*0501�DQB1*0201 
  DQB1*0201 
 A1-B8-DRB1*03-DQB1*02 
  
Spanish DQA1*0101-DQB1*0501-TNFa2b1  TNFa10b4, DQA1*0501-DQB1*0301 
 DQA1*0201-DQB1*0202- BAT-2*2 DQA1*0103-DQB1*0603
  
Sardinia DRB1* 0301(DR3) �DQA1 *0501 - DQB1* 0201 HLA-DR2=DRB1*1501�DQA1*0102�DQB1*0602
 DRB1*0401  
 DRB1*0405 
  
Finnish[93] DRB1*0405-DQB1*0302 DQB1*0602 or *0603
 DRB*0401- DQB1*0302 
 DRB*0404-DQB1*0302 
 DRB1*04-DQB1*0304 
 (DR3)-DQA1*05-DQB1*02 
  
Swedish[90] DQA1*0301/DQB1*0302 DR15-DQA1*0102-DQB1*0602
 DQA1*0301/DQB1*0302 and DQA1*0201/DQB1*0501 
  
Belgian[89] DR4-DQ8=HLA DRB1*04-DQA1*0301-DQB1*0302  DRB1*0403
 DR3-DQ2=DRB1*03-DQA1*0501-DQB1*0201 
  
Yemenite jews[92] DRB1*03011,*0402 HLA-DR2 and DQB1*0602
  
Blacks DR3=DRB1*0301-DQB1*0201 DRB1*1501�DQA1*0102�DQB1*0602
 DRB1*0401  DRB1*1503�DQA1*0102�DQB1*0602
 DRB1*0405 DRB1*1501�DQA1*0102�DQB1*0602
  
Asians[91] DQB1*0302 DRB1*1501�DQA1*0102�DQB1*0602
 DR4=DRB1*0405-DQB1*0401 
  
Japanese[95]

 DQB1*0201
 HLA-DR2=DRB1*1501�DQA1*0102�DQB1*0602
 DRB1*0405�DQA1*0301�DQB1*0401 DRB1*1502�DQA1*0103�DQB1*0601
 DRB1*0901�DQA1*0301�DQB1*0303 DRB1*0405�DQB1*0401
 DQB1*0402 
 DR4=DRB1*0405-DQB1*0401  DRB1*0901�DQB1*0303
 DR9=DRB1*0901-DQB1*0303  
  
Korean[94] DR4=DRB1*0405-DQB1*0401 DR15-DQB1*0602
 DR9=DRB1*0901-DQB1*0303  DR11/12-DQB1*0301
 DR3=DRB1*0301-DQB1*0201  
 DQ2 =DQA*0501�DQB*0201 
  
Indian[96-104] DRB1*0301 
 DRB1*0401, DRB1*0405 DRB1*0403, DRB1*0404
 DQB1*0201 DRB1*1501-DQB1*0602
 DR3=DRB1*0301-DQB1*0201 DRB1*0701
 DQ2 =DQA*0501�DQB*0201 
 A26-B8-DRB1*03-DQB1*02  
 Ax-B50-DRB1*03-DQB1*02 
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A26-B8-DR3 as the most common autoimmunity-
favoring haplotype encountered among the patients. 
This association is, indeed, unique to Indian autoimmune 
patients, as it replaces the otherwise most commonly 
associated Caucasian haplotype A1-B8- DR3 (AH8.1) in 
this population.[26,104] 

Major Histocompatibility Complex Class I Chain-
Related Gene- A (MICA)
The MICA � MICE genes, members of the MIC (major 
histocompatibility complex (MHC) class I chain-related) 
family are spread across the 2-Mb MHC class I region.[105] 
The MICA gene is the nearest neighbor to HLA-B (only 
46 kb centromeric). In addition, the expression of MICA 
gene is induced by heat shock and is broadly recognized 
by a subset of γδ T-cell that exists predominantly in the 
intestinal and other epithelia.[106] However, the broad 
recognition of MICA and MICB implies an unusual 
mode of interaction with the natural killer cells and 
Vd1 γδT-cell, and the generality of this system is not 
decisively proven. SigniÞ cant evidence is there for the 
association between MICA5.1 and adult-onset type 1 
diabetes.[100,105,107] 

It is observed that frequency of A5.1 allele is highest in 
early-onset patients, intermediate in intermediate-onset 
patients and lowest in late-onset patients. A5.1 allele is 
strongly associated with HLA-B7 and Cw7, suggesting 
that MICA*A5.1-B7-Cw7 haplotype contains a gene 
responsible for age-at-onset. A4 allele was associated 
with a susceptible haplotype, DR4-DQB1*0401, and A6 
allele is associated with a protective haplotype, DR2-
DQB1*0601, suggesting that the association of MICA 
with type 1 diabetes susceptibility may be due to linkage 
disequilibrium with class II haplotypes.[107,108] 

The microsatellite polymorphism consists of repetitions 
of GCT/AGC. (GCT/AGC)n encodes polyalanine, and the 
number of alanine residues diff ers with the number of 
triplet repeats. A5.1 allele contains Þ ve triplet repeats 
plus one additional nucleotide insertion (GGCT/
AGCC), causing a frameshift mutation resulting in 
premature termination by the stop codon (TAA) in the 
transmembrane (TM) region. The MICA protein encoded 
by A5.1 allele inß uences the activation of NK cells, which 
modify β cells destruction and thus involve in the age-
at-onset of type 1 diabetes.[107,109]

Meta-analysis has shown that the MICA*A5 variant was 
signiÞ cantly associated with an increased risk for type 
1 diabetes, while MICA*A6 was signiÞ cantly associated 
with a decreased risk. Depending upon with which 

risked allele MICA*A6 is present, MICA*A6 confers 
susceptibility or protection. For example, MICA alleles 
when present with type 1 diabetes-associated high-risk 
MHC class II haplotypes (HLA DQ2DR17) revealed 
that MICA*A6 was associated with an increased risk 
for type 1 diabetes. In contrast, MICA*A6 reduced 
the risk from the HLA DQ8DR4 type 1 diabetes-risk 
haplotype. MICA*A9 showed when association with 
DQ8DR4 haplotypes showed to increased risk for 
type 1 diabetes.[110,111] 

Insulin (INS) Gene
Susceptibility to type 1 diabetes by 5' regulatory region of 
the insulin (INS) gene on chromosome 11p15.5 (IDDM2) 
is 10%. Insulin is synthesized by the ß cell of the islets 
of Langerhan�s in the pancreas and is secreted into the 
bloodstream in response to a number of stimuli, the most 
important of which is serum glucose levels.[112] Insulin 
exerts its action in cells by binding to a tyrosine kinase-
coupled receptor on the cell surface. Insulin receptor 
substrate (IRS) protein is phosphorylated on its tyrosine 
residue; leading to the activation of a cascade of proteins 
in multiple downstream signaling pathways mediating 
the metabolic actions of insulin. Insulin plays a key role 
in glucose homeostasis alongside a counter regulatory 
hormone, glucagon, which raises serum glucose.[112] 
IDDM2 consists of a highly polymorphic stretch of 
14�15 bp repeats of DNA lying 365 bp upstream of the 
initiation of transcription of the INS gene.[113] Because 
the repeated sequences follow one behind the other (in 
tandem) and because the number repeats varies between 
individuals, this phenomenon is called variable number 
of tandem repeats (VNTRs).[96,114] There are three classes 
of VNTRs in the insulin gene: (i) Class I (26-63 repeats), 
(ii) Class II (approximately 80 repeats), and (iii) Class III 
(40-200repeats).[115] 

The class I VNTRs is most common in Caucasians; 
with around 70% of alleles being in the range of 30-44 
repeats. The class II alleles are rare. Homozygosity class 
I VNTR determines high risk for diabetes, while class III 
VNTRs confers dominant protection. The VNTR class III 
allele is associated with higher expression of messenger 
RNA (m-RNA) for insulin within the thymus.[112,114] The 
presence of at least one class III allele is associated with 
a 3-fold reduction in the risk of type 1 diabetes.[114,115] 
One hypothesis is that expression of insulin within the 
thymus leads to negative selection (deletion) of auto 
reactive T-cell and thus to development of tolerance. [115,116] 
VNTR class I alleles, associated with low levels of 
proinsulin and insulin in the thymus during fetal life 
and childhood, may fail to shape the T-cell repertoire 
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and lead to the presence of anti-insulin auto reactive T 
cell.[117,118] 

Cytotoxic T Lymphocytes Associated Antigen 
4(CTLA 4) Gene
The IDDM12 is mapped to CTLA4 gene, mapped to 
chromosomes 2q33.[119] CTLA4 protein is a member of 
the immunoglobulin superfamily and is a costimulatory 
molecule expressed by activated T cells. CTLA4 transmits 
an inhibitory signal to T cells51. It is present in exon 1, 
codon 17 position, giving Threonine (Thr) to Alanine 
(Ala), substitution in the leader peptide of the protein. 
Meta-analysis studies also revealed that the CTLA-4*G 
genotype is associated with type 1 diabetes. [120] Several 
population studies showed increased transmission of 
the G allele of a 49A->G polymorphism associated with 
type 1 diabetes.[121] Asian studies yielded signiÞ cant 
and reliable linkage evidence for the susceptibility 
of type 1 diabetes.[11,31,119] Japanese study results 
showed a signiÞ cant correlation between CTLA4 gene 
polymorphism and ICA 512 Ab.[122]

Small Ubiquitin-Related Modifi er (SUMO4) Gene
Studies in IDDM 5 have lead to the discovery of a novel 
polymorphism 163 Alanine (A) ->Glycine (G), of SUMO4 
gene, associated with risk to type 1 diabetes in Asians, 
but not in Caucasians. Also, no association is observed 
with SUMO4 M55V and type 1 diabetes in Asian-Indian 
patients.[123] The SUMO4 gene maps to 6q25. It is shown 
that SUMO4 M55V is not associated with susceptibility 
to type 1 diabetes by itself. The observation based 
large controls-cohort studies yields that the presence of 
SUMO4 GG increased further the relative risk conferred 
by HLA-DR3/DR4 to type 1 diabetes, whereas SUMO4 
AA decreased the risk. Though, SUMO4 M55V is 
not associated with susceptibility to type 1 diabetes 
in Caucasians populations like, Latvians; it is still 
considered to be an important marker for type 1 diabetes 
and designated as IDDM 5.[124,125] 

The novel polymorphism M55V, causing an amino acid 
change in the evolutionarily conserved met55 residue 
has been shown to activate the nuclear factor kappaB 
(NF-kappaB), hence the suspected role of SUMO4 in the 
pathogenicity of type 1 diabetes.[126,127] 

Genome wide screening
The Wellcome Trust Case Control Consortium (WTCCC) 
primary genome-wide association (GWA) scans shows 
through single point associations at P< 5 x 10-7 between 
type 1diabetes and six chromosome regions: 12q24, 

12q13, 16p13, 18p11, 12p13 and 4q27. It is conÞ rmed that 
associations of 12q24, 12q13, 16p13 and 18p11 (P≤ 1.35 x 
10-9; P≤ 1.15 x 10-14), leaving eight regions with small eff ects 
or false-positive associations. The study increases the 
number of type 1 diabetes loci with compelling evidence 
from six to at least ten. Further, multilocus analyses 
shows four regions levels of signiÞ cance (chromosomes 
4q27 and 12p13), and through the combined analysis 
of autoimmune cases two regions have been studied 
(chromosomes 18p11 and the 10p15 CD25 region). The 
associations with type 1 diabetes for chromosomes 
12q13, 12q24, 16p13 and 18p11 have been conÞ rmed in 
independent and multiple populations.[119,128]

The two signals on chromosome 12 (at 12q13 and 12q24) 
map to regions of extensive linkage disequilibrium 
covering more than ten genes have been reported. 
Several of these represent functional candidates because 
of their presumed roles in immune signaling, considered 
to be a major feature of type 1 diabetes-susceptibility. 
These include ERBB3 (receptor tyrosine-protein kinase 
erbB-3 precursor) at 12q13 and SH2B3/LNK (SH2B 
adaptor protein 3), TRAFD1 (TRAF-type zinc Þ nger 
domain containing 1) and PTPN11 (protein tyrosine 
phosphatase, non-receptor type 11) at 12q24. Of those 
listed, PTPN11 is a particularly att ractive candidate 
given a major role in insulin and immune signaling.[129] 

Scan result shows associations with SNPs within the 
chromosome 10p15 region containing CD25, encoding 
the high-affinity receptor for IL-2. The association 
between type 1 diabetes and a region of 4q27 is revealed 
by the multilocus analysis. This region contains the genes 
encoding both IL-2 and IL-21. Together with studies in 
the NOD mouse model of type 1 diabetes, which have 
shown that a major non-MHC locus (IDDM3) reß ects 
regulatory variation of the Il2 gene. In the multilocus 
analysis, there is increased support for a region on 
chromosome 12p13 containing several candidate genes, 
including CD69 (early T-cell activation antigen) and 
multiple C-type lectin domain family (CLEC) genes.[130] 

A genome wide search in a Dutch isolated population 
showed evidence for type 1 diabetes loci on chromosome 
8q24 (marker D8S1128) and on chromosome 17q24 (marker 
D17S2059). Both the 8q and 17q localization are supported 
by allele-sharing at adjacent markers in affected 
individuals.[119] Also, evidences of interaction between 
new loci like 6q21 for type 1 diabetes susceptibility were 
reported from Scandinavian families.[131]
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A genome-wide association study of nonsynonymous 
SNPs identiÞ ed a type 1 diabetes locus in the IFIH1 (also 
known as mda-5 or Helicard) present on chromosome 
2q24.3region. The T1DGC 6K SNP scan and follow-up 
studies conÞ rmed that type 1 diabetes associations at 
INS, IFIH1 (interferon-induced helicase), and KIAA0350 
and identified an additional disease association on 
chromosome 21q22.3 in the UBASH3A locus. This gene 
and its ß anking regions are now validated targets for 
further re-sequencing, genotyping, and functional 
studies in type 1 diabetes.[132] Studies based on large 
trio studies showed that the risk ratio for the minor 
allele of the nsSNP rs1990760 A  G (A946T) is 0.86 (95% 
conÞ dence interval = 0.82�0.90) at P = 1.42  10-10, which 
is a convincing statistical support.[133]

Linkage disequlibrium (LD) mapping has become a 
vital tool for both conÞ rmation and Þ ne-mapping of 
susceptibility intervals, as well as identification of 
etiological mutations. The assessment of huge and 
ethnically varied data sets has allowed identiÞ cation 
of haplotypes that differ only at a single codon in 
a single locus. As more data become available, the 
study of pairs of haplotypes which diff er at a single 
polymorphic site, but have diff erent eff ects on disease 
susceptibility, should allow more precise deÞ nition of 
the polymorphisms involved in the disease process.[31] 

Steps taken for molecular characterization of 
type 1 diabetes

Aft er several years of work, type 1 diabetes is probably 
the best characterized of all common multigenic 
diseases. Of the 18 genomic loci, variation at HLA 
alone explains much of the risk to siblings, followed 
by INS and CTLA4 loci. There are other risk alleles, 
although their effects are weaker than is seen for 
HLA and INS. The pathways for this identiÞ ed genes 
are though yet to be identiÞ ed so that it will provide 
insight into etiology, pathogenesis, and perhaps even 
prevention or treatment. In addition, the exact variants 
that increase risk in the HLA region are unknown, in 
part because linkage disequilibrium makes untangling 
the relevant variants diffi  cult. Also, to prevent the 
diabetic complications, such as diabetic retinopathy and 
nephropathy, the genetic constitution of such patients 
need to be identiÞ ed for the additional risk factors. The 
Genetics of Kidney in Diabetes Study (GoKinD) are 
working on the genetic basis of diabetic kidney disease 
as well as other issues concerning type 1 diabetes. 
Extensive work has been done on the NOD mouse 

model of type 1 diabetes. Other types of experiments 
include genome wide expression analysis of relevant 
tissues (such as T lymphocytes). It is likely that both 
linkage and association will be valuable tools to identify 
new variants. Improvements in genotyping technology 
or other advances in genome study will be hopefully 
permit whole-genome association studies that can scan 
the entire genome with good power for alleles that are 
associated with increased risk of type 1 diabetes.

Two major trials have been conducted to try to prevent type 
1 diabetes. In the United States, the Diabetes Prevention 
Trial (DPT-1) started in 1994 with the aim of determining 
whether antigen based treatment with insulin (oral and 
parenteral insulin treatment in relatives at high and 
moderate risk) would prevent or delay diabetes.[124] These 
treatments did not overall slow the progression to diabetes. 
The European nicotinamide diabetes intervention trial 
(ENDIT) also found no difference in protection from 
diabetes when participants were assigned to either oral 
nicotinamide or placebo treatment.[134,135] 

The International Hap Map consortium also aids Genetic 
studies.The major impetus for this eff ort is the genome 
can be parsed into blocks of linkage disequilibrium 
(averaging 11-22 Kb in size) within which the vast majority 
of common sequence variants are correlated with each 
other. Further, the alleles at variants within these blocks 
fall into a few simple patt erns or haplotype. Because there 
are only a few haplotypes, genotyping a few, well-chosen 
single nucleotide polymorphism (SNPs) can accurately 
indicate which haplotype are present. These SNPs are 
called haplotype SNPs or ht SNPs. A majority goal of the 
Hap Map consortium is to identify a set of ht SNPs that 
will allow much of the common variation in the genome 
to be interrogated effi  ciently for association with disease. 
Thus, genome-wide association studies will not require 
typing all 10 million common variants but rather a few 
hundred thousand htSNPs that capture most of the common 
variation for any particular gene. 

Much of the unexplained risk of type 1 diabetes is 
due to environmental factors. IdentiÞ cation of these 
environmental factors will also facilitate the search for 
the genetic risk factors, since it would then be possible 
to control for the environmental exposures, and also 
to search for the gene-environment interactions. 
Most importantly, if environmental triggers could 
be identiÞ ed, they would provide obvious targets for 
preventive measures in high-risk individuals. 
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Molecular approaches taken for diagnosis, 
therapy and prevention

Animal models have shown that insulin therapy is 
eff ective in diabetes. Pilot studies have suggested that 
insulin therapy also delays diabetes in humans. But long 
term eff ect can not be prevented and also, total glycemic 
control in type 1 diabetes is not achieved. Also, the 
associated risks of hypoglycemia and end-organ diabetic 
complications linger.[136-9]

The Epidemiology and prevention of Diabetes 
(EURODIAB) group, Diabetes Prediction and Prevention 
(DIPP) group is working towards in devising a unique 
molecular approach, which will enable in large 
population based screening and will delay or prevent 
the disease. Collected family data are not enough for the 
prediction of the type 1 diabetic patients about the risk 
of their sibs and/or their next generation developing the 
disease. It has been hypothesized that if expression of 
diabetes-resistant MHC class II alleles on bone marrow�
derived cells is suffi  cient to prevent diabetes, genetic 
engineering of autologous hematopoietic stem cells 
could be used to restore expression of diabetes-resistant 
MHC on bone marrow�derived cells. Furthermore, 
expression of diabetes-resistant MHC class II alleles 
on bone marrow�derived cells could mediate negative 
selection of self-reactive T cells that cause diabetes, 
thereby preventing disease. This approach could have 
signiÞ cant advantages over transplantation of allogeneic 
bone marrow cells, because the possibility of graft -
versus-host disease would be avoided. Also, it has been 
demonstrated that expression of diabetes-resistant 
MHC class II I-Aα chain molecules on hematopoietic 
cells following retroviral transduction of bone marrow 
is suffi  cient to prevent the occurrence of type 1 diabetes 
in NOD mice.[138,140] 

Intervention in autoimmune type 1A-diabetes 
include monoclonal antibody therapies (e.g. anti-
CD3, anti-CD25, anti-CD52 or anti-CD20 monoclonal 
antibodies), immunosuppression (e.g. calcineurin 
inhibitors, B7 blockade, glucocorticoids, sirolimus 
(rapamycin), azathioprine or mycophenolate mofetil), 
immunomodulatory therapies (e.g. plasmapheresis, 
intravenous immunoglobulin, cytokine administration, 
adoptive cellular gene therapy) and tolerisation 
interventions (e.g. autoantigen administration or 
avoidance, altered peptide ligand or peptide-based 
therapies).[141] 

A Belgium study has provided proof of principle that 
short-term anti-T-cell antibody treatment is able to 
preserve residual β cell function for at least 18 months. 
The resultant stabilizing eff ect on metabolic control 
is expected to delay or limit chronic complications in 
these patients. Both xenotransplantation and stem cell 
therapy provide a possible road to permanent therapy. 
The ultimate goal is prevention of clinical disease in 
prediabetes condition.[142] Also, the studies Diabetes 
Registry Group and others in first degree family 
members of type 1 diabetic patients have developed 
the identiÞ cation of individuals at very high risk of 
hyperglycaemia so that new immunological treatments 
can be tested in the prediabetic phase. Retention of β 
cell function in patients with type 1 diabetes is known 
to result in improved glycemic control and reduced 
hypoglycemia, retinopathy, and nephropathy.[139,143] 

Advances in understanding of the autoimmune 
process leading to diabetes have generated interest in 
the potential use of immunomodulatory agents that 
may collectively be termed vaccines, to prevent type 1 
diabetes. Vaccines may work in various ways, including 
changing the immune response from a destructive (e.g. 
Th1) to a more benign (e.g. Th2) response, inducing 
antigen-speciÞ c regulatory T cells, deleting autoreactive 
T cells, or preventing immune cell interaction. To date, 
most diabetes vaccine development has been in animal 
models, with relatively few human trials having been 
completed. A major Þ nding of animal models such as 
the NOD mouse is that they are extremely sensitive 
to diabetes protection, such that many interventions 
that protect mice are not successful in humans. This 
is particularly evident for human insulin tolerance 
studies, including the Diabetes Prevention Trial-1, where 
no human protection was seen from insulin despite 
positive NOD results. Further challenges are posed by 
the need to translate protective vaccine doses in mice 
to eff ective human doses. Despite such problems, some 
promising human vaccine data are beginning to emerge. 
Recent pilot studies have suggested a beneÞ cial eff ect in 
recent-onset human type 1 diabetes from administration 
of nondepleting anti-CD3 antibodies or a peptide from 
heat shock protein 60.[144-146] 

None of the therapies att empted to date has produced 
long-term remissions in new-onset type 1 diabetes 
patients and no therapies have been shown to prevent 
the disease. However, with advances in understanding 
of basic immunology and the cellular and molecular 
mechanisms of tolerance induction and maintenance, 
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successful intervention therapies are being developed. 
Keeping a view on convenience, safety, and long-lasting 
protection, vaccines remain one of the most promising 
strategies to prevent type 1 diabetes.

Also, by registering as many new type 1 diabetes cases 
as possible within a deÞ ned region, the documents could 
help in knowing the correct etiology which may relate 
to diff erences in exposure to aetiological environmental 
triggers and in genetic background. The systematic 
study of clinical, biological and epidemiological data 
in diabetic patients, as compared to nondiabetic control 
subjects, is emerging as an important tool to identify 
putative aetiological factors or conÞ rm their importance 
suggested by complementary approaches such as 
genetic linkage studies or animal models. Registry 
based association studies have also unveiled a marked 
age dependent heterogeneity at disease onset regarding 
severity of clinical presentation and the nature of the 
immune and genetic markers present.

The Indian population comprising of more than 30,000 
estimated endogamous communities, with genomic foot 
prints of earliest [60 to 70,000 years before present(ybp)] 
out of Africa migration, inhabiting areas with climatic 
variations from 00 to 50o C and altitude ranging from 
sea level to 5,000 feet; pursuing occupations ranging 
from hunting gathering, pastoralism , agriculture to 
modern city based; and varied life styles and food 
habits, are perfect experimental sett ing and material for 
basic research and development leading to discovery. 
However, the way the eff ort is organized in the country, 
either in the public or private sector, no model is visible.

We would like to propose the following broad �Model� 
as operational strategy:
� There has to be a conscious awareness program 

initiated with vigorous campaign at all India bases, 
the importance of Genetics and Health and the 
orientation must be community genetics rather than 
the existing patient/hospital based approach. 

� The private players who are involved in RandD 
need to support this with adequate resources by 
employing professional communication experts. This 
is also in line with their long-term interests in terms 
sensitizing the Indian populations at all levels for 
future genome based medical practices. 

� There is an urgent need to the formation of regional 
monitoring cells in the country for genetic diseases. 

Type 1 diabetes could be a unit within these cells. Each 

unit can have sub-units based on the regional coverage. 
These units/sub T units will have trained medical and 
anthropological investigators, in recruiting families 
for monitoring. Funds need to come for this exercise 
from both public (ICMR/DBT/AnSI) and private 
partnership. The modern Þ eld level laboratory network 
of The Anthropological Survey of India, could form the 
infrastructure with all cold storage and UPS systems 
in place. 

The monitoring which includes recruiting families 
for long-term evaluation with adequate resources for 
immediate medical intervention can form a basis for 
building cohorts of patients/controls from communities 
(with proper phenotype-environmental/life style data) 
for Research and Development. 

An apex committ ee comprising members from ICMR/
DBT/AnSI and private companies should resolve all 
issues with respect to funding these monitoring units, 
besides resolving ethical issues and beneÞ t sharing 
mechanisms.

The usual approach of spending resources on creating 
structures in terms of buildings, furniture and recruiting 
permanent manpower should be avoided. What is 
important is implementing an action plan with existing 
structures and manpower on contract. A centralized 
think tank with complete de-centralized, meticulously 
planned field operation with quantifiable outcomes 
should be the MODEL.  
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