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INTRODUCTION
India is undeniably becoming the diabetic capital of the World. As the
incidence of young diabetics is increasing, it has been a demanding task to
differentiate Type 1 diabetes mellitus (formerly known as insulin-dependent
diabetes mellitus) from the more common Type 2 diabetes mellitus. Also recent
researches have well identified the pathogenesis of the disease and susceptibility
of the patients to Type 2 DM. Nevertheless Type 1 DM remains a poorly
studied entity and rarely diagnosed with confidence among physicians and
immunologists[1]
Type 1 diabetes is a chronic autoimmune disorder that precipitates in a
genetically susceptible individual by environmental factors[1]. The body’s own
immune system attacks the beta-cells in the islets of Langerhans of the
pancreas, destroying them sufficiently to reduce and eventually eliminate
insulin production. The increase in understanding of the pathogenesis of type 1
diabetes has made it possible to consider intervention to slow the autoimmune
disease process in an attempt to delay or even prevent the onset of
hyperglycemia.
Islet cell auto antibodies are strongly associated with the development of
type 1 diabetes. Autoimmune destruction of beta cells are completely
asymptomatic until 80 -90% of the cells are lost. This process may take years to
complete and may occur at any time.
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During the preclinical phase, this autoimmune process is marked by
circulating auto antibodies to beta cell antigens[2]. These auto antibodies are
present years before the onset of type 1 diabetes and its clinical symptoms. One
of the most common islet cell auto antibodies are Islet cell Cytoplasmic Auto
antibodies (ICA) also called IA-2 detected in about 70-80% of newly
diagnosed type 1 diabetics. GAD65 (Glutamic Acid Decarboxylase 65
Autoantibodies) are auto antibodies directed against beta cell protein (antigen)
but are not specific to beta cells. It is also one of the most commonly detected
auto antibodies in newly diagnosed type 1 diabetics (about 70-80%). Insulin
Auto antibodies (IAA) are the auto antibodies targeted to insulin, which is the
only antigen thought to be highly specific for beta cells.
Islet cell auto antibodies are present in the majority of individuals with
new-onset type 1 diabetes and in individuals in the pre-diabetic phase of the
disease[3]. The appearance of auto antibodies seems to be correlated with the
rapid progression to overt type 1 diabetes. The combination of tests for
GAD65 and IA2 auto antibodies is highly relevant for risk assessment of
type 1 diabetes in children and adolescence. The screening for GAD65 and
IA2 auto antibodies detect around 90 % of subjects at risk for type 1 diabetes.

2

Even at this juncture, antibody testing has not been widely available in
this part of the world. The reasons behind this being lack of awareness among
clinicians and heavy cost of running the test. We planned to do this study by
identifying the population at risk of developing the disease - siblings and
offsprings of Type 1 DM patients, who have not yet developed disease. The
idea is to create quality data to compare with those from western countries and
to decide on the feasibility of the study to our Indian population in a large scale.
Based on these inference it is possible to implement preventive strategies to the
predisposed individuals so that life threatening complications can be avoided by
earlier intervention and treatment.
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REVIEW OF LITERATURE
Diabetes mellitus refers to a heterogeneous group of common metabolic
disorders that share the phenotype of hyperglycemia. Several distinct types of
DM are caused by a complex interaction of genetics and environmental factors.
Depending on the etiology of the DM, factors contributing to hyperglycemia
include reduced insulin secretion, decreased glucose utilization, and increased
glucose production. The metabolic dysregulation associated with DM causes
secondary pathophysiologic changes and complications in multiple organ
systems that impose a tremendous burden on the individual with diabetes and on
the health care system. DM is the leading cause of end-stage renal disease
(ESRD) in India and many parts of the world. Also DM is the important cause
for non traumatic lower extremity amputations and adult blindness. It also
predisposes to cardiovascular diseases like myocardial infarction and heart
failure. With an increasing incidence worldwide, DM will be likely a leading
cause of morbidity and mortality in the near future.
HISTORY AND CLASSIFICATION OF DIABETES
Before 1979, a classification system for diabetes was not well established,
and many different terms were used to describe essentially the same clinical
entity. Following a publication in that year of the report of the National
Diabetes Data Group (NDDG) some order was brought to bear in this area. The
recommendations of the NDDG were subsequently analysed and endorsed by
the World Health Organization (WHO) in a publication in 1980, and minor
4

modifications were made later and published in 1985. This classification in
large part was based on pharmacologic treatment of the disease. Insulindependent diabetes mellitus (IDDM) and non–insulin-dependent diabetes
mellitus (NIDDM) were the two major forms of diabetes that had been
identified.
In addition, as more information became available on the causes of the
various forms of diabetes, it became apparent that a classification based on
therapy was not always consistent with new insights into the pathogenesis of the
various forms of diabetes. For this reason, the American Diabetes Association
(ADA) convened an expert panel in 1995 to address the issue of classification.
This panel published its recommendations in 1997 and these were subsequently
endorsed by a WHO consultation group in a 1998 report. The main thrust of this
proposal was to move away from a classification based on therapy and toward
one based on pathogenesis. Four major categories were proposed: type 1
diabetes, type 2 diabetes, other specific types of diabetes (including categories
for which a cause has been established), and gestational diabetes. These are
updated and published every year by the ADA. The details of this classification
system are outlined in the Table 1, which was adapted from American Diabetes
Association: Diabetes Care 40 (Suppl 1):S11–24, 2017.

5

TABLE 1 ETIOLOGIC CLASSIFICATION OF DIABETES MELLITUS

6

Both type 1 and type 2 DM are preceded by a phase of abnormal glucose
homeostasis as the pathogenic processes progress. Type 1 DM is the result of
complete or near-total insulin deficiency. Type 2 DM is a heterogeneous group
of disorder characterized by variable degrees of insulin resistance, impaired
insulin secretion, and increased glucose production. Distinct genetic and
metabolic defects in insulin action and/or secretion give rise to the common
phenotype of hyperglycemia in type 2 DM and have important potential
therapeutic implications now that pharmacologic agents are available to target
specific metabolic derangements.
Although type 1 DM most commonly develops before the age of 30, an
autoimmune beta cell destructive process can develop at any age. It is estimated
that between 5 and 10% of individuals who develop DM after age 30 years have
type 1 DM. Although type 2 DM more typically develops with increasing age, it
is now being diagnosed more frequently in children and young adults,
particularly in obese adolescents.
EPIDEMIOLOGY
The worldwide prevalence of DM has risen dramatically over the past
two decades, from an estimated 30 million cases in 1985 to 415 million in 2017.
Based on the current trends, International Diabetes Federation projects that 642
million individuals will have diabetes, by the year 2040. Although the
prevalence of both type 1 and type 2 DM is increasing worldwide, the
prevalence of type 2 DM is rising much more rapidly, presumably because of
7

increasing obesity, reduced activity levels as countries become more
industrialized and the aging of the population. The incidence of type 1 diabetes
has been increasing at a rate of 3–5% per year worldwide. The cause for this
increase is not well understood, but type 1 DM is increasingly being diagnosed
at younger ages. India ranks second in countries with the greatest number of
individuals with diabetes in 2015 viz. China (109.6 million), India (73 million),
the United States (30.3 million), Brazil (14 million). Approximately 25% of the
individuals with diabetes in were undiagnosed even in developed countries;
globally, it is estimated that as many of 50% of individuals with diabetes may
be undiagnosed.
The prevalence of DM increases with age. The prevalence of diabetes is
similar among men and women, but diabetes related mortality rates are higher
in men compared to women. There is considerable geographic variation in the
incidence of both type 1 and type 2 DM.
With respect to countries with Type 1 DM, currently, Scandinavia has the
highest incidence of type 1 DM; the lowest incidence is in the Pacific Rim.
Northern Europe and the United States have an intermediate rate. Much of the
increased risk of type 1 DM is believed to reflect the frequency of high-risk
human leukocyte antigen (HLA) alleles among ethnic groups in different
geographic locations. However, now populations less enriched with these
classic high-risk HLA alleles are experiencing more rapid increases in type 1
DM incidence, suggesting an influence of environmental factors.
8

DIAGNOSIS OF DIABETES MELLITUS
The values for the Fasting Plasma Glucose (FPG), the glucose following
an oral glucose challenge, and HbA1c are the important variables. A FPG ≥7.0
mmol/L (126 mg/dL), a glucose ≥11.1 mmol/L (200 mg/dL) 2 h after an oral
glucose challenge, or an HbA1c ≥6.5% meets the criteria for the diagnosis of
DM. A random plasma glucose concentration ≥11.1 mmol/L (200 mg/dL)
accompanied by classic symptoms of DM (polyuria, polydipsia, weight loss) is
also sufficient for the diagnosis of DM. The current criteria for the diagnosis of
DM emphasize the HbA1c or the FPG as the most reliable and convenient tests
for identifying DM in asymptomatic individuals.

TABLE 2 Criteria for the Diagnosis of Diabetes Mellitus
• Symptoms of diabetes plus random blood glucose concentration 200 mg/dL or
• Fasting plasma glucose 126 mg/dL or
• Hemoglobin A1c ≥ 6.5% or
• 2-h plasma glucose 200 mg/dL during an oral glucose tolerance test

Adapted from American Diabetes Association: Diabetes Care 40(Suppl 1):S1327, 2018.
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INSULIN SECRETION
Knowledge about insulin secretion and action is vital to the understanding
of Type 1 DM. Glucose is the key regulator of insulin secretion by the
pancreatic beta cell, although amino acids, ketones, various nutrients,
gastrointestinal peptides, and neurotransmitters also influence insulin secretion.
Glucose levels >3.9 mmol/L (70 mg/dL) stimulate insulin synthesis, primarily
by enhancing protein translation and processing.
Glucose stimulation of insulin secretion begins with its transport into the
beta cell by a facilitative glucose transporter (FIG 3). Glucose phosphorylation
by glucokinase is the rate-limiting step that controls glucose-regulated insulin
secretion. Further metabolism of glucose-6- phosphate via glycolysis generates
ATP, which inhibits the activity of an ATP-sensitive K+ channel. This channel
consists of two separate proteins: one is the binding site for certain oral
hypoglycemics (e.g.,sulfonylureas, meglitinides); the other is an inwardly
rectifying K+ channel protein (Kir6.2). Inhibition of this K+ channel induces
beta cell membrane depolarization, which opens voltage-dependent calcium
channels (leading to an influx of calcium) and stimulates insulin secretion.
Insulin secretory profiles reveal a pulsatile pattern of hormone release,
with small secretory bursts occurring in about every 10 min, superimposed upon
greater amplitude oscillations of about 80–150 min. A number of metabolic
pathways internal to the beta cell as well as external hormonal cues amplify
glucose-stimulated insulin secretion like Glucagon-like peptide-1 (GLP-1) and
10

glucose-dependent insulinotropic peptide (GIP). GLP-1 release was thought to
occur solely from neuroendocrine L-cells of the gastrointestinal tract following
food ingestion. Recent pre-clinical studies also suggest that GLP-1 is produced
in alpha cells (intra-islet production).

FIG 1 Mechanism of glucose-stimulated insulin secretion and abnormalities
in diabetes
TYPE 1 DIABETES
Type 1 diabetes is characterized by the development of a state of complete
insulin deficiency arising as a consequence of β-cell destruction. In its fully
developed form, patients, if deprived of insulin, will develop ketoacidosis,
coma, and death. Biochemical testing reveals a marked reduction or complete
11

absence of circulating C-peptide (a marker of insulin secretion) despite
hyperglycemia. Epidemiologic and immunologic research has led to the
recognition of two major forms of type 1 diabetes based on the presence or
absence of certain immunologic markers.
 Autoimmune Type 1 Diabetes
Autoimmune type 1 diabetes is a prototypic organ-specific autoimmune
disorder. Individuals who develop this form of diabetes are born with a genetic
predisposition to autoimmune dysfunction, which may manifest in the
development of other autoimmune conditions such as Addison’s disease,
vitiligo, pernicious anemia, Hashimoto’s thyroiditis, and Celiac disease. The
genetic predisposition is not well understood but is known to be linked to the
major histocompatibility locus on chromosome 6. The presence of certain
human lymphocyte antigen (HLA) haplotypes appears to predispose the
individual to the disease, but other HLA haplotypes appear to be protective. In
predisposed individuals, a poorly understood environmental trigger sets off a
series of immunologic events that culminate in selective T cell–mediated
destruction of the β cells of the pancreatic islet. Many antigens have been
investigated as potential triggers for the disease. These include certain viral
antigens as well as an antigen contained in cow’s milk protein.
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A large series of investigations has been carried out for the “Diabetes
Autoimmunity Study in the Young.” These studies initially investigated the
early detection of anti-islet antibodies in children and their role in the prediction
of future type 1 diabetes. The rate at which β cell destruction occurs varies from
individual to individual and may be very brief, as is seen when type 1 diabetes
presents in children or young adults, or may be prolonged, as is seen in what has
been called latent autoimmune diabetes in adults. Antibodies appear in the
circulation early in the process of β cell destruction. These autoantibodies are
believed to be markers (rather than true instigators) of the immune response.
Their presence can help to classify a newly diagnosed patient with diabetes. In
several studies, screening for these autoantibodies has led to recognition of
autoimmune type 1 diabetes in individuals who otherwise might have been
labeled as having type 2 diabetes.
Islet cell antibodies, the first autoantibodies to be discovered, are directed
againsta range of islet antigens[5]. The best characterized autoantibodies are
those directed against glutamic acid decarboxylase (GAD), an enzyme that is
involved in γ-aminobutyric acid synthesis. Isoforms of GAD are found in the
central nervous system and in β cells of the pancreatic islet. Other
autoantibodies include those directed against tyrosine phosphatases, namely IA2 and IA-2β, as well as antibodies directed against insulin itself (anti-insulin
antibodies) [6]. Autoantibodies are present in 85% to 90% of individuals with
type 1 diabetes at the time of presentation with fasting hyperglycemia.
13

Childhood-onset type 1 diabetes is associated with higher levels of autoantibody
in serum[7].
 Idiopathic Type 1 Diabetes
The term idiopathic type 1 diabetes is used to describe a small subset of
individuals with type 1 diabetes who appear not to have an autoimmune basis
for their β cell destruction. Other features of this subtype include its occurrence
predominantly in individuals of African-American or Asian ethnicity, its lack of
HLA association, and its intermittent proneness to ketosis. A number of
different terms, including atypical diabetes, Flatbush diabetes, and type 1.5
diabetes, have been used to describe this form of diabetes. The preferred term in
the recent literature appears to be ketosis-prone type 2 diabetes.
GENETIC CONSIDERATIONS
Susceptibility to type 1 DM involves multiple genes. The concordance of
type 1 DM in identical twins ranges between 40 and 60%, indicating that
additional modifying factors are likely involved in determining whether
diabetes develops. The major susceptibility gene for type 1 DM is located in the
HLA region on chromosome 6. Polymorphisms in the HLA complex account
for 40–50% of the genetic risk of developing type 1 DM. This region contains
genes that encode the class II major histocompatibility complex (MHC)
molecules, which present antigen to helper T cells and thus are involved in
initiating the immune response. The ability of class II MHC molecules to
present antigen is dependent on the amino acid composition of their antigen14

binding sites. Amino acid substitutions may influence the specificity of the
immune response by altering the binding affinity of different antigens for class
II molecules. Most individuals with type 1 DM have the HLA DR3 and/or DR4
haplotype. Refinements in genotyping of HLA loci have shown that the
haplotypes DQA1*0301, DQB1*0302, and DQB1*0201 are most strongly
associated with type 1 DM. These haplotypes are present in 40% of children
with type 1 DM as compared to 2% of the normal population. However, most
individuals with predisposing haplotypes do not develop diabetes. In addition to
MHC class II associations, genome association studies have identified at least
20 additional genetic loci that contribute susceptibility to type 1 DM (i.e.,
polymorphisms in the promoter region of the insulin gene, the CTLA-4 gene,
interleukin 2 receptor, and PTPN22, etc). Genes that confer protection against
the development of the disease also exist. The haplotype DQA1*0102,
DQB1*0602 is extremely rare in individuals with type 1 DM (<1%) and appears
to provide protection from type 1 DM.
Although the risk of developing type 1 DM is increased tenfold in
relatives of individuals with the disease, the risk is relatively low: 3–4% if the
parent has type 1 DM and 5–15% in a sibling (depending on which HLA
haplotypes are shared). Hence, most individuals with type 1 DM (75%) do not
have a first-degree relative with this disorder.

15

PATHOGENESIS AND MOLECULAR BASIS OF TYPE I DM
Insulin-dependent

diabetes

mellitus

(IDDM)

is

caused

by

an

autoimmune attack on the pancreas. The attack is directed against specialized
insulin-producing cells (beta cells) that are located in spherical clusters, called
the islets of Langerhans, scattered throughout the pancreas. The autoimmune
attack destroys beta cells, resulting in decreased production of insulin and
consequently increased levels of blood glucose. Although other islet cell types
(alpha cells [glucagon-producing], delta cells [somatostatin-producing], or PP
cells [pancreatic polypeptide-producing]) are functionally and embryologically
similar to beta cells, they are spared from the autoimmune destruction [31].
Several factors are important in the destruction of beta cells. First,
activated CTLs migrate into an islet and begin to attack the insulin producing
cells. Local cytokine production during this response includes IFN-gamma,
TNF-alpha, and IL-1. Auto-antibody production can also be a contributing
factor in IDDM. The first CTL infiltration and activation of macrophages,
frequently referred to as insulitis (Figure 2), is followed by cytokine release and
the presence of auto-antibodies, which leads to a cell-mediated DTH response.
The subsequent beta-cell destruction is thought to be mediated by
cytokines released during the delayed type of hypersensitivity response and by
lytic enzymes released from the activated macrophages. Auto-antibodies to beta
cells may contribute to cell destruction by facilitating either antibody-plus-
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complement

lysis

or

antibody-dependent

cell-mediated

cytotoxicity[32f]

(ADCC).

Fig.2: Photomicrograph of an islet of Langerhans in pancreas from a
normal mouse

Fig.3: Photomicrographs of an islet of Langerhans in pancreas from a
mouse with insulin-dependent diabetes mellitus showing the lymphocyte
infiltration into the islet (insulitis)

17

Inappropriate expression of Class II MHC Molecules can sensitize
autoreactive T cells.
The pancreatic beta cells of individuals with insulin-dependent diabetes
mellitus (IDDM) express high levels of both class I and class II MHC
molecules, whereas healthy beta cells express lower levels of class I and do not
express class II at all. Similarly, thyroid acinar cells from those with Graves’
disease have been shown to express class II MHC molecules on their
membranes. This inappropriate expression of class II MHC molecules, which
are normally expressed only on antigen presenting cells, may serve to sensitize
TH cells to peptides derived from the beta cells or thyroid cells, allowing
activation of B cells or TC cells or sensitization of TH1 cells against selfantigens. Other evidence suggests that certain agents can induce some cells that
should not express class II MHC molecules to express them. For example, the
T-cell mitogen phytohemagglutinin (PHA) has been shown to induce thyroid
cells to express class II molecules.
In vitro studies reveal that IFN also induces increases in class II MHC
molecules on a wide variety of cells, including pancreatic beta cells, intestinal
epithelial cells, melanoma cells, and thyroid acinar cells. It was hypothesized
that trauma or viral infection in an organ may induce a localized inflammatory
response and thus increased concentrations of IFN-gamma in the affected organ.
If IFN- gamma induces class II MHC expression on non-antigen-presenting

18

cells, inappropriate TH-cell activation might follow, with autoimmune
consequences.
Animal models:
An important animal model is the nonobese diabetic (NOD) mouse,
which spontaneously develops a form of diabetes that resembles human insulindependent diabetes mellitus (IDDM). Like the human disease, the NOD mouse
disease begins with lymphocytic infiltration into the islets of the pancreas

[16]

.

Also, as in IDDM, there is a strong association between certain MHC alleles
and the development of diabetes in these mice. Experiments have shown that T
cells from diabetic mice can transfer diabetes to non diabetic recipients. For
example, when the immune system of normal mice is destroyed by lethal doses
of x-rays and then is reconstituted with an injection of bone-marrow cells from
NOD mice, the reconstituted mice develop diabetes.
Conversely, when the immune system of still healthy NOD mice is
destroyed by x-irradiation and then reconstituted with normal bone-marrow
cells, the NOD mice do not develop diabetes. Various studies have
demonstrated a pivotal role for CD4+ T cells in the NOD mouse, and recent
evidence implicates the TH1 subset in disease development.
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Mechanisms of virally induced autoimmunity in Type1 DM:


Molecular mimicry implies that the cross-reactivity between viral and self
determinants is a principle cause or mechanism of enhancing
autoimmunity



Bystander activation postulates that APCs and autoreactive lymphocytes
will

become

activated

indirectly

as

a

consequence

of

the

cytokine/chemokine by virus infection of a particular organ


Virally induced determinant spreading involves the presentation of
autoantigens (possibly previously cryptic) by virus-activated APCs.

Final common pathway
The abnormalities in glucose metabolism that are caused by the
destruction of islet beta cells result in serious metabolic problems that include
ketoacidosis and increased urine production. The late stages of the disease are
often characterized by atherosclerotic vascular lesions—which in turn cause
gangrene of the extremities due to impeded vascular flow— renal failure, and
blindness. If untreated, death can result. Another complicating feature of
diabetes is that the disorder can go undetected for several years, allowing
irreparable loss of pancreatic tissue to occur before treatment begins.
IMMUNOLOGIC MARKERS
Pancreatic islet molecules targeted by the autoimmune process include
proinsulin, insulin, glutamic acid decarboxylase (GAD; the biosynthetic enzyme
for the neurotransmitter GABA), ICA-512/IA-2 (homology with tyrosine
20

phosphatases), and a beta cell–specific zinc transporter (ZnT-8). Most of the
autoantigens are not beta cell–specific, which raises the question of how the
beta cells are selectively destroyed. Current theories favor initiation of an
autoimmune process directed at one beta cell molecule, which then spreads to
other islet molecules as the immune process destroys beta cells and creates a
series of secondary autoantigens. Stress pathways and processes arising within
the beta cell may exacerbate autoimmunity through the development of
modified proteins or “neoantigens” that serve as additional immune targets[38].
1. Islet Cell Antibodies
Islet cell antibodies (ICA) detected by indirect immunofluorescence on
frozen sections of human blood group O pancreas was the first indication of
autoantibodies in T1DM. ICSA (islet cell surface antibodies) in newly
diagnosed T1DM patients were demonstrated in dispersed-cell preparations of
rat or mouse pancreatic islets[10]. Autoantibodies in T1DM sera preferentially
bind to β cells if the disease was diagnosed before 30 years of age. The
observation that antibodies are capable of binding to living β cells is important
because it allows testing of the possibility that surface-bound autoantibodies
either mediate immune effector mechanisms or directly affect the function of
the β cells. The former phenomena included complement mediated cytotoxicity
or antibody-dependent cellular cytotoxicity[11].

Either mechanism could

contribute to killing pancreatic β cells, provided that the in-vitro phenomenon
also is occurring in vivo.
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However, not knowing the autoantigen was a shortcoming in these types
of autoantibody studies. The search for autoantigens was initiated already in the
late 1970s. The first report was published in 1982.Several assay systems are
now in use to determine the presence of autoantibodies reactive with pancreatic
islet cell autoantigens. Autoantibodies to GAD65, IA-2, insulin, and the zinc
transporter ZnT8 have essentially replaced ICA[12]. One or more of these
autoantibodies may be present in more than 95% of newly diagnosed
T1DM patients, and they present variably during the prodrome of islet
autoimmunity long before the clinical onset. Two or more of these
autoantibodies have a high predictive value of T1DM. Therefore, it is critical
that reliable, standardized, and harmonized tests are available to detect these
autoantibodies[13].
2. Glutamic Acid Decarboxylase Autoantibodies
Glutamic acid decarboxylase is an enzyme present mainly in pancreatic β
cells and neuron cells. This enzyme produces γ-aminobutyric acid (GABA),
which is stored in small neurotransmitter vesicles[17]. Two isoforms are known:
GAD65 and GAD67. Immunoprecipitation of human islet proteins has revealed
the presence of autoantibodies against a 64K protein identified as GAD but
found to represent an isoenzyme, GAD65, coded for by a gene on human
chromosome 10. The previously known GAD67 on chromosome 2 shares 65%
of the amino acids, but this isoform is not expressed in human β cells. The
frequency of GAD65 autoantibodies (GAD65Ab) in children with new-onset
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T1DM is 70% to 80%. Patients with GAD67 antibodies are almost invariably
GAD65-antibody positive.
The GAD65 autoantibody (GAD65Ab) frequency in new-onset patients is
little affected by the age at onset; however, in children younger than 10 years of
age, more girls than boys have GAD65Ab. GAD65Ab are evanescent but less
so than ICA. GAD65Ab tend to be the most prevalent and persist for longer
duration after the diagnosis of T1D when compared to other autoantigens.
Almost 50% of patients with disease duration of 10 years may still be
GAD65Ab positive. GAD65Ab have high sensitivity but lesser specificity,
owing to variations in the titer, which is usually low at the time of diagnosis.
Any assessment of an individual’s risk for developing T1D depends on
the ability to determine accurately the presence of antibodies in a prospective
analysis. This is particularly important because GAD65Ab may appear
temporarily in healthy individuals. Persistent GAD65Ab are more often
detected in DRBI*03-DQA1*0501-B1*0201-positive than in DRB1*04DQA1*0301-B1*0302-positive subjects. GAD65Ab may be detected in about
1% of the general population, but the frequency increases to about 8% among
first-degree relatives of patients with T1DM The positive predictive value of
GAD65Ab for T1DM is about 50% or higher among first-degree relatives. It
may be as high as 20% in school children with high-risk HLA. GAD65Ab also
predict stiff-man syndrome, although the GAD65Ab epitopes are different from
those in T1D[21].
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T1D is best predicted when the GAD65Ab is combined with insulin
autoantibodies (IAA), IA-2Ab, or ZnT8Ab. In order to provide unified
comparative assays, standardization of GAD65Ab (and IA-2A) has been done
in the DASP (Diabetes Antibody Standardization Program). Both the radiobinding assay (RBA) and enzyme linked immunosorbent assay (ELISA)
performance have improved and are able to discriminate controls from patients.
These results imply the value of GAD65Ab (and IA-2Ab) both for classification
of patients with diabetes and for screening high-risk populations.
3. Insulin Autoantibodies
Insulin is produced after the C-peptide has been cleaved from proinsulin.
The molecular weight of insulin is 5.8 kD, and the molecule is composed of the
A and B chain. It was demonstrated in a radioligand-binding assay that
approximately 50% of patients with newly diagnosed but untreated T1D had
IAA. Among children at T1D genetic risk and younger than 5 years of age, IAA
were reported to be the first islet autoantibody to appear but fluctuated more
than ICA, GAD65Ab, or IA-2Ab. Proinsulin is therefore viewed as a primary
specific autoantigen, especially since it is unique to the β cells. IAA react with
both insulin and proinsulin, indicating that they possess shared epitopes as
targets of IAA. IAA were positively associated with DR4. A first analysis of
putative IAA epitopes indicates that the amino acids B1 to B3 and A8 to A13
are important. IAA and insulin antibodies that appear after insulin therapy have
similar binding characteristics.
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It has been proposed that IAA predict T1DM better in children than in
adults. Current prospective, population-based studies of children followed from
birth (DiPP, DAISY, BABYDIAB, and TEDDY[35]) suggest that in one group of
children IAA is the first autoantibody to appear at approximately 1 to 3 years of
age. At this age, IAA are strongly associated with DRB1*04- DQA1*0301DQB1*0302. The second autoantibody to appear in this group of children tends
to be GADA. In another group of children, GAD65Ab is the first autoantibody
to appear. These children are 3 to 5 years of age. This group of children are
strongly associated with DRB1*03-DQA1*0501-DQB1*0201. The second
autoantibody to appear in this group of children tends to be IAA or IA-2A. IAA
as the first autoantibody is decreasing with increasing age, while GAD65Ab is
increasing with increasing age. IAA assays have been standardized, and only
the fluid phase radioimmunoassay (but not ELISA) was found to have high
diagnostic

sensitivity

and

specificity

for

T1D.

The

fluid-phase

radioimmunoassay for IAA is still lacking an international standard, and the
IAA test is therefore yet to be standardized. However, insulin antibodies
developed after initiation of insulin therapy have higher specificity for insulin
and may therefore be detected by ELISA. Insulin appears to be an important
autoantigen in the NOD mouse but not in the BB rat. IAA measured by
sensitive RBA was found to be markers of autoimmunity in NOD mice.
Furthermore, it was found that CD4 T-cells in the NOD mouse specifically
target the β chain of insulin, and administration of the whole insulin molecule or
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its β chain in the prediabetes phase may prevent or delay disease onset in
susceptible mice. It has also been proposed that proinsulin acts as the primary
autoantigen that triggers a pathologic autoimmune reaction against the β cells.
This reaction is propagated into other antigens such as IGRP (islet-specific
glucose-6-phosphatase catalytic subunit–related protein) through epitope
spreading.

FIG.4: Frequency of autoantibodies against glutamic acid decarboxylase
(GAD65) (GAD65Ab), insulinoma-associated antigen 2 (IA-2Ab),and
insulin autoantibodies (IAA) at the time of clinical diagnosis of type
1diabetes in relation to age at onset.
26

FIG.5: Frequency of autoantibodies against glutamic acid decarboxylase
(GAD65Ab) and insulinoma-associated antigen 2 (IA-2Ab), as well as islet
cell antibodies (ICA), in relation to the duration of type 1 diabetes.

4. Islet Antigen-2 Autoantibodies (Insulinoma-Associated Antigen-2
Autoantibodies)
Trypsin treatment of the 64-K immunoprecipitate revealed 40-K and 37K fragments of islet antigen yielding two isoforms of the tyrosine phosphatase–
like protein islet antigen-2 antibodies (IA-2Ab), IA-2 (ICA512) and IA-2β
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(phogrin), respectively. IA-2 and IA-2β are both associated with the secretion
granule membrane. These isoforms share high structural similarities but lack
enzymatic activity, and their functions in neuroendocrine tissues such as the
hypothalamus and pancreatic islets are not fully understood. IA-2Ab are
detected in 60% to 70% of patients with new-onset T1D. These antibodies are
less frequent with increasing age at onset. The IA-2Ab would therefore better
predict young age at onset of T1D[22].
Longitudinal studies of first-degree relatives suggest that IA- 2Ab tend to
appear closer to the clinical onset of T1D compared with GAD65Ab, which
tend to appear earlier in the prodrome. The IA-2Ab are evanescent, but when
present in patients who are young at disease onset, as many as 50% may still be
IA-2Ab positive after having had diabetes for 10 years IA-2Ab were associated
primarily with DRB1*0401and not with DQA1*0301-DQBI*0302,161 and the
risk for this antibody is increased in males. Surprisingly, the presence of IA2Ab in T1D was negatively associated with DQA1 *0501-DQBI*0201.128 The
mechanisms by which the IA-2 proteins become recognized as autoantigens are
therefore not yet understood. The frequency of IA-2Ab in the general
population is less than 1%. In young children with genetic susceptibility,
progression to clinical T1D onset was associated with broad epitope response
and juxtamembrane reactivity to the IA-2 antigen, while the occurrence of IgEIA-2 antibodies provided relative protection.
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The predictive value of IA-2A for T1D is best estimated in combination
with GAD65Ab and IAA. The fact that sera from T1D patients could precipitate
GAD65, IA-2, and IA-2β simultaneously using RBA made it possible to
develop standardized assays for these autoantibodies with high levels of
sensitivity and specificity. ELISA tests for IA-2Ab are available with similar
diagnostic sensitivity and specificity to radioligand assays, and combination
ELISA tests using biotin-labeled preparations of both IA-2Ab and GAD65Ab
have been developed. At onset of diabetes in NOD mice, IA-2Ab had higher
signals (36% to 47%) in RBA than in control mice, and these results were
concordant with an IA-2Ab ELISA (50%). However, although both GAD65Ab
and IA-2Ab had strong concordance in individual mice, they seemed to
represent nonspecific binding. IA-2Ab have not been reported in the BB rat or
in other spontaneously diabetic laboratory rodents; The BB rat developed
lymphopenia and diabetes because of a mutation in the GIMAP 5 gene, and it
was therefore of interest that high titers of IA-2Ab were associated with a
genetic polymorphism in the human GIMAP5gene.
5. ZnT8 Transporter
Insulin used to be thought of as the only β cell–specific autoantigen, but
the β cell–specific ZnT8 transporter (zinc transporter isoform-8) was found not
only to be the target of islet autoimmunity but also a genetic marker for T2D.
The ZnT8 transporter is important to the formation of insulin crystals in that it
facilitates Zn2+ transportation into the β cell insulin granules. This antigen
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is encoded by the SLC30A8 gene, which is one of nine human genes for
multispanning

transmembrane

proteins.

Epitope

mapping

of

these

autoantibodies showed that ZnT8Ab primarily react with the C-terminal end
of the protein. Polymorphic variants of ZnT8 at amino acid position 325 in the
cytosolic tail were found to be either arginine (ZnT8-R) or tryptophan (ZnT8W), both representing markers of ZnT8Ab susceptibility with potential
diagnostic, therapeutic, and prognostic uses. ZnT8Ab were detected in 26% of
subjects who were reported negative for GAD65Ab, IA-2Ab, and IAA. On the
other hand, ZnT8Ab were found to be positive in 60% to 80% of newly
diagnosed T1D patients but in only 2% of controls and less than 3% of T2D
patients. ZnT8Ab were also found during the islet autoimmune prodrome, often
after 2 years of age and independently of other autoantibodies but mainly later
than GAD65Ab and IAA.
The high specificity and independent appearance of ZnT8Ab
highlight their usefulness for prediction, especially in older children and
adolescents, since ZnT8Ab prevalence and titer levels increase with age.
Following similar principles of GAD65Ab and IA-Ab standardization, fluidphase radioassays of ZnT8Ab (C-terminal) were standardized and validated in
the DASP workshop.
In summary, currently available methods for detecting autoantigenspecific autoantibodies (GAD65Ab, IA-2Ab, IAA, and ZnT8Ab) are of value in
predicting T1D. Standardized assays for these autoantibodies are important
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when selecting participants in prevention and intervention trials. How the
uptake, processing, and presentation of these autoantigens by APC that initiate
the formation of islet cell autoantigen–reactive T and B lymphocytes are
accomplished are important questions that remain to be answered.
6. Candidate (Minor) Auto antigens
Several substances or molecules attributed to the autoimmunity of T1D
may represent candidate or minor autoantigens[36]. Autoantigens reported to be
associated with T1D include
imogen 38
vesicle-associated membrane protein-2 (VAMP2)
neuropeptide-Y (NPY)
glima-38
heat shock protein 60 (HSP60)
ICA69
carboxypeptidase H (CPH)
DNA topoisomerase II
CD38 (ADP ribosyl cyclase/cyclic ADP-ribose hydrolase)
Glut-2 (Type-2 glucose transporter)
ICA12/SOX13
The role of these candidate autoantigens in islet autoimmunity, T1D, or both,
remains to be determined.
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PREDICTION OF TYPE I DM:
Highly effective, precise, and reproducible screening assays for HLA
genotypes, as well as for GAD65Ab, lA-2Ab, ZnT8Ab, and possibly IAA, are
in use to detect individuals who are carriers of islet cell autoimmunity with
an increased risk for T1D (Table 39-9). Early detection of T1D serves several
purposes. Among them is the distinct possibility that ketoacidosis associated
with a dramatic and traumatic onset of T1D, in some cases leading todeath,
would be forestalled. In addition, immunotherapeutic modalities for disease
prevention of β cell destruction are under active investigation, with the hope
that T1D may someday be a preventable disease.
It is well established that the development of islet autoimmunity and
T1D may be triggered during early infancy or even intrauterine life among
genetically susceptible subjects. Transplacentally-transferred autoantibodies
may be detected in cord blood of newborn infants of diabetic mothers, but they
mainly disappear by 6 months. On the other hand, nondiabetic mothers with
detectable antibodies confer an even higher disease risk to their offspring[23].
The fact that clinical onset of T1D is preceded by a prodrome phase of
“prediabetes” marked by islet autoimmunity markers makes T1D a candidate
for prediction and prevention. The predictive value of these autoantibodies
varies with age, and combining more than one autoantibody is increasing the
positive predictive value. The improved ability to measure autoantibodies
against GAD65, IA-2, and insulin made it possible to predict T1D by up to 98%
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accuracy when ZnT8Ab were added to the arsenal of islet autoantibody tests. A
high predictive value of the screening tests is critical to designing interventional
studies. This strategy is most useful in high-risk groups such as first-degree
relatives, where high diagnostic specificity is required. The levels of
autoantibodies reflect the degree of aggressiveness of the autoimmune reaction
and are related to persistence of positivity and subsequent progression into
clinical disease. HLA testing alone is not a primary indicator for the prediction
of T1D, but it has a significant role when used with autoimmune markers to
increase sensitivity of prediction among subgroups with moderate risk.
However, adding HLA-DQ did not affect the diagnostic sensitivity of islet
autoantibodies
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FIG.6: Temporal model for development of Type 1DM

PREVENTION OF TYPE I DM:
The ability to prevent or reverse autoimmune diabetes in laboratory
animals such as the NOD mouse and BB rat using different therapeutic
approaches has initiated several prevention and intervention studies in humans.
However, the possibilities of success in humans are significantly different from
these animals. Studies in the NOD mouse and the BB rat showed that treatment
with insulin or nicotinamide reduced spontaneous diabetes. These studies
initiated large clinical trials, such as the Diabetes Prevention Trial-1, the
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Diabetes Prediction and Prevention Project, and the European Nicotinamide
Diabetes Intervention Trial, all without effects. Primary prevention trials
would target high-risk groups (such as infants with high HLA risk or
positive family history) prior to the initiation of the autoimmune insult.
Environmental factors such as nutritional factors are of interest especially from
birth up to 6 years of age; the period when autoimmunity is mostly triggered
and highest incidence rise has been observed. The Trial to Reduce IDDM in
the Genetically At Risk (TRIGR)

[24]

is a randomized, placebo-controlled,

double-blind trial that is testing the effects of cow’s milk in genetically at-risk
infants with a positive family history. Infants were randomized to receive cow’s
milk or hydrolyzed casein formula following 6 to 8 months of breastfeeding.
TRIGR is implemented in 17 countries. Recent results indicate that the
hydrolyzed casein formula did not prevent the children from developing islet
autoantibodies. The Nutritional Intervention to Prevent Diabetes (NIPDiabetes) is recruiting pregnant women and high-risk infants younger than 5
months of age. NIP is using oral docosahexaenoic acid (DHA), a fatty acid
thought to prevent islet autoimmunity, given to the mothers as a supplement.
Infants will be followed up until 9 years of age. Results from this study will
decide future larger trials.
The gluten-free diet trial, PREVFIN, tested the possible effect of
eliminating gluten from the diet on the risk for T1D. It ended in 2002 with no
observed effects on islet autoantibodies or disease progression. Meta-analysis of
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results from several earlier observational studies suggested that a vitamin D
supplement given to children significantly reduces T1D risk

[25]

. There also was

some evidence that this association was affected by the dose and timing of
supplementation. A randomized, open-label trial initiated in 2003 tested the use
of 2000 IU/day of vitamin D3 (cholecalciferol), compared to the currently used
supplement dose of 400 IU/day, as a possible preventive factor. This pilot study
(Manitoba, Canada) recruited infants up to 4 weeks of age who had a high HLA
genetic risk.
Secondary prevention strategies recruit children with high HLA
genetic risk with positive autoantibodies and children and young adults
with multiple autoantibodies. The aim is to retard and suppress β cell
destruction by aggressive immunity. Antigen-based secondary prevention trials
using insulin as a specific antigen have been carried out. The Diabetes
Prevention Trial-1 (DPT-1) was a large efficacy randomized trial that had two
arms: parenteral insulin (high-risk subject, no placebo, completed in 2002) and
oral insulin (moderate-risk subject, placebo-controlled, completed in 2005 and
repeat study is ongoing). Both arms showed no effect on the progression of
T1D, although results from sub analysis of the oral arm gave strong evidence on
reducing the incidence of T1D in relatives with insulin autoimmunity
(IAA ≥80 U). Nicotinamide (vitamin B3) was used orally as a non–antigenspecific agent in the European Nicotinamide Diabetes Intervention Trial
(ENDIT). The results of ENDIT showed no effect on T1D outcome. The
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Diabetes Prediction and Prevention Project (DIPP) was a randomized, placebocontrolled trial implemented in Finland; it recruited high–genetic-risk children
to test the efficacy of intranasal insulin on the prevention of T1D. Intranasal
insulin did not delay or prevent T1D

[26]

. Other trials that used cyclosporine,

vitamin-E, or intensive insulin treatment in combination with nicotinamide were
also without effects. Other prevention trials tested some drugs such as ketotifen,
a histamine antagonist, with no effect observed.
INTERVENTIONS
Intervention or tertiary prevention trials target newly diagnosed T1D
patients, aiming at preserving the residual β cell mass and enhancing their
functionality and regeneration. Like prevention trials, intervention trials can
also be either antigen-specific or non–antigen-specific. Immunologic
vaccination with specific pancreatic antigens has been adopted by a group of
trials.
The NBI-6024 is a currently ongoing, randomized, placebo-controlled,
double-blind trial testing the effects of the altered peptide ligand (APL) insulin
B:9-23 vaccine, which is a significant islet autoantigen. This genetically
engineered vaccine is injected subcutaneously to adolescents and adults with
new-onset T1DM.
The DiaPep277 was also a randomized, placebo-controlled, doubleblind trial that used an immunomodulatory peptide heat shock protein 60
(HSP60) given subcutaneously to subjects with new-onset T1D. Results from
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DiaPep277 suggested prevention of β cell destruction and preservation of Cpeptide levels within 12 to 18 months in adults, but a similar effect was not
found in T1D children
GAD65 formulated with alum has been used in randomized, placebocontrolled immunomodulation trials in LADA and 10- to 18-year-old T1D
patients[27]. Subcutaneous injection of 20 mcg GAD-alum resulted in
preservation of residual insulin secretion. Other trials are using proinsulinpeptide vaccine or proinsulin-based DNA vaccine (BHT-3021) among high-risk
children.
The non–antigen-specific approach has been used in numerous
interventional studies. Randomized, placebo controlled trials with oral
cyclosporin-A showed reduced loss of residual C-peptide and insulin dosages;
however, the effects were transient, and side effects outweighed the benefits.
Although azathioprine trials showed no effects when used alone, its
combination with prednisone showed partial, temporary remission of new-onset
T1D. Antithymocyte globulin (aTG), used in organ transplantation, showed a
reduction in insulin requirements when combined with prednisone, but severe,
transient thrombocytopenia emerged as a major side effect. CD3 monoclonal
antibodies including hOKT3gl (Ala-Ala) and ChAglyCD3 (TRX4), which
suppress T-cell activity by blocking their proliferation and differentiation,
showed preserved C-peptide levels and lowered insulin requirements for 18 to
24 months after therapy. The Anti-CD20, rituximab, is a monoclonal antibody
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that reduces blood β cells by blocking the CD20 receptors. Rituximab has
shown effects in other autoimmune diseases such as rheumatoid arthritis, with
possible benefits in T1D. Diazoxide, an inhibitor of insulin secretion, was used
to allow residual β cells to rest and protect them from further immune-mediated
destruction, but no effect was reported. Similarly, a pilot study with
subcutaneous BCG vaccine showed no effects.
Newly designed trials using autologous umbilical cord blood cells or
gene-engineered dendritic cells have been lately launched as tertiary-level
interventional trials. Mesenchymal stem cells (MSC) have immunomodulatory
effects and may be used to prevent and cure T1D[29]. They may contribute
through direct effects on regulatory T cells and autoreactive T cells and through
correction of B cells and natural killer cells, or through indirect effects by
regulating the function of dendritic cells or enhancing peripheral immunologic
tolerance.
Tertiary

intervention

includes

both

whole-organ

pancreatic

transplantation and isolated islet transplantation[30]. Both approaches have
proved successful in terms of restoring glycemic levels and insulin
independence, but isolated islet transplantation had lesser glycemic control,
transient effects, and increased morbidity but higher costs.
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AIMS AND OBJECTIVES

 To screen the susceptible siblings and offsprings of Type 1 DM
patients for RBS, HbA1C, BMI
 To detect the presence of Islet cell auto antibodies – Anti GAD and
Anti IA-2 in them.
 To predict and if possible, prevent the onset of Type 1 DM in the
susceptible population.
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MATERIALS AND METHODS
MATERIALS:
The present study was undertaken at the Department of Microbiology,
Tirunelveli Medical College for a period of one year from June 2018 – July
2019.
STUDY POPULATION
Children and Adolescent age group
STUDY PERIOD
1 year
STUDY DESIGN
Cross sectional study
STUDY AREA
Department of Medicine, Tirunelveli medical college Hospital
STUDY SAMPLE
Serum
SAMPLE SIZE
50
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INCLUSION CRITERIA
Siblings and off springs of Type I DM patients attending Diabetic OP
EXCLUSION CRITERIA
Known case of Type I and Type II DM
ETHICAL CLEARANCE
The study was started after getting ethical committee clearance from the
institution.
INFORMED CONSENT
Informed consent was obtained from all patients included in the study.
PROFORMA
The proforma was filled with the details like name, age, sex, clinical
details and other parameters significant to the present study.
TEST KITS
The GAD 65 and IA- 2 ELISA kits were the ones supplied by Fine Test,
Wuhan Fine Biotech Co., Ltd. Chemicals and Reagents used were those
provided in the kit.
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EQUIPMENTS
The following equipments were used:
Table top centrifuge (Remi, R8C), Incubator (Tempo), ELISA reader and
washer (BioRad, France)
REFERENCE SERA
The standards used were those provided in the respective kits.
METHODS
General safety precautions
The blood samples were collected, transported, stored and processed
using all safety precautions throughout the course of this study. Gloves and
masks were worn during processing of the samples. Storage of samples were
done according to the manufacturer’s instructions. During withdrawal of
samples due care was given to follow aseptic precautions by using sterile
disposable needles and discarded according to Biomedical Waste Management
Rules-2018 to ensure patient safety. No charges were paid by patients, and the
study was funded by the investigator.
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Sample Collection and Storage
The following steps were followed during collection of specimens
1. Patient name, age, gender were noted on the blood collection tube (Red
topped tube with EDTA).
2. The patient was positioned in a chair sitting or lying on a bed.
3. Blood handlers were instructed to wash hands following standard techniques
before withdrawing blood.
4. A suitable site for venipuncture was selected, by placing the tourniquet 3 to 4
inches above the selected puncture site on the patient.
5. Non-latex gloves were worn, and the vein was palpated.
6. When a vein was selected, the area was cleansed in a circular motion,
beginning at the site, working outward and allowed to air dry.
7. The patient was asked to make a fist; avoiding “pumping the fist.”The
patient’s arm was grasped firmly using thumb to draw the skin taut and anchor
the vein (Medial cubital vein being the vein of choice). The needle was inserted
through the skin into the lumen of the vein. The needle formed a 15-30 degree
angle with the arm surface.
8. The samples were collected in red vacutainers with clot activators and the
needle was removed from the patient's arm using a swift backward motion
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9. The contaminated materials/supplies were discarded in designated containers.
10. The samples received at the laboratories were then processed
Blood sample Centrifugation
As recommended the serum was physically separated from contact with
cells as soon as possible, with a maximum time limit of 2 hours from the time of
collection.
Blood samples were centrifuged at 1800 rpm for 1 minute.
Tubes were kept closed at all times during the centrifugation process.
Place the closed tubes in the centrifuge as a“balanced load”.
Centrifugation safety precautions were taken care of during the process.
Serum separated and stored at -4degrees and vortexed before use.
GAD 65 ELISA
Principle of the Assay
The kit we used was based on sandwich enzyme-linked immune-sorbent
assay technology. Anti-GAD65 antibody was pre-coated onto 48-well plates.
And the biotin conjugated anti-GAD65 antibody was used as detection
antibodies. The standards, test samples and biotin conjugated detection antibody
were added to the wells subsequently, and washed with wash buffer. HRPStreptavidin was added and unbound conjugates were washed away with wash
buffer. TMB substrates were used to visualize HRP enzymatic reaction. TMB
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was catalyzed by HRP to produce a blue color product that changed into yellow
after adding acidic stop solution. The density of yellow was proportional to the
GAD65 amount of sample captured in plate. The O.D. absorbance is read at
450nm in a microplate reader is, and then the concentration of GAD2 was
calculated.
Sample Dilution
A 1:2 dilution was used (i.e. 50 μl of sample added into 50 μl of Sample /
Standard dilution buffer)
Reagent Preparation and Storage
All reagents were brought to room temperature before use
1. Wash Buffer:
30mL of Concentrated Wash Buffer was diluted into 750 mL of Wash Buffer
with deionized or distilled water.
2. Standard:
1) Preparation of 10ng/ml of standard solution: 1 ml of Sample / Standard
dilution buffer is added into one Standard tube, mixed thoroughly and kept the
tube at room temperature for 10 min
2) Dilution of 5ng/ml→0.156ng/ml of standard solutions: 6 Eppendorf tubes
labelled

with

5ng/ml,

2.5ng/ml,

1.25ng/ml,
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0.625ng/ml,

0.312ng/ml,

0.156ng/ml, respectively. 0.3 ml of the Sample / Standard dilution buffer added
into each tube. 0.3 ml of the above10ng/ml standard solution is added into 1st
tube and mixed thoroughly. 0.3 ml from 1st tube is transferred to 2nd tube and
mixed thoroughly.0.3 ml from 2nd tube is transferred to 3rd tube and mixed
thoroughly, and so on.

3. Preparation of Biotin-detection Antibody working solution
Prepared within 1 hour before the experiment.
1) The total volume of the working solution is calculated: 0.1 ml / well ×
quantity of wells.
2) Biotin-detection antibody is diluted with Antibody dilution buffer at 1:100
and mixed thoroughly
4. Preparation of HRP-Streptavidin Conjugate (SABC) working solution:
Prepared within 30min before the experiment.
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1) The total volume of the working solution is calculated: 0.1 ml / well ×
quantity of wells.
2) SABC is diluted with SABC dilution buffer at 1:100 and mixed thoroughly.
Assay Procedure – after mixing every vial thoroughly
Step1. Microtitre plate is washed twice before adding standard, sample and
control (zero) into the wells. Then positions of standard, test sample and control
(zero) wells are recorded on the pre-coated plate respectively.
Step2. 100µl of 10ng/ml, 5ng/ml, 2.5ng/ml, 1.25ng/ml, 0.625ng/ml,
0.312ng/ml, 0.156ng/ml, of standard solutions are added into the standard wells.
Step3. 100µl of Sample / Standard dilution buffer is added into the control
(zero) well.
Step4. 100µl of properly diluted sample (Human serum) is added into the test
sample wells.
Step5. The plate is sealed with a cover and incubated at 37 °C for 90 min.
Step6. The wells were washed thoroughly twice with wash buffer.
Step7. 100µl of Biotin-detection antibody working solution was added into the
above wells.
Step8. The plate is sealed with a cover and incubated at 37°C for 60 min.
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Step9. The plate is washed 3 times with Wash buffer.
Step10. 100µl of SABC working solution is added into each well and incubated
at 37°C for 30 min.
Step11. The plate was washed 5 times with Wash buffer.
Step12. 90 μl of TMB substrate added into each well and incubated at 37°C in
dark within 15-30 min
Step13. 50 μl of Stop solution is added into each well and mixed thoroughly.
Step14. The O.D. absorbance was then read on a spectrophotometer using
450nm as the primary wavelength, immediately after adding the stop solution.
Calculation
 (the relative O.D.450) = (the O.D.450 of each well) – (the O.D.450 of
Zero well).
 The standard curve was then plotted as the relative O.D.450 of each
standard solution (Y) vs. the respective concentration of the standard
solution (X).
 The GAD65 concentration of the samples was interpolated from the
standard curve.
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IA-2 ELISA
Principle of the Assay
This kit was based on sandwich enzyme-linked immune-sorbent assay
technology. Anti- PTPRN antibody was pre-coated onto 48-well plates. And the
biotin conjugated anti- PTPRN antibody was used as detection antibodies. The
standards, test samples and biotin conjugated detection antibody were added to
the wells subsequently, and washed with wash buffer. HRP-Streptavidin was
added and unbound conjugates were washed away with wash buffer. TMB
substrates were used to visualize HRP enzymatic reaction. TMB was catalyzed
by HRP to produce a blue color product that changed into yellow after adding
acidic stop solution. The density of yellow was proportional to the PTPRN
amount of sample captured in plate. The O.D. absorbance was read at 450nm in
a microtitreplate reader, and then the concentration of PTPRN was calculated.
Sample Dilution
A 1:2 dilution (i.e. 50 μl of sample added into 50 μl of Sample / Standard
dilution buffer.)
Reagent Preparation and Storage
All reagents were brought to room temperature before use.
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1. Wash Buffer:
30mL of Concentrated Wash Buffer was diluted into 750 mL of Wash
Buffer with deionized or distilled water.
2. Standard:
1) Preparation of 20ng/ml of standard solution: 1 ml of Sample / Standard
dilution buffer is added into one Standard tube, mixed thoroughly and kept the
tube at room temperature for 10 min
2) Dilution of 10ng/ml→0.313ng/ml of standard solutions: 6 Eppendorf tubes
labelled with 10ng/ml, 5ng/ml, 2.5ng/ml, 1.25ng/ml, 0.625ng/ml, 0.313ng/ml,
respectively. 0.3 ml of the Sample / Standard dilution buffer added into each
tube. 0.3 ml of the above10ng/ml standard solution is added into 1st tube and
mixed thoroughly. 0.3 ml from 1st tube is transferred to 2nd tube and mixed
thoroughly.0.3 ml from 2nd tube is transferred to 3rd tube and mixed
thoroughly, and so on.
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3. Preparation of Biotin-detection Antibody working solution
Prepared within 1 hour before the experiment.
1) The total volume of the working solution is calculated: 0.1 ml / well ×
quantity of wells.
2) Biotin-detection antibody is diluted with Antibody dilution buffer at 1:100
and mixed thoroughly
4. Preparation of HRP-Streptavidin Conjugate (SABC) working solution:
Prepared within 30min before the experiment.
1) The total volume of the working solution is calculated: 0.1 ml / well ×
quantity of wells.
2) SABC is diluted with SABC dilution buffer at 1:100 and mixed thoroughly.
Assay Procedure – after mixing every vial thoroughly
Step1. Microtitre plate is washed twice before adding standard, sample and
control (zero) into the wells. Then positions of

standard, test sample and

control (zero) wells are recorded on the pre-coated plate respectively.
Step2. 100µl of 10ng/ml, 5ng/ml, 2.5ng/ml, 1.25ng/ml, 0.625ng/ml, 0.312ng/ml,
0.156ng/ml, of standard solutions are added into the standard wells.
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Step3. 100µl of Sample / Standard dilution buffer is added into the control
(zero) well.
Step4. 100µl of properly diluted sample (Human serum) is added into the test
sample wells.
Step5. The plate is sealed with a cover and incubated at 37 °C for 90 min.
Step6. The wells were washed thoroughly twice with wash buffer.
Step7. 100µl of Biotin-detection antibody working solution was added into the
above wells.
Step8. The plate is sealed with a cover and incubated at 37°C for 60 min.
Step9. The plate is washed 3 times with Wash buffer.
Step10. 100µl of SABC working solution is added into each well and incubated
at 37°C for 30 min.
Step11. The plate was washed 5 times with Wash buffer.
Step12. 90 μl of TMB substrate added into each well and incubated at 37°C in
dark within 15-30 min
Step13. 50 μl of Stop solution is added into each well and mixed thoroughly.
Step14. The O.D. absorbance was then read on a spectrophotometer using
450nm as the primary wavelength, immediately after adding the stop solution.
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Calculation
 (the relative O.D.450) = (the O.D.450 of each well) – (the O.D.450 of
Zero well).
 The standard curve was then plotted as the relative O.D.450 of each
standard solution (Y) vs. the respective concentration of the standard
solution (X).
Statistical analysis
The demographic parameters, clinical features and Antibody levels were
analysed using percentage analysis, Chi- Square test and Pearson’s correlation.
The p values < 0.05 was considered as significant (p <0.05) in Chi square test.
All data were analyzed using the statistical package for social science
(SPSS) for Windows program on the computer.
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RESULTS
The study was conducted at Tirunelveli Medical College Hospital,
Palayamkottai, Tirunelveli district Tamilnadu from June 2018 - May 2019. A
total of 48 blood samples for this study were collected from susceptible siblings
of Type 1 DM patients and off springs of known Type 1 DM patients. Inclusion
criteria and exclusion criteria were followed according to the above protocol.
 DISTRIBUTION OF AGE AMONG STUDY POPULATION
Out of these 48 study population, majority were in age group of 16 – 20
years (Table 1).
Age group

Frequency

Percent

<5
6-10
11-15
16-20
>21
Total

4
13
13
15
3
48

8.3%
27.1%
27.1%
31.3%
6.3%
100.0%
15

16
13

14

13

Frequency

12
10
8
6
4

4

3

2
0
<5

6-10

11-15

16-20

>21

Age group

Table 1. Distribution of Age among study population
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 AGE DISTRIBUTION ACCORDING TO RELATIONSHIP WITH
TYPE 1 DM PATIENTS
The following table shows stratification of age according to the study
population – siblings and off springs of Type 1 DM patients.
The siblings tested were predominantly of age group 16 to 20 years,
whereas the off springs tested were predominantly of age group 6 to 10
years (Table 2)
RELATIONSHIP WITH
T1DM PTS
Siblings
Offspring

Age group
<5
6-10
11-15
16-20
>21
Total

0
0
11
13
3
27
13

14

4
13
13
15
3
48

13
11

12
Frequency

4
13
2
2
0
21

Total

10
8
6
4
2
0

Siblings

4
2
0

0

<5

6-10

2

3

Offspring
0

11-15

16-20

>21

Age group

Table 2. Age Distribution according to relationship with Type 1 DM
patients
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 DISTRIBUTION OF GENDER AMONG STUDY POPULATION
Of the 48 study population, 24 were male and 24 were females. The
gender distribution was equal. (Table 3)

Gender

Frequency

Percent

Male
Female
Total

24
24
48

50.0%
50.0%
100.0%

Female, 24

Male, 24

Table 3. Distribution of gender among study population
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 CORRELATION BETWEEN AGE AND GAD 65 AND IA-2
CONCENTRATION
There was no significant correlation between age of the susceptible and both
GAD 65 and IA-2 concentration

r

Age vs
GAD 65
0.242

r

Age vs
IA-2
0.038

p value

0.098

p value

0.798

Table 4. Correlation between age and antibody concentration
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 GAD 65 AND IA- 2 POSITIVITY AMONG STUDY POPULATION
A concentration more than 10 ng/ml was considered as positive
cut off for GAD 65 in our study. 2 patients had positive GAD 65 in our
study. Both were males and belong to siblings group. Their ages were 14
and 20 years.

RESULTS

POSITIVE

NEGATIVE

GAD 65

2

46

IA- 2

0

48

50

48

46

45
40
35
30
25

POSITIVE

20

NEGATIVE

15
10
5
0

2

0

GAD65

IA- 2

Table 5. GAD 65 and IA- 2 positivity among study population
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 CONCENTRATION
FEMALES

OF

GAD

65

AMONG

MALES

AND

The mean concentration of GAD 65 among males was 5.44 and among
females was 4.88, but the p value was 0.128 and the difference was not
statistically significant

GENDER

No. OF
PARTICIPANTS

Male
Female

24
24

6.00

Mean
Value of
GAD
65(ng/ml)
5.44
4.88

Std.
P
Deviation value
1.59
0.82

0.128

5.44
4.88

5.00
4.00
3.00
2.00
1.00
0.00
Male

Female

Table 6. Correlation between gender and GAD 65 concentration
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 CONCENTRATION OF IA- 2 AMONG MALES AND FEMALES
The mean concentration of IA- 2 among males was 4.88 and among
females was 4.77, but the p value was 0.749 and the difference was not
statistically significant

GENDER

No. OF
PARTICIPANTS

Male
Female

24
24

Mean
Value of
IA -2
(ng/ml)
4.88
4.77

Std.
Deviation

P
value

1.25
1.12

0.749

6.00
5.00

4.88

4.76

Male

Female

4.00
3.00
2.00
1.00
0.00

Table 7. Correlation between gender and IA- 2 concentration
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 STRATIFICATION OF BIRTH ORDER AND GAD65 ANTIBODY
LEVELS
In the study population, most of the people tested were born 2nd. Their
mean GAD 65 concentrations were analysed. The variability in
concentration with birth order was not statistically significant.

BIRTH
ORDER

No. OF
PARTICIPANTS

1.00
2.00
3.00
Total

13
30
5
48

Mean
Value of
GAD 65
(ng/ml)
4.97
5.34
4.58
5.16

Std.
Deviation

P
value

0.95
1.47
0.56
1.28

0.402

5.34

5.40
5.20
5.00

4.97

4.80
4.58

4.60
4.40
4.20
4.00
1

2

3

Table 8. Concentration of GAD 65 according to birth order
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 STRATIFICATION OF BIRTH ORDER AND IA-2 ANTIBODY
LEVELS
In the study population, birth order and mean IA-2 concentrations were
analysed. The variability in concentration with birth order was not
statistically significant.

BIRTH
ORDER

No. OF
PARTICIPANTS

1.00
2.00
3.00
Total

13
30
5
48

6.00

Mean
Value of
IA -2
(ng/ml)
5.31
4.72
4.14
4.82

Std.
Deviation

P
value

1.14
1.16
1.06
1.18

0.125

5.31
4.72

5.00

4.14
4.00
3.00
2.00
1.00
0.00
1

2

3

Table 9. Concentration of IA- 2 according to birth order
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 AUTOIMMUNE DISEASES AND GAD 65 ANTIBODY LEVELS
Few of the patients had auto immune disease – hypothyroidism was
present in 3 patients and vitiligo in 2 patients. They were analysed with
respect to antibody concentration. But the GAD 65 concentration was not
varying significantly between subjects with and without Auto immune
disease

Other Autoimmune diseases

No. OF
PARTICIPANTS

Mean
Value of
GAD 65
(ng/ml)

Std.
Deviation

5

5.20

0.49

43

5.15

1.35

Present
HYPOTHYROIDISM
(n=3)
GAD
VITILIGO
65
(n=2)
Absent

6.00
5.20

5.15

Present

Absent

5.00
4.00
3.00
2.00
1.00
0.00

Table 10. Auto immune diseases and concentration of GAD 65 antibodies
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P
value

0.949

 AUTOIMMUNE DISEASES AND IA-2 ANTIBODY LEVELS
The patients who had auto immune diseases were analysed with
respect to IA-2 antibody concentration. But the IA-2 concentration was
not varying significantly between subjects with and without Autoimmune
disease

HYPOTHYROIDISM
(n=3)
VITILIGO (n=2)
Present
IA-2
Absent

No. OF
PARTICIPANTS

Mean

Std.
Deviation

P
value

5
43

5.06
4.79

0.76
1.22

0.641

6.00
5.00

5.06

4.79

4.00
3.00
2.00
1.00
0.00
Present

Absent

Table 11. Auto immune disease and concentration of IA-2 antibody
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 ANALYSIS OF GAD 65 LEVELS WITH BMI OF THE STUDY
POPULATION
GAD 65 antibody levels were compared with the Body Mass Index of the
study population, calculated from the following formula:
BMI =

(measured in Kilograms & Height in metres2)

The analysis showed statistically significant correlation between GAD
65 antibody levels and a High BMI (p<0.05)
Mean
No. of
GAD65
BMI participant
concentratio
s
n

7.00

<20

3.00

20.125
>25.
1

16

4.85

27

5.11

5

6.42

6.00
5.00

6.42
4.85

5.11

<20

20.1-25

4.00
2.00
1.00
0.00

BMI
GAD
65

r

.295

p value

.042

N

48

Table 12. Correlation between BMI and GAD 65 levels
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 ANALYSIS OF GAD 65 LEVELS WITH RBS OF THE STUDY
POPULATION

GAD 65 antibody levels were compared with the Random blood sugar
(plasma) of the study population. The analysis showed no correlation
between GAD 65 levels with patients RBS (p>0.05)

Mean
RBS
No. of
GAD65
(mg/dl) participants
concentration
<100
8
5.34
10112
4.68
120
12119
5.16
140
1415
5.12
160
>161
4
6.27

7.00
6.00

6.27
5.34

5.00

5.16

5.12

4.00
3.00
2.00
1.00
0.00
<100

GAD
65

67

4.68

101-120 121-140 141-160

r
p value
N

RBS
.105
.475
48

>161

Table 13. Correlation between GAD 65 antibody levels and RBS
 ANALYSIS OF GAD 65 LEVELS WITH HbA1c OF THE STUDY
POPULATION
GAD 65 antibody levels were compared with the HbA1c of the study
population. The analysis showed statistically significant correlation
between GAD 65 levels with HbA1c (p<0.05)
8.00

HbA1C
Mean
No. of
Range
GAD65
Participants
(%)
concentration
<6
41
4.89
6.1-6.5

5

6.38

>6.6

2

7.62

6.00

7.61

6.38
4.89

4.00
2.00
0.00
<6

GAD
65

6.1-6.5

r
p value
N

>6.6

HbA1c
.419
.003
48

Table 14. Correlation between GAD 65 antibody levels and HbA1c
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 ANALYSIS OF IA- 2 LEVELS WITH BMI OF THE STUDY
POPULATION
IA- 2 antibody levels were compared with the Body Mass Index of the
study population, calculated from the following formula:
BMI = Weight
(Weight measured in Kilograms & Height measured
in metres)
Height 2
The analysis showed no correlation between IA- 2 antibody levels and a
High BMI (p>0.05)
BMI
Range(%)
<20

No. of
Mean IA- 2
study
concentration
participants
16
4.67

20.1-25

27

4.87

>25.1

5

5.02

6.00
5.00

4.67

4.87

5.02

<20

20.1-25

>25.1

4.00
3.00
2.00
1.00
0.00

IA2

r
p value
N

Table 15. Correlation between IA- 2 antibody levels and BMI
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BMI
.186
.207
48

 ANALYSIS OF IA- 2 LEVELS WITH RBS OF THE STUDY
POPULATION
IA- 2 antibody levels were compared with the Random blood sugar
(plasma) of the study population. The analysis showed no correlation
between IA- 2 levels with patients RBS (p>0.05)
7.00

RBS
No. of study Mean IA- 2
RANGE
participants concentration
(mg/dl)

6.00

6.00
5.00

<100

8

4.87

4.00

101-120

12

4.63

3.00

121-140

19

4.76

2.00

141-160

5

4.51

1.00

>161

4

6.00

0.00

4.87

<100

4.63

4.76

4.51

101-120 121-140 141-160

IA-2

r
p value
N

RBS
.126
.394
48

Table 16. Correlation between IA- 2 antibody levels and RBS
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 ANALYSIS OF IA- 2 LEVELS WITH HbA1c OF THE STUDY
POPULATION
IA- 2 antibody levels were compared with the HbA1c of the study
population. The analysis showed 2 patients with elevated HbA1c above
6.6. There was a statistically significant correlation between IA- 2
levels and HbA1c (p<0.05)
7.00

HbA1C
No. of study Mean IA-2
Range
participants Concentration
(%)

6.00
5.00

5.52

5.99

4.68

4.00

<6

41

4.68

6.1-6.5

5

5.52

2.00

>6.6

2

5.99

1.00

3.00

0.00
<6

6.1-6.5

>6.6

HbA1c
IA-2

r

.400

p value

.005

N

48

Table 17. Correlation between IA- 2 antibody levels and HbA1c

71

 ANALYSIS BETWEEN GAD 65 AND IA- 2 LEVELS IN THE STUDY
POPULATION
GAD 65 antibody levels were compared to IA- 2 antibody levels in the
study population. There seems to be a significant correlation between their
concentrations (p<0.05).

IA-2
GAD 65

r

.318

p value

.028

N

48

Table 18. Correlation between GAD 65 and IA- 2 antibody levels

72

DISCUSSION
NEED FOR AUTO ANTIBODY TESTING
Is it possible to predict the onset of type 1 diabetes? This question has
been a major target of diabetes research over the past decade. This study tried to
find a way of identifying individuals at risk and to accurately define their
degrees of risk. Subjects who are at high risk for type 1 DM can be identified
using a combination of immune, genetic and metabolic markers.
Type 1 Diabetes mellitus is a condition where host’s immune system
mounts an immune response against its own β cells of pancreas. Prediction of
T1DM among relatives can be quite accurate, by combining screening of
relatives by measurement of islet cell auto antibodies with subsequent
assessment of insulin auto antibodies (IAAs), first-phase insulin response to
intravenous glucose, and oral glucose tolerance, while excluding those relatives
with known protective genetic allele HLA-DQB1-0602.
Skyler, Krischer et al, 2005, used this combined screening approach, in
over 100,000 relatives, identified accurately two cohorts of relatives, one group
(339 individuals) with a projected 5-year risk of greater than 50% and another
group (372 individuals) with a projected 5-year risk of 25–50%.
The present study performed the immunological and metabolic screening
of first degree relatives.
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DEMOGRAPHIC PROFILE OF STUDY POPULATION AGAINST
GAD65 AND IA-2
We had 48 samples from susceptible population, out of which, 24 were
male and 24 were female (Table 3). And 27 were siblings and 21 were off
springs of Type 1 DM patients (Table 2). 13 study participants belonged to first
birth order, 30 belonged to second birth order and only 5 participants belonged
to third birth order.
The minimum age of the screened population was 4 years and the
maximum age was 24 years (Table 1). Majority of the population fell in the 16
to 20 age group in siblings group and 6 to 10 years in offspring group. There
was no significant correlation between age and GAD 65 concentration in this
study (Table 4). Also there was no significant correlation between age and IA- 2
concentration also (Table 4). Few studies report decreasing antibody trends with
increasing age (House DV et al, Clin Lab Med, 1997)
Birth order did not significantly affect antibody concentration in this
study (Table 8 and 9). But other studies have proved that higher the birth order,
lesser the risk of Type 1 DM (Cardwell CR, et al. Int J Epidemiol, 2011).
In the present study, two patients had positive GAD65 (cut off
concentration >10ng/ml) and both were males and belong to siblings group
(Table 5). This comes down to incidence rate of 4.16% among the susceptible
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first degree population. The mean GAD65 concentration in males was 5.44
ng/ml and females was 4.88 ng/ml, indicating a male preponderance (Table 6).
Few other studies reported female preponderance of GAD65 antibody (Bilbao
JR et al, Horm Res, 2000). But our sample size is small when compared to other
studies which included large cohort of individuals.
In this study, the, mean IA-2 levels were 4.88ng/ml in males and
4.77ng/ml in females. IA- 2 antibody levels were not elevated above the cutoff value of 7.5ng/ml in the entire study participants (Table 7). This may
indicate a low prevalence of IA- 2 in Indian population or later development of
IA- 2 when compared to GAD 65. The two patients who had the highest levels
of IA-2 were both females in comparison to GAD 65 where both were males.
Notably the IA-2 levels were above 6ng/ml, in both the male patients who had
positive GAD65.
In the study by Pastore et al, among 806 first degree relatives, GAD 65
was detected in 5.1%, IA- 2 in 2.5% .(Pastore MR et al, Diabetes care 1998)
In another study involving first-degree relatives of type 1 DM probands,
those with IA-2 auto antibodies in the upper three quartiles were at higher risk
than relatives with an IA-2 autoantibody titre in the lowest quartile (Achenbach,
Bonifacio et al. 2008). Applying this in this study, almost 23 people had IA-2
values above 5 ng/ml (cut off concentration 7.5ng/ml). Their mean IA-2
concentration was 5.89ng/ml and these people are the appropriate candidates to
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be followed up to identify their risk of developing Type 1 DM according to the
previous study (Table 9).
GAD 65 antibody levels were compared to IA- 2 antibody levels in the
study population (Table 18). There seems to be a significant correlation
between their concentrations in the present study (p<0.05). Similar results were
obtained in the study done by J Seissler et al where they also screen for ICA
antibody.
AUTO IMMUNE DISEASES IN SUSCEPTIBLE POPULATION
Prevalence of autoimmune diseases like hypothyroidism, celiac disease
and vitiligo can be seen in Type 1 DM patients. In one study involving general
paediatric population, the incidence of celiac disease is 1% to 5.5%. But in
patients with Type 1 DM, the incidence may raise up to 16%. Nevertheless the
most common autoimmune disease in Type 1 DM patients is autoimmune
thyroid disease, mainly Hashimoto’s thyroiditis and Graves’s disease. It is seen
in 15 to 30 % of Type 1 DM. Vitiligo is seen in 1% of general population, but
in type 1 DM incidence increases up to 20% (Krzewska A, Ben-Skowronek I,
Biomed Res Int, 2016)
In the present study the incidence of autoimmune thyroid disease,
vitiligo and celiac disease in susceptible population were 6.25%, 4.16% and
nil respectively. Since in this study we have screened susceptible population
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only (off springs and siblings of Type 1 DM) we can conclude that all these
auto immune diseases occur in increased frequency when compared to general
population but it is still lower when compared to Type 1 DM patients. Also
hypothyroidism remains the commonest auto immune disease in this study as
proved in other studies too. Even though the mean GAD 65 concentration
(5.20 ng/ml) and IA- 2 concentration (5.06 ng/ml) were higher in patients
with Autoimmune diseases, it was not statistically significant between
subjects with and without Auto immune disease. (Tables 10 and 11)
METABOLIC MARKERS AND AUTO ANTIBODY GAD65 & IA2
CONCENTRATION
The mean BMI of the study participants was 21.7 Kg/m2, much lower
than the comparative data from other studies with mean BMI of 28.8 Kg/m2.
(Maria Thunander et al, European J endocrinol, 2012). This may be due to
ethnic differences and higher prevalence of malnourishment common in
younger population in India taken up for study. 16 participants had BMI less
than 20 Kg/m2, 27 had BMI between 21 and 25 Kg/m2 and only 5 had BMI
more than 25.1 Kg/m2
GAD 65 antibody levels were compared with the Body Mass Index of the
study population, and the analysis showed statistically significant correlation
between GAD 65 antibody levels and a High BMI (Table 12). The mean BMI

77

of the two patients positive for GAD65 was comparatively higher (25.0 Kg/m2)
when compared to the mean of the study population (21.7 Kg/m2).
IA- 2 antibody levels were compared with the Body Mass Index of the
study population. Higher the BMI greater was the antibody concentration, but
the analysis showed no significant correlation between IA- 2 antibody levels
and a High BMI (p>0.05). (Table 15)
The mean HbA1c level was 5.57 in our study population. GAD 65
antibody levels were compared with the HbA1c of the study population. The
analysis showed statistically significant correlation between GAD 65 levels
with HbA1c (p<0.05) (Table 14). Only one patient, a female, had HbA1c of 7.5
(above diagnostic cut-off of 7 for Diabetes, according to ADA). Her RBS was
162 mg% but her antibody concentrations were below the cut off value for both
GAD65 and IA- 2. IA- 2 antibody levels also had statistically significant
correlation with HbA1c (p<0.05) (Table 17).
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PREDICTION OF TYPE 1DM
Analyses of GAD65 and IA-2 have long been done using ELISA
technique. In this study also quantification of the auto antibodies was done
using the ELISA technique. More recently GAD 65 and IA-2 are measured
using Radio Binding Assays (RBAs) which have higher sensitivity and
specificity. Nevertheless newer ELISA kits have comparable sensitivity and
specificity.
At the end of this study analysis two study participants had positive GAD
65 concentration and none had positive IA-2 concentration. Nevertheless, 23
participants had high normal IA-2 concentration. These at risk population must
be followed up regularly for early diagnosis and avoidance of severe
metabolic decompensation like Diabetic keto-acidosis at the time of
diagnosis.
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SUMMARY
The study was done in Tirunelveli Medical College during June 2018 –
May 2019 as a maiden attempt to quantify the auto antibody levels in first
degree relatives of Type 1 DM. susceptible to develop the disease. The
following results were obtained.
 Out of the 48 study population, 27 were siblings and 21 were offsprings
majority were in age group of 16–20 years
 The siblings tested were predominantly of age group 16 to 20 years,
whereas the off springs tested were predominantly of age group 6 to 10
years.
 Of the 48 study population, 24 were male and 24 were females. The
gender distribution was equal
 There was no significant correlation between age of the susceptible and
GAD65 concentration
 There was no significant correlation between age of the susceptible and
IA-2 concentration
 2 Patient had positive GAD65 concentration (Cut off value ≥10ng/ml)
and none had positive IA-2 concentration (cut off value ≥7.5ng/ml).
 Both the positive individuals were males, belonged to siblings group and
their birth order was 2.
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 The mean concentration of GAD65 among males was 5.44 ng/ml and
among females was 4.88 ng/ml, but the p value was 0.128 and the
difference was not statistically significant
 The mean concentration of IA-2 among males was 4.88 ng/ml and among
females was 4.77 ng/ml, but the p value was 0.749 and the difference was
not statistically significant
 In the study population, most of the people tested were born 2nd. Their
mean GAD65 concentrations were analyzed. The variability in
concentration with birth order was not statistically significant.
 In the study population, birth order and mean IA-2 concentrations were
analyzed. The variability in concentration with birth order was not
statistically significant.
 Few patients had autoimmune markers like vitiligo, features of
hypothyroidism. They were analyzed with respect to antibody
concentration. But the GAD65 concentration was not varying
significantly between subjects with and without Autoimmune disease
 IA-2 concentration was also not varying significantly between subjects
with and without Autoimmune disease
 The analysis showed statistically significant correlation between
GAD65 antibody levels and a High BMI (p<0.05)
 The analysis showed no correlation between GAD65 levels with patients
RBS (p>0.05)
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 GAD65 antibody levels when compared with the HbA1c of the study
population, the analysis showed statistically significant correlation
between GAD65 levels with HbA1c (p<0.05)
 The analysis showed no correlation between IA-2 antibody levels and a
High BMI(p>0.05)
 IA-2 antibody levels when compared with the Random blood sugar
(plasma)of the study population, the analysis showed no correlation
between IA-2 levels with patients RBS(p>0.05)
 IA-2 antibody levels were compared with the HbA1c of the study
population and the analysis yielded statistically significant correlation
between IA-2 levels with HbA1c (p<0.05)
 GAD65 antibody levels were compared to IA-2 antibody levels in the
study population. There seems to be a significant correlation between
their concentrations (p<0.05).
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CONCLUSION
Type 1 diabetes is an immune mediated disease leading to chronic insulin
deficiency due to extensive and selective beta cell destruction in individuals
with increased genetic disease susceptibility. As far as diagnosis of T1DM
versus other forms of diabetes the auto antibodies and genetic markers are of
paramount importance.
This study focused on non diabetic individuals (First degree relatives of
Type 1 DM), in whom islet auto antibodies are strong predictors of the later
development of T1DM. The study identified 2 individuals with high levels of
GAD 65 antibodies. There were no patients detected with high IA- 2. These
participants were informed about their high susceptibility to type 1 DM and
were notified for regular follow up for early diagnosis and prevention of
Diabetic keto-acidosis (DKA) and other metabolic disorders. The greater the
number of islet auto antibodies detected, the greater is that individual’s risk for
T1DM. Measurements of the auto antibodies GAD65 and IA-2 are
recommended for initial confirmation of the suspected diagnosis of T1DM or
for the prediction of T1DM in research settings. If GAD65 and IA-2 results are
negative, testing for ICA and, in children, IAA is advised. The newest major
autoantibody, ZnT8A, improves our armamentarium to confirm and predict
T1DM.
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Nonetheless, the studies performed to date have given us tremendous
insight into the natural history of T1DMs. As a consequence, at present we can
predict the development of T1DM and administration of early treatment to
prevent severe metabolic decompensation.
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